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Preface

Our Rural Small-scale Industry Delegation was part of the exchange
program between the Committee on Scholarly Communication with the
People’s Republic of China and the Chinese Scientific and Technical Asso-
ciation. The Committee is jointly sponsored by the American Council of
Learned Societies, the National Academy of Sciences, and the Social Science
Research Council. Since the 1972 signing of the Shanghai Communigue
calling for the establishment of cultural and scientific exchanges, the Com-
mittee’s programs have been endorsed and supported by the governments
of both countries. Our delegation was seclected in accordance with the
Committee’s guidelines.

We flew to Peking from Tokyo on June 12, 1975, and left from Canton
by train to Hong Kong on July 10, 1975. While in China we were guests of
China’s Scientific and Technical Association and of the People’s Institute
of Foreign Affairs. Within each region of China visited we were also guests
of vartous foreign affairs, industrial, and water conservancy bureaus of the
region. Everywhere we went we were shown courtesies too numercus to
mention one by one. Leaders of revolutionary committees in factories and
communes took hours and sometimes days of their time to help us under-
stand what it was they were trying to accomplish, and what they had already
achieved.

We are particularly grateful to the eight-member group, led by Mr. Li
Cheng-jui of the Institute of Economics of the Academy of Sciences, which
accompanied us throughout our journey, We were not an easy group with
which to travel. Our viewpoint was that of American social scientists and
engineers, and our endless supply of questions tended to veflect that view-
point. Qur hosts were Chinese Marxist-Leninists, who consistently inter-
preted their experience to us from that perspective. Seven of the members
of our delegation spoke and read Chinese with varying degrees of skill, and
the two incerpreters who accompanied us, both of whom were professors at
the Peking Foreign Language Institute, were consistently excellent in jump-
ing from the terminology of economics to chemistry to mechanical engineer-
ing. Translation from Chinese to English, therefore, was not a problem,
Understanding what the English meant in the Chinese context, however,
was more difficult.

The chapters that follow are our attempt to interpret what it was we
were told, and what we saw. In a fundamental way we all participated in the
writing of each chapter. We traveled together, asked questions together,
and discussed our findings at length over meals, and whenever we had a few
moments of free time, which wasn’t often, But particular individuals did
have special responsibility for certain chapters.

Xiii




Xxiv PREFACE

Chapters Ii and III on administration and individual incentives were
the responsibility of Art Stinchcombe and Bill Parish, our delegation’s two
sociologists, respectively. Our attempt in Chapter IV to reach conclusions
about the economic efficiency of small-scale enterprises was the joint product
of three of our economists: Bob Dernberger, Tom Rawski, and Peter
Timmer. Amir Khan, Owen Livingston, and Kenneth Simmons, our three
engineers, prepared the three chapters on farm machinery, chemical ferti-
lizer, and cement, respectively. Chapter VI on the role of these industries
within the broader context of China’s rural development program was alse
a joint product of Scott Hallford, Dwight Perkins, and Peter Timmer.
Chcpter IX on the social impact of small-scale industry was written by Bill
Parish, and Chapter X on expanding knowledge and the transformation
of values was written by Lyman Van Slyke. Alexander DeAngelis prepared
the appendix lists of individuals met and places visited. The appendixes on
prices and machinery were prepared by Thoimas Rawski. Dwight Perkins
wrote the introduction and conclusion and had overalt editorial responsi-
bility.




Chapter |
INTRODUCTION

No brief description or short systematic definition can do justice to the
great diversity that characterizes rural small-scale industry in the People’s
Republic of China. Rural small-scale indusiry is not necessarily even rural
(some of it is located in county towns), or all that smali (the number of em-
ployees sometimes exceeds 500 per factory). And yet there are fundamental
differences between large-scale urban plants and those that are termed rural
and small-scale. All industries cooperatively owned by rural communes and
brigades are classified as “rural small-scale.” But state-owned enterprises
also are included, provided that they are under the jurisdiction of a county
and not some higher level administrative unit (district, city, province, or
nation). Being under a county’s jurisdiction usually means that the greater
portion of the factory's outputs and inputs are sold or obtained within that
same county. When an enterprise finds itself supplying a much larger area,
it usually is transferr=d up to a higher level administrative unit.

Our delegation saw China’s rural small-scale industry in June and July
of 1975, These industries can be de:cribed as using greater amounts of “in-
digenous™ as contrasted to “modern” technology, as being smaller in scale
(from under 50 to around 600 employees), and as largely devoting their
efforts to the service of agricultural production. But if anything came across
clearly to our delegation, it is that these enterprises are continually in the
process of change, and what is true today may no longer be valid a few years

1




2 INTRORDUCTION

hence. In many enterprises, for example, the scale and the ratio of modern
to indigenous technologies are both steadily on the rise. Even the goal of
serving agriculture has uot always enjoyed the preeminence that it does today
and the day may come again when subconiracting for arban factories
receives & higher pricrity in the program.

Some visitors to China attempt to use their brief observations as a basis
for a general appraisal of Chinese society. Our group will not even attempt
a definitive siatoment about rural small-scale industry based on our four
weeks of study. This report instead represents an attempt to describe what
it is we saw and such conclusions as we thought we could reasonably draw
from our obsevvations. Our group included seven who could speak and read
Chinese, among whom five had devoted their professional life to China-
reiated scholarship. In addition, we had three engineers expert in the fields
of coment, chemical fertilizer, and farm machinery. All twelve members of
the group had had working as well as travel experience in other developing
nations.

Against this relevant experience, however, must be put the vastness
of the Per.i2’s Republic of China. We visited 30 factories and 10 communes,
a considerable number we feli at the time, considering the 95° F. heat. But
these are only a tiny fraction of the hundreds of thousands of factories and
tens of thousands of communes in China. What we saw was in no way any
random sample of what China is doing in the area of small-scale industry.
Our hosts wanted is to understand what they are trying to do as well as what
they have already accomplished, and for that purpose model and advanced
areas were deemed more useful than average or backward performers. As a
result, ali of the regions we visited were advanced in national terms and
several were models to be studied not mainly by foreign visitors, but by
millions of Chinese who were being encouraged to emulate their more suc-
cessful brethren.

And even in the arcas we did visit, our tim= was short and the amount
of information we could gather varied widely. Much decision making in
China has been decentrilized to lower levels, and scientific and technical
personnel from Peking, even if they were so inclined, cannot usually order
factory and county revolutionary committees to divulge information that
these revolutionary committees themselves, for whatever reason, are reluc-
tant to give out. Thus in some regions we encountered a willingness on the
part of the local people to answer most of the (very large numbcr of) ques-
tions that our group could think to ask. In other areas officials were much
more reticent.

Because of the limitations inherent in a 28-day visit, any attempt at a
definitive statement of what we now know about rural small-scale industry
in China, or could know, would have to involve prolonged research in the
considerable quantities of material published on the subject. For those
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INTRODUCTION 3

intcrested in pursuing further the issues raised by this trip report, there is no
better place to start than with the works of Carl Riskin and Jon Sigurdson.
Unless otherwise footnoted, however, all data used in this report were
suppiied to us by our hosts while we were in China.

What then did we see? Our detai'=d itinerary appears in Appendix B.
We asked to and did visit sinall-scale enterprises in four kinds of settings:
in rural mountainous areas of the north, on the North China Plain, in
suburban (but still rural) regions of large cities, and in southern paddy rice
regions. The greatest amount of time was spent in the Tai-hang Mountain
area of north China and the least on the North China Plain. Except for the
flight from Shanghai to Kwangchou, all travel was by car and bus or by
train.

The pattern of small-scale industry development varies considerably
between regions, but there are common themes. Central to all these themes
is “self-refiance,’ the belief that all units in China (large or small, rural or
urban) should not sit around waiting for outside help before setting out to
improve their situation. Two of the principal models of self-reliance for all
of China are Hsi-yang Couaty in Shansi, which includes the Tachai Brigade,
and Lin County in Honan. Both are in the Tai-hang Mountains, and we
spent four days in each.

Rural self-reliance begins not with the creation of smali-scale industry,
but with efforts to raise the cutput of agriculture by the direct and massive
application of labor combined with limited amounts of capita! and simple
tools (picks, shovels, hammers, carrying baskets, and blasting powder for
the most part). In Tachai and now throughout Hsi-yang County, these efforts
have been directed at converting small, low-quality fields where crops were
washed away by rainy season flooding into what are now known throughout
China as “Tachai-type fields.” These new type fields are larger, more level,
and underneath the fields run large drainage tunnels that divert rainy season
floods away from the crops and, where possible, into newly built reservoirs
for use in irrigation. Much of the soil for these ficlds was brought down with
carrying poles and baskets from higher up on the mountainside. The tunnels,
often several kilometers long, were built by chipping large rocks into the
proper shape and then constructing the tunnel (building-block fashion)
without benefit of cement and frequently without even the use of much
mortar. It is difficult to imagine a more labor-intensive method of con-
struction.

In Lin County the problem was not so much rainy season floods but a
severe shartage of water at all times. The solution determined by the county,
apparently with some resistance from higher authorities, was to tap the
water of the Chang River at a point several ten’s of kilometers away and in
another province (Shansi). The effort began in 1960 and was completed in
1969. During the slzck season the daily work force reached 30,000 (the
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number was much smaller during peak agricultural labor demand} and over
the entire period the work put in totaled 40 million man days at a capital
cost of only 47 million yuan, 78 percent of which was supplied by the com-
munes of the county themselves, The end result was a canal network 1500
kilometers in length {including subsidiary channels) and the compleie solu-
tion to Lin County’s water shortage.

These efforts in Hsi-yang and Lin Counties were in a fundamental way
preconditions for the small-scale industry program in China. As long as these
regions stayed with the old ways, they had ample labor for cultivating,
threshing and mii! ng their crops. Nor would it have been easy to use many
kinds of farm machincry even if they had such machinery. Power pumps
must have water to pump and tractors don’t work well on small, uneven,
rocky plois.

With *h: advent of large-scale rural land development and water
conservancy schemes, however, there is right from the beginning a demand
for cement. And once there are supplies of water for the fields, it is possible
to make much greater use of chemical fertilizers. The greater quantities of
water and fertilizer lead to increases in crop output, and these increases in
turn raise the demand for labor to do the threshing, milling, and moving of
the surplus to market. Thus, where before during periods of peak labor
demand the supply of workers may have been adequate, now there is likely
to be a shortage and hence justification for using certain kinds of labor-
saving machinery.

The ter . “lavor shortage” must be used with care. Even in advanced
areas such as Hsi-yang and Lin Counties, thers is enough labor during slack
seasons to continue highly labor-intensive and low-productivity occupations
such as tunnel building. But during such peak periods as the harvest, there
are no longer adequate numbers of people to perform the required tasks.
Rather than cut back farm output, it obviously makes more sense to buy
power threshers and milling machines and to transport food to market with
a cart pulled by a hand tractor (rather than by a man).

The pattern on the North China Plain and in the rice growing regions
we visited differs from the above model in certain key respects. The key
difference is that the first stage of the process is more modest in scope and
different in nature. Wuhsi County in Kiangsu Province where we spent five
days was a comparatively well-off and advanced area even before 1949,
There were ample supplies of water, and the drainage problem, although
real enough, was not as difficult to deal with as that in Hsi-yang. Thus Wuhsi
did not have to lift itself up by its bootstraps before it could make effective
use of chemical fertilizer and farm machinery. It had a ready use for them
as soon as they became available. Crop yields at Ch’i-li-ying Commune on
the North China Plain, on the other hand, were quite low in the 1940s and
early 1950s, and raising these yields depended not only on the Commune’s
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own efforts, but also on larger-scale water conservancy projects carried out
by higher level administrative units. Elsewhere on the North China Plain
increased supplies of water have come in recent years from the sinking of
tube wells using modern well-digging and construction materials, not indige-
nous labor-intensive methods. But once the water was available and yields
rose, much of the rest of the sequence followed that of the model, particulerly
with respect to farm machinery.

If cement and chemical fertilizer contributed to an increase in agricul-
tural output and this increase in turn created a demand for farm machinery,
it does not follow automatically that the Chinese had to meet this demand
through the construction of rural-based small-scale factories. Chemical
fertilizer around the world, for example, is usually supplied by large-scale
plants, and China itself has a number of large plants and is purchasing more.
Cement is produced in smaller units even in the United States, i these
“smaller” American plants are still many times larger than the iargest of
China’s rural small-scale cement plants.

The rationale for the use of small-scale factories in rural areas begins
with a recognition of the inadequacies of China’s rural transport and market-
ing system. In most developing countries roads are poor, vehicles scarce,
and commercial organizations inefficient with the result being that economic
contact between rural areas and distant urban centers is limited. Transport-
ing goods from urban to rural locations, or the reverse, is so expensive that
the journey can be justified only for items of high initial price, low bulk, and
easy transportability. For example, the cost of moving limestone from a rural
focation to a distant city where it can be processed into cement and then
shipped back to the countryside is prohibitive. A similar situation prevails
with respect to food processing =nd to a more limited degree to chemical
fertilizers.

China’s roads are improving. In the advanced areas we visited all or
virtually all communes appeared to be connected to the main highways by
good gravel or asphalt roads. But China is still extremely short of vehicles,
particularly trucks, for use on those roads. In part this gap is being filled
by tractors pulling carts, but human and animal-drawn carts are still very
much in use. Even where trucks are available, the cost of moving bulky items
is high. In Lin County, for example, the cost of transporting coal a mere
25 miles to the plant site raised its price by 50 percent (from 20 to 30 yuan
a ton).

Reinforcing the effects of high transport costs is the nature of China’s
rural commercial system. Even when communes are prepared to pay the
going price for some desired item, it won’t necessarily be available. A com-
mune, for the most part, is not free to go into the city and buy a tractor or
more fertilizer. Individual commune members can do this with consumer
items which are sold off the shelves at a price that usually clears the market.
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But producer goods are allocated according to the plan. To purchase a truck,
for example, a commune would have to get its request (as part of a proposed
county-wide quota) on to the district, and from there to the province or to
whatever level held principal responsibility for the distribution of trucks
from the large domestic plants and from imports. Needless to say, such a
procedure can involve long delays and the real possibility that the request
will be rejected. Thus, even if 2 commune has saved up enough money for a
piece of machinery, it may get it faster if it builds one on its own or persuades
the local county authorities to build it. As long as local production doesn’t
draw heavily on higher level sources for scarce parts and materials, higher
level planners are not likely to object.

Small-scale induostries save time in at least three other ways as well,
First, the time of construction (the time before the plant was put into
operation) was held to be lower for small-scale plants. Many times in brief-
ings at factories, the initiative of the workers for getting the plant into
production in less time than planned was praised. Sitting and waiting for
the government to solve local problems was the sort of thing that was over-
come by the Great Leap Forward and the Great Proletarian Cultural
Revolution. Second, especially in local agricultural machinery plants, but
also in 2 plant producing spare parts for fertilizer plants, the downtime of
machinery in repair was frequently mentioned as something being reduced
by the plants’ operations. Teams from local plants often went into the field
at busy seasons, and inventories of spare parts were built up for busy seasons,
with the clear intention of reducing dowatime. Third, there was a rather
confused argument about the time path of production, which had several
elements. The basic idea is that you have to start somewhere, so why not
start with what you can do now; if you can do something better later, you
will be better off in lots of ways for having made invesiments in what will
turn out to have been high cost operations. The most frequent formulation
was that the small plant itself went from small to big, indigenous to modern,
high cost to Jow cost, und implicitly that it would not be big, modern, and
low cost in the future without the industrial experience, the chance to mobi-
lize the masses in technical renovation, and the capital funds from profits
in the meantime, that are the product of its first period.

Closely related to the limitations of transport and marketing is the
_ question of the availability of local resources, If local resources are availatle
at a reasonable cost, and these resources are not otherwise being exploited
by large-scale enterprises, then local small enterprises can exploit these
resources without cutting into priority projects elsewhere. The widespread
availability of small outcroppings of coal and limestone too small for large-
scale development, therefore, is a primary justification for the creation of
local smali-scale industries. And there are many other materials besides
coal and limestone that would remain unused or undeveloped if no local
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demand existed. There is no incentive te develop the production of fruits
and many other kinds of perishable foods beyond the needs of the locality,
uniess there exists a fruit processing plant that prepares the fruit for ship-
ment to more distant points. Slag from a local iron and steel plant can be
used to expand cement output if there is a cement plant nearby. This list of
goods can be extended indefinitely.

A fifth major justification for rural small-scale industries is that they
are closer to their markets than large urban enterprises, and hence can
better understand and meet the needs of their customers. For standardized
products, knowledge of the peculiarities of a particular market may not be
essential, but for items such as farm machinery, this knowledge may make
the difference between success and failure. A suburban Shanghai County
farm machinery plant, for example, was making rice transplanters specially
designed for local use. Transplanters produced elsewhere, it had been found,
were designed for a slightly different cropping pattern.

A major shortcoming of state-owned and centrally-planned enterprises
in many parts of the world has been their tendency to concentrate on pro-
duction and to ignore the market for that production. In China too a fac-
tory’s responsibility for its products often ends when the product passes out
of the factory gate. On many occasions we were told that the lineup of new
tractors or stacked crates of new machinery so much in evidence in or near
the factory grounds was now under the jurisdiction of the county or city
commercial bureau, not that of the factory. Placing the factory near to the
end users of the product doesn’t completely resolve this problem, but it at
least removes the barrier of distance that stands in the way of effective
market studies by large urban factories with nationwide sales. If a commune
is dissatisfied with the product mix of the county farm machinery factory,
or feels that output quality is too low, it can complain directly to the factory
or to its immediate superiors (the county revolutionary commitiee) who are
also the immediate superiors of the factory. More positively, it a factory
wants to adjust production to local needs, all it has to do is form a team to
walk a few miles down the road to talk with current and potential customers.
Or the relevant county bureaus can do the job for the factory without having
to pass their findings through several levels of bureaucratic red tape.

A sixth reason for emphasis on small-scale industry is that the location
of enterprises in rural areas tends to narrow the gap between city and
countryside. This narrowing has both economic and social advantages. The
economic advantages include the elimination of expenditures on urban
housing and public utilities. Factory workers continue to live in their old
villages and hence have no need for much of the infrastructure that must
be built alongside a large urban enterprise.

More important from the Chinese point of view is the elimination of the
social gap between countryside and city. In commune and brigade enterprises
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workers usually continue to do some and often a great deal of work in the
fields. Furthermore, in many cases, their wages are paid in the form of work
points by their teams or brigades, and hence their incomes differ little if any
from their farming neighbors. Workers in county-run enterprises are not
integrated into the productive life of the commune, but they frequently live
in their old villages and receive wages that are often similar to or only
slightly higher than the incomes of those with whom they live. Rural small-
scale industry, therefore, contributes to the Chinese goal of eliminating
class barriers and preventing new ones from arising.

A closely related goal is the desire to bring modern technology to the
countryside immediately rather than to wait uniil urban devclopment has
proceded to a point where its methods have begun to trickle out into rural
areas. By locating factories in the countryside, instead of moving rural
people into the cities, the countryside gains a cadre of personnel experienced
in modern techniqees, and millions not actually working in the new enter-
prises learn through observation something about the advantages and
methods of modern engineering.

Surprisingly, the expansion of rural off-farm employment opportunities
does not at present appear to be a major goal of China’s small-scale industry
program. These new factories do create employmeni opportunities, of
course, but there is considerable effort expended to keep these enterprises
from cutting heavily into the supply of labor available to agriculture.
Agricultare has priority over rural industry, and rural industry’s main
priority is in fact to serve agriculture, and the Chinese appear to think of
priorities more in absolute than in marginal terms. Activities that deprive
agriculture of part of its labor force are, to that extent at least, not serving
agriculture. Time and again we were told by factory representatives of the
efforts they were making to eliminate manuai, highly labor-intensive pro-
cesses and to substitute mechanized methods. To some degree these modern
methods seem to be desired for their own sake, but often the firm appeared
to be under pressure to expand output without any major increases in
employment. China’s rural small-scale industries remain highly labor-
intensive when compared o urban enterprises in China, and the contrast
is even greater with similar industries in the United States. But most Chinese
efforts at the moment appear to be directed not at exploiting the employment
potential of labor-intensive techniques, but toward modernizing those
techniques in a capital-intensive direction.

The rural small-scale industiy program also is not ~onceived of as a
substitute for urban-based large and medium-scale industrialization. The
Chinese have attempted to freeze the population of many of China’s large
cities (neither Shanghai nor Cheng-chou among the cities we visited has
grown much if at all during the past decade), but other intermediate cities
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have continued to increase in size (Hsin-hsiang grew from 320,000 to 420,000
between 1965 and 1975). More important, construction of large enterprises
continues at a rapid pace, and by all appearances these enterprises continue
to receive the lion’s share of state funds. Between 1964 and 1974, for
example, 1100 large modern enterprises were built in China. In a similar
vein, the gross values of industrial output in Shanghai and Tientsin in 1973
were more than double the levels of 1965, and in Peking there was a
tripling.

Finally, it is not at all clear that achieving a greater degree of equality
of income between regions of the nation is a major goal of the small-scale
indusiry program. No doubt Chinese leaders hope that greater equality will
resuft, but the whnle emphasis of the program is on self-reliance, not on
using state funds to help lift up more backward areas. State fuads from
levels above the county are used, to be sure, and it may be that they are used
in a way to promote greater equality, although we did not obtain any infor-
mation on this subject. The fact that our travels were exclusively in advanced
areas meani that we were not in a position to see directly how poorer areas
were treated. But to a substantial degree, it would appear, a county or
commune is expected to use its own funds and its own labor force. Rural
areas with more funds for this purpose, with better leadership, and loc.ted
near relevant natural resources, therefore, will naturally benefit more from
the small-scale indusiry program than those lacking one or more of these
characteristics. And there is no reason to believe that it is the currently more
backward areas that are those best endowed for small-scale industrial
development.

First and foremost, China is developing rural small-scale industry
because this strategy is believed to be doing a better job of supporting
agriculture than did the large-scale strategies of the past. There are many
rural factories that do subcontracting work for urban enterprises, but these
activities are clearly secondary to the main task of supporting agriculture
in the rural industrial program as a whole. Furthermore, the rural enter-
prises that do subcontracting work that is not in support of agricuiiure
appear to be doing conly a small fraction of that kind of work. Industrial
proditcts designed for purposes other than the support of agriculture, and
a substantial majority of all industrial products would appear still o fall
into this category, continue to be made, for the most part, in and around
urban centers and more often than not in medium- and large-scale factories.

The preceding discussion has attempted to list the objectives and
advantages of China’s rural small-scale industry program. The words, we
believe, are a fair interpretation of many of the things we were told during
our visit. Against these advantages must be put the question of the efficiency
of these small-scale plants. Put differently, can these plants deliver farm
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machinery, fertilizer, and other products to agriculture at a cost that is
competitive with alternative sources of supply and at a satisfactory quality
level?

Our Chinese hosts were witling to discuss individual sources of cost
savings, but they were consistently reluctant to add up the costs and benefits
and consider the net result in a manner common to project feasibility
studies, public as well as private, in much of the rest of the world. Thus
our hosts would speak of low investment per plant and the speed with
which plants could be constructed. And small-scale enterprises were also
praised on occasion for accumulating funds for the state. In addition, as
already mentioned, there were important savings in transport and in urban
housing and public utilities.

The process of adding up these costs and benefits probably smacked
too much of applying capitalistic profitability criteria to enterprises which,
in their view, could not be judged properly by such methods. But the issue
is really more complex than this. One way or another Chinese planners reach
conclusions about the efficiency of small-scale enterprises. During the Great
Leap Forward (1958-1960), efficiency criteria may have been ignored. But
we saw no enterprises that were clearly irrational from the point of view of
conventional cost~benefit analysis, and such a result could not have occurred
by accident. To say that enterprises are not “clearly irrational,” of course,
is not "= same thing as saying that such enterprises are efficient. Such
conclusicn: as we were capable of reaching on the question of efficiency
are pres:...d in Chapter 1V.

The concepts of engineering feasibility and efficiency are related to,
but decidedly distinct from, the concepts of economic feasibility and
efficiency. In determining whether rural small-scale industry is feasible
in an engineering sense, the first question to be answered is whether the
area has ample supplies of electric power. In certain of the areas we visited,
electric power was obtained by tying the county or commune info one of
the major grids. The suburban communes of Shanghai and Peking were
cbviously well-situated from this point of view, and Hsi-yang County was
tied into the T ai-yuan grid. But Lin County got much of its electric power
as an additional benefit from the construction of the Red Flag Canal. And
a commune in Kwangtung obtained power by building 2 dam across one
of the tributaries of the Pearl River. Areas that do not yet have electric
power presumably have little small-scale industry of a modern type, although
we did not visit any such areas.

More difficult engineering questions concern such issues as whether
the product being manufactured meets appropriate quality siandards, and
whether the processes being used make the most efficient use of key
materials. These and related issues are discussed at length in Chapters V
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through VII for three of the types of enterprises visited: cement, chemical
fertilizer, and farm machinery.

Before turning to questions of economic and engineering efficiency,
however, it is important to understand how the Chinese have organized
themselves to carry out their rural, small-scale industry program. How have
the Chinese administered these programs, by elaborate rules or by moral
example, and what is the role of the very present ideology? In many ways
Chinese methods of handling such basic functions as the coordination of
supply and demand and the promotion of innovation are similar in their
structure to the way these functions are performed elsewhere in the world,
but in other ways the Chinese approach is unique. These and related issues
are the subject of Chapter I1.

At the center of any program is the question of how to motivate the
individuals responsible to implement it. Wages and promotions are only
a part of the story. There are also non-material rewards for good perform-
ance, and the Chinese have made extensive use of praise and public recog-
nition. Incentives, material or otherwise, are the subject of Chapter III.

Other chapters deal with the impact of small-scale industry on agricul-
tural production (Chapter VIII) and on such key features of the Chinese
countryside as the level of employment, the role of women, and the nature
of rural administration (Chapter 1X). Finally, there is the whole question
of the role of education and training, both formal and informal. Rural
small-scale industry is a source of technological education, but it 15 also to
some degree a beneficiary of nationwide efforts to universalize education
at the primary school and junior high school level, to send educated youth
down to the countryside, to supply rural areas with practical technical
publications, and the like. These and related issues are the subject of
Chapter X.




Chapter I

SOCIALIST
ADMINISTRATIVE
SYSTEMS AND
SMALL-SCALE INDUSTRY

The two principal administrative differences between socialism and
capitalism are the relation of enterprise policy to state policy (or to put it
differently, there are differences in the planning system), and differences
in how the benefits of production are divided (or to put it differently,
differences in the incentive system). This chapter is devoted to the first
part of this administrative difference, the relation of the state to the
enterprise.

The first section attempts to specify what the meaning is of Chinese
“decentralization’ of economic planning. Clearly it does not mean the same
thing as the decentralization of capitalist firms responding autonomously
to the market. It seems from our material that the centrai elements in the
system of decentralization are county, city, subregional, and provincial
planning authorities, not factories. We visited factories, which makes our
analysis of what planners must have been doing largely a matter of elim-
ination; since factories do not make their investment and marketing
decisions, somebody else must. As far as we could find out from our
questions on these matters, the “somebody else” is a different sort of body
in more advanced technologies (larger, more urban industries) than in
rural and small-scale industries. The administrative logic of the system gives
a different meaning to the phrase “relying on our own efforts™ in different

12
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factories. That is, the argument of this section is that decentralization, of
which rural and small-scale industry is a reflection, is itself several different
things. What things it is depends on the technical and administrative level
of the factory one is talking about. Briefly, the planning system seems to
be in part a nested or hierarchical system of rationing of technically advarnced
products in such a way that the demand for scarce, high-technology products
in the production of products for rural life is minimized.

A closely related problem to ‘“‘decentiralization” is the problem of
bureaucratic control by the state. If an administrative system tries to govern
everything by regulation, and to control everything by policing conformity
to regulations, then the ratio of **policemen” (auditors, bureaucrats of all
kinds) to producers tends to increase. A stiff, top-heavy bureaucracy, where
everything sensible violates some rule—this is the image an American gets
if he imagines expanding a government agency into an organization for
controlling a whole economy. The second section below explores the Chinese
use of moral examples for communicating administrative purposes and
standards. We were in a good position to observe this, because we were
taken to model communes and factories that were proclaimed to be models,
and were referred to as models when we went elsewhere.

In the third section we take up the functions of ideology in factory
administration. That is, the Chinese state as a whole provides a language
for discussing why what is done in factories is justified, ought to be the way
it is, and ought to develop the way it is deveioping. This relation between
sociaiist ideology and authority within the factory is not, of course, charac-
teristic of the United States. Some specuiations on what our informants used
their ideology for, in the course of doing their jobs and explaining their jobs
to us, is included in this section. The nature of the evidence is explained
close to the conclusions it supports, because our evidence here is, if possible,
weaker than in the first two sections.

THE COORDINATION OF SUPPLY AND DEMAND

In machinery production, either for capital equipment for factories or
for capital outputs of industry to agriculture, there seems to be a hierarchy
of what we might call parts and equipment brokers, made up of the planning
office of the appropriate administrative level. This hierarchy corresponds
roughly to that proposed by Vernon for international trade, with capital
equipment of the heaviest and most technically advanced sort and serial
{as opposed to batch) production of reasonably advanced machines (such
as engines, automobiles, etc.) located in the traditional industrial centers
(such as the Northeast, Peking, Shanghai, and some other newer major
centers). Most such factories are either run by the ministries directly or are
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subject to city authorities of one of the three cities administered as
provinces (Peking, Tientsin, and Shanghai).

Repair parts manufacturing, mass production of the simpler parts of
machines with internal combustion engines (such as tractors) and their
assembly, and some of the less sophisticated individual machines (e.g.,
simple forges and big electric motors or big pumps) are organized and
distributed at provincial or subregional levels, mainly by coordinating
through the city planning departmenis. That is, most such factories are in
cities directly subject to the subregion or the provinces. These supply
provincial governments with things that can be allocated to county level
planners for supply to rural and small-scale industry.

One presumes that something like the same thing happens with con-
sumer machines of high-income elasticity. Air fans with fancy controls, of
very high-income elasticity, are produced in Shanghai; fancy designed cloth
with medium-income elasticity is produced in subregional centers; piain
cloth (sometimes) at county levels. That is, the higher the income elasticity
of a good, the larger the advantage of traditional industrial and metropolitan
centers. This is both cause and effect, since the largest markets for exports
and luxuries are in traditional centers, and since the level of industrial
differentiation of large centers facilitates producing goods with short
production runs.

Some of the national level plants are clearly run directly out of the
ministries, but I imagine probably most supply and demand coordination
is done at the provinciai or lower levels. At any rate, these levels are the most
important for rural and smail-scale industry. There seems to be a very great
overrepresentation in smaller- and middle-sized plants of heavy machinery
from within the province, rather than from Peking, Shanghai, the North-
east; of repair parts and simpler machines from within the subregion (rather
than from provincial sources); technical help for new production lines also
comes from within the province cor subregion. Only the original chemical
fertilizer plants and the heavy machines for national level industries (e.g.
the precision grinding machines from the Shanghai plant) are evidently
normally traded at the national level, coordinated by national ministries,
and of the inputs or raw materials we have seen, only rolled steel ordinarily
comes from above the provincial level,

What we can infer, then, is an organization along roughly the following
lines. The internal supply system of the major industrial centers is either
run on a city basis or by the national ministries. This applies especially for
technically advanced products (e.g. machines that can grind to close
tolerances or technically advanced processes, e.g., rolled steel, assembly
line production of engines) or high-income elasticity products {e.g. fancy
fans). At a national level these are allocated then to provinces, which form
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the maip marketing channel for them, or to the national commercial agency,
which allocates luxury consumer goods by price. The capital goods will
usually be sold to subregional and provincial level factories.

Factories with provincial and subregional markets, whose supplies are
allocated both from the national level through the provincial planning agency
and are coordinated with suppliers from elsewhere in the province or sub-
region in the same provincial planning office, tend to be either producers
of intermediate level machines on a mass production basis (e.g. Internal
combustion engines, tractors, centrifugal pumps) or intermediate level,
medium precision machine tools on a batch basis (e.g. lathes, compressor
parts for chemical plants, large pumps). These factories tend to supply these
products to other provincial and subregional factories and to county plan-
ning authorities. At the next lower level of technology, county authorities
allocate to county factories and to communes both supplies from within the
county and supplies from provincial or subregional authorities. The same
happens at the commune and brigade levels. No doubt it is not as neat as
this, and an advanced subregion near Shanghai may equal a province in
Shansi, but it seems that the broad pattern is clear.

This means that the concrete meaning of “relying on our own efforts”
changes with the level of the factory and its administrative authority. It
means roughly minimizing the demands that depend on exchange at higher
levels. Only in the ideal case does it mean producing one’s machines in
one’s own factory. What it usually means is getting one’s supplies and equip-
ment from the factories and mines controlled by one’s own planning
authority.

The presumption of a one-way exchange downward is based on the
notion that the products of more advanced technologies are the ones that
are crucially scarce, that the inputs used by lower technological levels would
not ordinarily (the main exceptions, I suppose, are rolled steel and stainless
steel) be useful inputs at more advanced levels, but that the more advanced
levels need each other’s inputs. So a hierarchical system of matket and
supply spheres, with an arrangement which is in effect a protected local
market for relatively ineificient producers of lower technology goods,
economizes higher technology inputs for those activities that need them.

Further, such a system with prices set to give relatively large profits
to inefficient producers of low technology goods, so as not to waste Shanghai
talent producing small threshers for the whole country, encourages inno-
vative attempts tc move to the next higher level. We frequently saw trial
production by lower level technology units of the next higher level technology,
e.g., small-crawler traciors (but not their engines) at the county level in
Shansi and smali-wheeled ones in Hui County, large reciprocating com-
pressors for arunonita plants at the subprovincial level in Hsin-hsiang.
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Presumably each of these, if successful, takes some of the pressure off ihe
next higher level, allowing then that level to produce more of what they alone
can produce (e.g. in the first case, tractor engines, in the second case
complete ammonia plants).

What we would expect under these circumstances is that over time the
more efficient of such “one-step innovations™ at lower levels could become
producers at the next higher level, growing ioo big for their protected
market. If these enterprises were collectively owned (e.g. as the now state-
owned optical instruments factory in Peking had been), this rise to a higher
level would produce ideological problems that then had to be resolved with
a campaign of self-criticism. That is, the presumption that a collectively-
owned factory should keep its own profits has to be criticized and overcome
before the one making precision optical products, for example, can enter
the national market for such products. But even if it is only turning over
one’s most successful factory projects to the next higher administrative level,
there surely must be ambivalence about it.

Apparently when this happens, there is also a rapid infusion of new
technology from sources at the next higher level. For example, soon after
the mass production engine line was introduced in the Peking factory, whaich
had previously made other things, they introduced air driven wrenches,
which we did not see at any lower level. For another, there was continuing
close relation between the T’ai-yuan tractor factory and the county factory,
which was building a plant with a capacity of 1000 tractors a year near
Tachai. For another, only the national level iextile factory was proposing to
experiment with electronically controlled looms. In short, it seems that
inputs of technology are discontinuous, and tend to come in a big lump when
a factory is about to, or has just, changed administrative level and (conse-
quently} changed its supply and market range.

Another thing that such a hierarchical exchange system economizes,
as has been at the core of theories of meiropolitan dominance, is information
and inventory costs. If infcrmation on the needs for repair parts for chemical
fertilizer plants has to travel through seven bureaucratic levels to Shanghai,
rather than through two to the subregional planning office and regional parts
factory, it (1) takes longer, (2) takes more time of scarce administrative
talent, and (3} overburdens the center with mass paper processing so it can’t
process the crucizl pieces of information. The French scientific research
establishment or American railroads are familiar examples of such in-
efficiencies of each small problem having to be decided by the central office.
The inventories of engine parts held at the county level are more likely to
be finely adjusted to the needs of the county than are massive, and locally
unavailable, inventories at the center. Just as in the United States merchant
wholesalers (decentralized planning) dominate the markets with diverse and
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variable demands (e.g. automobile parts), while manufacturers’ branches
(centralized planning) dominate flows of a few standard products (e.g.
automobiles). Consequently a ministry of machines can directly administer
the flow of a few standard engines from a mass production engine plant to
a few large fabricators of tractors and automobiles, while the flows of many
various engines to many small tractor and agricultural implement factories
need decentralized coordination of supply and demand.

Note that the above analysis applies mostly to the production tractor
and agricultural machinery industry among our industries, and to the supply
of cap.:al equipment for fertilizer and cement plants. Once the capitai of
the latter is in place, they normally have a regular flow of « few raw materials
to manage, and a (normally local) reasonably steady and simple market to
supply. A local coal mine, a local limestone pit, and a protected market in
the county, is about all they need. The high technology is not in the activity
of production, but is buiit into the plant.

When v 2 consider this system of successive hierarchical administrative
rationing from the point of view of economizing scarce resources, it gives
a higher etfective price to anything produced only at the higher levels. The
cost in time, trouble, delay, and possible disapproval of an application,
makes county level supplies more expensive in real terms than goods with
the same cost of production made in one’s own factory; the same adminis-
trative costs make provincial and subregional products effectively more
expensive than those that can be produced at the same apparent cost in the
county; the administratively most costly goods are those produced in national
factories in Shanghai, Peking Liaoning. But these administrative costs are
reduced by a small factory being in Shanghai, or being in the region of the
lower Yangtze with its richer industrial tradition and its good water
transportation.

Thus there are two contrary effects of the system. “Infant industries™
in rural counties are protected by “‘adminisirative tariff barriers” that keep
people in the countv from buying tractors from Shanghai. They also are
protected by the high national industrial prices, which give high profits for
reinvestment to the national government and a high margin for inefficiency
of smalt piants. But at the same time it gives tremendous cost advantages
to tactories in Shanghai, Peking, or the Northeast, especially advantages
to factories that use many outputs of high technology industries, and luxury
industries with complex inputs, while rapidly decentralizing the production
of low technology industries. In short, it has much the same effect on the
internal division of industrial labor ameng regions in China as tariff barriers
and exchange controls have on the international division of labor among
capitalist countries, preserving the advantage of advanced countries in high
technology and high-income elasticity goods, while decentralizing simpler
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mass production industries. The remedy for the contradiction between the
advanced coastal areas and the hinterland has its own iconic dialectic,
tending to reinforce the contradiction in certain respects.

ADMINISTRATION BY MORAL EXAMPLE

The usual conception of administration in the United States is that one
administers by setting standards, preferably in a regulation, and then check-
ing on the meeting of those standards in an enforcement system. Of course
a Jot of administration in the United States does not go on that way: univer-
sity graduate schools are mainly administered by professors setting examples
of how io do research and helping students to follow the example. There
is a constant battle with bureaucratic minds who think one can produce
researchers by the numbers—(1) methodology, (2) theory, (3) substance, and
(4} examination. The Chinese think of adminisiration of industry much as
we think of education for research, as a matter of mustering one’s moral
forces to follow an example. In some ways China is a very bureaucratic
society, but it is a bureaucracy that seems to work very little by standards,
very much by “exemplary prophecy,” by showing the future to be aimed at
by an administrative agency in the form of specifically exceptional examples
in the present. Just as some Deans will explain graduate education by read-
ing the rules of the graduate division, so most Americans expect to be shown
a mass of examples of ordinary communes following the regulations. (On
coming back home, perhaps the most common question is whether one saw
a random sampling of places or whether one was shown Potemkin villages).
But just as the average graduate department will talk about its Nobel
Laureates rather than its examination regulations o fell what it is really all
about, so the Chinese show Tachai to show what agricultural policy is ali
about. The crucial point here is that they not only show it to us, but also
show it to the masses of leading cadres and students headed for the villages
50 they can see what they are supposed to do.

Thus the briefings we received at the model brigades, communes, and
factories we saw, are idecalized in the same general sense that regulations
are an idealized view of an American organization. If you ignore the ideals
stated in regulations in an American organization, you cannot understand
the organization even well enough to keep from getting fired from it. Under-
standing the role of exemplary prophecy for propagating administrative
standards is essential to understanding what we saw and were told. So we
start here with a description of the standard form of the “story of this
factory,” which we were told in reasonable confidence that this is also what
Chinese lower-level administrators of industry and agriculture were being
told. Then by analyzing their response to our questions, (which had the
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general formn of *'that’s nice, but how does it really work?"’), we can get some
clues as to what they were trying to do. But an appropriate comparison io
what we were asking is to iry to get a Dean who has just explained the
regulations for graduate examinations to answer the question, *‘ves, but
what are all the ways you can really get through the exam?.”

If administration is to be by exemplary prophecy, rather than prophecy
by doctrine and standards, then people have to be ready to produce the
parables in which the principles are embedded. Since we saw the models,
by and large, it is especially importaat that the people we saw be able to
produce a transmissible story summarizing the experience. Roughly speak-
ing, most of the storiec we heard have the same structure and much of the
language is formulaic. That is, production achievements enter both into
the accounting system and into an oral literature as examples of communism
in operation. The structure is roughly as follows {also extracted from two
movies). Brackets indicate formulas as translated by the Chinese translators.

1. A brief introduction to the time span to be covered, old society to
today, and to the causal agent, our following the revolutionary line of
[Chairman Mao and the Chinese Communist Party|, [maintaining indepen-
dence, keeping initiative in our own hands, relying on our own efforts],
[hard struggle].

2. A description of the old society, usually with one concrete local
example, [under the yoke of imperialism, feudalism, and bureaucratic
capitalism]. Selling children, leaving the area to beg in the cities, wages
stopping because of sickness (with consequent death), and subjection to
natural calamities such as drought, are the common themes.

3. The date of liberation for the area (the date of first communist
controi) starts the change.

4. The period of mutual aid teams and cooperatives for rural areas, or
of first spontaneous organization by a few handicraftsmen with a few tools,
brings the first accomplishments; yields go up or the workers start to build
their own crude tools. This part of the story may be dated either in the whole
post-liberation period up to the Great Leap Forward or may be dated in the
Great Leap Forward. This is the *small and indigenous™ period in [from
small to big, from indigenous to modern}.

5. [Liu Shao-ch’i and his revisionist line] tried to stop this develop-
ment, but the masses objected, overcame difficulties by hard struggle, and
by carrying out the [mass movement campaign to criticize Lin Piao and
Confucius] (occasionally also Mencius is added)} and to oppose [the re-
visionist line of reintroducing capitalism], and by following [the revolution-
ary line of Chairman Mao], Occasionally examples of capitalism (such as
commune members working in the city) and occasionally opposition (by
officials from the central government) to specific projects or investment
are mentioned at this point, usually not.
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6. A list of production, vield, capital investment, or product mix
achievements are given, with a buase year before the Great Proletarian
Cultural Revolution and percentage increase to some recent year. For recent
years very often the conquest of some natural disaster (drought or flood)
is mentioned, overcome by {hard struggle], by [putting polities in com-
mandj).

7. In spite of these achievements, there are deficiencies to be remedied.
Low ievel of mechanization, low or variable quality of the product, and high
cost as compared with modern factories, are the most commonly mentioned.

8. But by keeping up mass campaigns and [following the instruction
of Chairman Mao] to [take agriculture as the base and industry as the
leading factor}] or [to take grain as the key link and encourage all around
development of sideline occupations], we hope to achieve further benefits.

The measures of success in Stage 6 vary according to the nature of the
industry. but the following common themes are included.

6a. Amount of capital construction.

6b. Making capital equipment in the plant without ouiside funds or
technical aid.

6¢. [3-in-1 teams] (made up of technicians, workets, and cadres)
consulting the masses about their nesds.

6d. Making a [contribution to the state] or [the comstruction of
socialism) as measured by grain sales in agriculture or by accumulation
(profiis) in indusiry.

6e. Technical innovation for labor saving, or even more often for
capital saving by an innovation is highly praised. For example, doubling
the output of a cemert kiln is praised as an achievement, while they hope
to be able to mechanize maieriats handling at some future time.

6f. New products.

6g. Advancing toward socialism by reorganizing the property system,
e.g. by originating communes, by moving from team to brigade as the
accounting unit, by abolishing private plots, by recruiting aad training
technicians from among the workers (or peasants) instead of being supplied
from (implicitly privileged) outside sources of technical competence. This
particular Yind of achievement is analyzed in deiail in the last section of
this chapter under the heading of the function of ideology.

That is, Stage 6 is the core of the place where specialization of the
general revoiuticnary lesson to the particular situation of the factory or
commune takes piace. In one place this may be almost entirely technical
innovation {(e.g. in a city textile factory in Hsinhsiang), in another increased
vields per mu, or capital investment in water conservancy, or reorganizing
the property system from collective to state, or team to brigade.

The formulaic content of this section on the standard story is generally
much lower, and questions on the presentation of this section axe generally
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answered in specific and concrete terms. Questions on the formulaic paris
tend ‘o be answered in very general terms: e.g. “How exactly do you
organize the mass movement t criticize Lin Piao and Confucius; do people
from the commune come to conduct study sessions in the brigade and
teams, or at what levels is it organized?” get an answer “It’s a national
campaign, organized nationwide, at the provincial, commune, brigade,
and team levels. You can’t say it is organized at any specific level.”

“What function do the more formulaic parts serve then?”

The first function is to provide a structure of causal adequacy for the
whole historical development. This means that the assumptions of bour-
geois scholars of causal variety in Stage 6 (Stage 6 is the real guts of the
story) make them feel their message isn't getting across, that the delegation
must have some concealed purpose of making fun of the Chinese, or
collecting military inteiligence, or must be limited in their analysis by
trying to sum everything in numbers. That is, detailed questioning directed
toward trying to find causes in a section of the story where the true causes
are not supposed to lie indicates either evil intentions or incompetence. This
is perhaps connected with Liu Shao-ch’i’s sin of trying to administer by
. technical and economic standards and to reanalyze places like Tachai or the
Red Flag Canal as technical systems rather than as moral examples, and
to challenge the moral principles embedded in those exz2mples. Conflict
between good (socialist) and evil (capitalist} tendencies is supposed to be
adequate to explain good and evil results. Thus the purpose of the facts
in Stage 6 is to measure good resuits concretely, nor to form a basis for a
differentiated and chaotic analysis of concrete causes, after the bourgeois
method of thought.

By and large, the more technically advanced the factory, the more
“bourgeois” in this sense was the analysis (particularly in response to
questions). But this correlation was (for our trip) reversed in agricuiture,
that the most advanced brigades and communes were the mosi ideological,
the most offended by our bourgeois prejudices, and/or the most suspicious
of our intentions.

But aside from explaining cross-culturaj difficulties in understanding
what peopie are up to, what does this complex of reactions teli us about
the functions of these stories in their administrative context. One thing is
cleas, that not every brigade is expected to be Tachai, not every commune
Ch’i-li-ying. Just as the Nobel Laureate’s competence does not set examina-
tion standards, nor the Crucifixion of Christ set standards for the average
parish priest, so the heroic rebuilding of clay hills into rich light loam in
Tachai is not expected of each brigade.

The virtue of such stories is that they can teach at all levels. The
yield-increasing effect of adding fermented chopped vegetation of clayey
soils can be taught to those whose own brigade has clayey soils; the virtues
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of experimentation with seed strains in local conditions can be taught to
the more general public of all agricultural collectives; the virtues of using
slack season labor for capital construction can be taught to all economic
enterprises; the virtues of combining theory and practice for everybody.
Examples are much easier to adopt for local conditions than are regulations,
because they are so vague. And whatever the interest of the listener, that
interest is set in a causal context that makes loyalty to the policies of the
regime a prime mover in his own future successes.

THE FUNCTIONS OF IDECLGGY
IN ECONOMIC ADMINISTRATION

To an American, perhaps the most striking aspect of Chinese society
is the level of "ideologizing.” That is, discussions of all sorts of practical
problems are couched in very general terms, and the frequency with which
one is reminded of the general values of socialist society is that which would
characterize a fanatic patriot in American society. Part of this impression is
no doubt due to the structure of the exchanges, that one is taken to exem-
plary communes and factories, briefed by people used to public speaking
in political leadership positions, and talks to people in a situation in which
their political superiors are always present.

Even allowing for this, the level of ideologizing appears strident at first,
though once a visitor finds that these are practical men and women con-
cerned with concrete problems in a sane and sensible way, the ideology seems
to fade into background noise. Our problem here is to explain how this
general feature of ideologizing, characteristic of Chinese society, affecis
the administration of indusiry and agriculture.

There are three sources of information on the functions of ideology in
economic administration in our experience on the trip. The first is the
content of the ideology itself. The second is the occasional example given
about what ideological mistakes were made, how they affected economic
policies or performance, and how they were corrected. The third is the
statistical variation in the density of ideological content in the speech of
different people and in different situations.

This last sort of information on variations in ideologizing is the principal
external check on one’s speculative literary interpretation, correcting the
“What would I have been thinking of if 1 had said that?"” method of analysis.
Unfortunately, it is also the information most contaminated by the exchange
situation, by the fact that people were not talking to us “‘as human beings,”
but “as representatives of Chinese society under inspection by superiors.”

First, then, to the variations among types of people that we met: Gener-
ally speaking, it seemed that officials of the central government had more
ideological sentences per hour than people in other positions and could more
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readily produce an appropriate ideological response to varied situations.
That is, their ideology was generally both more salient and more competent
in the casuistic sense of being readily interpreted into a variety of concrete
dicta on various situations.

Second, generally speaking the briefings in the agricultural communes
had more ideological sentences in them than those in indusiry, and more
in smaller and more technically backward indusiries than in larger or more
modern ones. But also, generally speaking, the answers to concrete questions
seemed to be significantly less ideological than those for officials ot the
central government. The ideology was nigh in salience, but lower in
competence.

Third, there was a revarse variation in posters, with political posters
being more commen in larger factories.

Fouzith, as far as we could tell the roles of the people talking, there were
fewer ideological sentences among engineers and accountants than among
political specialists. The highest frequency of ideological sentences was in
a county in which people told us they got their production quotas from the
party central commitiee, and in which an important official of the highways
department told us that the reason a bridge could handle only a 13-ton
tractor—but could, indeed, handle a 60-ton truck—was that trucks go
faster. Offhand, this might suggest that ideology was a substitute for know-
ing what you are talking about, but for our purposes here it suggests that
people whose position depends on political rather than technical competence
have more ideological sentences.

Since the method of selection of places to visit presumably emphasized
examples that our hosts thought wouid be impressive (and they certainly
were), and since communes and brigades become impressive especially by
being moral examples (while factories can be impressive by being modern)
an implicit variation in the above variations is that the ideological content
of exemplary organizations is higher.

The above report on variations in ideological sentences per hour consists
of impressions of the central tendencies. There is probably more variation
in the tendency to ideologize within these groups than between them—we
made no systematic counts-—and at any rate the situation in which we met
people distorted the results. As far as they go, the following are the main
checks on the speculations.

From the content of the statements interpreting the ideology concretely,
we can suggest three main groups of functicns of ideology in economic
administration. The first group has to do with justifying the administrative
structure of economic life, and especially justifving its continual reorganiza-
tion. Economic development always involves changing the sizes of firms,
deciding on prices for new industries, allocating new oppertunities for
economic return among various people, among authorities (to distribute the
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returns), and among various purposes those authorities might pursue, This
reorganization always involves political tensions, as for example manifested
in the antitrust laws in the U.5.. The second group of functions has to do
with reforming people, by teaching them new principles (e.g. scientific
experiment is good) or by holding up new tdeal examples (e.g. learn after
Tachai). The third group of functions has to do with the orgarization and
justification of relations of the central government and its policies to local
plants or specialized agencies with their concrete problems.

JUSTIFYING ADMINISTRATIVE ORGANIZATION

There are three main aspects of economic administration that play a
large role in the ideological statements made to us: (&) the organization and
reorganization of firms, especially smaller to larger, and of planning agencies
(and the relations of firms to them) from commune to national—in short,
the organization and reorganization cf decision-making powers, (b) the
policies followed by firms, especially their division of income and privilege
among their work force, their investment (both size and allocation), and
their demands on the economy for supplies and investment goods, and (¢} the
organization of technical innovation within the firm.

(a) Most American sociologists are inclined to take the formal organi-
zation of both industry and government as fixed, and to look for the informal
organization that makes it work in spite of its rigidity. Consequently they
are poorly prepared for the constant discussion in China of why things should
be organized the way they are, and how they ought to be reorganized in the
future. Why are communes more appropriate for mechanizing agriculture
and introducing modern scientific agriculture? Because they can invest in
maintenance shops or factories, concentrate investment funds, popularize
the results of experimental plots. Why is a brigade (larger) a more rational
accounting unit in agriculture than a team (smaller, usually part of a
village}? Because they can more rationally allocate labor to the land and
equalize retarns for the same work between villages. Why should county
industries be incorporated in the satate plan, but be self-reliant (i.e. get as
much as possible of their equipment and supplies by their own efforts, either
within the plant or from fraternal county plants)? Because unified planning
must be combined with local initiative, and the scarce resources of the state
husbanded. Why should the profits of county enterprises remain in the
control of the county instead of being distributed to communes and brigades?
Because further invesiment is needed to provide inputs to agriculture. In
short, there is a pervasive sense that formal organization is a human
creation—a recent and problematic one—and that the formal structure
needs to be continually reorganized to pursue socialist aims more effectively.
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This recrganization of decision-making power is inherent in economic
development because development means undertaking new tasks and re-
organizing the flow of supplies as they increase in quantity and variety.

(b) Further, if development is successful, it creates large flows of
income which are not already allocated to traditional purposes or to main-
taining the socially established standard of living. In Veblen’s phrase, these
are “‘the advantages of backwardness and the penalty of taking the lead”
that enabled the Japanese and German governments such flexibility and
investment capacity. The purpose to which this new flow of “‘discretionary”
income will be applied, its distribution between investment and consump-
tion. and the distribution of consumption between social groups, are
problematic. In Western countries the debate on this question provides
much of the fuel of class conilict. The location of control over this “dis-
cretionary” flow of income is a crucial aspect of an administrative system,
since it determines the range of policies that are politically and adminis-
tratively feasible.

Much of the ideology is directed at this question. The campaign against
Liu Shao-chi and the *‘revisionist line’’ seems to have most to do with the
question of how much of this flow of income should go into the reward
system (often discussed in terms of “‘material incentives”). An example of
consequences of this campaign was given in one brigade, of calling back
its city workers who were making up to 2000 yuan a vear in “‘speculation”
in the city, to persuade them {o contribute to the commune agricultural
economy. Another example was given of persisting in a policy of heavy
investments in a county canal system rather than concentrating on immediate
production. The principle seems to be that all rewards should be ideologically
examined and the rewarded activities determined to be in the public interest,
and particularly determined not to damage capital investment, before they
can be considered legitimate.

{(¢) Economic development mainly consists of technical and organiza-
tional innovation. The ideology in China has a heavy emphasis on shifting
the production function, so that the same amount of labor and capital
produce more outputs. They often give as a measure of achievement the
percentage of ““designed capacity” that was produced last year. Regardless
of how *‘designed capacity” is determined (we did not find out), this shows
a constant concern with capital-saving innovations. The focus on yield per
mu in agricultural performance reports shows an intense concern with
land-saving innovations. There is less emphasis on labor-saving innovations,
at least in the performance data given to us, but we were given many
examples of reductions in labor force required for certain operations in
industry. The mechanization movement in agriculture is usually justified
on labor-saving grounds (for example, the symbols of mechanization are
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the tractor and the thresher, while probably the electric pump is in fact
more crucial, as a “‘land-saving’ capital investment).

What we are concerned with here is not so much the source and
direction of flow of technical ideas, but the organizational readiness of the
receiving unit to shift the social and technical arrangements of production
into a new pattern. This was discussed by our informants under the heading
of ““consulting the wisdom of the masses,” but the important point is that
this consultation is systematically organized to reform the production
process. There are institutionalized methods of forming task groups (3-in-1
groups, meaning groups of “senior workers,” technicians, and cadres; or
meaning users of the product, workers from the producing factory, and
technicians from a higher level) to work out and institute innovations.
There are fast and easy arrangements for visiting model communes,
brigades, or factories.

The ideology emphasizes technical innovation in the models it chooses,
in the doctrine, in the performance measures it uses, and in its administra-
tive ideology justifying ad hoc non-hterarchical problem-sclving groups.
The ideology is, so to speak, a medium through which the flow of technical
information, of operating models of innovations, and of administrative
flexibility in receiving units, is speeded up.

At the administrative level then, the ideology is a common language
for discussing the problems of creating formal organizations to fit the tasks
of development. The language includes a vecabulary for discussing the
reorganization of authority relations, the reorganization of allocations of
flows of income. and the reorganization of technical systems.

MOTIVATIONAL AND MORAL FUNCTIONS

The most common notion of the functions of ideology in development
is a motivational one, that herotc individual efforts are called forth by
ideological enthusiasm, that “ideological rewards” substitute for “‘material
rewards.”” As will be discussed in Chapter III, when the Chinese them-
selves make this argument, they usually mean two interlinked sorts of
things: that exceptional individual performances are praised publicly, and
that the ground for praise is contribution to socialist construction. That
is, they do not usually expect people to be directly inspired by speeches
or by reading Chairman Mao. They do praise exceptional self-sacrifice,
but do not usually rely directly un political study for motivation,

There are two aspects of the ideology which do seem to bear on the
motivational situation of individuals. The first is the campaign against
fatalistic attitudes summed up in the popular image taken from Mao of
the “foolish old man who moved the mountains.” The notion is that if one
does not regard nature (the mountains) as inevitable, but tries to change
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them, resources will be found (in the fable heaven intervenes to reward the
foolish old man’s efforts—in Mao the wisdom and enthusiasm of the masses
will find a way). The conviction that men control their own fate, that
pessimism is not a legitimate cognitive set, is manifested in stories of heroic
accomplishment such as the Red Flag Canal, but also in critiques of
“Western™ marginal economics that takes the production function as fixed.
(There is certainly that tendency in Western economics, but empirical
development economists, such as were on the delegation, are not the worst
sinners.) Roughly speaking, the psychological postulate for economic life
is that more irrationality comes from incomplete exploration of the produc-
tion possibility surface than from poor calculation of choices between
known alternatives. By the campaign against Confucius and Lin Piao, by
learning after Tachai and after Taching, by retelling the fable of the foolish
old man who moved the mountains, the psychological costs of investment
are reduced and the psychological promise of reward is rendered mote
certain.

A more general version of the same theme could be formulated as: “Do
not take people’s first impulses and analysis as the basis for action, but
instead reform people until a better course of action appears.” Or even,
“Do not take human responses as fixed, for humans can transform their
attitudes by the use of will and ideology.”” If we contrast the Western image
of a market with fixed consumer tastes or an electorate with preferences
among candidates manifesting their opinion in an election with the image
of man in Chinese ideology, the difference is that the Chinese have a
“future-oriented democratic” concept, that the masses will want what we
collectively are geiting for them when they have been transformed by the
revolution.

The second motivaticnal element is the preservation of the moral value
of exemplary cases. Just as Alyosha’s faith is somewhat shaken when saintly
Father Zossima's body statts to stink in The Brothers Karamozov, so too
ciose an examination of any exceptional advantages of Tachai or the
Ch’i-li-ving commune undermines their value as moral models. Aside from
the differences in approach to causal analysis ouilined above, the com-
bination of an itinerary including many models and our profane cost-
accounting attitude toward those models created tensions. It was sort of
like a geneticist inquiring of a theologian exactly which of Christ’s chromo-
somes came from Mary, which from the Holy Spirit.

THE POLITICAL FUNCTIONS OF IDEOLOGY

The third set of functions seems to be specifically political and can
be formulated in terms of the relation between the cosmopolitan national
political system and the local systems, which run the details of the economy.
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Many of these political ideological functions are resolutions of problems in
the national system itseif, so our observations do not bear as directly on
them. Consequently, this section is a rather speculative sketch.

There seem to be three main political functions reflected in the content
of the ideology. The first is legitimating the resolutions of national political
conflicts and consequently setting out the main lines of policy, regarding
who the enemies are, what the role of the party should be as compared
to the Revolutionary Committees that run factories and local government,
and so on. That is, we Westerners think of ideology as a weapoen in a
struggle which has yet to be resolved. When a discussion or an experiment
of soctal reorganization starzs in China, that is, just at the point where
Western political talk is most ideological, it scems the Chinese are very
leery of giving it a clear overall interpretation. Exactly what “‘eliminating
the vestiges of the concept of private property” means in a commune is
ordinarily not clear. But at the point when national policies are set, Mao’s
name and his sayings start to be used to explain why the policy is correct.
Sometimes this is reflected in specific attacks on national level opponents,
such as Lin Piao or Lin Shao-ch’i, but this is after, not before, these
people’s powers have been stripped from them. When one is taken to the
place Mao said "‘communes are good,” it is not the place he first advocated
communes, which would be presumably buried in the minutes of national
level meetings. It is rather the place where he proclaimed it as national
policy.

The second function seems to be to formulate the authority of cosmo-
politan {e.g. Peking) officials over local officials. It is hard to see in our
observations what exactiy this means, because most local officials shew a
good deal of independence and local autonomy, at least with respect to the
Peking officials who traveled with us. That is, there is not an echelon
relation in which all “officers” rank above all “enlisted men.” Yet some
local officials, in factories especially, seemed to be nervous about their
performance in front of someone in the room. While we have little that
is concrete and at the same time general to say about this authority relation
of local to national levels, this itself shows that the relation is problematic,
and that it is probably discussed in ideological terms, but not in front of
visiting delegations. Chinese traditions of politeness in authority relations
are sufficiently different from ours so that we could not read what was going
on with any degree of accuracy.

A third function is apparently producing agents of the general national
policy in local systems. On the average, ir every ind of system we visited,
someone could be produced from the Jzading cadres who could formulate
the concrete policies and activities of ks or her group in terms of the national
ideology. These local people merdoned promotion of people by “political
consciousness’”’ manry times (along with seniority and technical level). They
used the phrase, “The masses of workers (or peasants) said . . ."”'; what the
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masses said generally fit  icely with the resolutions of political contlict at
ihe national levet. Being able to produce a leader who says the right thing
from the point of view of national policy in every local system is a major
achievement of the ideological system.

If we now take these functions and try to interpret the appalnnt distri-
bution of ideclogica! sentences, some of the connections are quite clear. The
communes and brigades in thz rural economy have had substantial reorgani-
zation of the property and reward system, substantial pressure to use the
returns from industry for reinvestment rather than income, and structurally
provide a conflicting answer to who is in charge of the flows of income and
of authority. For example, commune industries must receive supplies from
the state-operated system, yet the returns are supposed to be collectively
owned. This gives the county (a state-operated industrial system) a chance to
restrict supplies to those that contribute to agriculture rather than e.g. to
supply communes with steel they might process and sell as consumer goods.
Thus the leadership of commune industry (but perhaps not the peasanis)
have a substantial problem of justifying continual reorganization and
reallocation of new flows of income. They also perhaps have more problems
of the “modernization of personality.” The larger factories, in contrast, have
a stable and legitimately socialist organization, which does not have to be
brought into congruence with a state system operated by different principles.

The principal problem of the leadership of a state-operated large factory
is presumably not who owns the profits,, but rather justifying the “low wage
policy,” which allows the profits to grow as costs decline and provides more
funds for national reinvestment. This means that the focus of ideology is on
the wage system and the substitution of “ideological incentives” (praise}
for “material incentives.”” Much of the wall poster ideology in larger factories
is concerned with model workers and teams, with ‘‘socialist emulation,”
rather than with the justification of administrative and profit reorganization.
Hence we visitors get less ideology at the level of factory organization dis-
cussion (except if we touch on the wage system when the 3-5 percent of
income spent for rent, free medical care, maternity leave, stable and low
prices, etc., are reliably produced), while the workers get a lot of “produc-
tivity ideoiogy.”

The high level of ideology among national officials is explained by the
last set of functions of relating national policy to local activities. It is
probably increased by the degree of decentralization since, when a national
official’s authority is problematic, perhaps ideological persuasion will work.

CONCLUDING COMMENTS

The themes of this chapter, themes of the relation of small-scaie rural
industry to the state, are central to the ideological disputes that divide
socialists from the defenders of capitalism. Perhaps there is no way to discuss
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these guestions free from ideological bias. But we were impressed by how
often an apparently simple question (such as "*Are they really decentralized
as much as they claim?” or “Do people really believe the uniform and
formulaic ideology that they use all the time?”) turned out te be much more
complicated than the ideologica!l positions of either side would lead one to
expect. Perhaps the chief value of our all too sketchy investigations on the
refation of enterprises to the state is not the conclusions we have reached
above, but the added complexity of the questions we are now inclined to
ask. There is a complex human reality behind such formulas as “relying
on our own efforts’” or “‘bureaucratically planned economy.” So questions
that start with such formulas have to be made more complex first, then,
conceivably, answered,




Chapter il
WORKER INCENTIVES

The structure of incentives in Chinese industry includes not only
material rewards but also a structure of formalized praise, differential life
chances, and collective benefits. The structure of these incentives is most
highly elaborated in state industry. Though some county factories are
classed as collective units, all or virtually ali of the county factories we saw
were in the state sector (see Appendix C), and the system of rewards and
benefits in these plants was only a slightly simplified version of that offered
in large urban enterprises. Accordingly, the bulk of this chapter examines
the system of differential rewards for administrative cadres, technicians,
and workers in state industry with only the note that the rewards in county
industries are slightly less elaborate than those in large urban industries.
With their much greater simplicity, rewards in small collective industries
run by the commune and brigade are discussed much more briefly at the
end of the chapter.

STATE INDUSTRY

Material incentives in state-owned industry include a wage system with
grades for those of differential skill and experience, a promotion system to
advance those who perform according to approved standards, and a system
of fringe benefits including subsidized housing, medical care, accident

N
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insurance, subsidized nurseries, and pension plans. Though the diiferences
are noi so extreme in county industries, in all state industries there is some
differentiation between wages for cadres, technicians, and workers. That
extreme differentiation in pay and prestige between these different kinds
of personnel should be avoided was one of the most consistent themes of
our trip.

CADRE WAGES

Administrative cadres comprise two to eight percent of the total work
force in county factories that we visited, In large urban factories, we obtained
less information on the number of administrative cadres, but from the great
efforts to trim administrative staffs around 1968, we would expect the
number of cadres in these plants to be fewer than ten years before. In 1965
Barry Richman toured 38 urban factories in China. From data gathered on
his tour, Richman concluded that the administrative staff in Chinese fac-
fories was significantly larger than in comparable firms in the Soviet Union
and the U.S.A.' The may have been good reason, then, to call for the
reduction of these staffs in 1968.

The size of this reduction can be seen at Shanghai Machine Tools. In
1965 12.5 percent of all employees had been admiristrative cadres, and
7.5 percent had been technicians and engineers. By 1975 the number of
technicians remained large (10 percent), but the staff on the cadre pay scale
had been cut drastically to 3 percent.? We gathered informaticn on admin-
istrative personnel in one other urban plant. At the Shanghai (Bumper
Harvest) Tractor Factory in the suburbs of Shanghai, less than 10 percent
of all employees were classed as administrators and technicians. This
percentage places the plant velow both the average and lowest examples
found in comparable plants in 1965. The repetition of similar figures in
the press suggests that this phenomenon is widespread.

The reduction in administrative personnel must have been in part just
a paper change. In the original 30 grade wage scale for administrative
personnel, the lowest grades were for janitors, clerks, and other support
personnel. Today the reduction of the administrative wage scale to just
24 grades in many factories suggests that some of the lower grade scales
were simply iransferred over to the worker’s pay scale with little change in
pay or responsibilities.’

1. Barry Richman, Industrial Society in Communist Ching. New York: Random House,
1969, p. 759.

2. The situation with technicians at Shanghai Machine Tools is complicated by their use
of an auxiliary research institute with an additional staff of 200.

3. For more information on wage scales for administrators, see Christopher Howe, Wage
Patterns and Wage Policy in Modern China 1919-1972. Cambridge: Cambridge University
Press, 1973,




WORKER INCENTIVES 33

There was plenty of room for a true reduction in administrative person-
nel, however. The administrative staff in the factory is restricted almost
entirely to production matters. Many of the functions which the adminis-
trative staff handles in a Western factory are in China handled by govern-
ment bureaus outside the factory. The head of the factory is really the
Western equivalent of the vice-president for production. As early as 1961
in the government’s Seventy Articles on Industrial Policy, it was specified
that the factory was to keep its hands out of matters of marketing, price,
and supply of factory goods. As it became painfully obvious to us when we
kept asking questions about marketing and supply which the factory head
could not answer, it is the commercial bureau and related bureaus in the
county, special district, or province which must make the final decisions
on these sorts of questions. Since the administrative staff of the factory is
restricted to a rather specialized list of production questions, there should
have been ample room for cuts in administrative personnel around 1968,
and these cuts should have produced little subsequent degradation in
performance.

It was probably also quite possible to reduce administrative staffs in
the large urban factories around 1968 because of demand for these kinds
of personnel outside their home plant. We were not told where the excess
persorinel had gone. With one exception, we were also not told where the
new county and commune plants established in 1968 and 1969 had gotten
their administrative and technical personnel. The implement repair and
construction workshop in Red Star Commune outside Peking mentioned
getting technicians from urban plants. It is our guess that many other
county factories established around 1968, when urban factories were being
pruned of excess administrators, got some of their senior lcaders from the
city. This would be consistent with the older age of some factory adminis-
trators. It would also be consistent with the close alliances between some
city and county plants. Wu-hsi County personnel reported that when they
had a problem they could just write a letter or send a telegram to a factory
in Shanghai telling them that they were coming, and then pop down to visit
in just a few hours. This case of visiting across a major administrative
boundary is in some cases possible because the county plant happened to
have gone to the Shanghai plant to learn the technology for its operation.
In other cases, we speculate, the administrators in the county plant can visit
easily because they are simply returning to their old home factory.

Regardless of their exact origin or number, the administrators in county
and urban factories are on the naiional pay scale, which applies to all
administrative cadres, regardless of whether they are working in factories,
government, or elsewhere. This scale starts as low as that for the average
worker, but goes considerably higher. It is rare that foreign visitors learn
the salaries of top factory administraters. The highest salaries that they have
heard of since 1972 have been in the range of 160 o 180 yuan per month.
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This would be only about three times the average worker’s salary in urban
industry. Foreign visitors have been told that in the future, younger admin-
istrators wiil not be allowed to reach such high levels.

A more immediate approach to redressing the differential between
administrators and workers are various methods to insure that adminis-
trators regularly meet and work with workers. Workers are represented on
governing bodies and technical groups. Administrators are to spend at least
a month per year working on the shop floor, thereby, it is hoped, gaining a
clearer understanding of problems on the shop floor as well as a more
humble demeanor,

TECHNICIAN WAGES

Technicians comprise only 1-2 percent of the labor force in six county
factories for which we have data. In the larger urban factories controlled
by provinces or cities, technicians are more numerous—3 percent at Hsin-
hsiang Region Chemical Equipment and Accessories Factory, 10 percent
at Shanghai Machine Tools, and 12 percent of the {abor force at Hsin-hsiang
City Water Pump Factory.

Several methods are being used to bring the rewards for technicians
more in line with the rewards for workers. First, in county industries, there
is a tendency to put technicians on the same eight grade pay scale as workets.
The technicians start well above grade one and they advance rapidly into
the upper middle ranks. Yet the top grade of some 100 to 110 yuan in the
eight-grade wage system guarantees that they will not make much more than
the average worker. Indeed, where we asked, technicians were considerably
below the 100 to 110 yuan limit. At Hsi-yang County Tractor Factory,
Wu-hsi County Iron and Steel Factory, Wu-hsi County Tractor Factory,
and Nanhai County Cement Factory, all technicians were on the same pay

scale as workers. At Nanhai Cement the top technician’s salary was some
80 yuan. At the other factories, the top salary was only some 70 yuan, At
Wu-hsi Tracter, the technicians’ salaries began at some 30 yuan and ad-
vanced to only some 70 yuan per month. (See Table [11.1.)

At the larger urban factories, information on the current situation with
technicians’ salaries is more muddled. As with administrative staff salaries,
the state is reluctant to lower any existing wages. Usually the separate pay
scales for technicians and engineers are still maintained with old engineers
getting even higher salaries than top administrators. As first adopted in
1956, these pay scales start at only 20 to 30 yuan for technicians in training,
but advance to between 250 and 350 yuan for senior engineers.® In the

4, State Council, “Notification on the Issuance of a Program of Wage Scales for Workers
of State Organs,” no. HS1-54, 1956, in Compilation of the Laws and Regulations of Finarcial
Administration of the Central Government. Peking: 1956, pp. 226-47, Partially translated in
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biggest industries, such as Peking Internal Combustion, senior engineers
conttinue to get almost 250 yuan a month.® Since other visitors had been told
that new technicians would not be paid as much as the old, we were surprised
to noie that in Peking, West City Optical Instruments Factory, which
became a state (city) factory only in 1969, technician salaries ranged up to
a high of 150 yuan per month. it may be that the technician earning 150
yuan transferred in from another plant and is therefore unrepresentative
of technicians in most new plants.

A second way in which the gap between workers and technicians is
reduced is by training technicians from among the workers. In county.
factories new techuicians arc simply trained on the job. We paid particular
attention to this question in Wu-hsi County. The technically sophisticaied
Wau-hsi Electro-Chemical Factory, which makes potyvinyl chloride, had a
total of nine technicians. Of the nine, six were university trained; three were
trained on the job. At other plants in the county about half of the technicians
in each plant were trained on the job. In urban plants, there were also some
technicians trained on the job. In recent years this training has become
formalized with the urban plants sending their workers to “‘workers’ univer-
sities.”” The prototype of this sort of “university” is at Shanghai Machine
Tools, which was publicly acclaimed by Mao Tse-tung on 21 July 1968.
Accordingly, at Hsin-hsiang City Cotton Textile Factory and Shanghai
(Bumper Harvest) Tractor Factory, we also found 21 July Workers’ Univer-
sities. At Hsin-hsiang Textile, a class of about thirty workers were being
taught caiculus in order that they might become technicians. The largest
factories have their own universities. Smaller factories send their workers
to other nearby factory universities. In addition, those factories most in need
of advanced technology, such as Shanghai Machine Tools, are sending a
few of their workers to regular universities outside the plant.

The third procedure which narrows the gap between technicians and
workers, as well as between administrators and workers, is the use of what
are called “three-in-one” task groups. Instead of leaving innovations to
technicians alone, ‘‘three-in-one” groups consisting of adminittrators, tech-
nicians, and senior workers are organized to attack technical problems and
produce innovations in factory technology. Senior workers appear to be
experienced workers who are either foremen or informal leaders who receive
great respect from their fellow workers. The role of these groups seemed
at times to be overstated. Some of the innovations reputed to be made by
three-in-one groups at one plant was claimed for three-in-one groups at other
plants as well, suggesting that the original source of innovation lay outside

Charles Hoffman, The Chinese Worker. Albany: State University of New York Press, 1974,
Appendix A.

5. Also see Mitch Meisner, “The Shenyang Transformer Factory—A Profile,” China
Quarterh: 52 (1972): 731.




Table Hl1-1

HIGH AND LOW WAGES BY TYPE OF EMPLOYEE

Type of Lowest Highest Average
Employee Wage Wage Wage
Urban Factories
Shanghai Machine Tools Workers 42 124 68
Technicians —_ 200 + 70+
Peking Internal Combustion Workers 30+ 100 + 54
Technicians 40 ca. 245 -
Cheng-chou Textile Machinery Technicians — 166 —
Peking Optical instruments Technicians 50 150 + —
Foshan Ceramics and Porcelain Workers & technicians 34 103 53
County Factories
Nanhai Cement Workers & technicians 40 80+ 57
Wu-hsi lIron and Steel Workers & technicians 32 70+ 47
Wu-hgi Tractor Technicians 50+ 70+ —
Hsi-yang Tractor Apprentices 23 29 —
Workers & technicians 33 80+ 37
Hsi-yang Farm Tools Workers* 38 60 + 40 +
Hsi-yang Chemical Fertilizer Workers* 30 100 + 40
Lin Cotton Textile Workers* 30 50+ 40 4
Commune Factories
Peking Red Star (6 plants) Workers & technicians 36 80+ 49

*Statistics for these three factories may include technicians.
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the plant and that the role of the three-in-one group was more one of imple-
mentation thaa of invention.® Whether in implementation or invention, it
seems as though these groups might have some very practical functions. The
senior worker brings information about immediate probleims on the factory
floor. And when a new procedure is developed with his participation, he
will be able to support its adoption on the factory floor—thus speeding its
application. Even when the technician has come from among the workers
and regularly spends time on the factory floor, the presence of the senior
workers in a task group should make the link beiween innovation and
practical problems even closer.

WORKER WAGES

In addition to the differentials in reward between administrators,
technicians, and workers, there are differentials in reward among the
workers themselves. The proper extent of this differential is now under active
discussion. The discussion of workers’ wages was started in the Spring of
1975 when Mao Tse-tung, in his article on the Dictatorship of the Proletariat,
raised the issue of whether the society might begin to move a bit more
rapidly toward full communism, which would reward people not according
to their work but according to their needs. The issue was being discussed
in many factories, and this at times made it difficult to get information on
the wage systems. Some factories may have been reluctant to commit them-
selves until some more central decision on wages had been reached.

The eight-grade wage system for workers, ranging from a low of some
30 yuan a month to a high of around 100 yuan a month, was first adopted
in 1956. This system was still in effect in almost all factories we visited. The
only exceptions were one or two factories, which had raised workers out of
the lowest wage grade, and a few factories that used temporary laborers.

Instead of fixed wages averaging about 45 yuan per month in county
industry, temporary laborers get work points in their home production
teams. Ini the wealthier areas that we visited, these work points were worth
some 30 yuan per month. Temporary workers also were ineligible for beaith,
retirement, and other fringe benefits which usually equal some ten percent
of the factory’s wage bill. Temporary workers that we encountered were in
county industry. Most of the 500 workers at Hui County Cement were
temporary. In that county’s fertilizer plant, in contrast, none of the workers
were temporary. In the Lin County Cotton Textile Factory, 60 percent of
the laborers were temporary, while at the tractor plant only a very small

6. At textile plants we encountered multiple inventions or innovations to the eleciric
cart which was featured during 1975 in both China Reconstructs and Peking Review—see
China Reconstruets, Vol. 24, No. 3, March 1975, p. 5, Peking Review, No. 28, 11 July 1975,
pp. 22-23.
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number were temporary. In the light bulb factory in that county, none were
temporary. From these scattered observations, it is difficult to draw firm
conclusions. Yet, from other reports, we know that temporary workers are
frequently used where the nced for factory labor is only secasonal. They are
common in sugar planis, which only produce in the winter, and their large
number at Lin County Cotton Textile Factory is likely to be in response to
a high seasonal demand for spinning after the yearly cotton harvest. Also,
it would seem that temporary workers are used for menial jobs, such as
transport and stone quarrying, for which the factories are reluctant to pay
high wages and fringe benefits.

Apprentice systems were used in the state factories that we visited. In
the first year, apprentices get some 18-20 yuan per month. In the next year
or two, they get slightly higher wages until they graduate to the lowesi rung
of the regular worker’s scale, which is usually in the low 30s but 42 yuan in
some Shanghai City plants.

Our information on average salaries is marred by several conditions: In
urban plants, it is only the average salary for regular workers. Administative
cadre, technician, apprentice, and temporary worker (if any) salaries are
usually excluded. In county plants, technicians’ salaries may be included
but not the salaries for other groups of workers. Even for workers, some
factories give not a precise average but only the most common or model
wage. And, we did not obtain wage data for all tactories.

Nevertheless, the data in Tabie II1.2 allow us to draw some conclusions
about wage differentials among different factories. First, workers in county
industries draw considerably lower salaries than those in urban factories.
The average for urban factories run by the provinces or municipalities is
57 yuan per month while that for county factories is only about 45 yuan. As
with technicians, then, it appears that county wages are kept intentionally
low so as to not be too much higher than income in the surrounding country-
side. There is already a great demand among young peasants to get into
industrial jobs. Further income differentials would make this demand only
more severe. In addition, in setting wages there is probably some consider-
ation of cheaper costs of living around county factories, which are often
situated in the countryside rather than in the county seat.

The second differential to be observed in Table IIL.2 is that between
different regions. So as to allow for differences in costs of living, regional
differentials were incorporated in the 1956 wage law. Large urban centers
and some provinces were to have higher wages. In Table III.2 this can be
seen clearly only in the instance of Shanghai where wages average 63 yuan
per month rather than the usual 55 yuan for indus.ries in other cities. This
same regional differential was reported by Barry Richman from a larger
sample of industries in 1965.7

7. Richman, op. cit.. p. 803.
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The third differential that we would expect from the 1956 wage law is
one between heavy and light industry. Surprisingly, that differential does
not appear in the industries we visited. Among urban industries in Table
II1.2 the first eight factories may be classified as heavy and the last six as
light. Once Shanghai with its unusually high wages is excluded, the average
wage for both heavy and light industry is 55. Barry Richman noted the same
phenomenon in 1965 as did Carl Riskin from post-1971 visitors’ reports.®
Richman’s explanation was that since much of the light industry started
before 1949, it had more long-seniority, high-wage workers. This may be
true in part. In county indusiries we were at times told that average wages
were low because there was as yet no one with enough seniority to be in the
top two or three salary grades. This is not the full explanation, however.
Among the urban factories for which we have data, the nine started before
1960 have an average wage of 56 yuan per month, while the four started after
1660 have an even higher wage of 58 yuan per month. Among the county
factortes for which we have data, the four started before 1960 have an
average wage of about 47 yuan, while the seven started later have an only
slightly lower wage of 44 yuan per month. Age, it would appear, is not a
major determinant of factory wages.

One might parenthetically note another implication of this observation,
If by 1975 light industries pay.salaries on the average no lower than heavy
industries, then the salaries for females are more equal now than in the
1950s. There are neighborhood workshops where women are paid much
less (about 30 yuan per month}, but in the large state factories they may get
about as much in the light industries (where they predominate) as the males
do in heavy industry (where they predominate).

PROMOTION

For differentials in income to act as an incentive, there must be a
publicly understood method of promotion, Promotion, it was reported, was
based on seniority, skill, performance, and political attitude. The exact
order of these criteria could not be ascertained, though it was frequently
asserted that whether a factory had many workers in the top wage grades
depended on whether it had many senior workers with many years of exper-
ience. According to other visitor reports, the nationwide promotions of 1971
were heavily dependent on seniority, Workers who had been at work before
1957, but had not risen above the third grade by 1971, had to be raised to
the fourth grade; those who had been at work before 1960, but had not
risen above the second grade, had to be promoted to the third grade; and
5o on.® Seniority is a major element in promotion.

8. Richman, op. cit., p. 803-04.

9. Joan Robinson, “For Use, Not for Profit,” in Eastern Horizon, Vol. 11, No. 4 (1972},
p. .




Table -2
FACTORY CONDITIONS BY TYPE OF FACTORY

Year
Estab- Per- Female  Average Hous- Child  Praise
lished sonnef % Wage ing Care  Boards
Urban Factories
Shanghai Machine Tools pret949 6,000 20 68 m m m
Shanghai Shaped Steel Tubing 1953 814 16 60 m m 0
Shanghai (Bumper Harvest) Tractor 1963 1,300 35 60 m + +
Peking internal Combustion 1964 7,000 34 54 + + +
Peking Capital Iron and Steel pre1949 20,000 20 60 + + +
Cheng-chou Textile Machinery 1951 5,200 20 60 + + m
Hgin-hsiang Chemicai industry Equipment 1969 330 33 55 + m 0
Hsin-hisiang Water Pump ' 1956 680 33 47 + + +
Peking Optical Instruments 1969 520 75 60 + 0 + m
Hsin-hsiang Cotton Texiile 1956 1,400 64 56 + + +
Cheng-chou #3 Cotton Spinning 1954 5,600 58 — + + +
Wu-hsi #1 Silk Fitature prei94s8 1,700 85 55 0 0 +
Wu-hsi City Clay Figurine 1954 500 60 45 0 0 m
Foshan Ceramics and Porcelain 1952 500 65 53 m + 0
County Factories -
Nanhal Cement 1958 549 14 57 + + 0
Tachai Cement 1968 144 K} — m — 0
Hui Cement 1964 500 15 — m - —
Wu-hsi Iron and Steel 1969 805 12 47 m m 0
Whu-hsi Tractor 1969 661 15 40 + m +
Hsi-yang Tractor 1967 310 21 37 — —_ 0
Tung-fang-hung Agricultural Machinery 1948 300+ —_ —_ — - 0
Hsi-yang Farm Tools 1954 148 22 40 + m —_— m




Chia-ting Agricuitural Machinery 450 30 40 + — - m
Wu-hsi Electric Motor 1958 340 5 42 m 0 0
Hsi-yang Chemical Fertilizer 1968 450 20 40+ — — +
Lin Chemical Fertilizer 1968 520 25 50 m — 0
Hui Chemical Fertilizer 1968 536 9 — m m 0
Wu-hsi Electro-chemical 1968 600 20 46 m m +
Lin Fluorescent Light 1970 180 — — — — —
Lin Cotton Textile 1958 186 70 40+ m 0 0
Commune Workshops
Red Star Implements ——— 261 36 49 0 G m
Red Star Grain Mili —_ 183 ca.b0 49 0 0 0
Yao-t'sun Agricultural Machinery —— 90 m 40 + - - 0
Kao-chuang Agricuttural Machinery —_—— 147 — _— — — m
Ch'i-li-ying Agricultural Machinery —_ 190 ca.d3 —_ - - 0
Yang-shih Concrete Products —_— 97 ca.27 —_ m — 0
Yang-shih Powder Metallurgy 1972 108 ca.27? — m — 0
Yang-shih Agricultural Machinery —_—— 192 ca.2? —_ m — 0
Mei-ts'un Agricultural Machinery —_—— — — —_ — — J
Ho-tigh Agricultural Machinery —— — — — -— — 0
Ma-tu Tractor Station —_ 50 ca.20 35 0 - 0
Ma-lu Machine Plant —_ 200 ca.20 35 0 — 0
Brigade Workshops .
Ta-ts’ai-yuan Grain Mill (in Lin County) _ — o — — — 0
Chi-li-ying Grain Msi —_— - — — —_ - 0
Liu-chuang Carpentry & Tools —_— 27 — — - -- 0
Urban Neighborhcod Workshops
Shanghai Toy Assembly & Packaging 276 90+ cad0 — — -
Shanghai Vacuum Pump & Meter Assembly 150 80 ca.30 — - -

Note: “+" = prasent, “0"” = absent, “m” = minimal, “—" = information not available. For further explanation, see text.
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Within the factory, the number promoted each year is subject to the
state plan. Factories cannot on their own whim decide what proportion of
their workers will be promoted. The Wu-hsi Electro-Chemical Factory
reported that 40 percent of its work force was promoted in 1974. Since this
included apprentices who had been promoted automatically after three
years, the number of regular workers who had been promoted was somewhat
smailer. At the Nanhai County Cement Plant no workers had been promoted
in 1974, but 40 percent of the workers and apprentices had been promoted
in 1973. Generally, one host suggested, large scale promotions had been
written into the state plan only in 1971 and 1973. This same host could not
recall when large numbers had been previously promoted though the wide-
spread promotions in 1963 are widely known.

Generally, promotions seem to have been restricted so as to keep average
salaries at about the same levels they were ten or even twenty years ago. This,
it would appear, is part of a general program to reduce the gap between
peasant and worker living standards. Average industrial incomes are kept
constant in the hope that agricultural incomes will eventuaily catch up.

The average worker salary is dependent on both the salary scale used
and how workers have been promoted within it. The scales used today appear
to be almost exactly the same as adopted in 1956. In 1965 regular Shanghai
Machine Tools workers began at 42 yuan a month.'® They still begin at this
level today. In 1965 Shanghai #3 Machine Tools Plant had salaries ranging
from 42 to 120 yuan. In 1973 another group of visitors reported that this
plant had salaries from 42 to 123 yuan.'' In the northeast reported salaries
have even longer continuity. In that area, 1972 visitors found the same wage
scale at the An-shan Rolling Mill and Shen-yang Machine Tools plant as
in the 1950s.%2

The comparison of average salaries in 1975 with those of 1965 is
confounded by ihe problem that 1965 salaries tend to include cadre and
technicians’ salaries, while 1975 data exclude them. Nevertheless, the
comparisons that can be made suggest little or no rise in average salaries
over the last ten years. The average salary at Shanghai Machine Tools was
70 yuan in 1965 and an only slightly lower 68 yuan per month in 1975. In
1965 at #2 Wu-hsi Silk Reeling Plant, the average salary was 52 yuan. At
the Wu-hsi City Local (state owned) #1 Silk Filature Factory, which we

10. Richman, op. cit.. p. 800.

1t.Carl Riskin, “Workers' Incentives in Chinese Industry,” in China. A Reassessment
of the Economy, (a compendium of papers submitted to the Joint Economic Commitiee of the
Congress of the United States), Washington, D.C.: U.5. Government Printing Office, 1975,
p- 217.

12. Ibid., p. 216.
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visited, average salaries were only slightly higher at 35 yuan per month.
Stability of average wages is shown in other visitors’ reports as well."

Whether average income has changed depends in part on how bonuses,
which prior to 1966 were 5-15 percent of the wage bill, have been handled.
At some urban factories, other visitots have been told that the old bonus now
serves as a wage supplement, which is divided equally among all workers.
We did not explicitly ask, but at the factories we visited there was never any
mention of such a supplement. Clothing allowances, allowances for working
in high temperature areas (e.g. near ovens), free barbering, and other fringe
benefits were discussed in some factories, but there was no across-the-board
supplement that would substitute for the old bonus. Without precise infor-
mation on the relationship between old bonuses and current wage supple-
ments, it is difficult to make exact statements about changes in average
wages over time, except to say that they have not changed greaily.

The stability of the average wage could conceal some significant changes
in the distribution of workers among high and low wage categories. The
Shanghai (Bumper Harvest) Tractor Factory reported that they had tried
to promote those in the lower grades rapidly, while holding those in the top
grades constant. This might not imply a very big change, for even in 1955
most workers were in the middle grades (three and four) while only a very
small minority were in the lowest grade {one) or the highest grades (seven
and eight).'* More drastically, one or two factories implied that they had
promoted everyone out of grades one and two. Anywhere from 10-25 percent
of the labor force might have been thus promoted. This procedure alone

would lead to 2 rise in the average wage. But combined with a reduction in
higher paid administrators, the average wage could still have remained the
same. The overall effect would be simply to narrow the wage span.

As true as this may be in some factories, it is our impression that in most
urban factories, the wage distribution is about the same as in years past.
In most places, new workers when they graduate from apprentice status
continue to start the regular pay scale at some 30 yuan per month. The lowest
two pay grades, however, do not include many workers, for young workers
are within a number of years promoted to the middle grades three and four.
After being promoted to rank three or four, the chances for moving further
ahead in pay are drastically reduced. A worker can go for years without
moving into the higher paying five to eight grades, and generally only a small
minority of workers it would seem make it to the highest two or three grades
before they retire. For the average worker aged 30 and above who has
already advanced into the middle salary ranks, then, the hopes for wage

13. Ibid., p. 217. Compare this with Richman, op. cit., p. 800-02.
14. Hoffman. op. cit.. p. 99.
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advancement may be less an incentive to work than the superior fringe
benefits attached to the factory job as well as the system of formalized praise
which operates through the small work group.

FRINGE BENEFITS

In state industries material rewards do not stop with wages, but extend
to fringe benefits as well. At Peking’s Capital Iron and Steel, fringe benefits
were equivalent to between 10 and 13 percent of the total wage bill. Though
our survey was less than complete, retirement, accident. and disability
programs appear now to be universal in all state-owned plants. Gone are
the distinctions of the 1950s when only the larger plants had adopted these
programs.'® With sufficient seniority, workers get 70 percent of their wages
at retirement. Alternate jobs are guaranteed for the disabled. Though some
smaller plants are without clinics, health insurance appears to be universal.
Through an independent fund which it establishes, the factory pays all of
the worker’s medical expense plus 50 perceni of his or her dependents’
expenses.

The provision of housing, nurseries, and kindergartens is much more
variable. In the housing column of Table I11.2, a “4” indicates that the
factory provides both single person and family housing for most of its
workers. An “m” indicates minimal housing—usually single person housing
for only a minority of all workers. A “zero” indicates no factory housing for
workers. In Shanghai, faciories provided only single person dormitories for
a small number of their employees. Most empioyees were expected to com-
mute daily from housing in the city where they lived with their families. As
might be expected, in Shanghai and other major cities, much of the housing
is of pre-1949 vintage such that workers from different factories are scattered
throughout the city. Also in Shanghai, it would appear that new housing
bocks are built by the city rather than by individual factories,

In county factories workers are provided with only minimal housing by
the factory in which they work. Most workers live in private housing in their
home village and commuite to work daily. A sniall number from more distant
parts of the county may live in single person dorms during the week and then
return home to their family on weekends. When it exists, factory and city
housing is reasonable. In the Shanghai neighborhiood we visited, rent is
designed not to recover building costs, but simply to provide for external
painting, cleaning, and other maintenance costs. In Shanghai, in city built
housing, two rooms for a family of four or five would include about 25 square

15. Audrey Donnithorne, China'’s Economic System. London: George Allen and Unwin
Lid., 1967, p. 213.
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meters. Monthly rent plus utilities would come to about 11 yuan. Since two
people are usually at work in each family, this 11 yuan would usually come
to about ten percent of total family income.'*Similar conditions werz ob-
served at Cheng-chou #3 Cotton Spinning Factory, which provided ample
and convenient housing for its workers,

The provision of child care services is also highly variable. Since babies
are still breast fed in China, large urban factories still provide nursing rooms
for infants through the first year of life. When infants graduate from the
nursing room, they may move into a nursery for two years and then into
kindergarten at about age three-and-a-half. In the large urban factories,
where these facilities are best developed, the costs for day care may range
gp to 9 yuan per month. A low-grade worker with several children would
then have to turn to outside street nurseries that charge less. More common-
ly, most factories subsidize their nurseries and kindergartens so that the
monthly fee for day care is only 1-3 yuan per month. A few charge no fees
at ali. Most commonly in county factories, it appears that child care is mini-
mal. There is only a nursery for younger children or no care at ail. Once they
have passed the nursing stage, children spend the day at home with their
grandparents or other female kin. A few others may spend their day in a
village nursery or in a street nursery in the county seat. As with wages, then,
fringe benefits in the county factory keep the worker in close contact with
the countryside.

Before closing this section, we should say a word about the role of trade
unions in handling welfare affairs. During the Cultural Revolution, because
trade unions were accused of making excessive bourgeois demands for
higher wages and welfare benefits, they were disbanded. It is only in the
last few years that unions have been restored. They again have some respon-
sibility for weifare funds—though this seems to be only a minor responsibility
which they share with others in the factory. More generally, the union is to
work hand-in-glove with the governing revolutionary committee of the factory
in helping to organize the workers. The most complete description of the
role of the union was given at the Shanghai (Bumper Harvest) Tractor
Factory. There the role of the union was said to be to help the revolutionary
conimittee mobilize the masses, raise their political consciousness, organize
technical learning, and conduct socialist emulation in order that the factory
could fulfill the state target. In other words, they said, the union was the
revolutionary committee’s assistant. On questioning, the factory managers
further reported that the union was to organize recreation and see to the
workers’ livelihood. It was to take care of welfare funds. At Hsin-hsiang

16. Though they may exclude costs of utilities, many reports put the cost of housing
nearer 5% of family budgets.
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Water Pump the union took responsibility for political and technical study.
At Wu-hsi Eleciro-Chemical the union was said to be in charge of political
study and emulation campaigns. Their elaboration of this role could unchar-
itably be characterized as saying that the primary role of the union was to
make the worker work harder. In contrast to the usual Western model which
places management and the labor union in opposing roles, the Chinese union
is to be but an arm of management. The union may act as an embudsman,
but it is to subsume the narrow interests of the worker to the larger goals
of the state and society.

FORMALIZED PRAISE

As we have seen, the wage system provides strong incentives for young
workers who may be promoted rapidly in a few years. For middle-age workers
for whom promoetion is less common, the wage system provides less of a work
incentive. Prior to 1966, the material bonus system helped create incentives
for the older worker. With the political destruction of the material bonus
system in 1966, however, a system of formalized praise in factories became
ever more important for singling out worthy workers and inspiring them
to greater efforts.

It is impossible to miss the system of praise, political study, and
emulation, The largest factories are a blaze of colors with banners hanging
from the rafters, posters pasted on the wall, and muiti-coiored chalkboards
standing about the floor. The banners and posters call for the workers to
“Study Well,”” *Criticize Lin Piao and Confucius,” *‘Go all out to speed
production,” and “Emuiate Taching””—the oil field which is the industrial
model for the whole nation. The often elaborate chalkboards spelli out
political lessons in greater detail as well as occasionally include lessons from
economic theory. There are occasional letters of resolution on the wall
written by the work group proclaiming what it will achieve during the year.
Often in the targest factories, boards both on the floor and on the wall list
targets for each worker and his or her performances to date. Banners and
posters list workers who have exceeded their targets.

Waorkers are organized for study by work groups. In property run places
these groups will meet at least weekly for the study of political documents.
In 1975 newspapers and bookstores were full of materials from the campaign
to study Lenin’s work on the Dictatorship of the Proletariat, which had been
declared in the spring to be the nationwide study topic for the year. In the
larger plants, workers not only absorbed 'essons from this work, but also
prepared commentaries on it which weie published both in the local press
and in the foreign language press for consumption abroad. In the urban
setting at least, this sort of study is all pervasive, or as one of our hosts said,
“Study is sort of like eating. We do it all the time."”
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At the end of the year the work groups, which are at the same time study
groups, get together to evaluate their performance for the year. Individuals
within the group are nominated as model workers. The larger workshift and
workshop groups nominate model workers from the original list of nominees.
The total factory selects not only all around model workers but also model
work groups. These groups and individuals are no longer given material
rewards, we were told, but praised by being held up for emulation by others.
The largest factories have prominent glass-front cases, often at the entrance
of the factory, where the photographs of the model groups and model
workers for the year are displayed. Also in the workshops, there are often
plaques on the wall from the factory administrators praising model work
groups. The extent to which groups or individuals are held up for public
emulation varies from place to place. From a quick glance at the glass cases
at Wu-hsi Electro-Chemical Company, it appeared that about 80 percent
of the pictures were dedicated to model groups rather than model individ-
uals. This may be typical of machine paced processes where there is little
room for individual worker variability. An equally brief glance at the glass
cases at Peking Internal Combustion suggested that the majority of pictures
there were dedicated to individual workers. Though in no place did we make
an exhaustive count of plaques or pictures, most places with model worker
displays seemed to praise individual workers more than groups.

Generally, public praise in smaller county industries appeared to be less
than in large urban industries, Table III.2 presents a crude classification of
plants according to whether they had a public display of individual worker
target and performance boards and plaques or pictures of model workers.
A+ indicates thai there was a large number of these displays in an open
area such that all workers (and visiting delegations) could see them. An “m”
indicates a minimal dispiay of performance boards in one or two shops or
possibly award plaques in only one or two shops. A “‘0” indicates the absence
of public displays. On at least one occasion we were told that even when there
were no public displays, there are still annual meetings to evaluate work
performance. At these meetings mode! workers are selected and then later
held up for emulation in public meetings.

Though we gathered no evidence for the conclusion, it is our suspicion
that the impact of political study and formalized praise varies pretty much
as its overt symbols do in Table II1.2. In county and commune plants, where
many workers return home nightly to their village, political messages may
be buried amidst the day to day economic and family concerns of workers
in their separate village existences. In the cities, where many workers go
home to factory housing which is just adjacent to the plant, the political
atmosphere generated at work may continue uninterrupted. Living amidst
those with whom one works and studies, the group pressures toward social
conformity are likely, one would conjecture, to be quite strong. In factory
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housing one’s individual and family life are more exposed and more subject
to social comment than when one lives in housing scattered throughout the
city or in isolated villages.'’

LIFE CHANCES

It is not only the siructure of reward within industry that provides a
strong incentive for work in state industry. There is also a clear differential
in life chances between those within indusiry and those without. Though
our hosts often spoke of their factory wage sysiem as a low wage system,
income and social benefits in state factories are greater and more secure
than those provided in most villages. Except for a few prosperous vegetabie
communes in the suburbs of cities, average factory incomes remain stable
from year to year regardless of weather or local harvests. Generally, factory
workers are engaged in less physically taxing tasks out of the weather, and
fringe benefits are much more abundant.

To the extent that workers are aware of the great rural-urban difference,
it must make them more willing to work under conditions of moderate
mobility and only modest increases in income over the last twenty years.
There are several ways by which they are renriinded of these differences. In
large, urban factories some of the new workers are selected from among
students who have been in the countryside for two or more years. Selected
on the basis of their demonsirated commitment to serve the people in. the
village, or on the basis of their visible altruism, they should be highly com-
mitted, and they should be very conscious of how fortunate they are to get
back to the city. In county facfories lower wages are matched by an even
closer contact with the countryside. Even in rich rural areas a wage of 45
yuan per month when combined with health and retirement benefits is likely
to exceed that of nearby agriculturists.

Among middle-age workers in large cities that are further removed from
villages, there may be more difficulty in sustaining this sense of superior
fife chances vis-a-vis peasants. Some of the older workers have gone for years
with litile increase in pay or material standard of fiving. Even when the
government policy of holding urban wages constant while allowing peasant
incomes to rise is explained to them, older workers may find it difficult to
adjust expectations generated in the early 1950s that the rooting out of
imperial capitalism and the introduction of communism would mean a
steady improvement in life for everyone. Though everyone must be aware
of the great improvement over 1949, the sense of aimost constant income

17. For a nineteenth century example of the pervasive influence of ideology and social
pressure in a company town within a capitalist setting. see Stanley Buder, Pullman: An
Experiment in Industrial Order und Community Planning, [880-1930. New York: Oxford
University Press. 1967, Ch. 8.
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since 1956 must be brought home to older workers by the absence of two
phienomena common to workers in the West. The first phenomenon common
to the West is the illusion of increasing salaries created by creeping inflation.
In periods of rapid inflation the Western worker may know quite well that
price increases have exceeded increases in salary. In more normal times of
creeping inflation, the worker may be rather uncertain as to whether real
income has actually risen or fallen. Unless the union very actively explains
the exact relationship between pricz¢ and wages, the average worker may
feel that real income has risen. The Chinese worker, in contrast, doesn’t
need any help from the union to calculate his or her real income or any help
to conclude that real income has risen very little if any. There is no creeping
inflation in China to delude the worker. The Chinese government takes great
pride in its ability to hold prices constant. Except for a few increases in the
early 1960s, prices for staple foods and consumer goods are about the same
as they were 20 years ago. With no rise in prices, there also has been no need
for wage increases. Except for a few seniority raises, which are very rare for
the middle-age worker, wages have remained constant. From the viewpoint
of the factory manager, then, we can conjecture that the control on infiation
may have negative as well as positive consequences.

A related phenomenon which is common to the West, but rare among
urban workers in China is what is known as the trickle-down effect.'® In the
West, new appliances and other consumer goods are generally introduced
to the market at rather high prices and only later reduced to much lower
prices as research and development expenses are recovered, as mass pro-
duction lowers the costs of production, and as competitors making similar
products force down sale prices. Recent examples are color television and
electronic calculators. Earlier examples are the automobile, electric refrig-
erators, clothes washers, and automatic dishwashers. When these consumer
goods are originally introduced they are so expensive that they can only be
bought by the rich. But then as prices fall, the goods spread to the middie
class and finally to the working class, creating the illusion among some
people that the middle class and working class are catching up with the rich.
What only the rich could buy a few years ago now everyone can buy. While
in fact the rich are just as rich as ever and going on to buy even grander
things, there is the illusion that class differences are narrowing.

In China, the prices of a few goods such as medical drugs have dropped
in recent years. Yet, state policy is that the prices for most consumer goods
will remain high in order that they can generate investment funds for heavy
industry. A bicycle still requires about three months’ salary for an urban
factory worker to purchase. As long as the policy of high consumer prices
for goods other than food, housing, and drugs is maintained, there will be

18. Lloyd Fallers, Inequality. Chicago: University of Chicago Press, 1974.
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neither the reality of increasing living standards nor the illusion that the
working class is catching up with anyone else. This is not to say that con-
sumer goods are unavailable. Urban stores have an abundant supply of
goods. Only, in China, because prices for consumer goods remain high, can
we conjecture that there is less perception of progress among the older
workers than among similar groups in the West.**

There are some offsetting features in the system. In time, the restrictions
on salaries for new technicians and cadres in factories may partially compen-
sate for the absence of a large trickle down of consumer goods from the more
to the less affluent. Already the factory elite as well as the bureaucratic elite
throughout the society are restricted in how they can flaunt their superior
income. Though differentiated in cut and quality of material, the clothes
of the average factory manager are not that distinct from those worn by the
average worker. Private cars are unavailable and, to the extent that we could
tell, company cars are not freely available either. Housing for factory man-
agers #nd technicians is not all that different from that for the average
workar in large urban plants. As for other consumer goods, the constant
propaganda against bourgeois habits narrows the gap in ostentatious con-
sumption, which is found in the West.

There are, then, likely to be contradictory tendencies in the life of the
average urban worker. Among young workers there is likely to be both
ideological commitment and a sense of how they have beiter life chances
than other y’bung people who have stayed in the countryside. Among this
same group there are likely to be great expectations of upward mobility.
Among the older workers in large city factories, there is likely to be litile
upward mobility and a strong sense of how incomes have remained constant
for many years, tempered by a recognition that things are better than they
used to be before 1949 and by the recognition that cadres and technicians
do not openly flaunt their greater consumption of food, clothes, and other
goods. ]

As for technicians and cadres, there is as yet little empirical evidence
on which to evaluate the effects of the old restrictions on ostentatious con-
sumption and the new restrictions on wages. On theoretical grounds, there
is reason to believe that the negative effects will not be too great. Studies of
worker motivation in the West consistently show that it is only workers who

19. The constancy of income should not be overstated. Fven when individaal incomes
remain constant, family incomes may rise. Increasing female employment, especially in
neighborhood factories, produces more multiple income families, The increasing seniority of
workers allows more of them to retire on a full 70% pension, thereby relieving their children
of the burden of supporting them. The increase in family income would be consisient with
ihe report from visitors who return to China in successive years that urban food and clothing
are continually imtproving.
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are greatly concerned about the level of material reward.?® Managers and
professionals are much more concerned about their chances for creativity,
independent action, and personal relationships on the job. The benefits of
greater freedom of action provided by managerial and staff jobs, may, then,
more than offset any resirictions on salary in China. The Chinese do not
plan to eliminate all salary distinctions between technicians, administrators,
and workers. If the technicidns and administraicrs are not completely
hemmed in by regulations or constantly subject to worker crificism and
attack (as they were on occasicn in the Cultural Revolution), then one may
find them working just as hard as ever even with restricted material rewards.

COLLECTIVE INDUSTRY

The discussion to this poiat has been almost exclusively about incentives
in state-run enterprises, which are controlled by the county and other higher
level administrative units. The incentives in collectively-run commune and
brigade industries are much simpler.

INDIVIDUAL INCENTIVES

For the most part, workers in commune and brigade industry get the
same kind of rewards as temporary workers in state industry. It was only
in two places that we found commune enterprise workers on a fixed wage.
At Red Star Commune outside Peking all the enterprise workers were on a
wage averaging a very high 49 yuan per month. At Yao-ts'un Agriculture
Machinery Factory in Lin County, Honan, one-third of the workers were
receiving a fixed wage. The rest of the workers at Yao-ts'un were getting
work points in their home production teams. Throughout the rest of Lin
County and in the five other counties we visited, the standard was for workers
in collective industry to receive only work points in their home village. The
goal of this procedure is to ensure that people in collective plants remain
“both workers and peasants” (yi kung yi nung). This is most strongly
symbolized in the practice of having workers in commune factories return
to the fields each year for two to four weeks during the busiest harvesting
and planting times.

When the commune factory makes payments through the production
team, the worker’s final income is determined as much by his neighbors in
the village as by the factory. They determine how much of the payment from
the factory will be kept by the team and how much passed on to the worker.

20. E. A. Friedmann and R. J. Havighurst, “Work and Retirement,” in Sigmund Nosow
and William H. Form, Man, Work, and Society. New York: Basic Books, 1962.
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In Lin County, because commune factories try to set their payments at about
the average level of income of surrounding production teams, there is likely
to be little left over for the team. Practice, however, varies from place to
place. The only constraint is that workers should make the same or only
slightly more than the average able-bodied laborer in their he:ne team. As
a result, the worker’s income might vary anywhere from 10-50 yuan per
month in different parts of the country.

To the extent that the collective worker receives any fringe benefits,
these musi come ihrough the production team. Except for a very smaii
minority who live too far away to commute to work daily, collective workers
live in private family housing. Even when they live in the factory, they will
only stay in single person dorms during the week and return home to their
family on weekends.?® When their family house needs repair, they must pay
for this out of their family budget. Health care is provided not by the factory
but by payments out of the worker's own pocket into a village cooperative
insurance program. At one or two yuan per year from each adult and child
in the family, cooperative health insurance pays for visits to the village
paramedic, occasional referrals to the commune hospital, and medicine.
It is only in the more prosperous regions that the team will provide a sub-
stantial subsidy to health programs out of collective funds.?? Retirement
benefits, if they are paid at all, are paid by one’s production team rather
than the factory. The team pays for refirement only when the worker or
peasant has no sons to rely on for support. Most workers, then, rely on their
children for support in old age.?

The advantage of these restricted benefits is, of course, that commune
industry can be started on a shoe string. It was explicitly stated in one
briefing that one of the advantages of the “both worker and farmer™ system
was that the factory did not have to build housing.”The worker-farmer system
saved the factory money. All the extra costs which urban industry incurs

21. Even in utban industry there is a small number of workers without their families.
If they came from the village and got their job after 1958, their family had to remain in the
countryside. Workers with parents ot spouse outside the city get two weeks paid vacation per
year to return home. Except for these workers, the only rest from work urban employees get
is one day off per week, plus about six rational holidays per year.

22, We asked the vice-chairman of Liuchuang Brigade why it was necessary for such a
rich brigade to require individuals to pay for medical insurance and to charge .05 yuan fees
for hospital visits. She replied that the Brigade already paid two of the three yuan yearly
insurance f{ees, However, they had not yet reached the point materially and politically where
they could dispense with all fees. If there was free medical care, people would overuse its
services. (On the problein of free medical care in 1958-59, see Michael Lampton, The Politics
of Public Health in China: 1949-1969, Fh.D, dissertation, Stanford University, 1974, University
Microfilms #74--13,653, Chapter V.)

23. The regulations oa this a2re outlined in William L. Parish, Ir., “Socialism in the
Chinese Peasant Family,” Journal of Asian Studies, Vol. 34, No. 3, May 1975, pp. 613-630.
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when industry provides housing, child care, health payments, and retirement
benefits are avoided. This may not be an ideal policy, but it is a very realistic
one fitting well the needs of the countryside at this time.

Even with these restricted benefits, the lure of industry is sufficiently
strong that it can create contradictions between commune industry and agri-
culture. In Ma Lu Commune outside Shanghai, before 1972, it was found
that the rapid growth of commune industry was drawing too many workers
out of agriculture. The slightly higher pay, greater security, and better
working conditions were attracting the youngest, most able-bodied workers
into industry. Crop yields stagnated and ill feelings grew between those in
industry and agriculture. We were told that it was only by more strictly limit-
ing industrial salaries to an average 5 percent above agricultural salaries and
by restricting the rate of industrial growth thai these contradictions could be
removed. Also, the commune had to remind itself that it could survive oniy
by turning out products which would serve agriculture and increase agri-
cultural income. Industry can grow only as fast as agriculture, or as they put
it, “The boat can rise only as fast as the water.”?

COLLECTIVE INCENTIVES

One reason that the commune and brigade must continually remind
themselves about the close relationship between industiy and agriculture is
that the incentives for increasing industrial production are powerful. In-
dusiry provides a high rate of profit. The prices of industrial goods, whether
produced by state or collective enterprises, are regulated by the state. The
prices of some goods sold to agriculture, such as tractors, have been reduced
in recent years. Likewise in the 1950s and early 1960s, the prices paid to the
farmers for grain were raised to a certain extent. Nevertheless, prices for
industrial goods remain sufficiently high for some local industry to make a
handsome profit and to tempt commune leaders to emphasize industry.

Second, industry is one of the few sources of discretionary funds at the
commune and brigade levels of administration. Since the Great Leap For-
ward in 1958-1960, communes have been kept from drawing funds from
lower level brigade and team units. Brigades can only rarely ask for funds
from their constituent teams. Communes get funds from the county above,
but these are not only limited but also earmarked for special uses, such as
education, hospitals, and administrative salaries. Industrial profits, then,
provide commune leaders with much greater freedom of action. Even when
their projects have to be approved by the county above, their proposals for

24. This case also is described in print: Editing Group, Shanghai chiao-ch'i nurg-ye
hsiieh Tachai (Shanghai Suburban Agriculture Studies Tachai), union serial number 3144.96.
Shanghai: Agricultural Press, 1974, pp. 52-67.
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new projects must be far more forceful when they have their own funds to
support them.

Finally, when commune industry becomes highly developed and com-
mune accumulation funds grow, they provide the possibility for more exten-
sive social services which will benefit all members of the commune. These
themes will be developed at greater length in Chapter IX on the social effects
of small industry.

Overall, the structure of incentives seems to respond well to the prob-
lems of different types of industries. Within the limitations of a tour, we feit
the efficiency of the Chinese worker was quite acceptable. In Chinese
factories, technical problems are confronted and solved, most machines are
in working order, and goods are turned out at a steady pace. It was hard
for us to judge the pace of work, because we saw a variable mix of tech-
nologies, where the appropriate measure of pace diffcrs, and of course the
workers saw us and their own superiors watching them. For what it is worth,
it seemed to us that the pace varied around an average of steady but not
pushing hard. On an earth-fill dam construction site, the pace looked very
high, while some shops seemed to have a lot of people standing around—
perhaps some were apprentices, perhaps some were technically necessary
for an operation requiring bursts of concentrated activity.

If we can be allowed to speculate further in an already very speculative
chapter, it is our guess that incentives are most acceptable in the small rural
plants and somewhat less acceptable in the large urban plants. In the
countryside even a commune plant paying only work points and providing
few or no fringe benefits can be oversubscribed with potential workers. The
possibilities of sieady payment, work under a roof rather than out in the
weather, a chance to learn and use a bit more technical skill, and only
marginally higher rates of pay appear to assure a steady supply of young,
committed workers. If one can judge from public display of signs and
posters, in most of the commune plants we visited, there was little need to
introduce additional ideological appeals to guarantee the cooperation of
workers, The slightly greater material advantages of factory as opposed to
agricultural field work, and possibly the importance of group social pressure
in small work settings, were sufficient to insure committed workers.

In county plants as well, we would guess that incentives for the worker
are not problematic. With many workers still having their family in the
countryside, the higher wages and fringe benefits of factory work are
sufficient to produce committed workers. For those factories which have
begun operation in receni years, factory work has meant a rapid rise in
income for former agriculturists. Though there are a few more overt signs
of the use of ideological appeals and formalized praise in county factories,



WORKER INCENTIVES 55

these appeals still tend to be minimally developed compared to those in
large urban plants.

It is in the large urban plants, it would seem, that incentives are most
likely to be problematic. Workers who have been in the city for many years,
who have long gotten the same wage, and whose neighbors are all getting
about the same wage are likely to have a rather different standard of
comparison than the rural worker, The great elaboration of ideological
appeals, study, and formalized praise in the large plants is in part simply
the result of a specialized staff for political programs in large plants. The
elaboration is also the result, one suspects, of the need to introduce addi-
tional appeals when material rewards are insufficient. For the purposes of
socialist transformation of the work force, this may be all to the good. In
the countryside, things are in some ways too easy. When comparative
material rewards are adequate, workers and administrators are not forced
to discuss socialist principles of work. When comparative material rewards
are less adequate, people are forced to ask, “What do we work for? Is it
for ourselves or for the whole nation? For our families or the world? For
immediate consumption or for long term revolution?” The adequacy of the
answers to these questions, their appeal or non-appeal to the workers, will
have great consequences not only for the Chinese, but also for those
everywhere who eageriy follow the Chinese model of development.



Chapter IV

THE ECONOMIES OF
RURAL SMALL-SCALE
INDUSTRY*

The purpose of our analysis in this chapter is to make an assessment
based on what we observed and were told during our visit of the economic
rationality and efficiency of rural, small-scale industry in China.' The
analysis largely concentrates on an economic evaluation of these industries
both as individual units of production and as essential components of the
effort to solve the economic development problem in rura] China. The
broader social and political implications of the rural, small-scale industries
are dealt with in other chapters in this report. Nonetheless, as will be shown
in this Chapter, the rationale and benefits of these rural, small-scale in-
dustries can only be fully appreciated when they are evaluated in the context

*Qur revision of this chapter for publication was greatly assisted by the comments of
participants in a workshop in Washington, D.C., on December 13, 1975, which reviewed an
earlier draft. A special expression of appreciation is due to Mr. Larry Westphal (World Bank)
and Mr. Michael Field (CIA) for detailed, written critiques.

1. For other economic assessments of China’s rural, small-scale industries, by Western
economists, see Carl Riskin, “Local Indusiry and Choice of Techniques in Planning of
Industrial Development in Maintand China,” in Planning for Advanced Skills and Technol-
ogies, Studies presented at the Ad Hoc Meeting of Experts on the Role of Advanced Skills
and Technologies in Industrial Development, New York, 22-29 May 1967, Industrial Planning
and Programming Series, No. 3, United Nations Industrial Development Organization.
Vienna: (1969), pp. 171-80.
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of the rather complex, interdependent social, economic, and political system
in rural China,

Thus, our economic analysis and assessment of these enterprises will
emphasize the specific Chinese, developing-nation economic environment
in which they operate. We do not intend to judge these enterprises against
the benchmark of large-scale, modern enterprises in the industrialized
countries of the West. The crucial question is not whether these enterprises
are maximizing profits>—which is not their objective, nor how the produc-
tivity of labor employed in these enterprises compares with labor productivity
in the United States. Although interesting questions, this approach is not
the best means for determining the rationality or efficiency of small-scale
industries in China. The question we hope to provide a preliminary answer
to is much more importani; how effectively are the Chinese utilizing the
resources available to them to achieve their objectives. Specifically, we hope
to provide some measure of how well, i.e., efficiently, the Chinese are
mobilizing inputs of labor, capita!, and raw material in the rural, small-scale
industrial sector to produce the output mix assigned to that sector.

Furthermore, a very important consideration in our evaluation is the
explicit recognition of the various constraints and conditioning factors that
determine the actual possibilities available to the Chinese in pursuing their
objectives. Thus, the effectiveness with which they utilize resources to achieve

Ibid., “Small Industry and The Chinese Model of Development,” The China Quarterly,
April-June, 1971, pp. 245-73.

Jon Sigurdson, “Rural Economic Planning,”” in Michel Oksenberg (ed.), China's Develop-
ment Experience, Proceedings of The Academy of Political Science, New York, Vol. 31, No. 1,
March, 1973, pp. 68-79; ibid.. "Technology and Employment in China,"” World Development,
Vol. 2, No. 3, March, 1974, pp. 75-85.

Ihid., “Rural Industrialization in China,” in China: A Reassessment of The Economy,
A Compendium of Papers submitted to the Joint Economic Committce, Congress of The
United States, U.S5. Government Printing Office, Washington (1975), pp. 411-35.

Carl Riskin, "Rural Industry: Self-Reliant Systems or ‘Independent Kingdoms'?,” in
Victor Nee and James Peck (eds.), China’s Cultural Revolution in Refrospect (tentative title),
Pantheon Books, New York (forthcoming), and CIA, A(ER)74-60, China: Role of Small
Plants in Economic Development, May, 1974,

In addition, Jon Sigurdson also has prepared an extensive monograph, "‘Rural Industrial-
ization in China,” which is to be published by the East Asian Research Center, Harvard
University. Althongh these studies have contributed to our understanding, as indicated in the
Preface and in the first sentence in this Chapter, our specific purpose in this Chapter is an
attempt to interpret what it was we were told and what we saw during our visit to China,
rather than present a research monograph on the subject which incorporates and appraises
the arguments and findings of others. However, the findings of others are cited in this Chapter
to help illustrate those impressions we obtained as a result of our trip.

2. Profits in the accounting sense of money revenue minus money costs to the enterprise,
not in terms of the enterprises profitability to the economy as a whole. Determining these
latter costs and benefits of Chinese rural, small-scale indusiries is one of the major objectives
of this Chapter.
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their objectives is not only not measured against the standards presently
achieved in modern, industrialized countries, but also not measured against
some hypothesized standard associated with a theoretical ideal type, which
would assume the Chinese had complete access to, or there were free mobility
of resources and technology, not only within China itself, bat throughout
the world as well. A true appreciation of the contribution and success of the
rural, small-scale industrial program in China can only be obtained when
one considers the actnal circumstances in which that program is taking
place,

As the foliowing analysis wiil show clearly, the rural, small-scale
industry program is greatly influenced by, in many cases dictated by, and
in a real sense justified by the excess demand in the local rural areas for
agriculteral inputs produced in the modern sector; the poorly developed
transportation network and the high cost of transportation in China; and
the quantity and/or quality of raw materials, labor skills, producer’s goods,
and financial resources available at the local level, plus the difficulty of
mobilizing these resources for use in the modern sector.

DEFINING EFFICIENCY

Any discussion of efficiency involves either implicit or explicit reference
to some standard of what is best. Especially in situations where data for only
a small number of productive factors are available, there is an understand-
able tendency to use very simple ratios to measure efficiency—the obvious
example is value of output per man or tons of grain per hectare. It is well
understood in principle that these measures can be extremely misleading
and the reasons are most easily understood by referring te the standard
production isoquant shown in Figure IV-1. In this figure, it is recognized
that two factors of production, capital and labor, are needed to produce a
standard unit of o (put, which is best measured in physical terms but can
be measured in terins of value added.

Figure IV-1 shows four basic long-run manufacturing processes, each
capable of producing a unit of output according to four techniques—labeled
modern (M), intermediate-modern {I-M), intermediate-primitive (I-P), and
primitive (P). Each technique has a fixed ratio of capital to labor used in
the long-run process, and this ratio varies systematically from “low” for the
primitive process to “high” for the modern process. By assuming divisibility
(a2 questionable assumption in some circumstances, as will be noted later),
it is possible to draw the unit isoquant relating the various amounts of capital
and labor needed to produce a unit of output. This isoquant is shown as
ABCDEF. The location and shape of this isoquant can, in principle, be
determined from engineering data specifying the best possible practice for
each type of manufacturing technique. That is, ABCDEF refers to the
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FiGure IV-1. Long-run produciion function for manufacturing.

minimum amount of capital needed to produce a unit of output by each
technigue, for a given amount of labor (or vice versa)., Thus, no firm can
use a process that uses a capital-labor combination between the origin and
the isoquant to produce a unit of output. These combinations are, for the
moment, technologically not feasible. Any firm that uses exactly the amount
of capital and labor indicated by the isoguant would he said to be “tech-
nically efficient,” without regard to whether process P or process M is used.
Thus, low output per worker, as in P, is entirely consistent with technical
efficiency provided a sufficiently small amount of capital is also used (the
lesson is generalizable beyond two dimensions). Four different firms. each
using separate techniques, would alf be technically efficient if they produced
at points B, C, D, and E respectively. Which of these points minimizes the
unit cost of production will depcnd on the cost factors of production, and,
hence, choice among a set of technically efficient processes is an economic
matter.

Production of a unit of output using factor combinations in the interior
of the production possibility set defined by ABCDEF is inefficient. Many
reasons exist that can lead to such inefficiency. If a firm produces a unit of
output at D', instead of at D, it is tecknically inefficient—it uses both more
capital and more labor than the firm at D to produce the same output. The
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reasons for such technical inefiiciency are frequently grouped into three
categories. Each type shows up as an interior point in the production set,
but the means of improving the efficiencies in each category can be quite
different:

1. Engineering efficiency refers {o engineering and technical processes
and how effectively these are operated relative to best practice for the type
of equipment, ‘

2. “X-efficiency” refers to organizational inputs, incentives, worker
morale and the broad climatz of worker-management-machine harmony.

3. “Learning curve’ efficiency refers to the improvement in factory
productivity as experience is gained in the operation of new machines or the
production of new products. If experience is considered as a separate factor
of production, then this category is not strictly a question of technical
efficiency.

Allocative, or economic, efficiency refers to the static choice of process-
ing technique when the firm is faced with a price line indicating the costs
to the firm of capital and labor. Such a line, shown as RR’ in Figure IV-1,
can be thought of as a minimum cost line refiecting constant prices for the
two inputs. The economically efficient process to use is the one that mini-
mizes ¢ost for the given level of output {economies of scale will be considered
shortiy—for the time being they are assumed away). In the figure shown,
the minimum cost technique for producing a unit of output is I-P, and “‘a
technically and economically efficient firm” would produce at D.

If all firms in a society face the same price environment, i.e., RR’, then
only one production technique can be economically efficient—using process
I-P—but technically inefficient—using technique D’. But a single price
environment guarantees a single long-run production process. Few socicties
¢an, or would care fo, guaraniee a single price environment, however.
Introducing transportation costs into the analysis demonstrates why and the
impact. If RR’ is the (fixed) relationship between capital and labor costs
in national manufacturing centers in China such as Shanghai, Peking,
Tientsin, etc., the R'R" might reflect the costs of nationally produced capital
goods at the local level relative to local labor costs. The difference is a large
transportation cost (either explicitiy or implicitly in terms of waiting time
for a state allocation to the local level of scarce nationally produced capital
goods) that must be paid to transform national capital goods into local
capital goods (substituting “‘raw materials” does not alter the argument).
By the time the national level capital good actually arrives at the local level,
its real price relative to labor is R'R”. More importantly, the new “reai
price™ alters the choice of economically efficient technique at the local level
from I-P to P. That is, high transportation costs will, as a general rule, raise
the efficient level of labor intensity of production processes at the locai level
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compared with national levels. Depending on the magnitude of transpor-
tation (and transfer) changes, which are certainly very large in China in an
opportunity cost sense and probably in direct monetary costs as well for most
products flowing to the countryside, a wide variety of production processes
for the same unit of output might well be both economically and technically
effictent. This is obviously an important, if elementary conclusion given the
extent of diversity of manufacturing technique observed by our group in the
agricultural machinery industry.

One last issue of principle must be treated before moving to impressions
of efficiency in fact. The discussion so far has treated efficiency as a static
concept, i.e., both the production isoquant and the relative prices are given
for a point in time and no concern is given for what came before nor what is
likely to come after. Since most capital equipment has a relatively long
productive life, it is necessary to consider how both the isoquant and the
price relationships are likely to shift over time and the consequent implica-
tions for point by point decision making. Thus, a static picture of a technical
and allocative decision may look "‘wrong”’ relative to the immediate technical
and price environment, but could be “right in the long run.”

The production processes, whose fixed factor proportions are repre-
sented by the rays OB, OC, OD, and OE, involve investment in capital
equipment that normally has a substantial life, especially for the more
moderr, capital intensive processes. Once such a basic process has been
chosen, there are usually still a set of factor proportion decisions with respect
to how the process will be operated. In economist’s jargon, the world is at
least partially putty-putty. The scope for varying factor proportions in the
short run for each leng-run process is shown in Figure IV-1 by the dashed
isoquants for each process.

The effect of short-run facior variability is demonstrated in the ex-
panded inset. In a rural environment where the effective price relationship
is RR", static allocative criteria would call for investment in the primitive
process at E. However, if this would involve installing equipment that might
be completely obsolete in a few years as labor becomes more expensive, the
actual process chosen might well be the intermediate-primitive one at D.
But, since the eifective short-run price environment is still RR”, the [-P
process should be modified along the short-run isoquant to peint D’ in the
expanded inset. The impression this gives to the factory observer is of a
surprisingly modern plant with more people working than seem necessary.
This is a fair summary of our visits to a number of plants.

Figure IV-2 illustrates the impact of biased techmical change. As in
Figure IV-1, ABCDEF represents the efficient isoquant relating the mini-
mum labor-capital combinations used in producing a unit of output. This
isoquant now refers explicitly to the situation at a pariicular point in time,
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Ficure 1V-2. The impact of biased technical change.

say 1975. The given price line RR’ indicates that the primitive process should
be used with a technical minimum level of inputs at point E. The issue now
is how the 1975 unit isoquant is likely to shift over time due to technological
progress. It seems characteristic of modern technology that more progress
is made in the capital intensive techniques than in the labor-intensive
techniques, for the manufacture of a particular product. Thus, after 10 years
of technical development, the original isoquant has shifted to A,B,C,D E,F,,
which was determined by lowering unit output costs for the primitive (P)
technique by 10%, the intermediate-primate technique (I-P) by 15%, the
intermediate-modern technique (I-M) by 20%, and the modern technique
(M) by 25%. The net result is that the isoquant shifts toward the origin more
quickly along the capital (and raw materials) axis than along the labor axis.
Again, it must be remembered that these are alternative techniques for
producing the same product, and that the capital-labor ratio remains the
same for each process after technical change as it was before. Even if
capital-labor costs remain the same during the 10-year period of technical
change (a pessimistic assumption about real growth in labor income), the
new isoquant touches the relevant cost line at D, instead of E. That is, this
type of technical change results in a new production process (I-P) being
economically efficient after the technical change, compared with the eco-
nomically efficient process (P) before the change. If an investment decision
is being made in 1975 between I-P and P, what is the economically rational
choice? The answer obviously depends on the life of the equipment and its
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substitutability from P to I-P. If P equipment locks a firm into the D process
for 20 to 30 years, I-P equipment might weil be the rational long-run choice
even though it appears inefficient in the short run. Short-lived equipment
or high discount rates used to calculate net present value of future events
would tend to make the P equipment preferable as the short-run choice even
knowing that the choice will change sometime in the future.

The above general discussion of efficiency in a Chinese context serves
mainly to explain the expectations of what we were likely to see in terms of
manufacturing techniques in rural and urban areas. In summary, high
transportation costs and high discount rates typical of capital-short societies
should lead to a substantial difference in technique between urban and rural
areas and an emphasis on labor intensity in both, but obviously more
systematically in the rural areas. These expectations were only partly ful-
filled, and then not in a urniform pattern, but that is the subject of the
sections that follow.

CHARACTERISTICS OF OBSERVED INDUSTRIES

Our assessments of efficiency are biased by two equally important
constraints: the need to rely on our own intuitive judgments about what we
observed and were told, and the sample of rural, smali-scale industries our
hosts chose to show and tell us about—a sample that emphasized the models
China hopes to emulate throughout the countryside, not a random sample
of rural, smali-scale industry in China today.

The definition of rural, small-scale industry in China is based on where
any particular enterprise fits into the Chinese administrative system and
is mot defined by the plant’s size or scale of operations. A complete list of
the plants visited and the quantitative information we obtained concerning
the scale of their activities is presented in Table IV-1. As pointed out in the
Introduction, the Chinese definition of rural, small-scale industries includes
those plants owned and operated by the countries, communes, and brigades.
In general, the important distinguishing features of these rural, small-scale
industries is that they do tend to be relatively small in scale, less advanced
in technology, and are primarily financed with local funds. Nonetheless,
due to this organizational and administrative definition of rural, small-scale
industries, the plants we visited in the rural, small-scale sector varied greatly
in size.

Within the categorv of rural, small-scale industries, our hosts had
arranged for us to see more examples of the county-run plants, i.e., those
that were largest in scale, more modernized and better equipped. The extent
to which our sample is biased in favor of these county-level plants is indicated
by the datz given us in a briefing on rural, small-scale industry in Lin
County, which clearly shows the significant correlation between the organi-
zational level to which the plant belonged and its size. Of the 65 rural,




Table IV-1

INDUSTRIAL PLANTS VISITED BY THE DELEGATION ON RURAL, SMALL-SCALE INDUSTRY, JUNE 12-JULY §, 1975
(CHRONOLOGICAL LIST) '

Annual Quiput Employ-  Construction
Location Name of Plant Produce Levef 1974 ment Costs
Peking Municipality Red Star Peoples Commune: Produces threshers Commune 575,000 yuan 261 n.a.
Farm Machinery and and rice transplanters;
Production Shops repairs
Peking Municipality Red Star Peoples Commune: Wheat flour, feed Commune n.a. 183 n.a.
Grain and Food Processing Mills  grain, husked rice
Peking Municipality Capital Iron and Steel Factory Rolled steel National One million tons 40,000 n.a.
Peking Municipality  Peking Internal Combustion Gas and diesel National About 100 7,000 n.a.
Engine Factory engines million yuan
Peking Municipality = Peking West City Area Optical Optical instruments National n.a. 520 n.a.
Instruments Factory
Hsi-yang County Hsi-yang County Tractor Water pumps, County 1,044,000 yuan 310 n.a.
Factory threshers, tractors
Hsli-yang County Hsi-yang County Chemical Ammonium nitrate, County 2,700,000 yuan 450 7.5 million
Fertilizer Factory synthetic ammonia yuan
Hsi-yang County Tachai Cement Piant Cement County? 763,800 yuan 144 350,000
yuan
Hsi-yang County Hsi-yang County Farm Tools Cornshuckers, water County 2000 water pumps 148 n.a.
Factory pumps, furniture, 150 threshers
threshers
Lin County County Hydroelectric Power Electric power County 2500 kw. capacity 43 1.46 million
Station yuan
Lin County Commune Hydroelectric Power  Electric Power Commune 250 kw, capacity n.a. n.a.
Station
Lin County Brigade Hydroelectric Power Electric power Brigade 40kw. capacity 4 17,000 yuan

Station




Lin County
Lin County

Lin County

Lin County

Lin County

Lin County

Hui County
Hui County

Hui County

Hsin-hsiang Gity
Hsin-hsiang City

Hsin-hsiang City

Hsin-hsiang City

Lin County Chemical Fertilizer
Factory

Lin County Cotton Textile
Factory

Tung-fang-hung Agriculitural
Machinery Factory

Lin County Fiuorescent Light
Factory

Commune Agricuitural
Machinery Factory

Brigade Flour Mill {operates
part-time)
Hui County Cement Factory

Hui County Chemical Feriilizer
Factory

Commune Agricultural
Machinery Workshop

Commune Agricultural
Machinery Factory

Brigade Agricultural
Machinery Repair Workshop

Brigade Food Processing Mill

Brigade Repair Shop

Nitrogenous fertilizer

Cotion cloth, handker-

chiefs, towels

Threshers, sluice
gatas, small and
medium agricuitural
machinery, repairs

Fluorescent light

bulbs

Threshers, motors,
choppers, pumps,

crushers

Winnowers, repairs

Cement

Synthetic ammonia’

Water pumps, thresh-
ers, plows, grain

bagger®

Tractors, mainly

repairs

Makes spare paris
and does repairs

Procasses grain for
members of 34 teams

in brigads

Makes wooden wheat
seeders, spare parts,

repairs

County
County

County

County

Commune

Brigade

County
County

Commune

Commune
Brigade

Brigade

Prigade

1,260,000 yuan

Over 1,00,000
yuan

Qver 1,000,000
yuan

700,000 yuan

450,000 yuan

300 kw.fhr,
capacity
£0,000 tons

10,510 tons
Synthetic
ammonia

S,

n.a.
n.a.

na.b

n.a.

520
186

300

180
20

about 4
500
536

under
100

190
27

n.a.

6 million
yuan

500,000
yuan

1.5 million
yuan

300,000
yuan

n.a.

na.

a.a.
n.a.

n.a.

n.a.
n.a.

n.a.

n.a.




Table IV-1 Continued

Annual Output Employ- Consiruction
Location Name of Plant Produce Leve! 1974 ment Costs
Hsin-hsiang City IP_isin-hsiang Water Pump Water pumps City 7,100,000 vuan 680 n.a.
Factory
Hsin-hsiang City Hsin-hsiang Cotton Textile Mili Undyed and printed n.a. 1,400 n.a.
knit cloth, towels and
washcloths
Hsin-hsiang City Hsin-hsiang Region Chemical All major spare parts Region 1.3 million yuan 330 n.a.
Fertilizer industry Equipment for small-scale chem-
Factory ical fertilizer plants
Cheng-chou Cheng-chou No. 3 Cotton Cotton cloth, dacron,  City 85 million yuan 5,600 n.a.
Textile Factory corduroy, taffeta, etc.
Cheng-chou Cheng-chou Textile Machinery Ali types of machinery City n.a. 5,200 n.a.
Factory for textile factories
Wu-hsi County Wu-hsi County Iron and Steel Steel rods and ingots  County Over 9 million 805 n.a.
Factory yuan
Wu-hsi County Commune Concrete Products Cement telephone Commune 450,000 yuan 97 n.a.
Factory poles, slabs
Wu-hsi County Commune Agricultural Presses, transformers, Commune 1.6 rillion yuan 192 n.a.
Machinery Manufacturing lathes, fabrication and
and Repair Factory repairs of vehicles
Wu-hsi County Commune Powder Metaliurgy Oilstone, grinding Commune 600,000 yuan 108 n.a.
Factory wheels, and parts of
pressed powdered
metal
Wu-hsi County Wu-hsi County Tractor Factory East wind 12-walking County 3,000 units 661 n.a.
tractor
Wu-hsi County Wu-hsi County Electric Motor Etectric motors County 145,000 kw. 340 n.a.

Factory




Whu-hsi County

Wu-hsi City
Wu-hsi City

Wu-hsi City
Wu-hsi Gity

Shanghai Municipality
Shanghai Municipality
Shanghai Municipality

Shanghai Municipality

Shanghai Municipality

Shanghai Municipality

Shanghai Municipatity

Wu-hsi County Electrochemical
Factory

Wu-hsi Clay Figurine Factory

Commune Agricultural
Machinery Repair Workshop

Wu-hsi Sitk Fiiature Factory

Commune Agricultural
Machinery Factory

Shanghai (Bumper Harvest}
Tractor Factory

Shanghai Shaped Steel Tubing
Plant

Shanghai Machine Too! Factory
Commune Rice Mill

Commune Agricultural
Machinery Factory

County Agricultural Machinery

Manufacturing and Repair
Factory

Street Processing Workshop

Ciraat Proracsin
sireel Frocessi

Polyvinyl chioride,
caustic soda, lime,
calcium carbide

Clay figurines

Overhauls agricultural
machinery?’

Silk thread

Were making 4-h.p.
rice transplanters,
aeraters (for fish
ponds)

4-wheel, 35-h.p.
tractors and sets of
auxiliary equipment
Shaped steel tubes,

tubes
Grinding machines
Mills rice

3%2-h.p. diesel engines,
makes and repairs
small agricultural

s ant wmAardan

e +
SYUIPNIGHL, WUWWTT

buckets and furniture
Rice transplanters

Toy assembly and
packaging

L=l Lo L]

meter assembly

County

City
Commune

City
Commune

City

City

National
Commune

Commune

County

Cooper-
ative
Unit®

ative Unit?

9.8 million yuan

3 million yuan
n.a,

n.a.st
n.a.

80 miilion yuan

15 million yuan

2500 grinders
50,000 Cattie

P X T

per day capaciy
n.a.

1.8 million yuan

n.a'®

6,000

Qver
U

200

450

270

3.8 million
yuan

n.a.
n.a.

n.a.
n.a.

n.a.,

n.a.

n.a.
n.a.

na.

n.a.

n.a.




Table IV-1 Continued
Annual Qutput Construction
Location Name of Plan Level 1874 Costs
Hsun-te County Tidal Hydroelectric Project Electric power County 12 mittion kw.h, 9.7 million |
yuan
Foshan City Foshan Pottery Factory Pottery and porcelain  City 1.5 million yuan n.a.
Nan-hai County Nan-hai County Cement Factory Cement County 103,000 tons 8 million
yuan :
Summary'?
State Enterprises Collectively-Owned
Urban Large-scale Rural Small-scale I

National-Provincial-Municipal

Commune Brigade Street

Factories in Sample
Percent
1. Average Gross Value of Output
{Million yuan)
Standard Error
2. Average Employment
Standard Error
3. Average Capital Construction
Costs (yuan)
Standard Error

Capital/Output Rates (3/1)
Labor Praductivity {1/2)

13 5 2
25 10 4
0.74(5) n.a. n.a.
0.2 -

145(10) 15(4) 210(2)
22 6 60

n.a. 17,000(1) n.a.
n.a. n.a. n.a.
5103 n.a. n.a.




1. Includes 10,000 employed in iren mine owned by the factory and 10,000 employed in full-time capitai construction.

2. This factory appeared to be run by the county, but we were not told directly that this was the case.

3. Employment in all brigade-operated factories was seasonal, these plants frequently being closed during periods of high-level
aCtivity in the fields.

4. This factory began to produce ammonium nitrate and ammonium bicarbonate in 1975,

5. This workshop also was engaged in making their own balimill for a cement factory that the commune was constructing.

6. Charges processing fee of .01 yuan per kilogram of grain.

7. Workshop also had a foundry and was making turret lathes.

8. Factory supplied cocoons by, and provides silk thread to, the Commerce Department of the City, being paid a processing fee of
approximately 10,000 yuan per ton, depending on quality of product.

9. These street processing workshops were part of a targe urban housing development; the workers in all shops belonging to the same
unit (not clear if unit meant the entire housing development or a lower level grouping} sharing equally in the earnings of all shops.

10. Processing fee paid by factory providing items for processing.

11. This project inciuded navigation and flood control functions in addition to its hydroelectric power generation; only 96 of the
230 emplovees at this project were engaged directly in the electric generating functions of the project, the others working on operating
the locks and in river dredging and maintenance,

12. Number in parenthesis refers to number of factoories used to calculate relevant estimate.

EXPLANATORY NOTES!

The three national piants in Peking were, in varying degrees, also under the jurisdiction of the municipality. The exact extent of the
municipal authorities’ participation in direction and control (vs. National Ministry direction and control) appeared to be greatest for the
optical instruments factory and least significant for the iron and steel factory.

The employment data for these factories includes the entire staff. Not only does this mean that the use in this Chapter of these
empioyment data for calculating worker productivity probably is downward biased due to the inclusion of administrative personnel, but
more imporianily—as will be pointed out later on in the texi--the staff in these factories often included a significant share of the workers
who are assigned to construction and maintenance (renovation) work. In other words, unlike many factories in the West, Chinese factories
have their own construction crews and workshops producing and repairing fixed capital for the plant. These workers, of course, are not
directly engaged in the production of the factories’ product and should not be included in caiculations of worker productivity for the factory
for the purposes of cross-country comparisons.
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small-scale industries in Lin County, employing 8500 workers with an annual
gross value of output of 41 million yuan, 20 were state owned, i.e., run by
the county, and they employed an average of 210 workers with an average
_annual gross value of output of 1.25 million yuan. Thus, they accounted for
31% of the number of plants, but for 60% of the total output. A second
category, described to us as collectively owned, i.e., owned by the communes
and brigades, but run by the county (as mentioned earlier, possibly referring
to commune and brigade-operated hydroelectric power stations that had
been integrated into the county’s electric power network), inciuded 19 plants
which employed an average of 137 workers with an average annual gross
value output of 579,000 yuan, i.e., they accounted for 29% of the number
of plants and 26% of the output. Finally, there were 26 commune-owned
and operated, i.e., collectively owned, plants (probably including the
brigade-leve! plants), which employed an average of 62 workers with an
average annual gross value output of 192,000 yuan, i.e., accounting for 40%
of the number of plants, but only 27% of the output. In Wu-hsi County,
the difference in scale between the county-run plants and the collectively
owned and operated plants was even more pronounced, the county-run
plants accounting for less than 5% of the total number of rural, small-scale
industries in the county, but for approximately 50% of the county’s gross
value of industrial output.

Production teams, of course, also operated sideline “industrial” facil-
ities but these were explicitly not included within the category of rural,
small-scale industries for a variety of reasons. Unlike those factories included
in the rural, small-scale category, these production team sideline “indus-
trial” facilities are not included in the state plan, and their production is not
subject to the states’ allocative mechanism, i.e., they are an integral part
of the production team'’s production and consumption activities. As far as
the higher administrative levels are concerned, we were told, the production
team is not assigned any industrial production responsibility. Its primary
function is agricultural production and husbandry, although it is also called
upon to provide its quota of labor for construction projects and industrial
plants undertaken at higher levels.

Our sample also must be seen in the context of the historical develop-
ment of smali-scale industry in China. China’s small-scale industries fall
into three groups: enterprises whose origins lie in handicraft workshops
established prior to 1949; enterprises founded during 1958-60 under the
impetus of the Great Leap Forward policy of encouraging local industrializa-
tion particularly in iron and steel, but also in other sections as well; and
finally, units established during the resurgence of small-scale industrial
growth, which began around 1963 and has continued to the present time.*

3. Although the policy decision to reactivate the small-scale industry campaign occurred

in 1963, the actual resurgence of small-scale industries on a broad scale occurred in 1968
and 1969. :
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With these diverse origins, it is natural to expect wide variation in the
timing, pace, and pattern of industrial development in different localities. .
Some areas enjoy the advantage of proximity to regions of considerable
pre-1949 industrial development. Different iocalities attained unequal
success in establishing new industries during 1958-60 and in maintaining
them during the subsequent period of restriction, which saw many small
plants shut down, often permanently. During the past decade, emphasis
on local self-reliance has favored areas with substantial industrial experience,
natural, technical, and entrepreneurial resources and agricultural surpluses.

At the enterprise level, there is similar scope for variation based on
historical background, resource conditions, the degree of specialization
permitted by local market conditions, and the presence or absence of various
forms of external assistance.

The regions and enterprises which we visited varied widely with regard
to past industrial experience, ranging from Shanghai and Canton, where
machine shops and other small workshops appeared before 1900, to northern
Honan, which developed litile industry before 1949. On the other hand, it
seems reasonable to assume thai the localities and units visited are well
endowed with material resources and entrepreneurial initiative.

Except for large, urban factories, the overall industrial development of
the localities which we visited appeared to be closely linked to the local farm
econonty. Most of these areas inherited agriculturally linked handicraft
cooperatives, but output =xpansion of this section was not a significant facet
of economic policy, and these small, rural enterprises were largely isolated
from the cenirally-directed industrial economy prior to 1957. Finally, the
industrial aspects of the Great Leap of 1958-60 can be viewed as a premature
effort te link large and smali-scalc industry which, despite its failure,
- achieved further consolidation of existing handicraft production, established
some enterprises and provided industrial training and experience, which
has contributed to the subsequent success of small-scale plants.

AGRICULTURAL MACHINERY INDUSTRY

Of all the industries surveyed by our delegation, none begin to approach
the complexity of the agricultural machinery industry in three fundamental
dimensions of economic analysis: (1) level of organizational control, (2)
diversity of products, and (3) mode of operation. In just 28 days, we visited
two planis at the Provincial (Special Municipal) level, five at the county
level, eight at the commune level, and two at the brigade level (See Table
IV-1). In general, the level of organization closely mirrored the level of
product distribution, but it was not always a reliable guide to either diversity
of products being manufactured, nor to sophistication of manufacturing
capability and technique. We observed a commune workshop trial-producing
a 10 h.p., 4-wheel tractor with techniques not uniike those used in a county
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factory producing 10 h.p. crawler tractors. We saw a commune “‘agricul-
tural” machinery workshop producing 5600 kw. oil-cooled transformers in
one building, large rotary presses in a second building, and a mini-van in
a third!

Even with comprehensive data on a consistent basis and adequate time
for econometric analysis, this industry would not lend itself to formal judg-
ments about economic and technical efficiency. In the present context, all
that will be attempted is a set of summary impressions “documenied” by
examples. Some of these impressions are strong and likely to withstand the
observations of previous and subsequent visitors. Others are offered as
plausible hypotheses.

The multi-tiered organizational structure of the agricultural machinery
industry has been consciously fostered by encouragement and permissiveness
from the top and adopted with considerable enthusiasm from below. Perhaps
more than any other industry, it typifies the desired characteristics in a
smalil-scale, rural industry: (1) It is specifically designed to serve agriculture
and to be served by agriculture in turn. At ali levels our briefers emphasized
this orientation, and by and large the products being manufactured were
well adapted to assisting mechanization of the local agriculture. (2) The
principle of “walking on two legs” was constantly, almost stereotypically,
visible. It was the rule in ali plants at the city level and below to see very
large, complex machine tools—some imported, but most of domestic
manufacture—being used in the same room where a blacksmith would be
pounding out small parts on an anvil, or a row of workers would be sitting
on the dirt floor assembling parts with an adjustable wrench. If a complex
machine tool from above the organizational level was required to make the
machine, it was somehow provided. But if a primitive technique wouid
suffice, at the lower levels it was almost invariably used. (3) The degree of
“self-reliance™ was high, but not absurd. Especially at the county level, it
was very common for factories to equip themselves with nearly all the basic
machine tools; they quite literally made their own lathes, milling machines,
rotary presses, and so on. But if a sophisticated inclined rotary gear cutter
or a high-tolerance finish grinder was required, a way was found to bring
one in from outside the factory, although surprisingly often such items came
frem within the county or district. One county tractor factory actually had
a subsidiary productior: line making hydraulically controlled semiautomated
lathes to be put on their own production lice. This “‘making your own
machines to make machines” theme, although usually not carried to such a
sophisticated level, was constantly seen at all levels of production. (4) The
agricultural machinery industry has been the major diffuser of technology
to the countryside via both a direct training effect and a considerable demon-
stration effect. Indeed, a reasonably strong argument can be made that the
major contribution of the agricultural machinery industry to Chinese society
has noct been through any direct impact on agricultural production, but has
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been through an indirect process of “‘scientification” of the rural masses. A
hand tractor imported from Japan would have the same physical productivity
as one made in China, but it would certainly not have the same impact as
one made in a brigade or commune machine shop where every peasant knows
someone who helped build it. By pushing the production of particular agri-
cuiturai machinery ail the way to the brigade level, China has removed the
“foreignness” from new technology. Not only will this speed adoption of the
technology, but the presence of the factory and machine shop locally means
spare parts, and repairs are readily available. The level of utilization of
machinery produced locally is thus likely to be far higher than of machinery
imported from higher levels or from abroad for which no such capability
exists. (5) A mirror-image of the technology-to-the-masses feature of the
industry is that the masses can more easily make known their technological
requirements. In a country as large and diverse as China no research institute
in Peking will be able to design machines suitable for all environments and
conditions. Local production facilities coupled with design inputs from two
directions have largely alleviated this problem. Assistance from above for
basic designs is readily available—e.g., for 12 h.p. diesel engines—or for
electric motors and pumps. From below comes a flow of comments and
suggestions as to how trial machines perform and what tasks need to be
mechanized. The local factories, especially the commune level machine
shops, seem ideally suited to wed these two inputs into locally adapted
machines. (6} Finally, partly as a consequence of a number of the above
aspects of the industry, an enormous flexibility exists at the county level
agricultural machines plants and below. It is possible to stop producing
high-pressure pumps and start producing crawler tractors, because none
of the equipment is specialized. With a single example and a little patience
in the foundry, almost any casting can be produced. Standard lathes, milling
machines, etc., can produce a wide variety of machined parts, and workers
with an adjustable wrench are remarkably flexible in their assembly capabil-
ity. Some comments about the efficiency of this approach are made shortly,
but there can be no question that flexibility is a highly desirable trait when
producing for a local market that is fairly quickly saturated with any single
piece of simple machinery.

SUMMARY OF DATA

Table IV-2 provides a rough summary of the enterprises we visited and
an evaluation of the level of technology employed in various activities. (When
available, employment and gross value of output data for these plants are
presented in Table 1V-1 and wage data for these plants are presented in
Table I1I-1.) The number of workers was seldom a sensitive issue although
seasonality in the work force in the lower-level operations presents serious
problems of comparability. Gross value of output figures were frequently
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unavailable, and average wages were available only for those operations
paying cash wages instead of workpoints, which basically means county level
plants and above. The level of manufacturing technique was judged im-
pressionistically for four sub-categories of agricultural machinery manu-
facture (and repair): foundry, machine shop and metal processing, fabrica-
tion and forming, and final assembly. Four levels of technique were used in
the essessment corresponding to (1) “modern,” (2) “intermediate: modetn,”
(2} “intermediate: primitive,” and (4) “primitive.” We had no quantitative
basis for assigning these values—they were impressionistic only and based
on comparative personal experience.

The table bears out a number of observations noted in the previous
section, especially the increasing diversity of products as the level of organi-
zation moves from national to production brigade (although there is signit-
icant variation around this trend). Commensurate with the increasing
specialization at higher levels is an increase in modernness of manufacturing
technique. Only at the highest level is foundry technique modernized—all
other levels maintained considerable flexibility in their foundry at significant
short-ren cost in terms of labor, fuel and raw materials (the staiic and
dynamic efficiency of this approach will be considered shortly). Similatly,
machinery and metal processing did not achieve modern standards until a
relatively high degree of product specialization also was achieved. Even in
sophisticated county- and city-operated plants, the rule was to see banks of
machine tools of varying sophistication, such as lathes, milling machinery,
shapers, gear cutters, and grinders, machining individual parts to man-
controlled tolerances. Automated and semiautomated machining occurred
only rarely, and then usnally in combination with a considerable nonauto-
mated machining capability as well. Fabrication techniques were always
the least advanced of the four categories in any factory. They never achieved
modern standards and were frequently crude and makeshift. This area
especially demonstrated the *“‘two legs” principle, Fabrication seldom nieeded
to be to close tolerances and consequently labor intensive methods sufficed.
Where close tolerances were required, as in many machine parts, modern
and even semiautomated machine tools were used, ¢ven at the lowest or-
ganization level. Similar things can be said about assembly techniques.
Although three plants are listed as “modern” in this regard, none of them
would be considered as advanced by current Western standards. These three
were placed in this category to indicate moving assembly lines with air
wrenches and similar modern assembly devices.

Table IV-2 shows a fairly strong tendency for techniques across the
board to become more modern as organizational and market level rises. The
tendency is not uniform, however, and certain processes, especially machine
processing and fabrication techniques, do not fit well at all. Machine pro-
cessing technique was more uniform than expected, with relatively sophisti-
cated equipment at low levels .and surprisingly unsophisticated equipment
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at some {but not all) higher levels. Here dynamic efficiency considerations
about long-lived (and relatively flexible) machines must have played a role
in choice of technique. Fabrication, on the other hand, requires great
flexibility if product mix is going to change. Modern fabricating techniques
require large investments in highly specialized machines, which in the
Chinese context would probably be used a short tirse only (relative to the
physical tife of the machine). These the Chinese evidently felt they could
do without,

A more general impression was that the rural agricultural machinery
factories, especially below the county level, used somewhat more capital
and considerably more raw materials than expected based on the reasoning
outlined above. The capital was primarilv in the machining stage and, as
noted, a good deal of it was locally produced. The large, perhaps excessive,
use of raw materials was due to the relatively primitive techniques being used
in the foundry and fabricating stages. Fuel consumption in particular scemed
likely to be high by modern standards. But there are plausible explanations
for apparent inefficiencies, and Figure IV-3 attempts to presest an analytical
framework for the discussion. -

The basic assumption underlying Figure IV-3 is that a minimum feaslble:5
scale exists for industrial production of any significant type of output..
Although it is perhaps possible to build a tractor in the backyard with a
hammer and chisel, in fact some minimum scale is necessary, perhaps a
trial production of 50 or so, to make the effort worthwhile. Thus, the partial
isoquant shown in Figure IV-3a-d, is the same as in Figure 1V-1, except
that the modern technique is off the scale, and the quantity of industrial
output is now defined to be the minimum feasible scale of output instead of
a unit of output. Higher isoquants are possible and would simply mean
greater output than the feasible minimum. They would not imply technical
inefficiency. Indeed, if the minimum feasible isoquant represented 100
tractors, for example, the isoquant for 200 tractors would be twice as far
from the origin (measured along any ray) as the 100 tractor isoquant, if there
were no economies of scale. This is, of course, quite unlikely, and for at least
a certain range of possible output, the isoquants for equal increments of
tractors would probably nest closer and closer together, until all economies
of scale were realized. Beyond this the isoquants would space out again if
diseconomies of scale set in.

The point of the argument is merely to emphasize that in Figure IV-3a,
only combinations of capital/raw materials and labor that reach or exceed
the isoquant make the production of industrial output possible. If the state
allocates a locality capital and raw materials equal to C’ and the available
labor is L’ (as in Figure IV-3a), then production of the desired industrial
output is no problem. The minimum feasible isoquant could be reached
using technique I-M (with some labor left over), or alternatively a higher
level of output might be achieved by using I-P and more of the available




Table V-2

SUMMARY EVALUATION OF TECHNICAL LEVEL IN THE AGRICULTURAL MACHINERY INDUSTRY

Leve! of Manufacturing Technique

Machine  Fabri-
Organization Name of Fucility Products Foundry Shop cation Assembly
State or Peking Internal Combustion 4-cylinder diesel and M M I-M M
Municipal Engine Factory gasoline engines
Shanghai (Bumper Harvest) 35-h.p., 4-wheel tractors — I-M -M M
Tractor Factory
County Hsi-yang County Tractor Factory 10-h.p. crawler tractors; I-P I-M P P
high-pressure pumps
Hsi-yang Gountry Farm Toois Threshers, concrete P P - P P
Factory pipe, miscellaneous
agricultural implements
Lin County Tung-fang-hung 12-h.p. walking tractors, I-P I-P I-P P
Agricultural Machinery Factory drop-hammers, agri-
cultural implemants
Wu-hsi County Tractor Factory 12-h.p. walking tractors -— M I-M -M
Chia-ting County Agricultural Rice transplanters, None I-M -P I-P
Machinery Manufacturing and 2 ¢cyl., 18-h.p. diesel
Repair Factory engines (trial)
People’s Red Star Commune Farm Machin- Large threshers, —_ I-P I-P P
Commune ery Manufacturing and Repair Shop miscellaneous repairs
{near Peking)
Yao-ts'un Commune Agricultural Threshers, electric I-P I-P |-P P

Machinery Faciory (Lin Couanty)

motors and pumps,
miscellaneous
implements



People’s
Communes
Production
Brigades

Kao-chuang Commune Agricultural
Machinery Manufacturing and
Repair Factory (near Hsin-hsiang)

Ch'i-li-ying Commune Agricultural
Machinery Manufacturing and
Repair Factory (near Hsin-hsiang)

Yang-shih Commune Agricuttural
Machinery Manufacturing and
Repair Factory {near Wu-hsi)

Mei-ts’un Commune Agricultural
Machinery Factory (near Wu-hsi)

Ho-lieh Commune Agriculturai
Machinery Factory (near Wu-hsi)

Ma-lu Commune Agricuttural
Machinery Faciory (near Shanghai)

Liu-chuang Brigade Agricultural
Machinery Manufacturing and
Repair Factory (Ch'i-li-ying
Commune}

Ho-lieh Brigade Agyricultural
Machinery Repair Station (Ho-lieh
Commune, near Wu-hsi)

Water pumps, threshers,
ball milt for cement
plant

Agricubtural implementis;
10-h.p., 4-wheel tractors
(triai)

Oil-cooled transiormers,
rotary presses, and
mini-van

Rice transplanters; mis-
cellaneous agricultural
implements; lathes

Rice transplanters;
agricultural implements;
parts for assembly

Rice transplanters, 3.5
h.p. diesel engine (trial);
small implements

Smail agricuitural tools
and implements

Agricultural repairs,
small implements

P
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labor. But what is the locality to do if the state can allocate only C of capital
and raw materials, which might be its “fair” share if the nation’s national
resources werc equally divided, or even provided no capital and raw materials
at all on the grounds that the national industries can make more effective
use of nationally available resources? This is the question Figure [V-3a-d is
primarily designed to answer. Most localities have been strongly encouraged
by national policy to emphasize seif-reliance in industrial expansion. This
means finding local sources for the capital and raw materials that might
otherwise have been allocated by the state, since a local labor supply already
exists. Depending on the local natural resources and initiative, some pro-
duction function for locally produced capital and raw materials will exist
using primarily local labor as an input. One such local production function
is shown in Figure IV-3b as L'PFs. The output of capital and raw materials
is read on the left vertical axis, while the labor input is measured from L’
toward the left, It is clear that with only OL’ iotal labor supply and local
resources providing a production function such as L'PFg, that even maxi-
mum local production of local capital and raw materials will be insufficient
to reach the minimum feasible industrial isoquant, assuming both produc-
tion functions are operated simultaneously.

The solution in this instance is to somehow expand the labor force
available locally. Although this sounds almost foolish given much of rural
China’s factor endowment, the actual fact is that primary attention in agri-
cultural mechanization has been placed on precisely those tasks that are
inordinately labor absorbing and which could free large quantities of
productive labor if mechanized or semi-mechanized. Thus, grain pro-
cessing—wheat, rice, and corn milling—tends to be the first task mechan-
ized. A single example can illustrate the gains in labor potentially available
for other productive tasks: hand-pounding rice was reported to take two
hours for 5 kg. per person, or 400 man-hours per tor. A simple pedal
operated device can do 25 kg. in three hours, or 120 man-hours per ton. A
commune-run rice mill produces 25 tons per eight-hour day with 30 workers,
which works out to about 10 man-hours per ton. And larger mills can reduce
that even further. Thus a 25-ton-per-day rice mill, operating 200 days per
year, requires 50,000 man-hours compared with 2,000,000 that would be
required to mill the rice by hand.

The effect is substantial and becomes even more so when mechanized
threshing and spinning are added to the list. In fact, since Liberation,
many millions of man-days of {mostly female) labor have become available
for more productive work than primitive agricultural processing. This would
be a hollow gain if no productive opportunities existed for these workers, but
Figure IV-3b demonstrates how a goodly proportion of them have been put
to productive use. By shifting the total labor supply from OL’ to OL, the
capital/raw materials production function also shifts to the right. And
although nothing has happened to increase local natural resources or the
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productivity of labor, the additional quantity of labor has a dramatic effect.
The production function LPFg now touches the minimum feasible industrial
isoquant at technique I-P, and so it now becomes possible for the locality
to produce its desired industriai output, e.g., tractors, by relying on its own
resources and with no assistance from the state (perhaps apart from the en-
gineering knowledge implicit in knowing. about the industrial production tech-
niques and possibly about the ways to exploit local raw materials as well).

Thus, Figure IV-3b can explain how labor intensive exploitation of local
natural resources can lead to Iocal labor intensive production of industrial
output while maintaining full self-reliance. But other possibilities exist also
and they are perhaps even more interesting. Consider a locality with some-
what greater natural resources, but which are harder to obtain. Thus,
production function LPFy in Figure IV-3c shows more capital/raw materials
being potentially available, but at a substantially greater cost in labor than
in the previous example. That is, labor productivity may be lower in LPFL
than in LPFg, but more labor can be productively utilized before zero
marginal productivity sets in (the production function becomes flat on top),
and more capital/raw materials can be produced. The apparently paradox-
ical result is that this locality can, and should, use the more modern,
capital/raw material intensive industrial process precisely because it saves
labor, labor which is needed to produce the very capital/raw materials it
needs in more abundance than in the I-P process. Of course, other functions
can be drawn with other lessons—even coniradictory to these. But, the
lessons of LPFy, I-M and LPFg, I-P were demonstrated in concrete terms
in the local industties the group saw.

Lastly, Figure 1V-3d, also illusirates the often critical contribution
made by the state to local industrial production. While the rhetoric of
self-reliance and keeping the initiative in local hands is clear, powerfu! and
by and large effective, no agricultural machinery factory visited at any level
made alfl its own equipment. Critical pieces of sophisticated, close tolerance
machinery somehow found their way to the appropriate place. On the other
hand, we never saw entire factories supplied by the state either. The situation
is perhaps best summed up by the production function lfabeled PFk'L in
Figure IV-3d. Here the local capability to produce capital/raw materials
from their own resources falls just short (by the amount X"} of the amount
needed to reach industrial capacity at I-M. At such a point the state seemed
entirely willing to provice the critical “X" input (usually after being paid)
and thus make the difference between production and no production. It may
even be that the state finds such a situation entirely desirable.

AGRICULTURAL PROCESSING

Agricultural processing in urban centers is vastly different from agri-
cultural processing in the rural areas. The differences are most obvious in
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scale of operation and technologies used, both for grain and textiles, but
the differences go much deeper than that. The ultimate source of the
differences lies in the nature of the market served and the primary role of
each factory in the local economy.

Rural agricultural processing is based, as earlier arguments have
indicated, on the need to generate substantial surpluses of (mostly female)
labor that were previously trapped in the very low productivity tasks of hand
spinning and weaving and hand pounding or milling of grain. Our obser-
vations, although limited, tend to confirm a number of hypotheses about
this sector:

1. The equipment used is “low technology.” That is, the machinery
is small-scale, usually produced within the county or district. The quality
of the finished product is only slightly higher than that of the hand-produced
version.

2. The process is labor intensive by Western standards for these
products, but is still enormously labor saving relative to the primitive hand
methods for which the substitution was made. The labor time freed for the
entire country must now total in the hundreds of millions of man days. In
Lin County alone, for instance, a spinning facility saved 800,000 man days
of labor compared to the traditicnal hand-spinning.

3. The rural grain processing facilities operate almost exclusively to
meet local needs. There seems to be very little marketing of processed grain
from ruraf areas to urban centers. Somewhat more interchange of processed
fiber seems to take place, with spun cotton going up the marketing system,
and woven cloth coming back down.

By contrast, the large-scale processing facilities were excluswe]y in the
urban centers and were more “modern’” by Western standards.

4. That is, the urban facilities were much more capital intensive with
more sophisticated equipment capable of producing a much higher quality
and more uniform product.

5. The sophisticated machinery is made in national centers or imported.

6. Perhaps most importantly, the markets served by the modern, high
technology mills are almost exclusively urban or export, with only small
amounts of textiles returning to the rural areas and almost no milled grain.

To the extent that these hypotheses are valid, they argue that compe-
tition between the small-scale rural processing facilities and the large-scale
* urban facilities is very limited at the present time. Although they both pro-
duce the same type of output—milled grain or fiour and spun fiber—the
lack of common markets reduces competitive pressures. (In the Chinese con-
text, of course, these pressures would show up in losses for rural mills if urban
products were priced on a cost basis.) The shortage of transportation faciii-
ties and their consequent high opportunity cost reinforce this conclusion.

But in a more fundamental sense the two basically different sectors are
or shortly will be competing with each other for scarce resources. Manpower
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productivity is higher in the more sophisticated facilities; so is the technical
conversion rate. As back-transportation to rural arcas becomes cheaper and
more available, the larger urban mills will find it possible to offer a con-
sistently higher quality product at lower cost than the rural facilities will
be able to offer. At this point local self-sufficiency and initiative will have
visible economic costs relative to centralization. Their continuation will
require conscious decisions on the part of China’s planners so that the
benefits of rural small-scale processing facilities outweigh the costs and thus
should be protected. Otherwise they will wither away as in all other modern
societies.

It is not difficult to identify these benefits. It is nearly impossible to
quantify them. Local self-sufficiency in a country as large and diverse as
China should have positive effects even after transportation and communi-
cations integrate the country much more thoroughly than is now possible.
It is not clear that the higher and more consistent quality of sophisticated
mills has any significant welfare contribution even if their products tend
to command higher prices in international markets. Such markets are not
perfect and tend to reflect the purchasing power of Western consuming
countries whos¢ values the Chinese reject anyway. High extraction un-
bleached flour characteristic of the village mills contains more nutrients
than the flour typically produced by more sophisticated mills. Cotton
material from rural looms may not be smooth and fine count, but it may
be just as durable as that from high-speed looms in urban factories. In
short, the higher labor productivity and technical efficiency of large-scale
urban mills may not be sufficient to offset the political and social advantages
of small-seale rural mills. If this is the case, then the dual structure of
China's agricultural processing industry will exist indefinitely. Because of
China’s ability to separate productivity from personal income there is no
consequent implication that rural incomes, or more particularly rural
industrial workers’ incomes, must also lag significantly behind urban
industrial workers’ incomes. Ii is this capability, of course, that will make
it possible for China to prevent the extinction of the rural agricultural
processing industry in the face of the technical superiority of the urban
industry.

While reasonable and supported by our observations, discussions and
prior and subsequent reading, these hypotheses and conclusions are based
on a very small sample of actual facilities inspected (see Table IV-3). Based
on our observations in the plants shown in the table and other discussions,
we have a fairly strong impression that mechanized rural grain milling is
almost universaily done in very small facilities on a fee basis. The proportion
of agricultural output still processed more or less by hand is hard to judge
but our impression is that grain milling is one of the very first processes to
‘be mechanized, along with cotton spinning where this is important. The
scope for raising labor productivity by eliminating these hand tasks is




Tabte IV-3

AGRICULTURAL PROCESSING INDUSTRY

Extrac-  Capa-  Processing
tion city Charge Tech-
Organization Location Type of Product Rate {tph) {yuanikg.} nology
Red Star Commune Peking Milled animal feed — 6.25 — I-M
Ta-ts'ai-yuan Brigade Lin County  Wheat, flour 87.5% 1.00 0.02 -P
of Ch'eng-kuan People’s
Commune
Lin County Cotton Lin County Cotton - — 0.02 i-P
Textile Factory {spinning)
Ch'i-li-ying Brigade of  Hsin-hsiang Corn, wheat, flour 85.0% 0.40 0.02 I-P
Ch’i-li-ying Commune
Hsin-hsiang Cotton Hsin-hsiang Cotton, synthetic — — — I-M
Textile Factory woven and knitted
goods
Cheng-chou #3 Cotton  Cheng-chou  Cotton, yarn and —_ -— -- M
Textile Factory cloth
Cheng-chou Wheat Cheng-chou Wheat, flour — 16.70 —— —
Fiour Mill {from road
only)
Wu-hsi City Silk Wu-hsi Silk thread —_ 65.00 10.00 i-M
Filiature Factory kg./hr.

NoTe: Where available, employment, investment, and gross vatue of output data for these plants are presented

in Table IV-1.
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enormotis. Even carrying rocks and dirt with shoulder poles for irrigation
ditches or rebuilding farmland is more productive than hand-pounding or
milling grain. Also, grain milling is part of the stream of final consumption
while carrying dirt, etc. is part of investment.

By virtue of this reasoning plus our own observations we feel that a
sizeable proporiion of production brigades seem to have mills for the primary
food grain raised locally while a single commune mill would process the
“secondary” grain, as in the Red Star Commune near Peking. Where a
single grain such as rice predominated, the following situation on a suburban
commune near Shanghai may be typical: The commune operated one rice
mill with a capacity of about 3 TPH, requiring thirty workers per shift. Five
of the fourteen Production Brigades also operated smaller rice mills, each
with a capacity of about 1/3 to 1/2 TPH. Brigades without rice mills took
their grain to the Commune for processing, or to the other Brigades on a
space-available basis. Presumably a fee was charged for this service,

The rationality of this type of arrangement is obvious. Excess capacity
is a chronic problem when investment in small-scale milling facilities is
accomplished through private market incentives. The Commune and Brigade
milling centers seem able to avoid this problem by suitable sharing of the
harvest. Further, the higher level of technology possible with a Commune
mill, because it has a larger guaranteed source of supply, enables a gradual
approach to modernization and technical soptl istication to be taken. As
experience and technical expertise are gained vwith the 3 TPH mill, for
instance, it should be possible to develop larger and more sophisticated
mills, and to phase out gradually the small, technically inefficient Brigade
mills or return to them for peak periods only.

The Cheng-chou wheat flour mill shown in Table 1V-3 was observed only
from the road, and was the only urban grain processing facility for which
any information was obtained. A six-story milling facility was attached to
thirty-six concrete storage silos, each about 6 m. in diameter and 20-25 m.
height. The complex was located on a major rail siding in Cheng-chou, which
is itself 2 major rail intersection of North-South and East-West traffic.
Inquiry revealed that the daily milling capacity was 800,000 chin, or 400
tons, in 24 hours. Since the population of Cheng-chou was reported to be
about 800,000, and an approximate estimate of daily per capita wheat
consumption would be about 0.5 kg. (1.0 chin), the daily wheat flour con-
sumption of the city would be exactly the listed capacity of the plant. If we
assume that one cubic meter of wheat weighs about 0.8 tons, then the
storage capacity of the silos is between 16,000 and 20,000 tons—40 to S0
days milling requirements if the mill runs at full reported capacity (as it
would need to in order to supply the city). These calculations thus imply
substantial up-country storage capacity (or flow of imported wheat from the
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coastal port), since the entire silo storage capacity must be turned over ¢ight
to nine times per year for this mill to meet the city’s consumption require-
ments. If this reasoning is approximately correct, it further confirms the
hypothesis that there is at present little real competition between the large,
modern urban processing facilities serving the urban population and the

small rural processing facilities serving the local population.

RURAL, SMALL-SCALE CEMENT PLANTS

Rural, smail-scale cement plants have been an important feature of
China’s efforts to develop rural, local industry ever since the late 1950s.”
At the time of our visit there were 2800 rural, small-scale cement plants
located in 80% of China’s counties and accounting for more than half of
China’s total output of cement. We were able to visit three of these cement
plants, all at the county level, too small a number for definitive conclusions,
but enough to get a general picture of some of the goals in this sector.

The case for the economic rationality of these rural, small-scaie cement
plants is simple and overwheiming. The widespread effort to develop and
harness sources of water for the purpose of irrigation, the prevention of
floods, for rural electrification, and for all types of construction work in the
agricultural sector, has generated a tremendous demand for cement in the
rural areas of China. This demand has not only exceeded the supply made
available by the output of large-scale cement plants in the modern sector,
but the transport costs involved in shipping this cement to many rural areas
would be prohibitive.® To take an example given to us, a major irrigation
project in Shansi Province, which was undertaken for the purpose of
irrigating a large area of cultivated, but dry and drought-susceptible fields,
was estimated to require 20,000 tons of cement. The cost, including trans-
port costs, of this cement, if supplied by the nearest large-scale, modern

4, Estimates prepared within theU.S. Government for the share of rural, small-scale
cement plants in China’s total output of cement are listed here:

Year

1957
1958
1959
1960
1961
1962

Source: CIA, Peoples Republic of China: Handbook of Economic Indicators. A(ER)75-
72, August 1975, p. 12. The percentages in parentheses are those presented by Jon Sigurdson

in *“Rural Industrialization in China,” op. cit., and are said to be based on figures and

Percent
Negligible
13
14 (19
25
25
26

Year

1963
1964
1965
1966
1967
1968

.

Percent

27
20
26
26
25
27

percentages published in the Chinese news media.

5. In his discussiot of the rationalization for creating rural, small-scale cement plants,
Sigurdson argues, “There can be no doubt that the high transport costs, in the absence of

Year

1969
1970
1971
1972
1973
1974

Percent

30
30 (40)
40 (44)
48 (48)
50 (50)
52
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cement plant, would have been over 1.6 million yuan. To significantly reduce
build a rural, small-scale cement plant with a capacity of several thousand
tons. The cost per ton of the cement produced by this local plant was
approximately 25% below the delivered cost of cement from the nearest
modern-sector plant and, therefore, the local small-scale cement plant would
“pay-for-itself”” after producing only 10,000 tons. Furthermore, once the
water conservancy project was completed, the local area had a local source
of cement for other farm construction projects.

The water conservancy projects we were shown almost everywhere we
went in China’s countryside are a vital prerequisite to China’s attempt to
secure high and stable yields in agriculture. Thus, the benefits of these rural,
small-scale cement plants are quite high.® On the cost side, under the
this cost, 200,000 yuan of the water conservancy project funds were used to
realistic assumption that the central government and modern sector would
find it difficult to mobilize local funds, poor quality raw maieiials, and
agricultural labor which are used in these plants, it is difficult to think of a
more productive use for these resources. Thus, there can be little doubt that
the benefits far outweigh the costs.

A detailed description of the technology adopted and an analysis of
how effectively it is used in these rural, smali-scale cement plants is the
subject of a later chapter of this report, and only a briet summary of our
most important impressions and conclusions regarding this subject are
presented here. (For a summary of the economic and technicai information
we were able to obtain for the cement plants visited, see Table IV-4.) Despite
the great emphasis given to indigenous solution of technological problems
and the role of local innovation in producing the equipment required in the
rural, small-scale industries and our observing examples of this in several
plants we visited in other industries, the technology utilized in the rural,
small-scale cement plants is both widely known and has been widely used

railways or waterways, has been a significant factor in the Chinese emphasis of local manu-
facture in relatively small plants.” Sigurdson, op. cit., p. 427. According to Sigurdson’s
estimates, even if a large-scale, modern cement plant were buiit in the center of a nine-county
area, its cost of production would need to be more than 12.70 yuan lower per ton than rural,
smmall-scale cement plants located in each county to offset transport costs if trucks were used
for transportation and more than 21.70 yuan lower per ton if horsecarts were used. Sigurdson
betieves it unlikely that the cost differences between the rural, smali-scale plants and the
large-scale, modern plants are this large.

. The provision of cement for local farm construction and irrigation projects, formerly
prohibited by the high transport costs invoived in obtaining cement from the urban, large-scale,
modern sector, is only one benefit of the outpui of these plants. Another, and equally
important benefit, is the substitution of the locally produced cement for the cement that was
supplied by the urban, large-scale, modern secior, i.¢., cement actually allocated to the rural
sector despite the relatively high transport costs. This substitution made available a larger
share of the higher quality cement produced in the urban, large-scale, modern sector for use
in the nonrurai sector of the economy.




Table IV-4
ECONOMIC AND TECHNICAL INFORMATION FOR CEMENT PLANTS VISITED

Tachai Cement Plant

Hui County Cement Plant

Nan-hai County Cement Plant

Location
Origin

Development

Product

Inputs

investment

Equipment

Labor Force

Eastern Shansi, South of
the Yang River

Started operation, 1968

QOutput 1968 3,500 tons
1969 7,000 tons
1970 10,300 tons
1971 12,000 tons
1972 14,000 tons
1974 20,000 tons

Mark 400.

Packaged in 50 kg. bags.?

Selling Price: 38 yuan per
ton

Distribution: 80% for
farmland capital con
struction, 20% urban
conastruction

Anthracite coal, iime-
stone, clay, iron ore

350,000 yuan

1 Crusher grinding mill
1 Verticai shaft kiin?

144 workers
3 shifts

Northern Honan, north of
Hsin-hsiang

Started operation, 1964’

QOutput 1974,
Planned 40,000 tons
Actual 50,000 tons

Qutput 1975,

{(Jan.-May}
40,000 tons

90% shipped in bulk,
90% for farmland capital
construction

Bituminous coke, lime-
stone, clay, iron ore

n.a.

8 grinding mills
6 underground egg kilns
500 workers

(15% women)

Central Kwangtung, west
of Canten

Began construction, 1958
Started operation, 1960

Qutput 1960 7,500 tons

1963 32,000 tons

1968 64,000 tons

1974 103,000 tons

Target 1975 120,000 tons
Actual 1975

{Jan.-June) 58,000 tons

Peari River (possolan}
cement

Mark 400

Packaged in 50 kg. bags

Shipped mostly by boat

Coal, limestone, clay, iron
powder

5 million yuan (cumulative)

3 million yuan provided by
province

2 million yuan provided by
region and county

5 grinding mills

2 vertical shaft kilns

549 waorkers

3 shifts

1. Started with 27 workers and investment of 1,700 yuan. Produced 4 tons a day.
2. Some output shipped in bulk.
3. Plant was in process of constructing a second vertical shaft kiin.
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for producing cement throughout the world.” Furthermore, much of the
equipment itself is provided by the modern sector. The reason for the
adoption of this standard, well-known technology is quite simple. A single
homogeneous product is being produced, and the process of production
consists of two basic steps——the preparation of the fuel in crushers and ball
mills and the burning of the fuel in the kiln. This equipment can be made
in China and is supplied by both large-scale machinery factories in the
modern sector or produced at the local level. For example, we visited a
commune machine shop which was machining and assembling a small ball
mill to be used in a rural, small-scale cement plant the commune was
building.

Moreover, the technology adopted in these rural, small-scaie cement
plants is quite normal for plants producing at this scale. It represents a
very mechanized process of production, and these plants are well equipped
to produce cement by means of this technology. A major feature of this
technology is that the machines do the producing, and labor has little to
do with it; i.e., once filled to capacity, these machines must be operated at
that pace which produces the correct size feed (the bail mills) and obtains
a uniform and thorough burning of the feed (the kiln). The inputs are put
into these machines, and cement comes out at the end of this process. Any
attempt to insert too much or toe little of the input or to operate the machines
too fast or too slow only ruins the final product.

As can be seen in Table 1V-4, the county cement plants we visited varied
greatly in size, when size is measured by output or employment. The smallest
plant had an annual output of 20,000 tons (1974), and the largest an output
of 100,000 .tons. The third plant had an output of 50,000 tons. The quality
of the output, of course, depends on the quality of the inputs used. Because
these plants are utilizing local sources of limestone,.clay, coke, and iron ore
of relatively poor quality, the quality of the cement being produced is not
terribly high (the question of cement quality is discussed further in Chapter

7. The three different types of technology used {(running from small-scale, primitive
{0 large-scale, more modern) in the plants we visited were: (a) ground level kilns, i.e., egg
shaped kilns at Hui County Cement Plant, with an output of 4 tons per day, (b} stationary
vertical shaft kilus, i.e., those at Hui County Cement Plant (1.5x 7.0 m.), with an output
of 3 tons per hour, and those at Nan-hai County Cement Plant (2.5 x 9.1 m.)}, with an cutput
of 6 tons per hour, and (¢) mechanized shaft kilns, i.e., those at Hui County Cement Plant
(2.5 x 10 m.) with an output of 8 fons per hour. These examples, of course, are taken from
the limited number of plants we visited and probably are not illusirative of the typical
differences in productivity between these three types of technology. According to Sigurdson,
commune level cement plants with an intermittent production of 200-5000 tons per year use
small stationary vertical kilns, county level cement plants with an intermittent production of
less than 15,000 tons per year use ground level kilns, region and county level plants with
continuous production of 10,000 to 50,000 tons a year use large stationary vertical shaft kilns,
and national and provincial level cement plants with continuous production of over 150,000
tons a year use mechanized kilns. Sigurdson, ep. cit., p. 424,
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VI1). Nonetheless, we judged the guality of the cement being produced as
quite adequate for most rural water conservancy and farm construction. At
one plant we visited, siag from a local iron and steel plant was being added
to the cement being produced, increasing the volume of the produce by some
30-40% of the volume of final product. Although the addition of some slag
or slag and clinker does reduce the strength of the cement, the reduction
in quality is very slight compared to the increase in volume, with the final
product being adequate for its intended use in rural construction. In the

smallest plant we visited, 90% of the output was shipped in bulk and about
80% of the output went to rural areas, 20% to urban areas. In another
county visited, sorne of the output of the local rural, small-scale cement plant
was used in a nearby rural, small-scale cement products plant to make tele-
phone poles and preformed slabs and bars, which had been formed on
taut-drawn {prestressed) steel rods (although these were really not pulled
very taut in the plant we visited) to increase the tensile strength of the
cement.

Although we were able to obtain financial cost data at only two rural,
small-scale cement plants, that information indicates the capital costs of
the smallest plants was not terribly high (relative to the high return on rural
construction projects), and thus provided for a fairly rapid return of the
county's investment. The capital construction costs were approximately
17.5 yuan per ton of annuai output, and the rate of profit was 8 yuan per
ton.® As a result, for the plant where we were given financial and cost data,
it took a little over two years to turn over the county's investment. This plant,
however, was running at close to full actual capacity with three shifts, and
the lower levels of cutput in previous years indicates a considerable lag

_before full capacity utilization was achieved.®

8. Data from the Tachai Cement Plant. Profit was 21% of selling price and 27% of costs.
The “designed” capacity of this plant was 7000 tons, resulting in an investment cost of 50
yuan per ton of “designed” capacity. An industrial handbook compiled by the Peking
Industrial Construction Planning Bureau, Ministry of Construction and Engineering (1963)
gives the investment cost per ton of “designed” annual production as 37.5 yuan for a cement
plant of 32,000 tons capacity, 19.5 yuan per ton for a plant of 492,000 tons capacity, and
17.6 yuan per ton for a plant of 709,000 tons capacity. See Sigurdson, op. cit., p. 426. A
United Nations study estimates the “minimal fixed investment costs per ton of capacity
appropriate to the developing countries—using an exchange rate of 1.9 yuan per U.S. dollar—
to he: 85.5-95 yuan per ton in plants with a capacity of 50,000 tons, 66.5-76 yuan per ton
with a capacity of 100,000 tons, 57-66.5 yuan per ton with a capacity of 200,000 touns, and
47.5-57 ynan per ton with a capacity of 400,000 tons.” *‘Pre-investment Data for The Cement
Industry,” in Studies in Economics of Industry, prepared by tne Research and Evaluation
Division of the Centre for Industriai Development, Department of Economic and Social Affairs,
United Nations, April, 1963, p. 5 {Sales No. 6311B3).

9. Based on the data for actual and “‘designed’” capacity we were given, it would appear
quite probable that “‘designed” capacity figures are calculated on a per shiff basis or are
simply very biased underestimates of potential outputs,
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The cumulative investment in the largest plant we visited, was approx-
imately 50 yuan per ton of actual annual output, about three times the
investment per actual ton produced in the smallest plant.'® Tt was quite
obvious, however, that the largest plant was much more capital intensive,
i.e., mechanized, than the small plant. Furthermore, the province had pro-
vided over 3 million yuan worth of equipment in the largest plant, so that the
actual investment cost to the county was only 20 yuan per ton of annual
output; about the same investment cost to the county as in the smaller plant.

Given the technology being used in these rural, small-scale cement
plants, which involves a very high capital-labor ratio with almost no possible
substitution of labor for capital, only the material handling part of the
production process and the production of equipment by the plant itself can
be made labor intensive. Qur observations confirmed that this had been
done and that the labor used per ton of ouiput, as a result, was unusually
high for the technology being-uszd. Total employment ranged from about
150 to about S00 in the county-run plants that we visited, with average
productivity (output divided by total staff) ranging from 100 to 182 tons of
cement per worker, per year.'!

Contrary to expectations, the lowest productivity was in the medium-
sized plant. The smallest plant, with a level of output one-fifth that in the
largest plant, had achieved a level of productivity only 25% below that in
the largest plant, which was much more mechanized. In other words, the
medium-sized plant empioyed almost four times the labor employed in the
smallest plant, but obtained only two and one-half times the output; or
employed about the same amount of labor as the biggest plant, but produced
only half the output. The probable explanation for this result is that the
smallest and largest plant appeared to be operating at close to full capacity,
whereas the medium-sized plant was not.

This substitution of labor for capital in material handling, in internal
production of equipment and, where possible, in the production process

10. Because the investment data for this largest plant specifically referred to the cumulative
investment for 1958-1974, the comparisons made in the paragraph do not contradict necessarily
the existence of declining investment costs per ton of ‘“‘designed” capacity as scale increases.
See Note 5.

11. According to the industrial handbook referred to in Note 5, productivity per worker
in cement plants with a “designed” capacity of 32,000 tons per year is 89 tons per worker.
The United Nations study referred to in Notz 5 also estimates the labor requirements per
thousand tons of cement production for new plaats in underdeveloped countries: 1.4-1.7 worker
per thousand tons of output in plants with a capacity of 50,000 tons and 1.1-1.4 for 4 plant
with a capacity of 100,000 tons, *Pre-investment Data for the Cement Industry,” op. cit.. p. 9,
The cbserved values for the Chinese plants we visited ranged from 5.5-10 workers per 1000
tons of output. Data presented in the United Nations study indicates cement plants in India
(1956) required 3.4 workers per 1000 tons of output. The average capacity of the Indian plant
from which this data is obtained, however, undoubtedly was much larger than those in China.
“Pre-investment Data for the Cement Industry,” op. cit., p. b,
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itseif was rational, because labor employed in these rural, small-scale cement
plants is very productive compared to its alternative uses in the rural areas.
On the average, workers on county-run industries are paid approximately
45 yuan a month, and in the largest cement plant we visited, the average
wage was 57 ynan. In the plants we visited, therefore, wages would account
for less than 15% of the cost of the output per worker; a little high but quite
comparable to the cost structure of cement production in other countries.
Furthermore, the profit per worker in the smallest plant we visited was more
than double the average wage. These money costs, of course, do not reflect
real costs, but there should be little doubt that these money costs (i.e., the
wage) were greater than the real costs (the shadow price) of [abor in the rural
sector. Furthermore, the money price of output in the cement industry
understates its real value (shadow price) in agriculture as evidenced by the
fact that demand for cement generally appeared to exceed the available
supply. Thus, the real net benefits of these plants exceeded profits by an
unknown but substantial margin.

The shadow wage of workers is below the money wage in the cement
industry, of course, because the alternative for most workers is lower-
productivity employment in agriculture. Workers employed in the riral,
small-scale industries come from the pool of regular agricultural workers,
and the method of selection is designed to obtain them from units with
surplus labor and units that are willing to give them up. Communes and
brigades in a county are advised of the industry’s needs by the county’s labor
bureau, after which they nominate candidates for the jobs available. Thus,
the reduction in the brigade work force may not have much of an impact
cn their output, and it does reduce the numbers who have a claim on that
outiput.

In any event, although somewhat labor-intensive—given the technology
utilized—total employment in these county-run, small-scale cement plants
was very small compared with the total labor force of the average county.
Furthermore, the Chinese explicitly stated they are attempting to increase
the degree of mechanization in the rural, small-scale cement plants we
visited so as to increase labor productivity, the latter being viewed as the
best means for increasing output rather than relying on increases in the level
of employment.

Although there is, in general, a rational basis for the creation of a
small-scale cement indusiry in China, there are ceriain specific aspects of
this sector which may not be considered as efficient. For example, we have
aiready stated these plants utilize a widely-known and used technology for
producing cement, it is an appropriate technology for the scale of production
in these plants, and they are relatively well equipped to produce with this
technology. Nonetheless, given their ability to produce rotary horizontal
kilns, the continued use of the stationary vertical shaft kiln represents a
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serious potential source of inefficiency for the future. This technology has
no economies of scale beyond a rather low level of output, and quality control
is poor, even when these kilns are operated well. This is why they were
replaced by the rotary horizontal kiln in the United States, almost 50 years
ago.

A more serious problem in these rural, small-scale cement plants would
appear to be in the area of X-efficiency; the problem of operating these
plants at full capacity. Two of the three plants we visited were undoubtedly
operating at or close to full capacity. The record of their levels of output in
previous years, however, indicates the existence of a significant “learning
curve” with about a five-year lag in acquiring this degree of X-efficiency,
the greatest gains occurring near the end of that five-year period. In the
largest cement plant visited, we were told that the output per kiln per hour
had been increased by about 25%, and the coal consumption per ton of
clinker produced had been reduced 333 % in the five-year period, 1964-69;
the output per kiln per hour doubling in the five years after 1969. Further-
more, this plant also had one ball mill which was still operating at less than
60% of capacity, perhaps due to the grinding media being used. This time
lag in achieving full capacity output, of course, can be expected when
developing new small-scale industries in the countryside. The medium-size
cement plant we visited had just been renovated in 1974, and this probably
explains why it produced only half the output of the larger plant even though
both plants had approximately the same size labor force.

If these plants can solve these preblems of X-efficiency through
“learning by doing” in the short run as the two plants we visited apparently
had been able to do—at least to the point where they were operating close
to full capacity—the problem of long-run efficiency would appear to be
merely a matter of the continuous duplication of existing plants. The size
of these plants would remain small relative to say those in the United States,
because the size of the area in which their ouiput is used is limited by
relatively high transport costs for such a bulky and heavy product.

Surprisingly, duplication of this sort does not appear to be the Chinese
objective. The people in the cement plants we visited made it very clear to
us that they viewed their objective as increasing the productivity of labor
and the scale of output in their plant by continuous mechanization, which
was being accomplished by adding new equipment or improving old equip-
ment, and we were shown many examples where this had in fact been done.

This objective makes clear why these small cement plants had a large
labor force for their level of cement production. A significant share of that
labor force was not producing cement, but was producing equipment to
further mechanize the cement-making process. Unable to completely equip
these plants from the modern large-scale sector, these plants instead were
provided with a good stock of all-purpose machine tools and allocated a
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significant share of the total labor force they employed to produce the
additional equipment they needed “through their own efforts.” The com-
monly repeated phrase, “‘we built it ourselves,” did not usually refer to the
crushers and ball mills, the most essential pieces of mechanized equipment
in the production of cement in these rural, small-scale cement plants, but
to the large number ana steadily growing pieces of “ancillary” equipment
designed to increase the capital intensity and output capacity of these plants.
This feature of China’s rural, small-scale cement industry provides it with
a very large potential for increasing dynamic efficiency, i.e., increasing levels
of output over time from the existing capital stock and labor force now
employed in these plants.

RURAL, SMALL-SCALE CHEMICAL FERTILIZER PLANTS

The thinking underlying China’s massive expansion of rural, small-scale
fertilizer plants was laid out for us in a series of lectures and briefings in
Peking. We were told that China’s economic planning takes agriculture as
the foundation and aims at developing the economy primarily with domestic
resources. In practice, self-sufficiency in grain is an important national
objective. As one of our hosts put it, without self-sufficiency in grain, China’s
political independence is not guaranteed. Similar thinking leads the Chinese
to adopt provincial and local self-sufficiency in grain supply as major
economic goals.

Chemical fertilizer appears to be an important example of our hosts’
observation that China is not yet able to equip large numbers of modern,
large-scale plants. Big plants form the backbone of the industry, but we were
told that they cannot meet China’s total fertilizer requirements. This leaves
China to choose among two aliernatives: allowing fertilizer production to
be limited to existing iarge plants and waiting to expand ouwiput until
additional large plants can be built or imported, or embarking on a major
program of building small and medium-sized fertilizer plants.

The latter alternative, which our hosts described as ‘“‘fighting with
available weapons,” has been adopted. Since 1965, an average of over 100
new fertilizer piants has been established annually, compared with only
10 plants per year during 1958-64. There are now 1100 small nitrogenous
fertilizer plants; all provinces and about half of China’s roughly 2100
counties produce chemical fertilizers.

Small and medium plants now account for over 50% of China’s oufput
of nitrogenous fertilizers. Since the share of small plants in total fertilizer
output was only 12% in 1965, it is evident that these enterprises have made
a major contribution to the 330% rise in fertilizer output reported by Chou
En-lai for the years 1964-74.' With grain yield expected to rise by thiee

12. 12% figure from SCMP 4812 (1971), p. 77. Fertilizer figure from Peking Review 4
(1975}, p. 22.




ECONOMIES OF RURAL SMALL-SCALE INDUSTRY 95

and possibly more kilograms per kilogram of added fertilizer application,
small fertilizer plants also have made important contributions to the 25%
increase in grain output recorded during the same period."

THE PLANTS

Basic data for the three chemical fertilizer plants visited by our group
are summarized in Table 1V-5. These plants appear to represent the larger,
more modern portion of China's small fertilizer industry. All three are
substantially larger than the “typical’” unit mentioned in Peking, which cost
2.5 million vuan to construct and produces 3000 tons of ammonia per year.
The Hui county plant was one of 17 fertilizer producers in that county, but
accounted for at least one-eighth of the 69,000 tons, which the county turned
out in 1973 (more if the 69,000 tons referred to fertilizer rather than
ammonia production).

These plants seem to be built according to standard designs originating
at the national level (this was definitely the case at the Hsi-yang plant). The
organization, pace, and timing of the production process seems almost
entirely determined by the chemical requirements of the product. We were
told that capital requirements per ton of product are similar for large and
small plants. Capital-labor ratios are high. The figures shown for two
enterprises in Tavle IV-5 are higher than national averages for large-scale
chemical plants during the mid-1950s.%¢

Substitution of labor for capital seems to be confined to construction
rather than operation of the plants. Both the Lin and Hui County plants had
lowered building costs by mobilizing local labor to provide granite, brick,
lime, cement, eic. from local materials to replace stainless steel, reinforced
concrete, and other industrial products.

Once the plant begins to operate, however, there appears to be little
opportunity to substitute labor for machinery. Bagging is performed man-
ually in some plants, but as this exposes the workers to fumes and dust,
automatic bagging will be introduced in the near future. Lump, brown,
powdered, and sulpherous coal, inferior local materials which have reported-
ly been successfully introduced as substitutes for anthracite and bituminous
coal at many small plants, were not used at any of the three plants.

Even though the plants are relatively small in terms of production
capacity, their technology is far from simple, and equipment requirements

13. Li Ch'eng-jui stated that 1 ton of fertilizers can add 3 tons to grain output. T'ang
Chung-nan, 2 fertilizer specialist from the Ministry of Petrochemical Industries stated that
although the yield response to ammonia bicarbonate (a leading product of small fertilizer
plants) at various levels of application is a complex subject, each additional kilogram of this
product, if properly applied, could raise grain yield by 3-5 kg. in north China.

14, Average capital per production worker in state and joint state-private chemical plans
was 11,114 yuan in 1955 (Nai-ruenn Chen, Chinese Economic Statistics (Chicago, 1967), p.
260 from JMJP 7/5/57.




Table 1V-5
FERTILIZER PLANT DATA

Hsi-yang Cournty
Chemical Fertilizer
Factory

Lin County

Chemical Fertilizer Factory
Unit 1 Unit 2

Hui County

Chemical Fertifizer

Factory

Construction began

Production began
Source of main
equipment

Construction cost
(yuan)

Construction cost per
annual ton

Employment

Average wage
(yuan/month)

1974 gross output
{yuan)

Designed capacity
(synthetic ammonia)

Recent ocutput

April 1967

December 1968
Shanghai

7.5 million
375 yuan®

450
40+

2.7 million

5,000 1.

10,000 t.

ammonia converted

{0 20,000 t.
ammonium nitrate

Winter 1968 July 1973
Construction
took twice as

lang as for
Unit 2
January 19748
Honan Shanghai
2.8 million 3.2 million
(50-80% for machinery)
150 yuan©
520
50
No data

3,000 t. 3,000t

1974 plan 4,000 1.

actual 7,000 t.

1975 plan
strive for 10,000 t.

converted

Y o 1~ VAR P S S

80% toammonijum bicarb.
20% to ammonium liquor

1869

Seplember 1970

No data; ptant built
accessories and
replacement

No data

No data

536

No data

No data

5,000 t.

1970

1971
1872
1973
1674

1975

reached design
capacity

6,600 t.

8,048 1.

§,2821t.
10,5101

6,979
{Jan.-May}



Source of finance No data Local Loan from local bank
in which peasants
have deposits

Main raw material Locai anthracite L.ocal coal, anthracite and Local anthracite
bituminous
Fixed capitald 16,667 11,538 No data
per worker (yuan)
Gross output vaiue 6,000
per worker (yuan}

3Construction was completed in seven months.
bBased on 20,000 tons of ammonium nitrate.
CBased on 40,000 tons of ammonia bicarbonate,
9Fixed capital assumed equal to construction cost.

EXPLANATORY NOTE:
The Lin County plant consisted of two separate production units. Gonstruction cost per annual ton, Employment,
Average wage, Designed capacity, Recent output, and Fixed capital are for both units combined.




98 ECONOMIES OF RURAL SMALL-SCALE INDUSTRY

are far beyond the capacity of most local producers. At least two of the four
plants in the three units visited received their basic equipment from Shang-
hai, as is the case with hundreus of other fertilizer plants. Given the emphasis
on self-reliance, this considerable dependence on far-away Shanghai sup-
pliers suggests that production of equipment even for small fertilizer plants
is highly complex and perhaps subject to important scale economies.**

The impression of technological complexity was reinforced by our tour
of the Hsin-hsiang Region Chemical Equipment and Accessory Plant, which
employs 330 workers and manufactures compressors and other accessories
for small fertilizer plants. Relative to its size, this enterprise owned far more
imported machinery, including several large, new and very sophisticated
items, than any other plant we visited. The necessity of deploying machinery
from Korea, Japan, Italy, and the Soviet Union as well as equipment from
several of China's leading producers (Peking, Tientsin, Wu-han, Ch'ang-
chun, Kwei-lin) to produce spare parts for small and medium fertilizer
plants emphasizes the significance of our hosts’ remarks concerning China’s
inability to equip large numbers of big plants, and also may explain China’s
decision to purchase large quantities of American and Japanese fertilizer
equipment.

All of the plants report current production well above designated
capacity, and the officials at the Lin and Hui county plants reported large
reductions in unit consumption of power, raw materials and/or fuel. This
suggests that engineering and management techniques in this industry are
in a state of flux, with strong efforts being made to raise productivity and
reduce costs. Innovations and suggestions are spread by means of a com-
municaiion network in which ail three plants were closely involved.

Representatives of the Hsi-vang plant regularly attend such meetings
at the provincial and national level. One technician at the Lin County plant
had studied for five months in Shanghai. Outside technicians are invited to
teach local workers, and workers are sometimes sent outside to study. The
Hui County plant has extended technical assistance to many other units:
engraved banners and mirrors sent by other plants as tokens of appreciation
and displayed in the plant’s meeting room came from Peking, Tientsin,
Yunnan, Anhwei, Shantung, Shansi, Chekiang, and Shensi as well as other
counties in Honan province.

EFFICIENCY
Tabie 1V-6 presents information on costs and prices of fertilizers
produced during 1956-57 by large plants together with information collected

15, Between 1970 and 1972, a group of over 400 Shanghai factories supplied 300 sets of
equipment for synthetic ammeonia plants throughout China (FBIS, August 24, 1973, p. C7).
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Table IV-6

FERTILIZER COSTS AND PRICES
(YUAN PER TON)

Large Plants 1956-57  Small Plants 1975

Ammonium nitrate

production cost 125 200
{625) {(1000)
Price to producer — 260-265
{1300-1325)
Purchase price to user 310-316 300
(1550~ 1580) {1500}
Producer profit per ton - 60-65 yuan
product
Annual rate of return to - 16-17.3%
construction cost
Ammonia bicarbonate
production cost{ - 130
(763.18)
Price to producer — 180
(1058.52)
Producer profit per ton — 50
product
Annual rate of return to — 33%

construction cost

Sources: 1956-57 data from Jung-chao Liu, China's Fertilizer Economy
{Chicago, 1971), pp. 32, B9, 1975 data for ammonium nitrate are from the
Hsi-yang County plant; for ammania bicarbonate are from the Lin County
plant (as analyzed in Chapter VIi of this report).

Note: Figures in parentheses are yuan per ton of ritrogen content.

— = data not available or large plants of this type (ammonia bicarbonate}
do not exist.

during our trip. These data show that the Hsi-yang County Plant, which
we visited, is able to supply nitrogenous fertilizers to farmers at prices lower
than those charges for the products of large fertilizer plants 20 years ago.

These figures demenstrate the potential economic contribution of small-
scale fertilizer production in China today. Fertilizer remains in short supply.
Sale of extra fertilizer as a form of reward to units which satisfy state
requirements for grain production (reported at Lin County’s Ta-ts’ai-yuan
Brigade) shows that as in the past, farming units would be willing to
purchase and apply more fertilizer than can presently be supplied. Under
such conditions of excess demand, any fertilizer which can be manufactured
and delivered to farming units at a cost substantially below the current
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farm-gate price, undoubtedly makes a positive contribution to the agricul-
tural economy as well as to accumulation and technical training.

This condition appears to be met by both the Hsi-yang and Lin County
plants (lack of data make it impossible to judge the Hui County operation).
Both plants earn a substantial return on fixed investment. The Hsi-yang
plant turns out ammonium nitrate at two-thirds the price paid by local
consumers {Tachai Brigade pays 0.15 yuan per catty or 0.15 x 2000 = 300
yuan/ton for locally manufactured ammonium nitrate), and the current
price is marginally lower than in 1956-57.

These results show that even if, as we were told, production costs are
higher at small plants than ai large ones, and despite the continued existence
of technical problems, small fertilizer plants of the sort which we encountered
make a definite positive contribution to China’s economy. This conclusion is
certainly valid for any plants which manufacture useful fertilizer for less
than the present retail price of 1500 yuan per ton of nitrogen equivalent
(reported at Tachai Brigade, see Table 1V-6). Even if costs exceed this level,

Supply of fertilizer

PRICE OF FERTILIZER

Current price

ZEN

Demand for fertilizer

QUANTITY OF FERTILIZER
Ficure IV-4, Supply and demand for fertilizer.
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production is justifiable if costs can be held below the market-clearing price
level (labeled P, in Figure 1V-4). Although this price, one sufficiently high
to eliminate unsatisfied demand (amounting to AB at current prices) for
available fertilizer supplies (which are only slightly affected by price
changes), is not known, it is certainly higher than the present prices, which
reflect the government’s vigorous efforts to improve agriculture’s terms of
trade with the urban and industrial sectors of China’s economy.

IRON AND STEEL INDUSTRY

China produces 25-30 million tons of steel annually. corresponding
to Japanese output levels of the early 1960s. Steel and steel products are
manufactured by a wide range of enterprises ranging in size from multi-
million ton integrated operations at An-shan, Wu-han, and Pao-t'ou, to
rural plants which turn out several hundred tons of products annually.

The rationale for simuitaneous existence of large, medium, and small
producers—a phenomenon which has been noted in the leading nations'*—is
not difficult to understand. The output of large steel producers, which is
limited by China’s capacity to manufacture or import large blast furnaces,
rolling mills, and to develop large-scale sources of iron ore and other raw
materials, is mainly absorbed by the production and construction activities
of urban industry.

Rural areas are urged ito expand agricultural mechanization and
construction, but the steel needed for these tasks may not be easy to obtain.
If provinces and localities can develop their own steel-making facilities and
supply part of their steel requirements at reasonable cost, the whole economy
will gain. Rural areas will benefit from expanded steel supplies, and the
larger steel-makers will be better able to devote their energies to improve-
ments in assortment and product quality urgently needed by technically
sophisticated segments of the machinery and other industries. Small plants
can provide other advantages as well, including opportunities to exploit local
resource deposits, relaxation of pressure on overburdened long-distance
transport facilitics, and labor training.

Chinese economists used these arguments to support proposals for
expanding small-scale rural ironworks in 1957, This pelicy was implemented
in 1958, and soon developed into a massive national campaign o build
“backyard” iron and steel plants. Most of these very small projects were
uneconomic and most were closed down during the early 1960s. The policy
of developing rural, small-scaleiron and steel production facilities was given
renewed emphasis in the 1960s, and local metallurgy is again expanding.

i6. A Cockerill, The Steel Industry: International Comparisons of Industrial Structure
and Performance (Cambridge, 1974), Chapter 6.
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Mr. Ch'ieh K'o-ming of the Ministry of Metailurgy informed us that state
economic plans now include the output of small piants, mainly run by
counties and districts, producing from a few hundred to 30,000 tons
annually, mainly for local use. Today's small units are mere mechanized
and better able to carry out good quality metallurgy than the 1958 generation
of enterprises. Cold-air blasts have been replaced with hot blasts of up to
900°C.; mechanized crushing of ore and coke is now common; casting
machines have replaced hand operations, and furnace bodies are made of
steel rather than brick.

THE PLANTS?

Economic data for the three steel plants which we visited appear in
Table IV-7. Comparison of these enterprises, particularly the Shou-tu and
Wu-hsi plants—both of which manufacture stee! ingots and rolled pro-
ducts—illustrates the widely varying technical conditions existing within
China’s steel industry.

There are enormous differences between labor productivity at the large
Shou-tu plant and the smaller plants, which are severely understated by the
figures in Lines 7C, 8A, and 8B of Table 1V-7, since the rate of value added
is much higher for a fully integrated plant like Capital than for one which
melts scrap and rolls semi-processed shapes (Wu-hsi), or which shapes
pre-rolled sections (Shanghai). A computation based on value added rather
than gross value would substantially increase the productivity advantage of
the Shou-tu steelworks.

Another indication of major interplant variation in technology can be
seen from the nature of the labor force at the Capital and Wu-hsi plants (this
topic was not discussed at the Shanghai plant). At Capital (a national plant),
great stress was piaced on extensive and lengthy on-the-job training, Workers
were mostly junior high school graduates (some have spent a few years in
rural villages after graduation), who must serve a three-year apprenticeship
before becoming regular workers. In Wu-hsi (a county plant), on the other
hand, our hosts emphasized the ease with which newcomers mastered their
work. Most workers are army veterans, ex-peasants, or returned educated
youth (i.e., those who have spent time working in rurzl areas), and they enter

17. The three plants in the iron and steel industry we visited included the Capital Iron
and Steef Works in Peking (a national plant), Wu-hsi County Iron and Steel Works (a county
plant which produced steel rods), and the Shanghai Shaped Steel Tubing Plant (a municipal
plant). Only one of these plants is classified as a rural, smail-scale industry, and that plant
did not produce pig iron. Thus, the plants we visited in the iron and steel industry do not
allow for a valid assessment of rural, small-scale iron and steel plants in China.

Using the information gathered during our visit, however, the remaining discussion in
this section of the Chapter is a comparative analysis of the three particular plants we visited
which does yield some useful tentative conclusions concerning the economics of the iron and
steel sector as a whole in China today.
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Table V-7
IRON AND STEEL PLANT DATA

Capital iron
and Steel Wu-hsi Shanghai

1. Employment 20,0002 805 814
2. Physical output (tons)

A. Pigiron sufficient for 0 0

its ingot output

B. Ingot 1,000,000 110,000 0

C. Roiled products 1,000,000 10,000 9,000
3. Average price of rolied products

{yuanfion) perhaps 600 approx. 500 1,167
4. Gross output (sales) value

in 1974 yuan 500,000,000° 9,000,000 15,000,000
5. Average monthily wage (yuan) 60 47 60
6. Wage bill (yuan) 14,400,000 454,020 586,080
7. Labor costs

a. Wage billigross output 029 .05 .039

b. Wage bilifproduction expenses .048¢ — —_

c. Wage costiton of rolled

product {yuan) 14.4 45.4 65.12

8. Productivity

a. @Gross cutput/man-year (yuan) 25,000 11,180 18,427

b. Tons of rolled products!

marn-year 50 124 11.0

9. Net prolitrate 30-50% e -

2Excludes another 20,000 in mining and construction.
bBased on products sold outside the enterprise.
®Based on profit equal to 40% of gross output value.

EXPLANATORY NOTE:

As mentioned in Note 17 to Chapter IV, it is important to note the Capital ptant is a
nationazi plant, the Wu-hsi plant is a county plant, and the Shanghai is a municipai plant.

productive work as soon as they arrive at the plant. With the help of fraternal
plants and old workers, they learn the technology in a short period, and
many have become capable managers and technicians. There are only about

40-50 apprentices (5% oi the work force).

One element of uniformity among all three plants was the small share
of labor costs in the overall cost structure of this industry. Even if wages are
related to production expenses (Line 7B), rather than to output value (which
includes profits), the share of wages is very low by international standards.'®

18. Dara for 1963-1964 show that wages and salaries accounted for the following
percentages of gross output value in the steel industry: EEC countries, 17.7%; U.K., 18.5%;

U.S.A., 21.8%; Japan, 13.6% (Cockerill, p. 28).
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Inflating wage costs to allcw for fringe benefits and amortization on factory-
supplied housing would 1 alter this observation.

This suggests that in this industry at least, Chinese managers can gain
relatively little cost reduction from exploring possible means of reducing
the number of workers. The cost of possible excess labor is low in relation
to total expenses and must be balanced against the training and experience
gained by (possibly) nonproductive workers. This is particularly clear in
the case of the Wu-hsi plant in which the outlay on electricity in the melt
shop alone (70 yuan per ton of ingot times 10,000 tons or 700,000 yuan)
exceeds the plant’s entire wage bill by 54%!

Under these circumstances, it is not surprising to find that some
ancillary operations at Capital were carried out with labor-intensive methods.
This was especially evident in the transport sector. Within the plant com-
pound, which covers an area cf five square kilometers, we observed a wide
variety of transport techniques ranging from hand-, animal-, and bicycle-

rawn carts to railways, fork-lift trucks, large and small motor vehicles,
and power shovels.

A high degree of labor intensity also is evident in some aspects of the
Wu-hsi plant’s operations. There seemed to be about 16 attendants at the
eiectric furnace, perhaps as many as were operating the vastly farger 1200
cubic meter blast furnace, which we inspected at Capital. There also were
areas of considerable mechanization at Wu-hsi. The melting furnace was
charged with an overhead crane manufactured on the spot, and in the rolling
mill. rods were cut, moved to and from the rolling machine and stacked
mechanically. We did not ask whether these improvements were undertaken
primarily to improve product quality, to reduce heavy labor, to conserve
agricultural manpower, or for other reasons.

As with chemical fertiiizer, there appears to be an extensive network
of communication within the steel industry, which encourages exchange of
technical data and suggestions. Some workers at Wu-hsi hard been sent
elsewhere for technical training. The Shanghai plant seemed especially active
in this field, reporting that its personnel made frequent tours to other plants
in and outside Shanghai, mainly to study customer requirements.

Efficiency

Each of the three plants makes a substantial positive contribution to
the economy. The function of the large Capital plant is twofold: production
of a large volume of basic industrial materials, plus its contribution to
accumulation and hence increased investment. On the basis of our rather
sketchy observations, the firm’s technical level appears adequate by inter-
national standards. The biast furnaces now use enly 500 kg. of coke per ton
of pig iron, a substantial improvement over 1958 figures of 690-750 kg.,
which foreign observers praised as ‘“‘excellent performance,” approaching
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“the best Soviet practice of the time.”'® Although problems in the soaking
pits resulted in down time of 35% in the rolling mill, such difficulties are not
uncommon in other countries. Our overall impression was of well-organized,
business-like productive activity throughout the compound.

The Shanghai Steel Tubing Plant—a municipal plant—represents the
iype of small job shop which is needed to provide flexibility in any economy.*
The plant appears to specialize in producing small batches of products,
which would be difficult for a large, specialized mill to duplicate unless it
could produce long output runs, in which case limited demand, transport
costs, and communication problems might partially or totally offset possible
economies of scale.

The Shanghai plant provides an example of the stimufus to China’s
innovative capabilities resulting from the withdrawai of Soviet technical
assistance in 1960, and shows how defense-linked innova‘ions can spill over
into the civilian sector, Production of import substitutes has been a chal-
lenging task for this rather poorly-equipped enterprise: flexible bellows-
shaped tubes were trial-produced only after 5% months of experimentation,
corrugated fin-tubes only after 30 unsuccessful attempts, and ridged cylin-
drical tubes required 180 experiments before a single sample was turned out.

Successful completion of this sequence of innovative tasks has feft this
unit with a regular system of product development, which will serve as a
valuable asset in the future. Workers and managers understand that manu-
facture of new products requires time and effort, and often involves costly
delays and initial failure. Workers have learned to scour local libraries for
useful technical information for domestic and foreign publications. Mass
campaigns and worker suggestions play an important role in the innovative
process; at the same time, there are two or three members of the plant’s
revolutionary committee who are responsible for product development.

The Wu-hsi plant—a county piant, i.e., the only rural, smaii-scale iron
and steel plant in our sample—had been converted from manufacturing
tools into steel production in response to rising local demand—providing
steel for local uses, which are not sufficiently urgent to receive close attention
from planning authorities at the national or provincial level. Despite its
present inability to carry out rough rolling on its 250 mm. rolling mill and
the obviously wasteful cross-hauling and reheating operations resulting from
this shortcoming, which will be eliminated when a new 500 mm. rolling mill
is completed, the Wu-hsi plant appears able to supply local users with steel
products at a price no higher than that charged for products of the Capital

19. M. Garduer Clark, The Development of China'’s Steel Industry and Soviet Technical
Aid (Ithaca, 1973}, p. 18.

20. Cockerill, p. 110, notes the continued existence of “smali units (frequently using
efectric arc furnaces) serving specialist or localized markets” in each of the advanced industrial
states covered by his study.

S —_—— e
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“‘the best Soviet practice of the time.”*® Although problems in the soaking
pits resulted in down time of 35% in the rolling mill, such difficulties are not
uncommon in other countries. Qur overall impression was of well-organized,
business-like productive activity throughout the compound.

The Shanghai Steel Tubing Plant—a municipal plant—represents the
ivpe of small job shop which is needed io provide fiexibility in any economy.*®
The plant appears to specialize in producing small batches of products,
which would be difficuit for a large, specialized mill to duplicate unless it
could produce long output runs, in which case limited demand, transport
costs, and communication problems might partially or totally ofiset possible
economies of scale.

The Shanghai plant provides an example of the stimulus to China’s
innovative capabilities resulting from the withdrawai of Soviet technical
assistance in 1960, and shows how defense-linked innova:ions can spill over
into the civilian sector. Production of import substitutes has been a chal-
tenging task for this rather poorly-equipped enterprise: flexible bellows-
shaped tubes were trial-produced only after 5%2 months of experimentation,
corrugated fin-tubes only after 30 unsuccessful attempts, and ridged cylin-
drical tubes required 180 experiments before a single sample was turned out.

Successful completion of this sequence of innovative tasks has left this
unit with a regular system of product development, which will serve as a
valuable asset in the future. Workers and managers understand that manu-
facture of new products requires time and effort, and often involves costly
delays and initial failure. Workers have learned to scour local libraries for
useful technical information for domestic and foreign publications. Mass
campaigns and worker suggestions play an important role in the innovative
process; at the same time, there are two or three members of the plant’s
revolutionary committee who are responsible for product development.

The Wu-hsi plant—a county plant, i.e., the only rural, smali-scale iron
and steel plant in our sample—had been converted from manufacturing
tools into steel production in response to rising local demand—providing
steel for local uses, which are not sufficiently urgent to receive close attention
from planning authorities at the national or provincial level. Despite its
present inability to carry out rough rolling on its 250 mm. rolling mill and
the obviously wasteful cross-hauling and reheating operations resulting from
this shortcoming, which will be eliminated when a new 500 mm. rolling mill
is completed, the Wu-hsi plant appears able to supply local users with steel
products at a price no higher than that charged for products of the Capital

19. M. Garduer Clark, The Development of China’s Steel Industry and Soviet Technical
Add (lthaca, 1973}, p. 18.

20. Cockerill, p. 110, notes the continned existence of “small units {frequently using
electric arc furnaces) serving specialist or localized markets' in each of the advanced industrial
states covered by his study.
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Works. As in the case of small fertilizer plants, the finding that small steel
producers can manufacture useful products at costs apparently below price
levels of the 1950s makes it difficult to doubt the economic rationslity of
building such plants.?!

Not all counties in China, however, may be able to develop steel plants.
Even though Wu-hsi County is blessed with a considerable agricultural
surpius and a variety of machinery plants, initial cooperation from the more
advanced industries of Wu-hsi City has been essential to getting the county
steelworks on its feet.

Plants of this sort may disappear from Chira's economic landscape
in the long run. Areas itke Wu-hsi may be served by large steel-makers in
nearby Shanghai. Aiternatively, existing small plants may be merged into
farger units, just as handicrait shops have develeped into factories in the
Dast.

For the time being, however, small plants like the one at Wu-hsi can
help to develop the economy. Construction and transport needs de not seem
to strain focal facilities, nor does output (11.1 kg. per capita in Wu-hsi
County) appear large in relation to the national average of about 30 kg. per
capita. Except for electricity and part of the equipment, the resources con-
sumed at the Wu-hsi plant: local scrap, labor, coal and auxiliary materials,
are of negligible value to higher levels. At Wu-hsi, as long as the value of the
products exceeds the opportunity cost of labor, power and fuel to the local
economy {and this seems difficult to doubt). the impact on the local economy
will be positive even without considering the educaiional and political
benefits involved.

These benefits are not small. Operating even a smcll plant in a con-
tinuous-flow industry poses problems of scheduling, quality control, resource
mobilization eic., whose full or partial solution facilitates the development
of similar competenice in other sectors. In the political sphere, small-scale
development allows Wu-hsi to fulfili its ambition of local industrialization
(abolishing the former situation of an *‘iron-less county’’) without requiring
the center and province to either raise taxes or reduce their own investment
activities.

Furthermore, the contribution of the steel plant to the development
of machine manufacture and construction, and through them to agriculture
and other industries reinforces the “don’t wait for massive outside support”
philosophy exponded by both our Peking hosts and factory informants.
(In fact, outsidz support is probably least likely to come to those who show
no inclination for self-help.)

21. Published scurces indicate that the average price of steel products was about 1000
vuan/ton during the mid-1950s.

L
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RURAL, SMALL-SCALE HYDROELECTRIC POWER STATIONS

Rural, small-scale, hydroelectric power stations iffer in many respects
from the other kinds of rural, small-scale industries analyzed above; dif-
ferences as to the determination of what is a rural, small-scale industry,
source of financing, the extent of higher-level contrel over their operation,
and distribution of output. Only in this sector were we given a size definition
for determining whether a particular station was considered small-scale or
not, t.e.. it did not depend on who “owned” and “‘operated” the station.
Small-scaie hydroelectric power stations are those stations with a generating
capacity of less than 6000 kw.*

‘The probable reason for the special status of rural, small-scale hydro-
electric power stations among the rural, small-scale industries is the restric-
tion of their location fo specific areas in China, i.e., where the volume and
rate of flow of water is sufficient to pay for the investment required, and the
need for the state to harness and control all these potential sources to meet
the tremendous needs for electricity in the rural areas, regardless of the local
units’ ability to finance these projects. Thus, although included among those
projects in the rural areas which relied on local financing and control before
the Cultural Revoluticn, the results of this effort undoubtediy proved to be
very inefficient and unsuccessful and did not go very far in meeting the local
demands for electricity. These pre-Cultural Revolution, small-scale, hydro-
electric power stations often relied on the seasonal flow of water, and their
average generating capacity was less than 100 kw.**

With the completion of many rural, large water conservation projects,
and the rapid increase in the demand for electric power due to the spread of
rural, small-scaie industries in these rural areas, a much more rational
approach to the utilization of the available water power for generation of
eleciricity was adopred. During the Culturai Revolution more local, small-
scale, hydroelectric power stations were constructed than had been built in
the previous ien years. To facilitate this rapid increase, there was a much
larger participation of the state in financing and equipping these rural,
small-scale hydroelectric power stations than was true of the other rural,
small-scale industries. In other words, because of the urgent, nationwide
need and limited locat ability to develop this sector where such development

22. Although defined as hydroelcciric power stations of less than 6000 kw. capacity,
stations this small cbviously also were run, like other rural, sma''-scale industries, by counties,
communes. and brigades. At the time of our visit, we were told there were 50,000 rural,
small-scale hydroelectric power stations in China, an eightfeld increase over the number in 1965.

23. Another important change since the Cultural Revolution is in the use of the electricity
generated by these rural, small-scale hydroelectric powser siations from providing rural house-
holds and sideline activities with electric power to pro.iding the needs of the rurai, small-scale
industries.
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was possible so as to meet these needs (i.e.. not necessarily those of the local
area), much less emphasis was placed on the need for local financing aud
production of the necessary equipment. Nonetheless, we were told that
although the state originally had to supply these stations with their equip-
ment—i.e., the generators, the necessary controls, and contro! panels—some
provinces, districts, and counties are now able to produce their own equip-
ment. In the same vein, we were teld that self-financing by the counties and
communes themselves was increasing.

This difference in the state’s role in the financing and provision of
equipment for these rural, small-scale, Lvdroelectric power stations also is
reflected in the control over their operation and distribution of output.
Recause they are usually an integral part of the country’s water conservation
projects, drainage and irrigation management, and river navigation, these
rural, smali-scale, hydroelectric power stations are directly under a higher
level bureau. which controls the varic'is uses of water in the local area.
Furthermore, these stations are integra.2d with the state's electric power
network, being paid a “processing” fee for the power they generate. In other
words, these rural, small-scale, hydroelectric stations supplement the electric
power available in the state’s electric power network and earn income for
the local urit which operates these stations. They do not, however, supply
electric power directly io users in that same unit. We were told the local unit
had to obtain and pay for its supply of electric power from the state’s electric
power network just like any other user. Those local units that operate rural,
small-scale hydroelectric power stations, of course, may well have a greater
bargaining power in obtaining electric power for their own use than those
units which do not supply electric power to the state network.

Although hydroelectric power is estimated to account for lcss than 1%
of China’s energy supply,?* with the rapid expansion of rural, small-scale
industries and the mechanization of agriculture, the contribution of these
rural, small-scaie, hydroelectric power stations can be significant in specific
areas. For example, in Lin County these power stations supplied 50% of the
total consumption of electricity in the county, whereas in Hsun-te County,
a single county-run, hydroelectric power station alone supplies more than
50% of that county’s needs.

Because we did not have a technical expert on hydroelectric power in
our delegation, it is difficult for us to reach any conclusion concerning the
efficiency of these rural, small-scale, hydroelectric power stations, but a
brief summary of the information obtained from the four stations we visited
is presented below.

The largest hydroelectric power station we visited was a multipurpose

24. People's Republic of China: Hundbook of Economic Indicarors. op. cit., p. 15,
Although less than 1% of China's total energy supply. hydroelectric power accounts for about
one-fifth of China's praoduction of efectricity.
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dam on a tributary of the Hsi River in Hsun-te County to the southwest of
Canton. Built and operated by the county, and somewhat of an engineering
curiosity. this dam was constructed in stages in 1971-74 at the entrance to
the tributary, so as to control and utilize both the seasonal differences in
water level and the 1.4 meter tidal differences on the main river. This dam
makes the tributary navigable for S00-600 ton vessels, cutting the distance
between Canton and Wu-chou by 21 kilometers; reduces the water level in
the surrounding valley by 0.3 meters and eliminates waterlogging cn 250,( . ¢
mu of land; and generates 12 million kwh. of electricity a year with

22 generators. These generators have a total capacity of 5000 kw., which
means that the actual electricity generated is less than i5% of total capacity.
QObviously, this low capacity utilization rate is due, in part, to the fact that
the generators can only be operated when the seasonal and tida!l conditions
make this possibic.

The other rural, small-scale, hydrociectric power stations we visited
were ail {ocated in Lin County, the covnty famous for the Red Flag Canal.
Utilizing the gravity flow of water from the Canal and a large reservoir some
distance away. this county has 65 rurai. small-scale power stations with a
total capacity of 10,400 kw.; the izrgest, a county-operated power station
of 3200 kw. The three power stations we visited were a county station {1500
kw. capacity}, a commune station (250 kw. capacity), and a brigade station
(40 kw. capacitv}. We were told the smallest power station in the county had
a generating capacity of only 10 kw. All of these power stations are tied into
the state’s electric power network. receiving 3.5 fen per kwh. The supply
of water to these plants is controlled by the Red Flag Canal Water Manage-
ment Bureau, which directly operates the county-owned power stations. The
profits of the county-owned power stations are turied over to the Bureau.

The capital construction costs of the power stations we visited in Lin
County were approsimately 500 yuan per kw. of generating capacity; 425
vaan for the brigade power siation, and 584 yuan for the county power
siation. The county power station generaicd over 9 million kw. hours of
electricity, i.e.. an annual gross income of approximately 350,000 yuan,
which means it had chieved a capacity utilization rate of 40%. This station
had a work force of 43 employees and, therefore, the gross income per
worker was approximately 8000 yuan. After allowing for wages, main-
tenance. and other costs, the rate of return on investment in this county-
operated power siation was probably in the neighborhood of 20%.% In the
brigade-operated power stations, the workers in these stations are paid by

25. This is 2 crude estimate at best, based on the assumption that wage costs (43
emplovess al an average monthly wage of 45 yuan) are approximately 25.000 yuan and
maintenance and other costs (5% of total investment} are approximately 75,000 yuan, Thus,
nel income would amount 1o 256,000 yuan (350 minus 100,000 vuan) and the rate of retarn
would be approximately F7% (236,000 vuan divided by 1,460,000 yuan).
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the brigade in work points; the brigade being paid .035 yuan per kwh. for
the output of the station by the state. For the brigade-operated power station
we visited, if the station operated at 20% capacity, the gross income to the
brigade per worker (per day) would be approximateiy 4 yuan.

CONCLUSION

Despite periodic -etbacks, China has achieved a significant record of
economic developme..t aver the past twenty-five years, especially in the urban
industrial sector. Agricultural development, however, continues to be a
majoi. perh. < the major, chstacle to continued success. During the four
weeks e were in China's rural areas, we saw many examples of the current
multifaceted attack. ~hich has been launched to eliminate this obstacle;
such as increases in o multicropping index, the reclamation, leveling, and
improyement of cultivaied farm land, the construction of large-scale projects
to capture, store, and disiribute water, increased mechanization and
+tectrification of production processes, the increased use of fertilizer, experi-
ments with new varieties, the interplanting of crops, and the change in the
cropping paitern to higher yield crops. A vital element in this rapid increase
in the rate of investment and technological change. or transformation of
Chinese agriculture production, is the development of a rural, simall-scale
industrial sector to produce the cement, fertilizer, electric power, agricultural
machinery, and other products that this transformation requires.

These agricuitural inputs are presently being produced in China’s
farge-scale, modern. urban industrial scctor, but their supplv- -although
increasing rapidly—is woefully inadequate for the overwhelming and rapidly
r..wing demand of China’s large and underdeveloped agricultural sector.
To rely solely on increases in output capacity in the modern industrial sector
obtained by investment allocations from the budgets of central, provincial,
and municipal governments would considerably delay the implementation
of the current programs of agriculiural development. Furthermore, even
when available, the distribution of the output of the modern industrial sector
1o the widespread agriculturai units of production is severely limited and
custiy due to the inadequate modern transportation network in China. Social
and political objectives, such as the desire to limit the growth of pepulation
in China's major industrial-urban centers and to promote the more equitable
economic development of the many economic regiens in China, also argue
against following the Soviet pattern of conceniration on the development
of industrial base via modern, large-scale industries, with agriculture
benefiting by means of a delayed, trickling down of the resulting industrial
production.®*

I, This potnt-—developing industry first before engaging in the mechanization and
dovelnpment of agriculture—is claimed to be a major arpsment beld by Lie Shao-ch'i and a
Fundamental reason for Mao's disagreement with Liw's policies,
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Thus, whatever political or sucial benefits may be achieved, where local
resources permit, the creation of these rural, small-scale industries is an
obviously rational policy in economic terms alone. The areas we visited had
these resources and the develozment of rural, small-scale industries un-
doubtediy has made a significant coniribution to their achievement of
relatively high and stable yields.

The discussion in this chapter has been devoted to an economic analysis
of China's rural, small-scale plants within each of several different types
of industries. This discussion makes clear the many dissimilarities among
the plants we visited, even within each type of industry. Nonetheless, this
conclusion is an attempt to summarize our overall evaluation of these rural,
small-scale industries as a whole.

Claiming that the creation and development of rural, small-scale
industry in China is a rational pclicy, refers only to rationality in the broad
sense of means and ends; rural, small-scale industries are a feasible and
positive means of furthering the end of agricultural development in China.
In 2 more resirictive sense, however, rational policies are those which also
meet the test of efficiency—making the greatest possibie contribution to the
desired end with the resources available, given the policy chosen—and
optimallyv—making the greatest contribution to the desired end with the
rezaurces available, given alternative policies which could be adopted for
that purpose.

A determinaiion of the efficiency of China’s rural, small-scale industrial
policy can be most readily made by looking at several important, but
different. dim~nsions of an enterprise’s activity. The technical aspect of
allocative efficincy depends on the choice and utilization of the most
efficient technoloyy zvailable for producing the desired product, on the
scale desired. with the resources available. The factor-mix aspect of allocative
efficiency depends on employing the most efficient combination and atmounts
of raw materials, labor, and capital for the technology being utilized.
X-efficiency depends on the management and coordination of the plants’
production activities in the most successful manner, given the techuolegy
and inputs being utilized. Finally, dynamic efficiency depends on the
reatization of potential increases in factor productivity over time.

As for the technical aspect of efficiency, the technelogy utilized can
be described, in the terms presented in the introduction to this Chapter,
as intermediate-modern. This technology was used widely in an earlier period
i modeen industrialized countries and is well-suited for the designed scale
of production in these plants, i.e., to supply the needs of the local area. A
mare modern technofogy is available, but would only be econumically
justified at significantly higher levels of output. Furthermore, the technology
required is more capital intensive than a more primitive, but less productive,
technology, but is well within the local area’s, especially the county’s,
capacity o provide the financial resources necessary for the investment.




112 ECONOMIES OF KURAL SMALL-SCALE INDUSTRY

Equally important, the necessary equipment involved in this intermediate
technology also is well within the supply capacity of the growing modern,
urban industrial sector in China. Very few picces of imported equipment
were seen in these rural, simall-scale industries, and a significant share was
provided by factories in the same province. This intermediate technology,
of course. also required less labor per unit of output than a more primitive
technology, a desirable choice at the present time in China due to the rapidly
increasing demand for labor in the rural economy generated by the program
of agricultural transformation currently underway in the areas we visited.
Thus, given the resources available and desired scale of operations for
producing these products, the Chinese have chosen what would appear to
he the most efficient technology available.

Given the technology being utilized, the factor-mix aspect of efficiency
in the rural, smaili-scale industrial plants, at first sight anyway, is somewhat
less optimal tham the choice of technology. In other words, the plants we
visited appeared to be less capital intensive and more labor intensive, i.e.,
used less capital and more labor than appropriate for the realization of the
designed maxmmum levei of output for the technology chosen. As indicated
in an earlier section of this chapter, this result is probably an attempt to
adapt that technology to better fit the resources availabie in the local area.
Although the local area has sufficient financial resources for investment,
and the moderm sector has the productive capacity to supply the basic
eiements of the equipment required by the intermediate modern technology
utilized, these sources apparently are not sufficient to supply the complete
complex of machinery and equipment required for the entire production
process. Thus. transportation and material handling, fabrication and pack-
aging. and foundary operations, often did not rely on mechanized inter-
mediate modern technology, but rather on labor intensive primitive tech-
nology. Quite simply, given the choices of technology available, the choice
of the modern-intovmediate technology was an efficient one, but to utilize
that technology in rural China, an adjustment in the factor-mix was required
due to the relative availability of these resources in China.

Nonetheless, the labor employed in these rural, small-scale industrial
plants still exceeds the level required to operate these plants efficiently in the
short run. The reason for this, as mentioned in earlier discussions in this
chapter, is one of the most unique features of these plants; a significant
portion of that labor force is not directly engaged in the preduction process.
Ruther. each of these plants has assigned a share of the work force, often
as much as z fourth, to maintenance and construction work. Thus, some of
the labor force is engaged in producing new equipment and machinery,
cither to improve or replace existing eguipment or to mechanize those
processes which are presently relying on primitive, labor-intensive tech-
sobagy. These maintenance and construction shops, well equipped with basie
machinge toods. are hard at work increasing the capital intensity of these
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piants so as to realize the greater productivity of the intermediate modern
technology already adopted for major production processes in the piant.
Strangely enough, therefore, these plants appear to be relatively labor inten-
sive in the short run, merely due to their attempt to increase the capital-laber
ratic and achieve the potential labor productivity made possible by inter-
mediate technology adopted; a need dictated by the scarcity of necessary
capital, which can be supplied by the modern sector.

The allocative efficiency in regard to raw materials used in these plants
is another aspect of the Chinese adapta:ion of the technology chosen to better
fit both their resource availability and . :ir needs in the local area. In some
cases. the technology chosen wouid no. yi.id high quality products produced
within strict tolerances (for examy'e, the use of stationary verticai shaft kilns
in the production of cement). M. v important, however, the quality of the
tocally availtable raw material inputs often is relatively poor, which precludes
the production of high quality nroducts unless considerable investments
were made for the purpose of removing the impurities they contain, i.c., the
development of raw material refining facilities. Some efforts in this direction
undoubtediv would improve the allocative efficiency of these planis. Yet,
although terter quality products are to be preferred to poorer quality
products {by definition}. the cost of improving the quai‘ty of the raw material
inputs is not necessarity worthwhile because the existing quality of the output
of these plants is adequate for their intended use in the rural areas. For
example, poer qualitv cement is suitable for dams with earthwork coves;
unstable chemical fertilizer is made usable by mixing it with green manure
in the compost heap. and many small pieces of agricultural machinery of
limited capacity can make a significant increase in the mechanization of
China’s agricultural production.

The abave favorable evaluations of the approximate allocative efficiency
of the rural. smali-scale industries are necessary, but not sufficient argu-
ments for concluding these plants were operating efficiently in all respects,
Quite the contrary, for cur general impression of the plants we visited was
that, on the average. they were not operating very efficiently and the most
important reason why this was so was their refatively low level of X-efficiency.
The explanation for this impression may well be due to the different style
of work habits compared to those in the industrialized countries, which we
were more familiar with; the presence of job-lot production rather than
contingous serial production. the more frequent change of workers’ job
assignments, change of product being produced, the prevalence of workers
working in groups rather than individually on specialized tasks, finding
portions of the production process often being closed down during our visit
while workers were assigned elsewhere, the gencrally slower pace of work,
and the observable negiect of regularized maintenance and up-keep in these
plants. This was less true, of course, in the cement and chemical fertilizer
ptants we vigited, where the technology being utilized dictated a continuous
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production proress. Our general impression also undoubtedly is influenced
by the large number of agricultural machinery plants included in our sample.
Furthermore, the lack of continuous operation may well have been the result
of unavailable inputs or component parts. Finally, this observation was not
wrue for all the plants we visited; the labor effort in some of these plants was
well organized and was being applied at a fairly rapid pace. Nonetheless, the
existence of relatively poor management of the supply of inputs and distribu-
tion of cutput {most frequently not the task of the production unit itself)
and relativeiy poor condiiion of the assignment and continuous employment
of the work force within the plant would appear to be a valid conclusion.

The aggregate evidence also supports this co..clusion. With no signif-
icant increase in capacity or labor force, these plants exhibit significant
growth in output over time. In other words, the problems of X-efficiency
are veduced over time as management and the labor force gains experience
and the time-fag of their learning by doing appears to be in the neighborhood
of five vears. which suggests the problem may be one of gaining experience,
“learning-by-doing.” rather than an inherent failure of management. This
probiem of the kearning curve, of course, is a major problem for any under-
developed country. especially one launching a program of industrialization
in rural arcas. In addition, the treme::idous value of the industrial training
being given the rural labor force and the ability to achieve the potential
output levels of these plants in approximately five years is impressive.

The prospects for dynamic efficiency in these rural, small-scale indus-
trial plants also would appear to be favorable. With the, stock of basic
machine tools. the accessibility of technological and design infu.mation,
and the construction and repair labor force available in these plants, the
Chincse have a built-in means not only for the increased mechanization
and improvement of the existing plant’s capacity, but also for the creation
of new capacity utilizing 2 more modern wehnology., We saw many examples
of this cecurring during our visit,

If the above argumems and impressioas are correct, we can only
conclude that the overall efficiency of these rural, small-scale plants is
refatively high. expecially when « onsidered in the light of China’s level of
development and the resources available to this sector of the economy. Yet,
two decisive guestions must be answered before China’s program of rural,
smali-scale industrialization can be judged as the most promising, i.e.,
eptimal. approach to achieve agricultural d -elopment in China.

First. even though the plants we visited are judged fo be a relatively
made a significant contribution to the transformation of agricultural pro-
duction i these areas, can the experience of these model areas we visited
be dupticated throughout the rursl areas of China? Our observations, after
alfl. were hmited vo relatively bigh and stable yield agricultural areas, which
had secess to sources of the water, raw materials, and labor required by
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these plants, had the financial resources for the investment required, and
were adequately supplied by the state with the basic machinery and equip-
ment necessary to utilize the technology adopied. Our conclusions as to the
efficiency of these rural, small-scale industries would be considerably weaker
if we were 10 include areas of China much less well endowed with these
necessary preconditions. Furthermore, one would question if the demand
for the basic machinery and equipment found in these plants could be
satisfied by the modern sector if they were to be duplicated in every rural
county in China. Thus, it is doubiful if the complex of small-scale industrial
planis being developed in the model areas we visited could be or are equally
successful throughout the entire Chinese agriculturai scene.

In light of the probable inability of the Chinese to duplicate the successes
obtained in the areas we visited throughout all of Chinese agriculture,
wouldn't it be possible to utilize the resources being used in a much better
way to achieve that goal? For example, isn’t it possible that the mobilization
of the resources being used for the development of thesc rural, small-scale
industries could achieve greater long-run results by being devoted to the
development of large-scale factories utilizing modern technology, with
greater total factor productivity, producing better quality products, and
in the development of a transportation network which could distribute thesz
products more widely threughout the rural areas? A crucial consideration
in answering this guestion is the mobility and substitutability of the resources
being used. How easily could the central government mobilize and fransfer
the financial investment now being made by the iocal units to the central
government's budget for investment in the modern urban industrial sector?
And, how easy would it be to provide industrial training for the rural labor
force and mobilize and transfer them to the urban industrial areas, also
providing the necessary housing and social overhead capital? With large-
scale modern technology in the modern sector, would the poor quality inputs
now being used in the rural, small-scale industries be very useful as inputs
in the modern sector? And, if raw material refining and processing facilities
were to be built 1o make them useful, how easily could they be collected and
shipped to the modern sector? Furthermore, modern technology would
require imports of machinery and equipment, whereas the rural, small-scale
industries utilize not only machinery and equipment now produced in China,
but that which increasingly is produced by the rural, small-scale factories
themseives. These imports, of course, would require exports, and the Chinese
are presently experiencing a serious import surplus due to large-scaie imports
of buth agricultural products and machinery and equipment for the current
fevel of invesirnent in the modern sector.

Even if we wers to conclude that this ahlernative approach were feasible
and more profitabie in terms of providing more and better quality inputs for
the agricultaral sector within & finite time horizon of a decade or so, the
calewlation of these comparative benefits of alternative pelicies cannof ignore
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some of the more fundamental objectives of China’s economic development
policy. Among the more important of these objectives are the limiting of
the pace of urbanization traditionally assoctated with industrial develop-
ment; the Hmiting of the need ic depend on foreign technology and supplies
of machinery and equipment; the desire to reduce the social and economic
status differences between the urban and rural, industrial and agricultural
sectors; the desire for greater popular participation and initiative in the
development process; and the desire to spread technical capabilities through-
out the rural population. In short, one could casily argue that the develop-
ment of rural, small-scale industries is an important variable in the objective
function of China’s leaders and, therefore, the development of these in-
dusiries is the only way to optimally allocate these resources to achieve
this end.

But this is too easy an answer to the question being asked. Obviously,
the Chinese would be better off if they had a modern sector capable of
producing all the inputs needed to transform China's agricultural production
1o a higher level, and a transportation network fully capable of distributing
these inputs throughout China. The Chinese recognize this and argue that
this is where the development of the rural, small-scale industries is hoped
te ultimately end up. In other words, the most efficient of these plants are
to expand and be equipped, often with equipment they will be able to
produce themselves, so they will eventually become large-scale modern
plants. As thev grow, so will the area for the distribution of their output.
The orereguisite for this growth, of course, will be similar increases in local
transportation facifities, quality of inputs, and supply coordination; but
these same problems would exist if China were to develop these industries
from the top-dowr instead of the bottom-up.

China. of course, is not developing these industries from the bottom-up
alone; these industries are being developed at both levels—the rural, small-
scale industrial sector and the urban, modern sector. Our delegation visited
model rural areas, observing examples of rural, smali-scale industries.
Another delegation could visit these same industries in the urban, modern
sector. On the basis of the particular plants we observed during our visit,
however. we would conclude the attempt to develop rural, small-scale
industries in China is not only a rational policy. consistent with the resources
available and the objectives being sought, but also was being implemented
refatively efficiently for a country at China’s level of economic development.
Optimality is much more difficult to assess, but considering the feasible
alterpative uses of these resources for increasing productivity in agriculture
and the explicitly stressed objectives of China’s leaders, the optimality of
the poticy of developing rural. small-scale industries may not be proven,
biut cersainly cannot be rejected.




AGRICULTURAL
MECHANIZATION AND
MACHINERY PRODUCTION

Since the Great Leap Forward, China's development poficies have
focused on bridging the gap between the agricultural and the industrial
sectors.' Mechanization is considered as an essential element of agricultural
devetopment which is well reflected in Chairman Mao's statement, “The
fundamental way out of agriculture lies in mechanization.” During the years
that followed, a massive Chinese mechanization program has evolved, of
which our delegation had a brief but close took

The Chinese are actively engaged in adapting and transfering mech-
anization technologies from all over the world. What is perhaps unique in
this program at this stage of development is the extensive smal'-scale agri-
culiwral machinery industry that has been established in the rural areas to
support their mechanization strategy. Our delegation, unfortunately, did
not have the opportunity to visit some of the research institutions that have
plaved a significant part in this agricultural mechanization process and in
the development of the rural-based farm equipment industry. Consequently,
our commients on mechanization are primarily based on the agricultural
machines that we observed being produced in the manufacturing plants and

t, Card Biskin, “Smal Industry and the Chinese Model of Development.” The Ching
Cuureerdy, Agaii-fune, 1978, pp. 245-273,
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used in the progressive agricultural areas. These comments must therefore
remain rather mpressionistic in nature.

It was a2pparent to us that in terms of agvicultural development prior-
ities, mechanization of field operations is supzrseded only by the introduction
of improved seed-fertilizer technology and by irrigation and land devclop-
ment activities. High-vielding dwarf varieties of wheat and rice have been
widely introduced in most parts of the country. We were impressed with the
progress made in irrigation. water control and land development, without
which increased crop production would not have been possible. Their farm
meclanization program has been highly effective in raising both land and
labor productivity. We were repeatedly told that the country is committed
to compleie mechanization by 1980, Optimistic as it may sound, it makes
clear the high priority China has placed om the mechanization of its
sgriculture.

Displacement of labor through agriculiural mechanization is a delicate
issue which is of major concern to policy makers in most developing coun-
wries. Consequently national policies in many developing -ountries tend to
provide lukewarm support to the mechanization of agriculture. China has
a low level of per-capita arable land and shares the same basic problems
of high population density and subsistence agriculture with other developing
coentries. Yet. surprisingly, we did not hear a single comrient indicating
anv fears of unemployment tarough agricultural mechanization. On the
contrary., we consistently founs that the Chinese look a* mecharization as
an effective ol :» improve labor productivity and to release labor for more
produciive emploviment.

China has made effective use of her idle and underemployed rural
manpower in the construetion of irrigation and lend development projects
and in rural industries. The utilization of surplus farm and non-farm Jabor
has received special attention from the Chinese planners. In traveling to the
Great Wall, we saw large numbers of students and city workers from Peking
harvesting wheat is the countryside, which exemplified China's efforts in
mobilizing the nen-farm workers during periods of peak labor demand. We
fel: that the judicious utilization of surplus laber and the positive outlook
wward mechanization have been the two important factors in introducing
agricubivral mechanization in China.

n agricubtural mechanization their priorities seem to be: (a) land
development and irrigation, (b} food and fodder processing, {(c} transporta-
tion, (&) threshing, (e) land preparation. (f) paddy transplanting, and (g)
harvesting. Farm mechanization is being progressively introduced in most
parts of the country with the more power-consuming and labor-intensive
aperations being mechanized first. Manual labor and draft animals, how-
ever, continue to be of considerable importance at this stage and are stifl
widely used. [n the more propressive areas. swch as Kianpsu Proviace,
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however, increased attention is now being directed to greater land consoli-
dation to permit fuli-scale farm mechanization.

While their jong-range aims are to mechanize agriculture with larger
farm equipment. present emphasis is on the production of a wide variety of
machines ranging from simpic manual and animal-drawn implements to
fairly sophisticated large tractors and combines. The variety of locaiiy pro-
duced tractors and agricultural machines is surprisingly broad in China.
While the designs appeared similar to those of other industrialized countries,
they have been well adapted for heavier-duty service.

Local production of tractors and farm machines is among the five
iraportant ‘ndusirial activities which have been selected for major attention
in secem years. These five industries are iron and sieel, power, cement,
fertilizer. and farm machinery. We were told at a briefing in Peking that the
production of tractors has increased by 520% in China from 1964 to 1974,
with a recemt average anuual growth of 20%, and the number of power tillers
hay increased 20 simes since the Cultur:! Revolution. (These figures are
somewhat substantiated by the information found in U.3. government
publications. which indicate a production of 138,000 standard 15-h.p. units
in 1973 against 19.30C 15-h.p. units in 1964. It further gives credibility to
the Chinese ciaim thar since 1965 agricultural machinery manufacturing
plants have increased by four times and the number of workers has increased
by six times. Also see Table V-3.) The rate of annual increase in power tiller
ang diesel engine production has recently been 40% znd 30 %, respectively.

Apparentiy. China has been quite successfui in transfering and adapting
a wide variety of mechanization technologies from all over the world. Under-
standabiv it has placed relatively less emphasis in its early stage of develop-
mient on finding indigenous solutions to some of its specif.c mechanization
problems. We felt the diversity in the indigenous designs that origivated
from Japan duering its early mechanization stage was far preacer than what
we see in China today. This shortcoming, however. is new being rectified
because aimos! alf agricubtural engineering research ins:itutions are cur-
reptly working on the development of new machines te solve their local
mechanization problems,

China's farm machinery manufacturing industry is currently passing
through a rather dynamic period in which the products axd the production
pracesses are bebng rapidly changed and upgraded. Production of less com-
plex machines, requiring lower capital investments, is dvcentralized to the
couniv, commune, and brigade levels. There is a steady trend of increasing
sophistication in the manufacturing operation at the lover orgarizational
fevels: thus the commune and brigade workshops are pregressively tackiing
mwre challenging production problems. Self-reliance in manufacturing has
heiped to develop local technical capabilities among the rural people. The
Chinese experiment on the development of rural larm m chinery industries
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Table V-1

UNIT PRICES OF SELECTED AGRICULTURAL
MACH.NERY IN CHINA(1975)°

ftem Pr.>: inyuan

A. Prime power

Gasoline engine, 76 h.p., 4000 rom 2,500
Diesel engine, 55 h.p. 3,200
Four-wheel tractoer, with 55-4.p. diese! engine 10,007
Crawler tractor, with 20-h.p. diesel engine 4,006
Crawlar tractor, with 10-h.p. diesel engine 3,600
Power tiler, with 12-h.p. diesel engine 2,000
Diesel engine, 3.5 h.p., aircooled, 2000 rpm,

40 kwet. 550

B. Farm machinery

Whesat seeder, bullock-drawn, 2-row, wooden 35
Transplanter, manually drawn G0
Transplanter, power-driven, 14-row, without

engine 1,000
frrigation equipment—moior and pump, price

perhp. 2100

2Data cotiected from briefings.
5From LS. Government publications.

is thus a continuing process and snould be viewed mere on the basis of its
achievements rather than on the current level of mechanization technoiogy,

MECHANIZATION

Basicalty the ownership of land and capital is divided among three
organizational levels, namely, commune, brigade, and the production team,
alihough some variations exist in practice. A production team, which may
consist of 20-30 households, retains only the simpler agricv!tural equipment
and hand tools used in the farming operations. The brigade and the com-
raune provide the larger, more costly equipment {Table V-1). A brigade may
controd §G-15 production teams and farm an area of about 100-150 ha. The
pressure for both land and labor productivity provides sufficient incentives
o make use of every inch of available land. Since land is not individually
ewersed, adjustments in field sizes easily ¢an be made. China’s efforts toward
land consolidation were exemplified at the Tachai Brigade where fields have
been enfavged recently up o 1.5-ha. size by consolidating smaller terraced
fretds to facititate moverent of larger machines.
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Ve <v ample ¢yidence of increasing arable land through reclamation
and improvement projects in every area that we visited. In Shansi province,
we saw badly eroded mountainous areas, with yellowish wind-deposited loess
soils, being reclaimed for good arable land. Impressive progress was made
at Hsi-yang County and at the famous Tachai Brigade in reclaiming land
through terracing of mountains and filling of gullies and riverbeds (Photo
V-1). In the nearby Hui County and Hsin-hsiang areas, north of the Yellow
River, we came across many land development, irrigation, and water control
projecis, which have helped to transform sandy and marshy riverbeds iito
productive agricultural land. In Lin County, North Honan province, we saw
the 70-km. long Red Flag Trunk Canal and its 1500-km. long distribution
network. Water from the Chang River is brought from neighboring Shansi
province over rugged mountainous terrain to irrigate 40,000 ha. of fertile
agricultural land. The canal was built by 40,000 workers and took almost
10 years to complete.

Modern se=d-fertilizer technology, improved irrigation, and land con-
solidation have helped the introduction of agricultural mechanization in the
dryland farming arcas of Peking municipality and Shansi and Honan
Provinces. The climate and the agricultural production practices in these
areas do not seem to present any major technical bottlenecks to mechaniza-
tion; hence, mechanization is progressing rather well. For example, we
learned at the Red Star Commune near Peking that the commune, with
10,800 ha. cropping area, is rapidly mechanizing its cultivation and currently

Proro Vi, Terraced ficlds at the Tachai Beigade.
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has 125 four-wheel tractors and 140 threshers. The comniune leaders expect
each of their 129 brigades to have two to three tractors and two threshers
within the next three to four years.

Rice is an important crop in the wetland areas of Shanghai municipality
and Kiangsu Province. where two annual crops of wetland rice and one of
winter wheat are raised. The relatively short rainy season of only one month.
frem mid-June to mid-July, does not present any problem in the use of
modern farm machines for land preparation and threshing. These operations
are almost fully mechanized through the use of four-wheel tractors, smali
power tillers, and stationary power threshers.

In the southern province of Kwangtung, two crops of rice and one other
crop. such as sweet potato, are annually grown. This is an area of heavy
rainfall spread over a long period. Rice production practices here are quite
similar to those in southeast Asia and agricuitural mechanization has not
made as much progress as in the other parts of China that we visited. The
first crop is harvested, and the second is planted during the long rainy
season. The wet field and crop conditions during the rainy season make it
difficult to mecl.anize rice production; mechanization of such wetland paddy
areas is not onlv a problem in China, but in almost all tropical Asian
rice-growing countries. We felt that greater emphasis should be placed on
the development of lightweight tractors, power tillers, traction-assisting
wheels, and portable power threshers to mechanize rice production in the
southern part of the country.

Almost ali areas that we visited had mechanically powered irrigation
systems; we hardly came across any manual or animal-powered equipment
for pumping water. Most communes had large pumping installations with
appropriate water distribution systems. A large number of small portable
pumping sets are also used for lifting water from canals, wells, and rivers
in most places that we visited. In Kiangsu Province and in Shanghai
municipality. we visited two brigades in which all land had been consolidated
into large, well-laid rectangular fields with excellent water control systems
in which networks of underground irrigation channels alternated with open
drainage canals. We also saw an underground water distribution network
with large sprinklers for grain preduction and drip irrigation systerus for
fruit o hards in the dryland areas of Shansi and Honan Provinces.

We were surprised at the widespread use of electric motors to power
irrigation pumps, threshers, and other similar stationary agricultural
machines. Long temporary extension cables are used to provide even remote
fields with electric power for opeiating such machines. Elcctri~ power is
popular because it is available at a subsidized rate for agriculturat use (Table
V-2). In comparison, diesel engines are generally not popular for powering
stationary machines, aithough we saw soine engines being used with irriga-
tior pumps in Honan and Hopet Provinces.
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Table V-2
PRICES OF FUEL AND ELECTRICITY IN CiHINA,
1975°
ftem Purpose Price in yuan
{yuan)
Fuel
Diesel, kg. General 0.40
Diasel, ky. Agricultural 0.27
Gasoline, 1. General 1.42
Electricity, kwh. Household 0.07
industrial 0.06
Agricultural 0.03

“Data coliected from briefings during visit.

Most land development and reclamation work is done manually with
shovels, baskets. hand-pulled carts, and other simple tools. This permits
maximuin use of locally available manpower and saves large capital outlay
for heavy construction equipment. Fhe magnitude and quality of some of the
capital construction projecis that fiave been undertaken with manual labor
is impressive in China. In Shansi Province, we saw soil being transported
manualy over 2 4-km. distance in small carts by thousands of men. This soil
was being used to build a large dam and to cover the riverbed downstream
with 1 m. topsoil. Interestingly, two large bulldozers were used on this
project for spreading and compacting soil—an operation that was mech-
anized because it could not be satisfactorily done by manual methods.
Localiy built power cable winches were used to pull dirt-laden handcarts up
the sides of the dam where the slope was too steep for human power,
Apparently selective mechanization is practiced to supplement labor only
when manua! methods are difficult or not possible. The simultaneous use
of hand shovels. picks, baskets, and large bulldozers on the same project,
however. represented two rather extreme levels of construction technology.
We felt that there was scope for intermediate level power equipment to
improve labor productivity on capital construction projects.

Most communes have centralized food and fodder processing plants
to handie a substantial part of ihe commune’s production. The Red Star
Commune annuaily processes 15 miflion kg. of wheat, rice, and feed. We
saw a flour mill with an cutput capacity of 4000 tons per year in this com-
mune. 1t was being operated on a three-shift basis during the busy season.
All processing equipment used in this mill was locally produced in China
and was of fairly modern design. The mill was designed for bulk handling
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and continuous-flow operation. Most brigades in this commune have smaller
flour mills: about 42% of the total grain produced in the commune was
processed at the brigade plants. We saw a brigade flour mill at Ch'i-li-ying
Commune in Honau Province, which was milling 10,000 kg. of flour per
day. This mili had fairly modern equipment and was equipped for contin-
uous-flow operation.

We were told ¢hat mechanization of food and fodder processing has
been emphasized in China to release the woman labor that had been tradi-
tionally used for these operations. Interestingly, the same reason was given
ai a textile mill in Lin County for the setting up of a special yarn spinning
section for home weaving. Previously women used to spend two to four times
as mmuch iime in spinning yarn as in weaving cloth in their homes. The
spinning operation was mechanized by the mill, and weaving was still being
done by women in their spare time. Their efforts to release women from
maditional chores seent to have been rather effective, for today women are
an important pari of the labor force in China and are actively engaged in
agricultural, industrial, and capital construction projects.

We were surprised by the diversity of the modes of transportation in
the rural areas: baskets, manual and animal-drawn carts, power tillers, and
tractor-trailer combinations. In the northern areas near Peking and Shansi,
we saw relatively more animal-drawn carts than in the Kiangsu, Shanghai,
and Kwangiung areas. The latter regions are well served with good canal
networks and boats are widely used. The surprisingly high use of power tillers
and four-wheel tractors for transport accounts for the high degree of annual
tractor and power tilier usage in China. We were told that it is easier for the
communes and brigades to justify the acquisition of tractors and power tillers
than trucks, for these can be effectively used throughout the year for ooth
agricultural and haulage operations. Consequently, trucks are not as widely
used for shori-haul farm transport; however, trucks are widely used on main
intercity roads. Although a wide range of trucks are locally manufactured,
we also saw many Japanese and East European trucks. But we rarely saw
imported tractors or power tillers, which probably reflects the greater
emphasis placed on achieving self-sufficiency in the local production of
tractors and farm equipment.

We also observed that large quantities of organic fertilizer are applied
in most parts of China, anywhere from 3~12 metric tons per ha. This organic
fertilizer is almost entirely collected, composted, and distributed by human
labor. We did not see any signs of mechanization of the labor-consuming
operations related to organic fertilizer.

The variety of tractors, power tillers, and other agriculiural equipment
seemed unusually broad. probably because, in the early stages, China
imported almost all kinds of tractors and farm equipment from all over the
world and successfully adapted many of these machines to local conditions.

China produces both large and small crawler tractors. We saw locally
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Protro V-2. Ten horsepower crawler tractor being trial-produced for hilly areas.

produced crawler tractors of more than 70 h.p. in land development
operations, and saw two such machines being used for harrowing in Shansi
and Honan Provinces. We were told that small 10-h.p. and 20-h.p. crawler
tractors are better suited for hilly areas. A farm machinery plant in Hsi-yang
County has produced a {0-h.p. crawler tractor (Photo V-2) on a trial
production basis. This tractor was equipped with dual three-point linkages
for mounting two one-way plows for operations in small terraced hilly fieids.
Its 10-h.p. vertical diesel engine was produced by a provincial plant at
T ai-yean in Shansi Province.

China is producing larger four-wheel tractors of 12-, 20-, 27-, 28-, 35-,
40-, 43-, 50-, 54-, 55-, and 75-h.p. sizes. The tractors and their engines are
produced at national and provincial level plants in many parts of the country.
We were told that the tractor plant at Lo-yang, Honan Province, is one of
the largest in China; we came across many tractors produced there during
our travels. Data on the total number of piants manufacturing agricultural
traciors was difficult to obtain but we concluded from the different machines
that we saw and the estimates in Table V-3 that China has a large number
of tractor manufacturing units spread across the country. The table, how-
ever, indicates that the p-wer input through irrigation equipment is far
greater than that obtained from tractors and power tillers in China.




Table V-3

PRODUCTION OF AGRICULTURAL TRACTORS AND IRRIGATION EQUIPRENT [N CHINA, 1975°

Standard tractors Garden tractors irrigation equipment
inventory Production  Inventory Proguction  inventory Production
Year (Thousand 15-h.p. units)®  (Thousand 15-h.p. ur:sF (1000 h.p.)
1959 59.0 9.4 NA NA 2,535.0 1,255.0
1964 12340 19.3 0.15 Q.15 7,300.0 860.0
1969 n.a. 40.0 11.62 3.20 n.a. n.a.
1973 354.0¢ 138.0 79.25 28.00 30,000.0 5,984.0

2.8, Government publications
PTractor sizes are converted into standard units of 15 drawbar horsepower as follows:

Tractior brake horsepower X 0.65 = Tractor drawbar horsepower

No. of 15-h.p. units = .
0.0 p. units T %

Cig72
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by plants at the county and commune levels. Designs vary considerably. We
saw small riding tractors with both horizontal and vertical engines and with
belt-drive or in-line transmissions. These tractors are widely used for trans-
port, particularky in the north,

We found a somewhat limited variety in the designs of power tillers. In
general. the Chinese power tillers are from 8-12 h.p. in size. We saw three
differemt desigas: two were in the northern areas, with single-cylinder
horizonta!l diese! engines and V-belt drives to the transmission, and one was
in Kwangtung Province. with a vertical diesel engine and an in-line shaft
drive to the transmission. Almost all Chinese power tillers are equipped with
a seat attachment for the operator, which is convenient for hauling trailers.
We were told at some brigades that power tillers are used exclusively for
transport and larger tractors for agricultural operations. However, power
titiers ave widely used for agricultural operations in the northern wetland
paddy areas and for vegetable production near major cities. We did not see
lightweight power tillers of less than 8 h.p., but we were told that such
muchines were imported from Japan in the early days and were found
unsuitanle for local conditions. Interest in lightweight power tillers is, how-
ever. reviving., for some manufacturing units indicated that they expect to
produce lighter tillers in the future.

Most agricuiturat tractors, combines, and other agricultural machines
are powered by diesel eagines. The price of diesel fuel is subsidized for
agricultural use at about 30% lower than for oiher uses, providing a strong
incentive for using diesel engines wherever cheaper electric power is not
conveniently available. This is probably another reason for the widespread
use of diesci-powered tractors rather than gasoline-powered small trucks
for farm transport.

We were told in the northern areas of China that 60-100% of the land
was plowed by mechanized methods. We did not, however, observe such a
high degree of mechanization in land preparation. While we did see a few
large crawler and four-wheel tractors and seme power tillers being used for
tand preparation, we saw widespread use of animals for this operation in
Shansi and the Honan Provinces. This discrepancy may possibly be due 1o
differences in the definition of the term *‘mechanized plowing——as the
Chinese may be classifying the use of improved animal-drawn implements
among mechanized operations.

In Lin County the second crop is planted unde~ minimum tillage
practices with no land preparation. Simple one- to three-row animal-drawn
seeders are widely used for planting. Most eommunes and brigades in the
northern areas of China that we visited had a fair number of work animals.
In Kiangsu Provinee and Shanghai municipality, however, land preparation
is almost completely mechanized with power tillers and four-wheel tractors;

Rt Blesn IR
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we saw no work animals at the communes and brigades. In the southern
province of Kwangtang. antmals are popularly used for wetland preparation,
We were informed that only 20% of the land in this area is prepared with
RO,

Poor tractor mobility in wet paddy fields is also a problem in southern
China. A four-wheel drive version of a 30-h.p. tracier manufactured by the
Shanghat (Bumper Harvest) Tractor Factory has recently been offered for
use in wetland paddies. Four-wheel drive improves tractor mobility; however,

Ty E = g !:Y!" M - * 4 * s .'- 7y g <
such a solution is costly. In Kwangtung Province, we saw four-wheel tractors

being operated in paddy ficlds with rear steel cage wheels and saw one such
vracter, bogged down, being pulled out by another. Steei tractor wheels have
been used for vice cultivation in Southeast Asia: however, these have now
been replaced with traction-assisting cage wheel attachments on standard
tractor ~res. An extendible lug wheel atiachment has been recently gaining
popularity i Seutheasi Asia.? [t permits adjustable traction capability to
suit diffevent field conditions and provides means to extract a bogged tractor
under its own power, Some of these developments can be effectively utilized
i China. We feel that more research and experimental efforts are needed
te solve the tractor mwbility problems for wetiand paddy cultivation in
southern Chirz.

Mechanization of direct seeding in drviand areas has progressed well
and eguipment is [ocally produced for tractor- and animal-drawn seeders.
We were told that 90% of the wheat in Peking municipality was sown by
mechanized equipment, and nearly 80% of the seeding equipment is built
at the commune plants. The practice of transplanting wheat and corn after
harvesting rice has recently been introduced into northern China and is
gaimng i popularity.

Direct seeding for wetland paddy is mot practiced in China, because
thev feel that this reduces vields. Mechanization of paddy transplanting has
received considerable attenmtion over the last two decades, Manually operated
six-row pweezer-type planters (Photo V-3) have been popular in China for
vears. e maa can wansplaat 1230 ha. per day with these machines, whick
are fairly low-priced. about 60 yuan. These manual transplanters are
gradually being replaced with a mechanically powered riding type trans-
planter that was developed about five years ago in China (Photo V-4}. This
machine does not require specially grown seedling like the Japanese trans-
planters do. but can transplant seedlings conventionally grown in field
nurseries. 1 hese machines are avaifable in 19-, 12-, 14-, and 16-row sizes.
Three men can wanspiant 2 ha. per day with a 12-row machine.

These wansplanices have two rows ¢f seedling-prongs mounted with a
rotary arrangement to pull seedlings out of hoppers and drop them on the

2 Agricuhiorst Eagineeving Dept., 1971, Semiangual Report No. 13, International Rice
Rewearch frstituie (os Baros, Philippines).
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Paore ¥-3. Manually operated Chinese type transplanter.

puddled soil. We saw the production of 14- and 16-row transplanters of this
tvpe at a commune plant in Wu-hsi, Kiangsu Province. These 14- to 16-row
machines are powered by 3-h.p. and 4-h.p. single-cylinder aircooled gasoline
or diesel engines. Three operators ride the mackine; one to drive and two
to keep the ndividual-row seedling hoppers replenished from larger central
hovpers. Cusrent Chinese efforts to mechanize paddy transplanting are
primarily directed toward popularizing this particular machine.

Almost all wypes of plant protection eguipment are locally produced in
China; manually operated backpack sprayers ave still the most popular.
We saw power-operated high-pressure sprayers being used from narrow
fevees in paddy fields in Kiangsu Province. Because of the narrow fieid
levees. a crew of five men—two to carry the sprayer on a pole, two to carry
the chemical containers, and one to handle the sprayer nozzle—were needed
to operate this machine. The development of lightweight power sprayer units
in which the engine pump and tanks are imtegrally mounted may help to
reduce manpower reguirements for such applications.

We ww a few small cutterbar-type harvester-windrowers being used
tor harvesy wheat near Peking. Much of the efforts to mechanize the harvest-
ing of drvland crops seem geared toward the introduction of large combines
it the avid and semi-arid areus of northern China. Al types of conventional
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Proro V-4, Recently developed riding type power-operated paddy transplanter.

comiine harvesters—trailed. tractor-mounted, and self-propetled machines—
are being locally manufactured in China, We were told at the Red Star
Commune in Peking that it had nine large combines, some of which were
specialiy designed for rice harvesting. Unfortunately, we saw only one com-
bine, 2 tractor-meunted version (Photo V-3) at 2 commune farm machinery
shop in Wa-bst County.. This locally manufactured machine was similar to
a West Ewropean design in which the harvesting header is mounted at the
front: a side-mounted conveyor delivers the harvested crop to the threshing
mechanism o1 the rear.

Harvesting of paddy is still 2 manual operation and the development
of sieabl rice barvesters and combines is just beginning to receive increased
attention from central and provincial agricultural machinery research inzti-
mutes. We saw two side-delivery, cutterbar-type rice harvesters (Photo V-4),
cach about 4 fi. wide. at a commune in Kiangsu Province and were told that
these zre now in the trial production stage. We also learned that field tesis
are being conducted in Kwangtung Provinee on & two-row combine attach-
ment for small power tiflers which is quite different in principle from the
head-stripping-type Japanese combine harvesters,

The threshing of wheat and rice has been substantially mechanized,
wmostly with electrically powered threshers. in the Peking, Shansi, Honan,
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T,

Puorte V-5, Locally built wractor-mounted rice combine.

Kiangsu. and Shanghai areas. The grain is dried in the sun immediately
after threshing. Harvested crops are tramsported from the fields to the
threshing feors by a variety of methods ranging from manually carried
budies to animal and tractor-deawn trailers. Interestingly, there is con-
stderable variation in the designs of the simple throw-in type wheat threshers
ased i Novth Ching., ranging from simple units consisting of only a powes-
driven threshing cylinder to fairly complex machines with straw walkers and
air-screen cleaners. The [atter designs are now gaining in popularity; we
saw the production of two such machines at a commune plant in Peking and
at 2 county plant in Hsi-yang.

The wide diversity in simple throw-in designs for threshers is probably
due to the many independent efforts to develop machines to suit local
conditions. We saw threshers with evlindrical and conical drums; with spike
tooth. raspbar. beater, and wire-loop type threshing drums; with axial-flow
and through-flow material movement: and with a variety of grain-cleaning
mechanisms. Except for a few larger conventional type threshers. the simpler
Chinese threshers were somowhat of non-professional designs. Most of the
threshers have been developed at brigade level by mechanics and farmers
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Puore V-6, Skde-delivery paddy harvester in Kiangsu provinee.

with considerable practical experience, but, understandably, not too much
professional cxpertive in machinery design and development,

We felt that considerable improvements are needed in the locally
designed throw-in-type threshers. particobarly in the grain separation and
cleaning mechanisms. Most simpler threshers did not adequately separate
and clean the prain; consequently. considerabie labor (Photo V<7) is reguired
for grain separation and cleaning. Efforts alio ave needed 10 evaluate the
many tvpes of simple threshers and to standardize the more efficient throw-in
wype msachines bn China,

In the Kisngse and Shanghai arvea, on the other hand, we found fittle
variety in thresher designs. Paddy and wheat are threshed on the threshing
floors with simple hold-on tyvpe threshers (Photo V-8) thar consist basically
of a 6 10 &1 long power-operated wire-loop or spiketooth type threshing
drum. Four 1o six men manually hoid paddy or wheat bundles against the
rotating drum to strip the geain from the panicles. Grain is then manwally
separared from straw and cleaned. We did not see any throw-in type of
threshers being veed for paddy in China, which may be due to the fact tha
paddy straw is preserved for paper-miaking. roofing, and other industrial
perpuses. Hold-on type threshers do not demage the straw because it does
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Puore ¥V-7. Wheat threshing with small power theeshers in Lin County. {Note lavge
crew that is needed to recover grain from threshed straw .}

mir enter the machine. These machines are quite simple but require relatively
more labor than the throw-in type and may be preferable for labor-surplus
AVEAS.

tee the southern province of Kwanglung, paddy is threshed in the field
with small lighveeighs foor-pedal operated threshers (Phote V-9). The larger
pevwer-driven paddy threshers, as used in Kiangsu and Shanghai areas, are
nat successfel in Kwangiung Province because of the difficulties of trans-
oorting sech machines in wet paddy fields. The development of hghtweight
pover-operated paddy threshers is am urgent mecessity for Kwangtung
Provinge where the rainy season is fairly long and field conditions at harvest
time are not suitable for conventionally powered harvesting-threshing
machines.

Manually operated wooden winnowers (Photo V-10) are used to clean
groin in many parts of China, Grain is also winnowed on the threshing Hoors
by manvatle throwing i inte the alr with shovels. In Lin County, we saw an
irteresting maching (Photo ¥V-11L in which a rubber belt mechanically
theows dirty grain bt the air, simelating the traditional method of cleaning.
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Puore V-5 Simple hold-on tvpe power threshers in Shanghai.

The eve of special grain-cleaning equipment after threshing s an interim
sofution becauwe of the poor cleaning performance of the available threshers.
B widl probably disappear as better threst e are made available,

China has paid considerable attention 10 the development of its
power-generating capacity, OF particular interest are the efforts to rap
fredeneleciric power W combinaiion with the schemes for water conservation,
deainage. wrigation. and river pavigation. China has more than 50,000 smail
bydro pemer stations; we were told thay the number of small stations (fess
thian GOE) kw. ) has increased nine times since the Cubtural Revolution. The
state, provings., or district design offices provide the equipment and plans
for baildimg power stations: the local brigades and communes construct the
statbons., We saw a series of small hydroelectric stations on a canal with a
Far per sec. Blow m Ban County, This canat had one 250-kw. plant (Photo
WoiZh with 2 15, headfoll and twemty-six 40-kw. brigade-run power
stations (Phote V.13 spread at maervals of 5-m. beadfail. These power
stations were bt hooked to the state electric prid. Lin County has a total of
65 o power stations with 2 total capacity of 10,400 kw.. which provided
electrrcuy 1o B of the farmbouses. Blectrcal pover is wsed to process
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i

Paove Vo9 Lightweight pedal threshers popular in southern China.

MO of thetr farm produce. Stnslarly, in Kwangiung Province we saw a dam
i @ ey esteary that was used 1o raise the water evel to troprove navigation.

Fwemty-two wurbo hvdroclectric generators were instalied in the dam to
utilize the variations fn water level due 1o tidal currents for generating
eheciviotty . This project produces 12 million kwh. of electricity annually,
witkch b seeflicient to meet half of the coumy’s electrical requirements for
agryulturst production.

A& good measure of the mechanization level of & country is the horse-
vy wtifized per hectare wn Dield operstions through the use of mannal,
amipal, and mechancal power. Giles® estimates that a minimum power
wpasy of 6.5 hop. per ha. is necessary to produce average crop yields of about
2.5 vms per ha. Based on a similar apafysis. estimated power used in China
tor field operations was (0.4 h.p. per ba. in 1973, While this power input is
repchy Bigher than tn other developing countries, experience with the other
deeytpped comaries indicates thar further increase in food production in

“Baementation of Agricsbersl Mechanizstion n [eveloping
arrarein tn Asee Wal VI Mg, f
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Pacrs V10 Manually operated winnower for gratn cleaning.

Chima would reguire substantially bigher inputs of mechanical power in
pEriceingre.

Cirdes Ji mor welude the power wied in irrigation e s seudy, The
power wgast for prgation in Ching is 36 80 hop. or 0.23 h.p. per ba. (Tabie
Vo3 The tonak farm power mpat v Ciing thus, inclusive of brrigation, &
estimied to be (L83 hop. por Ba. in 1971 which compares favorably with
wore of the more progressive countries o the developing worid,

RESEARCH, DEVELOPMENT, AND
TECHNOLGGY TRANSFER

Thwe Inscitute of Agriculrural Machinery at Peking., which comes under
the Mo, § Machinery Ministry, s the cenwral ovganteation responsible for
sgricuboral mrachinery research and development at the national level. Most
priwimess alve have apricubigral machinery institutes that work on focal
predrleras, The central inntiute @ Peking does B& DY work In cooperation
with egber orgasrre st on problems that may be commaonly present i wany
prerts of China. Bt & aleo engaged in other research and developmient work
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Paoro ¥=E). Simplke mechenical thrower for separating grain
frowm chaf? i natural aip,

thsr canmor be conveniently handled at she provipcial ievel. Some of the
provingcial tractoe and farm machinery plants have their own R& D depart-
romses shat develop machines in their specific areas of interest. The central
imssinute phans and ooordinates the projects that i supports at the provincial
beweld, the provineial institptes, however, operate rather independently and
gre respasible ool 1o the proviceial awthorities. The cemtral instivuie
ogaikes permadic confercnces, discussions and exchanpge meetings on
prodessionst marters, This institinte s solely responsible for the formulatior
of ggriculivrel machingry stzndards in the country,

Unformenately, we were nod able to visl! sy of the reseaveh institutes,
shibomgh wo did mest swome of the stafl of the central machinery insthture
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Poore V-12. & I50-kw. hydrodeetriv station in Lin Counts,

i Pehing and the provincial institute at Kwangtung Provinee, We were todd
thal the Agn culiural Machinery Research fnstitute at Peking has a stafl
shamt o0 out of which 70% are engineering and technival personnel
Hw smsisute staff members sperd considerable tne in the fleld. either on
1 oor onfarm fobs, As g rude. all technieal stall must spead
a1 e three months per vear, and the adesimistratve staif ai least one
masnihy, workeng i the Deld, Most of the Institete’s research gnd dovedop:
wret pendocts are scartersd acrass the country; consequently. a srge part
of dhe snaff snes on Beld locanons away from Peking. No clear distinetion
is sl betwern research and development projects at the Instiiete. although
we gathered thar more emphasis s placed on the development of new and
impreeend mechines. Research i done only when necessasy in the execution

of machinery developrrent projects,

Chr bepression was that sgriculivral machinery research institgies are
comcerned mosthy with the development of simpler machines suck as thresh-
ers. iransglapters, harvesters, and combines. More comples equipment,
such as bmermal combustion engines and four-wheel tractors and power
sifbers, are developed by the engine and rractor manufacturing unus, Farm

kN
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Propre V-LL Power generstion room of 2 40-kw. brigade-run hydroelectie station.

machingery research imstitutes. however, play an important role in the
evplustion, tramsfer and dissemination of machinery designs and provide

wehnivel awndstance 1o manufocturing plans. The institute follows these

wtops i the deseloprmont of new auchines:

tah sureey of loozt machinery needs and farming conditions

iish vesearch amsd waperimental vindics, if needed

foi design, tabwrication, snd evalustion of pridotype machines

{dh essablishment of @ project committes, with representatives from the
trnbrate, potentisl manpiactirers and end uses

teh approval of the profest commines for continuation of the project

iy preparatt e of detailed engincering drawings and their refease for vl
prodaction 1o county of ¢ty manufacturing planes

) resting snd evaloation of tial-produced machines

thy apprawal of any design changes and performance results of the st
poodiction machine by the project comemitier

b release of design for regular production
Paveressingly. the research instatutes foliow a machinery development

siratepy quite smular 1o that followed worldwide by carablished machinery

e,
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manufacturers. Machines are developed only in response to specific needs,
which are established by surveys that could be compared with market
research and product planning in private industry. This is an effective
approach. compared with the one followed by public research organizations
in most deseloping countries. in which projects are often initiated without
establishing thedr need.

The Provincal Farm Machinery Institute in Kwangiung Province has
a stalt of 130-166 people, of which about 60 ave professionals. This institute
is slightly targer than sverage provincial institutes. The institute is organized
fn six sections comsisting of: (1} land preparation-cultivation and trans-
planting. (2} hervesting-threshing and processing. (3) engine improvements
and madifications, (4} technology development {new products, methods),
(5F technodopy innovation-manufzcturing extension. and (6} information
and reference. They have a design and prototype shop. Their main concern
Wt mechanize the cultivation of rice, bananas, and sugarcane. Their
vurres research cmphasizes paddy seedling removal from nurseries, trans-
planting. harvesting. and threshing of paddy. and the development of
Hi-bp. riding tractors. We saw widespread use of sun-drying on roads and
concrete floors in Kwangiung and other parts of China. but for some reason
they have placed wvery Httle emphasis on paddy drving at the Kwangtung
provincial resenrch lostiiute.

Some of the larger nattonal and provincial masufacturing units have
their wan design and development departments. The Internal Combustion
Engine Plant in Peking, a rextile plant in: Hsin-hsiang, and a machine tool
phant m Shanghat, which we visited, were deing thelr own design and
development sork. As mentioned earlier. R&D at these industrial units is
concerned with the desigo and development of wore sophisticated machines,
szeh a3 imternael combustion engines. large tractors, and heavy machine
wls. arwmg sther types. Shanghai has an institate for internal combustion
crgnes. which wemsthmes provides engine designy o manufacturing units.
We waw omby ome county plant in We-hst producing a single-cylinder
mroesded gasoline engine, which was desipned by this instituee.

We sere 1wl thar in the carly stages of mechanization in China, the
development gnd manvfacture of sgriculreral machines was rather central-
wed. This often resulted m the overproduction of inappropriate machines.
Subsequently. @ deeemtralized R&D and machinery manufaciuring policy
way unsiitured thay has minimized some of the earlier prablems. The research
amd development aotivities and machinery production are more relevant
to the local novds. Considerable emphasis is wow placed on thorough field
testing and evaleavon of new machines, To safeguard against subsequent
field problers. machines are generally produced for one or two years on
& trizl bavs before commendcing regular production.
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In response to our gueries on who designs new machines, we were
invariably toid that a three-in-one approach is followed in the development
process. It was evident in the discussions that the design engincers work
rather closely with the production engineers and potential end-users to
ensure that the machine meets the utilization as well as the manufacturing
criteria. The team approach is preferred and encouraged over individual
efforts. We came across no cases in which an individual was credited for
the design of a machine.

The designs of the larger four-wheel tractors and other agricultural
machines in China are patterned after machines from other industrialized
coantries. China has undoubtedly learned from the mechanization expe-
rience of other countries and has successfully adapted and improved con-
ventional machines to suit focal conditions. We find that most Chinese
machines have been well adapted for the functional and low-volume
oroduction aspects. Extensive use of cast iron and aluminum castings is
made to {2cilitate production by small foundries in the rural areas. Relatively
less attention is paid to styling, industrial design, and fancy sheet metal
work to improve machine appearance. Most mobile agricultural machines
use slow-speed diesel engines that need less maintenance and resuli in
trouble-free operation. Low-powered aircooled gasoline engines are seldom
used in agricultural machines except for some paddy transplanters and
harvesters where light weight is necessary to improve field mobility in wet
fields.

Higher authorities often assign responsibilities to larger manufacturing
units for developing new machines to suit specific needs. Since inventions
and new machinery designs are not considered as proprietary items in China,
engineering drawings and other techaical information are readily exchanged
with other manufacturing units. Because of this free flow of machinery
designs and production knowhow, one finds that the same machine is often
produced by different manufacturing units in many parts of the country.
For example, the engines produced at the Internal Combustion Engine
Plant at Peking are also produced by five other plants in the country. Simi-
larly, a new lightweight diesel engine design, which is planned for produc-
tion at the Peking plant in 1976, has already been released to another
manufacturing uuit. In the same manner, the 10-h.p. crawler tractor for
hilly areas, being produced in Hsi-yang County, was developed with the help
of the Lo-vang No. 1 Research Center of the state-run tractor plant. This
10-h.p. tractor also is being trial-produced in small batches in a few other
states.

Apparently, there is no single pattern for transfering machinery design.
The manufacturing units seem to have considerable flexibility in either
obtaining new designs from outside sources or conducting their own design
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and development work. For cxample. a comnmnc-operated agricultural
machinery plant in Wu-hsi indicated that it does not work at all with the
national or provincial research institutes, but gets the new designs from the
more advanced machinery manufacturing units whenever it is in need of
2 new design.

Quite often. the central, state, and municipal governments also act
as channels for the transfer of machinery designs from one manufacturing
plant i another. We were told at the Red Star Commune that they pass any
new development in machinery to the authorities of the Peking municipality,
which holds regular exchange meetings to disperse information on new
machinery deveiopments and helps in exchanging information among
interested parties. The 12-h.p. power tiller that was being trial-produced
in Lin County was based on a design that the state had provided from the
larger state-run power tiller plant at Cheng-chou, the state capital. The
state-run Cheng-chou plant also trained the engineers from the county plant
and provided comptete production knowhow. Technical personnet are freely
exchanged between manufacturing units and on-the-job training and per-
sonal contacts are the most popular methods of technology transfer. The
more successful communes, brigades. and industrial shops serve as demon-
stration models and have regular streams of visitors from all over China.
This technique is effectively used to demonsirate and teach modern agri-
cuftural and industrial methods. For example, the famous Ta-chai Brigade
receives thousands of visitors every day. We were toid that their record for
the maximum number of visitors on a single day stands at 30,000. We felt
that there is much [ess dependence on written commuaication for transfering
industrial technology in China than in most other industrialized countries.
Production workers are normally trained through an apprenticeship process;
we saw many apprentices working beside experienced machine operators in
almost everv plant. The apprentices receive one or two years of on-the-job
training. Some of the larger factories operate industrial colleges in which
selected emplovees obtain two years of combined engineering studies along
with practical shop experience. The Internal Combustion Engine Plant in
Peking, the machine tool plant in Shanghai, and the textile plant in Cheng-
chou a4 operate industrial colleges to train workers in their respective
engineering fields.

MANUFACTURE OF AGRICULTURAL MACHINERY

The Chinese Government is committed to a policy of decentralization
of smali-scale industries to the rural areas; farm machinery production is
one of the country’s important small-scale industries. Broadly speaking,
the manufacture of tractors and agricultural machines is organized at three
fevels: (1} mational and provincial, (2) county and city, and (3) commune
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and brigade. The complexity of the machine and the production process
dictate the levet at which a machine is produced in China,

Inferestingly, farm equipment manufacturing has served as a foundation
for many of the large industrial plants that we visited. Some of the early farm
machinery planis have now transformed into giant industries that produce
other industrial machines and products, such as gasoline and diesel engines,
machine tools, and textile equipment among others. The smailer plants
inittally preduce a wider variety of products. As new markets develop for
some products. new specialized plants are set up. In Hsi-yang, a steel
plant. an electric motor plant. and a small crawler tractor plant have all
developed frem a parent plant producing agricuitural machinery. Similarly,
we were told that the Peking Internal Combustion Engine Plant started as
a farm machinery plant in 1949, producing horse-drawn ploughs, reapers,
and cultivators. This plant was converted to engine production in 1964 and
multiplied into 11 other pleats during the period 1964-1974,

To facilitate production of some of the machines at the local level, the
more complex machine elements, such as carbureters, fuel injection equip-
mient, electrical and hydraulic components, have been standardized, and
these are produced at selected centralized plants in the country. Generally,
the more complex agricultural machines, such as larger four-wheel tractors
of over 20-h.p. size and the larger four- and six-cylinder diesel and gasoline
engines. are produced by national or provincial factories. Machines of
medium complexity such as small one- or two-cylinder diesel and gasoline
engines, smalier four-wheel riding tractors of less than 20 h.p., and power
tillers. are produced at county- or city-managed plants. The least complex
machines, such as irrigation pumps, threshers, transplanters, feed grinders,
tractor implements and trailers, are produced at commune or, in some cases,
at brigade level plants.

Production of internal combustion engines of more than 40-h.p. size
hias been well stabilized at the national or provincial level. We saw the
nationally managed [nternal Combustion Engine Plant at Peking, which
produces 30.000 diesel and gasoline engines annually in 45-h.p, to 75-h.p.
sizes. We also saw a provincial tractor plant in Shanghai (Photo V-14), which
was producing 6300 four-wheei tractors annually in 27- and 35-h.p. sizes.

Production of smaller four-wheel tractors and engines of less than
20 h.p. is being decentralized to the county and commune level plants. We
were impressed by the rapidity with which this decentralization is taking
piace. The county- and commune-level farm machinery plants that we
visited had only recently started production on a trial basis and were plan-
ning to start regular production sometime in 1976. These plants were
producing 12-h.p., four-wheel riding tractors at Hsin-hsiang, 12-h.p. power
tiflers in Lin County, 10-h.p. crawler tractors in Hel-vang, Shansi Province,
18-h.p. diesel enoinar 5t Thia-ung County, 18-row paddy transplanters at
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Puors V-14. The “Bumper Harvest” tractor made at a provincial tractor plant in
Shanghai. ’

Wu-hsi, Kiangse Province, and single-cylinder aircooled gasoline engines
at Ma i Commane, Shanghal municipality. All of these plamis were pre-
viously producing simpler agricultura! machines, such as tbreshers, pumps,
and feed processing equipment. The production of the simpler machines
was cither terminated due to saturation of local demand or was transferred
to lower-level plants. We also learned that Kwangtung and Honan Provinces
originally had one power tiller factory each in the capital cities, Canton and
Cheng-enou, but simall power tiller plants have recently been set up in most
counties.

in China, most manufacturing units are provided an annual production
target by the higher authorities. The county and city plants are included
in the provincial planning schemes, and their production targets are
spproved by the provincial authorities. Most plants that we visited claimed
w procuce in excess of their production quotas. Availability of additional
rew materizl to produce beyond the set quota seems not (0 be too serious a
problem. Due to the emphasis on self-sufficiency, most county, commune,
and brigade level manufacturing units distribute their products in their own
areas. Rarety did we come across small-scale manufacturing units supplying
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thetr products bevond their own geographic region, We saw a small electrical
trassformer manufacturing plant operated by a commune in Shanghai
mupicipality. which supplied its products outside the commune, but most
of the other county and lower-level machinery plants produced only for
their own consumption. Markets for the county and lower-level plants are,
therefore. guite small and production is usually in small volumes.

The limited size of the jocal market and decentralized production
necessitates a highly flexible manufacturing operation with minimem invest-
ments in jigs. fixtures, and special production equipment. The factories
often switch to the production of new machines as soon as local demand for
a machine kas been {ully met. We came across many cases where production
of threshers and other agricultural machines was discontinued because of
local market saturation. Our opinlon was that the himited size of the focal
markets has. 10 some extent. constrained the development of mechanization
techaology and wmprovements in the designs of agriculiural machines and
their production guality, particularty of the simpler farm machines produced
at the lower-fevel plants. While the decenitratized production approach may
not fook very efficient from Western standards, it has, nevertheless, served
well in meeting local needs in China, which would have been difficult
otherwise. We felt, however. that the decentralization of machinery produc-
tion seems too rapid at times and has perhaps resuited in considerable
disconmtinuoys production.

The national and provincial level plants are quite well equipped with
modern mass production machines. We were impressed with the production
equipment at the internal Combustion Engine Plant at Peking. Most of the
engine components were machined on specialized automatic and semi-
aulomatic production machines. Thev had designed their own multispindle
boring machines for machining enp ne bliocks and cylinder heads. Their
foundry was highly mechanized with the sand conditioning, mouid and core
production (Photo V-15) and metal pouring done nechanically with rather
advanced machines. This plant bad (wo assembly lines, one for gasoline
engines and one for diesel engines.

Similarly. at the power tiller manufacturing plant (Photo V-16) in
Wau-hsi County, Kiangsu Province, we were irapressed by the use of modern
spectaiized production eguipment. The three faces of the transmission
casings were being simultaneously machined on automatic machines. The
plant was eguipped with a wide variety of semi-automated and automated
machine tools. The plant had high-speed gear shavers and hobbers, as well
as electric spark erosion machines for ihe production of power tiiler trans-
mission gears. The heat treatment section had atmospheric and salt bath
furnaces and induction hardening machines. In a nearby county-managed
electric motor plant. we saw electric spark erosion machines being used 1o
make punching dies for rotor stampings from hardencd ool steel.
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Puore V-13. Filling of large moulds with a mechanical sand ejector at a machine
tool plant in Shanghai.

In our visits to county and commune level plants, we were impressed
by the judicious mixing of rather modern methods of mass production and
simple methods of manual production. For example, it was not uncommon
to see large pneumatic power hammers being used along with manual forging
operations {Photo V-17). Most county and lower-level plants do not use
special production equipment, but depend on standard machine tools.
Production of farm machines at the county and commune level plants is
quite labor-intensive and offers considerable potential for improvement
in labor productivity. For example, we were told that at a commune farm
machinery piant in Peking, they had 171 workers and had produced 140
threshers and 5@ transplanters last year. Figures available in the Philippines
on production of similar types of threshers and other machines with highly
labor-intensive methods indicate a requirement of less than half as much
fabor to produce as many machines. The small size of the local market and
the wide variety ia the product mix is responsible, to a certain extent, for
this low labor productivity. It scems that the emphasis on self-sufficiency
in production is more important to China at this moment, and that they are
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Puoto V-16. The “Tung-fang-12" power tillers being manufactured at a plant in
Wu-hsi County, Kiangsu Province.

willing ¢ sacrifice some production efficiency in their early stage of
industriaiization.

Almost alt county and commune level plants have small foundries. The
foundry is an important part in most manufacturing units, for castings are
liberally used in the production of machines. Most foundry operations of
sand conditioning, mould preparation, and metal pouring are done manually
at the county and lower-level plants. In only a few larger county plants did
we see the use of overhead traveling cranes for transporting molten metal
and the use of portable vibrators for tamping sand in the mould boxes.

The use of sheet metal, both stamped and formed, is not popular in
the production of agricultural machinery. Perhaps this may be because of
the high cost of sheet metal or the shortage of the metal sheets. Fabrication
of sheet meta! parts requires large investments in stamping presses and dies
and is often justified only for larger-volume production. Because of smaller
production volumes at the local plants, sheet metal is sparingly used in the
production of machine components. In our opinion, sheet metal fabrication
was the least developed section in most farm machinery manufacturing
plarts that we saw. At the Shanghai (Bumper Harvest) Tractor Factory, the
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Puore V-17, Mixing of traditional and modern production equipment at a farm
machinery plant in Shansi province.

rear tracior sheet metal fenders were hand-fabricated and were full of
hammer marks. although they were quite strong. Since sheet metal com-
ponents are often used to enhance machine appearance, fittle attention is
paid in China to improving the guality of sheet metal components in most
agricuitural machines.

On the other hand, considerable emphasis has been placed on the
developmen: of machining capabilities and most small plants are well
equipped with lathes, milling machines, shapers, and ther standard
machine 1cols. We were repeatedly told of the many self-made machines
that were fabricated by the manufacturing units, and we saw some in
operation. The self-made machine approach is still being foilowed at many
plants although these machines are no longer the cobbled-up versions that
we had envisioned. Most of the plants produce rather modern machine tools
for their own use, which are often comparable to factory-built machine tools.
Designs of 1he machine tools are obtained from the larger machine tool
plants and national research institutes. It was our impression, however, that
the seif-made machine tools approach is beginning to decline as more
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factory-built machines become available and as production efficiency dic-
tates more specialized machines.

SERVICE AND MAINTENANCE OF FARM MACHINES

Almost 85% of the communes in China have farm machinery work-
shops. The commune workshops have three main fuactions: (a) recondition-
ing of tractors. trucks. and other large equipment: (b} training of tech-
nicians. mechanics, and tractor drivers; and {¢) production of locally needed
simple farm eguipment. The brigade workshops are usually smaller and
are equipped primarily for servicing and minor repair of the brigade-owned
farm eguipment. It is not uncommon, however, to see some manufacturing
activity as the brigade workshops, particularly of simple farm equipment
such as manual and animal-drawn implements.

The Red Star Commune in Peking has a large agricultural machinery
faciliy thas is eqguipped to handle major overhauls of trucks and tractors.
The facilities included well-equipped shops for metal working and machin-
ing, engine rebuilding, radiator repairing, electrical repair and rewinding,
carpentry. and painting. This facility also has a manufacturing section in
which fairly large wheat threshers of conventional design are produced
{Phote V-18). These wheat threshers are powered by 22-h.p. electric motors
and have threshing outputs of 3 tons per h. We were told that the thresher
design was obtained from another manufacturing plant in North China.
The threshers are distributed only within the commune, and they had
produced 140 such machines in 1974, This machinery repair and manufac-
turing facifity has a total of 231 workers with approximately 60 persons
working exclusively on repair of machines. The total revenue of their
machinery repair and manufacturing facility for 1974 was 574,000 yuan,
with approximately half coming from repair and servicing operations. The
Red Star Commune has 127 large tractors, 358 walking tractors, 109 trucks,
and 411 small machines, such as pumps and generators. The commune
workshop handles all major overhaul and repair of these machines.

We saw a few machinery repair shops at the production brigade level.
Most of these shops have a few trained mechanics, machine operators, and
one or two efectricians. These small repair and machine shop facilities have
a few lathes and other standard machine shop equipment. In some cases
the brigade shops have small foundries and are producing simple threshers,
animal-drawn plows, seeders, and other similar equipment. Many commune
and some brigadc work shops have mobile teams to provide field service
during the busy harvesting and threshing season. During slack periods, these
teams conduct machinery surveys, collect information on the different
machines operating in their areas, study their service and parts needs, and
prepare for the next season.
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Proto V-18. A conventional wheat thresher manufactured by the Red Star Com-
mune aear Peking,

The larger manufacturing units at the national and provincial level,
which produce tractors and other large agricultural machines, guarantee
their products against manufacturing defects. The diesel and gasoline
engines produced by the Internal Combustion Engine Plant at Peking are
guaranteed for 100,000 km. of use in minibuses. We were told that fewer
than 1% of the engines are returned to the factory for reworking under their
warranty scheme. in addition to their regular production the plant annually
produces approximately 10-15% additional fast-moving spare parts for
diese! engines and 8- 10% for gasoline engines. Availability of spare parts in
the rural areas is not too serious a problem since many farm machines are
produced at the focal level and communication is fairly well developed in
the rural areas. We were told that most brigade headquarters have tele-
phones, and that obtaining parts from the provincial and national plants is
not difficujt.

At the Shanghai (Bumper Harvest) Tractor Factory, we learned that
their wactors reguire major overhauls every two to three years after approx-
tmately 4000 to 3000 hours of service. From our observations and discussions
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in China, we believe that the annual tractor and power tiller usage is about
{0 to 2500 hours. which is almost four times that of Japan and about 2.5
times that of the U.S. This high degree of tractor and power tiller usage is
possible because machines are often used around the clock with three
operators during the busy harvest and planting seasons. and are also regu-
tarly used for wansport throughout the year.

Agriculturai traciors and machines in China seem to be subjected only
ta a oritical level of maintenance involving periodic fuel and Iubrication
checks. We saw two power tillers being used in Cheng-chou for hauling loads
on trailers. Thev had onlv onie V-belt instead of the three standard belts
provided by the manufacturer. Both power titlers had spare V-belts wrapped
around the steering handies for emergency vse. We also saw quite a number
o power tiffers in Shanghai municipality in which axle bearings were being
replaced on the road. These tractors were being used with trailers for trans-
porting heavy loads. which probably created excessive loading of the main
axie bearings,

Apparently, little attention is paid to periodic cleaning of tractors and
farm machines; throughout our visit we saw no machines in use which had
been recently cleaned. This observation perhaps reflects the continuous
heavy-duty use o which the Chinese machines are subjected throughout
the year. This apparent lack of maintenance. however, is adequately offset
by the heavier-duty designs and sturdiness of the Chinese tractors and other
agricultural machines. The use of low-speed diese! engines in small tractors,
power tillers, and other farm machines also minimizes service requirements.

Throughour our travel, we never saw yards full of scrapped agricultural
machines that gne often comes across in other developing countries. Most
communes and brigades seem to make geod use of iheir older machines.
Ready availability of parts and service facilities in the rural areas keeps the
older machines in good working order. Another possible reason for this
observation may be the fact that China places great emphasis on the recycling
of scrap materials. Ir Wa-hsi, we saw a county-run steel mill that was
producing round steel bars and angle irons from scrap iron collected from
the county.

Tractor operators, servicemen. and other technicians are mostly trained
through the apprenticeship process at the commune and brigade level shops.
In most farm machinery workshops, we saw young apprentices working
along with trained operators repairing and operating all Kinds of machines.

Well-illustrated maintenance and service manuals on all types of
agricultural machines and farm equipment are published by the government
press. These publications are quite inexpensive and are available through
the bookstores found in almost every small town. Simple handbooks and
other written materials are produced on a wide variety of agro-technical
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subyects thae have potential application in the rural arcas. For example, in
the Dockstores we saw Chinese books on all aspects of agricultural produc-
teon and refared subjects such as: seed. fertlizer. and insecticide application;
agricuftural mechanization: food and fedder processing: hydroclectric
planty; design and construction of dams, canals, and rescrvolrs: and manu-
facture of cemert and fertilizer among others. These are written in a do-it-
voursell style and are widely used in brigades and communes in the rural
areas, | hese books arve w great demand: we saw people lined up to purchase
newer sues 3t boolcstores throughout the country.

CONCLUSION

Chiee has andosbtediy made tmpressive progress in mechanizing its
sgricalure and in decenmtralizing the production of tractors and other
agricuftural machines. Available mechanization technologies from many
parts of the world have been successfully wansferred and adapted o suit
focal farming and manufaciuring conditions. In addition, the country has
been effectinely balzneing the demand and supply of labor in the rural areas
amwmg three sectors. namely, farming, rural industries, and farm capital
construction. The demand for labor in capital construction projects is easier
to control. and consequemly. this sector has played an important role in
absorbing the seasonal surpluses of Izbor in China.

The progress achieved in irrigation and iand development in the dryland
areas has assisted the mechanization of agriculture; one sees no major
technical bottlenecks to the mechanization of this agroclimatic zone of
China. fn the wetand paddy cultivation areas, however, some techuical
probiems will reguice greaer research and devetopment efforts. Considerable
progress kas been achigved in recent years in the development of power-
operated peddy wransplanters; the new Chinese transplasters have potential
tor apphication ir almost all developing countries. But not as much progress
has been made in the developmient of machines to solve some of the other
problems indigenous to Chinese agriculture. This area needs further
attention.

in agricultural mechanization, China is decidedly moving toward the
use of larger tractors and other farm equipment. With greater land consoli-
dation. the larger machines will undoubted!y gain substantial popularity
in the drviand areas of China. The power tillers, small threshers, and other
low-powered machines, however, will continue to be quite popuiar in the
wetland paddv arcas. Production of large tractors and other complex agri-
cultural machines is well established and is of fairly high quality at the
national and provincial level, The production of machines of medium
complexity. sech as 10- 1o 20-h.p. riding tractors, power tillers, and small
diesel engines, is being expanded and rapidly decentralized to the city,
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county and. b e omes, the commune fevel plants. We believe that in
the interest of grester production efficency, and techuologicet development,
the production of such machines will probably wabilize 2t the county and
city fovels, bn the long ren. the commune-fevel plants will mostly specialize
i machine rebuilding and the production of simpler farm machines and
wmplements.

fr appears that i the tmmediate future, the small-scale industries will
continee L g a3k the county and commune levels at & more rapid pace
than in the larger metropolitan areas. The agriculiural and refated industrial
achicvements that we saw during our trip no doubt indicate that China will
have a hughlv mechanized agricuiture m the not-too-distant furure.



Chapter Vi

SMALL-SCALE CHEMICAL
FERTILIZER TECHNOLOGY

A fertilizer is a material, naturzlly occurring or synthetically produced,
that provides one or more of the plant nutrients, nitrogen, phosphorous,
or poiassivme to Hving plants. It 2iso may coatain other elements such as
selfur. manganese, boron, copper., zinc, and molybdenum, which are coften
necessayy to achieve optimum plant growth. These elements normally
required only in minor amounts are referred to as micronutrients, while
nitrogen. phosphorous, and potassium are called primary plant nutrients.
The complex mechanisms through which plants make use of the primary
nutrients and micronutrients are not thoroughly understood, but numercus
researchers have proven experimentally that countries striving to improve
erap vields will need fertilizers.

Visits were made to the chemical fertilizer factories in Hsi-yang County,
Shausi Province; Lin County, and Hui County, Honan Province. Ammonia,
amiaoniam bicarbonate, and ammonium nitrate products were being pro-
duced in Hsi-yang and Hui Counties, while in Lin County only ammonia
and ammonium bicarbonate products were being made. Most of the dis-
cussion in this section for nitrogen production technology is based on brief-
ings and visits to these factories. Phosphate technology was obtained primar-
ily from Chinese literature, as visits to phosphate factories were not included
ins the itinerary,

154
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SPECEFIC FERTLIZFR TERMINOCLOGY

Iz ovder 1o better describe a fortilizer product corain specilic terms have
been developed over the years that must be understoad; svine of the terms
as used apply only to fertitizer and have been adopted through convention.
Same of the move cormmon terms and definitions are:

k. Chernival analysis: This denotes the concentration of the nutrients
in the material that are needed by plants such as nitrogen. M¥: phosphorous
pertoxide. P,0,. and porassium oxide, K,0. Note that two of the elements,
phosphorous and petassium, are expressed in terms of the oxides, Some
coumntries are now adopting a2 method of expressing the analysis on a weight
percent basis as vimply nicrogen (N), phosphorous (P). and potassium (K}
The analysis is usueally expressed in weight percent and denotes the weight
of the clement divided by the molecular weight times 100. For example, the
chemical formula for ammonia is NH,, which has a molecuiar weight of 17
{14 for N. plus 3x! for H), and the N content or analysis is egqual to
14+ 175 100 = 82.4%. Therefore, for every 100 pounds of pure ammoniy,
there would be 82.4 pounds of nitrogen. Bt is slightly more complicated for
the oxide forms since the number of elements may be greater in the oxide
form than in the product formula. In this case. phosphoric acid of conven-
tional sirength is written as H,PO, (orthophosphoric acid}, which requires
two moles of the acid to give one mole of P,0,. The H,POQ, molecular
weight must be multiplied by two. The molecular weight of H,PO, is
S8 {3Hx [ + § Px3i + 4x16); the molecular weight of phosphorous pentoxide
{P,0,) is 142. The P,0, content on a pure acid basis is 142+ 196x100=
72.4%; H,PQ, is not shipped in pure form but in aqueous solution, which
reduces the P,O, concentration to 54% P,0,. It also is usually contaminated
by impurities, which tend to lower its analysis. An acid of 54% P,0O; con-
centration is usually referred to as ordinary or ortho wet-process phosphoric
acid. This is the acid traded in international markets and is the base for
phosphate statistics in supply-demand data; ammonia is the base taken in
statistical data on nitrogen in most countries.

2. Grade of fertilizer: This denotes the plant nutrient content of a
fertilizer expressed in weight percent and is given in the order of N, P,O,,
and K,O. except in the case cited above where N, P, and K are given. For
example, a 14-14-14 grade indicates 14% N, 14% P,0,. and 14% K,0.
This indicates that ail three major nutrients are present. A material con-
taining only nitrogen, such as urea, would be expressed as 46-0-0 indicating
46% N, 0% P,0,. and 0% K,O. If micronutrients are present the weight
percent and element are given last in the grade. With urea again containing
0.2% zinc. the grade would be 45-0-0, 0.2 Zn, etc. Micronutrients are
usuaily present only in small quantities.

Several other terms used in this chapter are defined when used for the
convenience of the reader.
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MALL-SCALE INDUSTRY DEFINITION

Une of the many objectives of the defegation assigned for this study
» 8% @ determine the technology used in fertifizer production in the small-
s’ industries scattered throughout the couniry. Representatives of the
Minstry of Perrochemical Industries summarized the status and plans for
the small-scale nitrogenous fertilizer industry during a briefing in Peking.
During the tour the delegation was able to view the factories and discuss
details of the operation. Although attempts were made to gain knowiedge
of the phosphate fertilizer industry, this report deals primarily with the
nitrogenous fertilizer industry and more specifically with the small-scale
plants. Therefore, the main product is ammonia and associated by-product,
which can be converted into other fertilizer materials.

Table VI-1 gives a deseription of fertilizer materials frequently used in
China aleng with the chemical analysis and method of manufacture, One
of the most striking differences in the fertilizer industry in China is the
prodection and use of ammonium bicarbonate as fertilizer, which is one
of the prime proaucts of smali-scale industry. This appears to be the only
courtry. develop:d or developing, wsing this material in substantial quan-
tities as fertilizer. Most other countries use ammonia as ammonia, ammon-
ium sulfate. ammonivm nitrate, or urea. According to the Ministry,
arvaonium bicarbonate can be produced by a simpler process, requires less
investment. and plants can be in production quickly. Ammonium bicar-
bonate is made by the reaction of ammonia with carbon dioxide usually
carried out in a simple reactor. The procedure is described in the technology
section.

During the period [958-1965, or eight years before the Cultural
Revolution. only about 90 plants for the production of ammonia had beern
established. From [966-1974 about 1100 of the small-scale, coal-based
ammonia plants were built with an average of 100 new plants per year now
being added. The design capacity based on ammonia ranges from 3000 m.t.
per year up to 20,000 m.t. per year in the modern small-scale plant, and
some of the newer plants produce ammonium nitrate in addition to the
solid ammonizm bicarbonate. Ammonigm nitrate plants represent a greater
degree of complexity since aitric acid is an intermediate during the produc-
tion of ammonium nitrate. These factory complexes are certainly more
expensive than those which only make ammonium bicarbonate. At present
29 provinces are reported to have ammonia production capacity. In 1974
the small plants accounted for about 45% or more of the total nitrogen
produced in the country; the remaining nitrogen production is from larger
scale plants using feedstocks, such as shale oil, natural gas, and refinery
off-gas.

Although actual figures for the country cannot be given, a considerable
amoint of the ammonia produced in smafl-scale plants is converted into
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Veble ¥4
FERVILIFERS FREQUENTLY USED iN CHINA

K ame Grade (W %8 Method of Manufacture
NP0~ K00
1. Ammonia 82:0:0 Reaction of nitrogen with
hydrogen
2. Liguor ammonia 15-25:0:0 Ammonia dissoived in water

{atua ammanial
Asmmonium bicarbonate 17.5.0:0 Reaction of ammonia with
carbon dioxide, CO:

. Ammmmomiuen nitrate 32-35:0:0 Reaction of nitric acid with
amimonia
ammonium sulfate 20-21:0:0 Heaction of sulfuric acid with
SO
Urea 46:0:0 Reaction of ammonia with
carbon dioxide, CO:
Catcium super phosphate 0260 Reaction of phosphate rock
with sulfuric acid
. Basic slag 0:12-18:0 Byproduct of steel production
Calciem magnesiem phosphate 0014-18:0 Burned phosphate ore
. Ammonum phosphate 11.250-60:6 Heaction of ammaonia with
phosphoric acid
. Potassium suifate 0.0:52.8 Heaction of potassium

chioride with subfuric acid

*manges of nutrient content given which may vary depending on product purity.

st number denotes range of nifrogen contant on a percent-by-weight basis; second

nurnher denotes ange of 0. third number denotes range of K0 content.

liguor anunonta (agua ammonial, Ammonia gas is bubbled into water while
cooling to form ammonium hydrexide (NH,OH) with a concentration of
16-23% aierogen. The concentration is kept low so that the final solution
exhibits no gauge pressure, although it has a vapor pressure, and can be
sransperied in non-pressure containers. The containers must be kept closed,
however. © avoid losses of ammonia due to volatilization. This method is
simpler and less expensive since pressure equipment for transportation,
storage, and handling is not needed. In many countries such as the United
Suates, anbydrous ammonia containing no water is used directly as fertifizer.
Since ammonts s 2 gas at ordinary temperature it must be kept vuder
pressure to maintain liguid form. China does not yet have the pressure
eqaipment on a farge scale to handle the volatile anhydrous liguid ammonia.
Ko indicotion was given in the countis, communes, or brigades visited that
they are attempting to produce equipment to allow the direct use of liquid




158 CHEMICAL FERTILIZER TECHNOLOGY

amsioniz &t the farm lovel for agricoliure. Smell applivators for Hguor
ammenis vore observed at several locations. Application methods for solid
avd Hawid foroiieers ave diseussed in a Tater sectinn

Chanz has the tevhnology (o construct and operate urea plants of certain
capaciines. 1S s an important fertilizer matertaf in the country. However,
wo plants of the smazll-seale industey type were observed during the visit and
therefore the technolowy 5 only briefly described in this report. Likewise,
Bz preduction of ammoniem sulfate was not ebserved. What Hitle informa-
tton could be gamed on the production methods for phosphate fertilizers
iz {hing alo are givern i & later section.

o

RAW MATERIALS

The basic building block of all nitrogen fertitizcers is ammonia. It is one
of the wury fundamentsl raw materials for modern civilization, and iy
importisnce 1o agricehural production cannot be overemphasized. A very
high percentage of that produced in the world (about 85%1 is used divectly
or indirectly as a fertilizer although it alse finds uses in the manufacture
of such materials s soda ash. niirle acid, nyvlon, plastics. lacguners, dves,
rublber. and nemerous other produets.

Amemonia ts produced in the synthesis step by combining nitrogen and
hudrogen in the proper propartions at specified conditions of temperature
and pressare and in the presence of a catalyst. Nitrogen for the process is
tzken from the air and organic materials, such as coal, nawural gas (meth-
ancl naphths, ol or even water can provide the souree of hydrogen. In fact
almesy zoy waterial containing hvdrogen is 2 potential raw materizl. The
production of ammenia by the combination of nitrogen and hvdrogen is a
refatively stmiple process: complications occur in obiaining the gases for the
svorhiesis seaction. §he gases must be produced, ceaned, mixed, ete,, which
makes ammoniz production & rather complicaied process.

Ching has copb bn large amounts and well distvibuted throughout the
eountry except for the south, and it can be wsed as a rvaw material {or
antmemia production. Coal reserves in China compare favorably with those
of the United States and the USSR, i is claimed that ¢oal has been found
in every provinge in China. although the size as well as the tvpe of deposits
vary considerably, Coels range from lignite to anthiracite, with bituminous
wepes heing predominant. In the small plants visited, coal was used both
for feedssock and fuel. v is knowsn thay Ching has substantial guantities
of natgral gas which is an even beter feedstock than coul, but plams of this
tvpe were not visited, Anthraciie or semi-anthrociie grade of coal was being
wsed, and lumps were used for feedstack, white the powdered coal was used
faor fuel. The Misistey of Petrochemical Indestries reported that high-sulfur
coats and brewer grade cosls were belng osed. A method was said to have
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Toble ¥i.g

TYBICAL SNALYSIS (ULTIMATE) AND HEATING VALUE
OF VARIOUS COALS®

Heating Value
Rank Littimate Analysis, % BtulPound

C H N O S

anthracile-semi 854 3z 1.2 3.5% €.30 14,100
Bitumingus 8t.73 474 150 G654 Q7 14,600
Sub-biuminous S898 58 1.3 210 1.1 10,600
Lignite w3 FO0 07 458 0.49 6,300

*aealyges cosresponding to American Sociely for Testing Materials
saniivg. ranges of values Detween samples may occur in each rank.

been developed for producing “artificial coal.” whereby powdered coals
not suitable for feedstock due to small particle size were converted to lumps
by briguetting. No details of the hriguetting procedure were given. As gases
must be reacted with the cval, lumps are needed 10 assure good contact of
gas and coal and 1o have free passage of product gas through the bed. The
use of Righ-sulfur coal requires more ¢laborate and more expensive methads
to remove the sulfur: subfur is detrimental to the process and must be
remeved. The availability of high-grade anthracite coal in many locations
is 2 great advantage for small-scale plants and thus provides ar opportunity
for tocating the factory very near the use area. [t Is interesting to compare
the Chinese approach with that in the United States. In China, basic
production sniis producing final products are located near the use area,
whereas in the United Siates. farge complexes provide raw materials and
tneerroediates, which are transported 1o the use areg and further processed
by such methods a5 bulk blending or granulation 1o create final products.
China is woving wward the farge complex in nitrogen production, and thus
will have 1 improve the transportation system to serve these factories.

Fable Vi-Z gives a wpical composition and heating value of various
coale; it should be recognized that specific values will vary somewhat for the
same tvpe of coal. These are shown only 10 give an indication of the variety
of yaw materivis the Chinese said they had used for the production of
amenia. The anafvses were not given to us during our visit.

The quantity of carbon in a coal indicates its refative suitability for use
te anenonie production: e, the higher the carbon content the better suited
ie that oeal, because less will have 1o be handled in the reactors, The lower
the ssliur content the better. because sulfur §s an impurity which interferes
with the ammonis synthesis reaction; sulfur or sulfur gases must be removed
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before nitrogen and hydrogen are reacted to form ammonia, because sulfur
and sulfur compounds will poison the catalyst, thus lowering its reactivity.
With these precautions, all of the above materials can be used for ammonia
production.

The mining of coal was not actually observed by the delegation,
although during travel. numerous small mines were noted near the roadside.
Coal. both fump and powdered, was observed being transported for various
uses by trucks. also equipped with trailing rubber-tired wagons, trailers
pulled by medium-size and hand tractoers, and in two-wheel carts pulled
bv animats or by hand. One fertilizer plant visited was receiving coal by rail.
Very little data could be obtained on the transport cost of coal to the
factories. Nevertheless. a rough estimate of the cost of coal delivered to the
factory is possible and was presented in Chapter V.

GAS GENERATION USING COAL

The following section is a brief description of the technology being used
in the smali-scale plants visited in which coal was the feedstock-fuel. The
plant described is capable of producing up to 10,000 m.1. per year ammonia.
In China, certain parts of plant operaticns are referred to in terms of work-
shops. For example. a part of the plant for gas generation most likely will
be cailed a gas genecrating workshop. Figure VI-? is a flow sheet showing
ammonia production in the small-scale plant.

in this part of the plant the initial reaction toward the ammonia syn-
thesis process begins. This operation is needed to furnish both hydrogen
and nitrogen for the finat synthesis step. Lump coal is charged to the top
of each generator { area of 3m?, round), and for the size of plant described
here, three generztors are used. The only gas generators observed are of the
fixed-bed type. which must be discharged manually. Reference is made in
the Chinese fiterature to a rotary type, which automatically discharges dust
and residue. In some of the discussion, the equipment was referred to as
furnaces. Air is blown into each generator, which causes heat to be generated
by combustion of some of the coal by the following reaction:

C+0,~CO,

This part of the operation is referred to as the “blow.” The carbon reacts
with oxvgen from air forming carbon dioxide; the carbon dioxide is removed
from the gasses and gsed in other processes to produce ammonium bicar-
bonate or urea: it is a byvproduct of ammoenia synthesis, After the bed is
heated during the “Biow™ operation, this is followed by a “run” operation
according 1o the following reaction:

C+H,Osteam)—~ CO+ H,
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This reaction 1 endothermic or requires heat. and thus the bed is cooled.
In this step. hyvdrogen gas and carbon monoxide are generated; hydrogen
is one of the final gases needed for ammonia synthesis. In the above reaction
seguence. nitrogen gas. which is the other gas needed. is supplied by air.
Thus the teo raw materials for the final ammonia reaction between hydrogen
and nitrogen are made and mixed in the proper proportions along with other
gases which are removed prior to synthesis. In the plants, the “blow-run”
operation was being done automatically., with means provided for manual
vperation in case of autematic failure. The cycle was on a timed sequence
of three mimutes with the “blow™ operation for one-third of the time and
“run operation tor tweo-thirds of the time. Thus, air was admitted for
1 minute 1o heat the bed. followed by steam for 2 minutes. which cooled the
bed. This cvcie was repeated giving a gas mixture consisting of carbon
mouaxide (CO). carbon dioxide CO,), hydrogen (H,). nitrogen (N,), methane
tCH,). oxvgen {G,). hydrogen sulfide (H,S). and argon (Ar). The gas was
transported by Roots blowers to storage: storage tanks were built of steel,
and some were made of stone and concrete. The stone tank was said to give
a considerable saving since all materials were loculiy available. The tempera-
wure was not measured in the generator. Steam is produced in steam boilers
using the finelv-divided coal not of sufficient size for use in the generators,
Mo catalvst is needed for the above reactions.

Following storage. the gas is treated to remove hydrogen sulfide and
dust. Water is used for gas washing for dust and dilute ammonium hydroxide
is used to remove hydrogen sulfide: the ammonium hydroxide is regenerated.

CARBON MONOXIDE CONVERSION

Gas after cleaning for dust and hydrogen sulfide removal is mixed with
an ¢xcess of steam and passed over a bed of catalvst consisting of iron oxide
iFe, 0,0 o this reaction. calied the shift reaction, carben moenoxide reacts
with steam according to the following:

CO+H,Gsteam}—~ 2O, + H,

In ihis manner additional hydrogen gas is formed and converts most of the
carbon mwonoxide to carbon dioxide; no data were given on the conversion
cificiency. but probably this was no higher than 90%. Therefore, some
carbon monoxide remains, which must be removed along with the carbon
dioxide and other impurities prior to svuthesis. The temperature of the
conversion reaction is S00°C. After conversion, the gas is cooled before
beginning additional gas purification operations. At this point, the gases
have the correct mole ratio of hydrogen to nitrogen of 3:1 for synthesis, but
stilt contain carbon dioxide and carbon monoxide, which must be removed.
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GAS COMPRESSION AND PURIFICATION

After conversion of most of the carbon mionoxide to hydrogen, the gases
are subjected to a sequence of compression and purification steps. The gas
is compressed in six stages. with intercoolers between stages, until a pressure
of 300 kg./cm.? is reached in the fifth stage. Water is pumiped into an
absorption tower where the carbon dioxide is dissolved. No data were given
as to where emergy is recovered from the let-down of the water-carbon
dioxide solution. It is assumed that no system exists for this. Carbon dioxide
recovered in this step is used for production of ammonium bicarbonate.

Removal of the carbon monoxide, oxygen, residual carbon dioxide,
and other gases s carried out by further scrubbing after water scrubbing
with a cold solation of ammoniacal copper formate. Gas is contacted in a
scrubbing tower with the cold solution to abserb carbon monoxide and
exygen. The copper liquor is oxidized in the scrubbing tower during removal
of carbon monoxide and is called spent solution. After scrubbing, the spent
sohetion goes to a reflux scrubber where ammonia is absorbed. From the
reflux scrubber the liquor goes to a reduction vessel where it is heated under
pressure and reduced back to the cuprous form by the dissolved carbon
monoxide. Carbon monoxide and carbon dioxide are released from the
solution. After regeneration the copper solution is again cooled by ammonia
refrigeration to be recycled. At this point the final gases, hydrogen, and
nitrogen. are in a condition for the synthesis reaction.

AMMONIA SYNTHESIS

After compression to 320 kg./cm.? the purified synthesis gas is mixed
with circulated gas. The combined volume of new and recirculated gas pass
through an ammonia-cooled condenser; the gases and condensed ammonia
are passed through a separator where liquid ammonia is removed. Liquid
ammeonia is pumped to storage. Pressure type storage is used in the small-
scale plants. After separation of ammonia, the gases are heated by off-gas
from the comverter in an exchanger and enter the ammonia synthesis con-
verter where they pass through the catalyst bed. The catalyst was not known
by plant persornel, but was designated A6. It is assumed to be reduced iron
oxide, because a nitrogen blanket is required during periods of shutdown,
The converter operates at 500°C. and, as given before, 320 kg./cm.?. The
reaction of hvdrogen and nitrogen to form ammonia is an equiiibrium
reaction according to the following:

N,+ 3H, = 2NH,

The actusal guantity of ammonia formed per pass through the converter
depends upon the pressure, temperature, and reactivity of the catalyst. At
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& given temperature, the conversion is increased by pressure, and at a given
pressure, the conversion decreases with an increase in temperature. The
catalyst speeds up the reaction rate in order to achieve an economical level
of space velocity; this is the number of cubic feet or volume of gas that pass
over one cubic foot or volume of catalyst space per hour. At the above
conditions only about 15-20% conversion is obtained per pass; thus a
considerable guantity of gas must be recirculated. As the reaction of
hydrogen and nitrogen to ammonia is highly exothermic, heat must be
removed from the converter to maintain the desired temperature. The
ammonia converter is (0.5 m. dia. x 6 m. high. Gas and ammonia from the
converter pass through 2 water-cooled condenser and then to a separator
where ammonia is removed. This ammonia also goes to storage. Unreacted
gases go to the section of the recirculation compressors.

AMMONIA STORAGE

Steel tanks of a horizontal, cylindrical type were used for ammonia
storage; the storage volume was 30 m.? for the small-scale plants. Ammonia
in vapor or gaseous form is used in other products. No liquid anhydrous
ammonta is used for direct application. Ammonia is used for the production
of liquor ammonia, ammonium bicarbonate, or ammonium nitrate.

kt was siriking to note the similarity in the small-scale ammonia plants
in China with a plant previously operated by the Tennessee Valley Authority
in the United States. In the fall of 1942 the plant began production of
ammonia using coke and operated on that feedstock until 1951 when it was
converted to natural gas. The TVA plant was much larger, having a design
capacity of about 44,000 m.t./yr. of ammonia. Coke is a somewhat cleaner
feedstock compared with coal and was selected primarily for that reason
by TVA. Technical steps involved including gas preparation, cleaning,
compression, removal of impurities, and synthesis were very similar in both
plants. The original coke-bascd plant converted to natural gas at TVA has
now been replaced with a more moderr: technology plant, which also uses
naturai gas.

TECHNOLOGY OF PRODUCTS MADE FROM AMMONIA

Only three fertilizer products containing straight nitrogen were observed
being made and their use made meniion of during the visit. These were
ammonium bicarbonate, ammonia liquor, and ammonium nitrate. Brief
explanations are given for each of these materials.

1. Ammonium bicarbonate: This material is sometimes called am-
monium hydrogen carbonate or ammonium acid carbonate and contains
17.5% nitrogen, which makes it a relatively low-analysis fertilizer. It is a
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Proto VI-1. Gas generators where coal is reacted with air and steam to produce a
. gas mixture of H,, N,, CO, and H,S.
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Paoro VI-2. An overview of compressor room; note the orderly arrangement and
well-kept appearance.
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Paoto VI-3. Ammonia plant absorption towers; note the use of indigenous materiats
and methods in equipment.

Prote VI-4. Control room; much of the process is controlled manually.
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Paoto VI-5. Gas analyses are done by wet methods; sophisticated instraments are
nice but not necessary.

Proro VI-6. View of ammonia plant; note converter in center where N, +H, is
reacted to form NH,.
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Praoro VI-7. Al solid fertilizer observed in China is delivered to the farm in bagged
form.

rather easy compound to prepare and is made according to the following
reaction:

NH, + H,0 + CO, ~ NH,HCO,

An aqueous solution of ammonia (NH,OH) is contacted with gaseous carbon
dioxide, and this is done in an absorption column where the ammonia
solution flows downward. and the gas flows upward. As the reaction pro-
duces heat. it is necessary to cool the solution. As the solution becomes
saturated. crystallization occurs. In the small plants, steam was used to dry
up the solution or concentrate the solution to cause crystallization and
drving; ne separate drying step was carried out. The semi-dry crystals had
a wet appearance and smelled strongly of ammonia. The crystals were
collected in a holding hopper and bagged by hand into a 25 kg. plastic bag
and tied closed. A small quantity of bagged product was stored temporarily
outside, alongside the bagging building. The workers around the bagging
unit were wearing a cloth covering over the nose and mouth, and a fan was
blowing the ammonia fumes away from them. Neither the masks nor fan
were doing an adequate job of protecting the workers. During discussions,
the people stated that ammonium bicarbonate was difficult to use, as it
tended to iose ammonia. Cf course, this is a very simple way of converting
the ammonia into a solid form which can be transported by the means
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available. This portion of the plant could be improved to give a better
working atmosphere for the workers. Carbon dioxide for the reaction is a
recovered byproduct, and thus contributes no cost to the product. Figure
V1-2 shows the production scheme.

2. Liquor ammonia {aqua ammonia): The production of liquor am-
monia is also a very simple process. The gasecus ammonia is contacted with
water according to the following reaction:

NH, + H,0 - NH,OH

During the reaction, heat is generated which must be removed. The final
solution has no gauge pressure, and thus can be handled in ordinary tanks
or even glass containers. It does have a partial pressure of ammonia, which
means that ammonia will escape unless the containers are kept closed.
Figure V1-2 also shows the production of liquor ammonia.

3. Ammonium nitrate: As shown in Figure VI-2, some plants were
observed to be making nitric acid from part of the ammonia production
and converting the nitric acid to ammonium nitrate according to the
following reaction:

NH, + HNO, - NH,NO,

Gaseous ammonia is reacted with air at 800°C. using a platinum catalyst
to produce nitrogen oxides; the pressure is 1 kg./cm.? The main product
1s nitric oxide (NO), but at the same time other nitrogen cxides are formed.
The nitrogen oxide (NO) is further reacted with cooling air to convert it to
nitrogen dioxide (NO,); no catalyst is required for this. The nitrogen dioxide
is absorbed by water in packed towers to form nitric acid. In China the acid
concentration was 40%. Even at this concentration, considerable losses of
nitrogen oxides were observed at the stack discharge. Modern nitric acid
plants operating under pressure produce 56% nitric acid., Equations for
the main reactions are as follows:

4NH, + 50, = 4NO + 6H,0
2NO + O, - 2NO,
3NO, + H,0 — 2HNO, + NO

Acid was withdrawn from storage and reacted with gaseous ammonia
to produce an ammonium nitrate solution of 60% concentration. The
solution is concentrated by vacuum evaporation to 80-90% ammonium
nitrate using steam. Following this a vacuum crystallization {(batch opera-
tion) produces solid ammonium nitrate. The product particle size is less
than 1 mm, After vacuum crystallization, the vacuum is released, and a
door is opened manually. Ammonium nitrate crystals fall down a chate
to an open belt conveyor onto a2 manual bagging hopper. No further drying
or conditioning was done. The crystals felt to be about 110-115°F. when
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being bagged and felt moist to the touch. Bags consisted of 2-ply paper
with no plastic liner being used; the bags were weak and tore easily. It
was a 25-kg. weight and was labeled 34% nitrogen on the bag. Some
bagged product that felt to be quite hard was stored nearby. The plant
people stated that before the amonium nitrate was used, it was usually
ground with a stone grinder. Some of the product was used for blasting,
and the remainder was used for fertilizer. Again, the production scheme
for ammonium nitrate could be changed to greatly improve the product
quality. They said that a prilling tower is being considered for one of the
plants visited. China has experience in the operation of a pan-type granulator
or pelletizer used in the preparation of feed particles for the vertical shaft
kilns in the cement plants. A similar principle could be used to prepare a
high quality granular ammonium nitrate. A melt consisting of 98-99.5%
ammonium nitrate (a melt made by heating with steam) could be sprayed
over the moving bed in the pan. When the melt is being sprayed, the rotating
particles increase to the desired size and are separated and cooled for
packaging. The small particles are returned to the pan to serve as nuclei
for the production of additional product-size particles. Equipment includes
the pan granulator, cooler, screens, oversize crushing mill, elevators, and
screens, all of which the Chinese can readily fabricate. Product made in this
manner would cost no more than that to be made in a prilling tower and
should have superior physical characteristics.

Ammonium bicarbonate cannot be melted without decomposition and
cannot be processed as previously mentioned for ammonium nitrate. How-
ever, it could be compacted, such as in briquetting machines, to give various
particle shapes. Also, ammonium bicarbonate could be pressed between
pressure rolls into a sheet and then broken into uniform sizes by screening.
For the small production units, even tabletting could be considered.

4. Urea: China is known to have some small plants operating that
produce urea. This material is made by a pressure reaction of ammonia
with carbon dioxide at elevated temperatures. Since no plants were visited
which made this product, no data can be given. Some discussion is presented
on this material under future trends.

It is known that China is greatly increasing its nitrogen production
capacity through installation of modern ammonia-urea plants. Although
not dealt with during the visit, it seems appropriate to briefly consider the
impact. We could not learn specifically what ratio of nitrogen, phosphate,
and potash is used in the country, but it is probably of the order of 1:0.5:0.5
in terms of N:P,0,:K,O weight ratio. Therefore, when nitrogen availability
significantly increases, say by 1978, the quantities of phosphate and potas-
sium must likewise be increased to maintain the proper ratio. It would seem
that a considerable potential exists to supply the increased demand of these
nutrients, and probably a considerable amount must come from imports. If
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new nifrogen capacity by 1978 equals 3.5 million tons, then phosphate and
potash capacities should be 1,75 million tons each to maintain the above
ratio. Once again our delegation was not able to ascertain the consumption
ratio on a country basis.

TECHNOLOGY OF PHOSPHATE PRODUCTION

Although in numerous discussions the use of phosphate fertilizers was
mentioned, little data could be obtained on the materials and the technology
of production, and no plants were visited which produced phosphate-type
fertilizers.

Apparently, compared with the small-scale nitrogenous fertilizer indus-
try, a small-scale phosphate fertilizer industry has not evolved in a compar-
able way or at least to the degree that the nitrogen industry has. There are
known scattered deposits of phosphate ore in the country, but in all of our
discussions, the material being used was said to be allocated by the state.
This also could include imported ores as well as domestically-mined ores.
Depending upon impurities in the ore, the P,O, content can vary over a wide
range. The ore may or may not be suitable for direct use as a fertilizer,
depending on its chemical composition and agricultural conditions. Gener-
ally, some chemical reaction must be carried cut with the ore to improve
its P,O, availability; this is a method of expressing the ability of the growing
plant to utilize the phosphate component. The reaction changes the chemical
composition of the phosphate ore and puts it in a form that can be used by
the plant either through an improvement in water solubility or citrate
solubility.

In Chinese literature, the use of powdered or fine-ground phosphate
rock for direct application is described. They recommend that sedimentary
rock be ground and mixed with manure and lime for direct application to
acid soils in the following rates: 50 kg. (100 jin') of manure, 2 kg. (4 jin) of
phosphate rock, and 2.5 kg. (5 jin) of lime. It is recommended that the
mixture be applied one week before seeding at the rate of 375 to 750 kg./
ha. (50 to 100 jin/mu.2).

There was occasional reference to plants tnat produce ‘‘burned”
phosphates; these products were referred to as calcium magnesium phos-
phate containing 14-18% P,O,. It is assumed that they are made by
heating the ore in the presence of a magnesium source to a relatively high
temperature whereby magnesium is incorporated in the product. This would
be expected to improve the availability. The measurement of availability
is an empirical method based on the solubility of a certain amount of

1. 1jin.=1/2kg. = 1.1 tbs.
2. 1mu.=1/6a. =0.167 a. = .067 ha.
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product in ar ammontum citrate solution. Generally, the higher the
solubility. the higher the availability to growing plants. References are given
in Chinese [iterature to the reaction of magnesium silicate with phosphate
rock and with the use of coal. A flow sheet is given as described by them
in Figore VI-3. Magnesium silicate, phosphate rock, and coal are screened
into lumps and powder. The mixture is melted, followed by quenching it
in water, drving, and grinding it to produce calcium magnesium phosphate.
Based on other plant visits, the Chinese have the technology and indigenous
eguipment o carry out the process. They have considerable experience in
fabrication and operation of electric furnaces, shaft kilns, rotary driers and
coolers. ball mills for grinding. and screening equipment. Much of this
eguipment was observed in visits to rural,, smali-scale cement factories.
During a visit to the Industrial Exhibition in Shanghai, samples of NPK
compound granular fertilizer were being shown. However, the hosts were
unable to give any details except that it was only being trial produced.

TRANSPORT OF FERTILIZERS

Information on how the fertilizers were transported from the factory
to the farm was obtained through personal observation.

Since the plants are located in relatively close proximity to the use area,
two rather unsophisticated methods could be used in transport. A 12-h.p.
“walking" tractor is used with a two-wheel metal trailer for a large part of
the bagged fertilizer. This was said to convey up to 1 m.t. Another method
was a two-wheel (heavy-duty, bicycle-type wheef) hand cart with a wooden
bed: sideboards were made of wood or wire mesh. These were drawn by
donkeys or humans. If a donkey was used. it was attached by a loose rope,
and the human guided and also pulied it by two beams on each side. In niany
cases, two 1o three men and women were puliing the hand carts using
shoulder straps or ropes with one person guiding the cart. In a few cases
larger tractors and four-wheel, rubber-tired wagons and trucks also were
observed. Cost data on fertilizer transport could not be obtained. At any
rate, the production plant was not responsible for delivering the product.

For liguor ammonia some black bags appearing to be made of rubber
transported by two-wheel hand carts were used. Some old oil drums also
could have been used for liquor ammonia. Concrete tanks also have been
seen by others where small boats are available.

SUMMARY

In assessing the rofe of small-scale fertilizer plants in China and the
level of technology. several factors must be kept in mind, One important
factor is the availability and wide dispersion of coal in the country. Through
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some unknoan mechanism the technology for wsing eoal for ammonia
producting became available to the Chinese. They never claimed to have
developed the fundamental knowledge during any of the visits, Certain
slatements were made indicating that they had made improvements and
adapted methods betier suited to Chinese conditions. Had other feedstacks
such as vajursl gas or oil been us available as coal. they probably wouid
have been used. These plants follow very closely the theme of self-reliance
and taking the inltiative in their own hands as the feedstock-fuel requires
ae forcign exchange, plus essentially all of the equipment can be fabricated
indigenoasly, and mosi of the metal is available in-country. The process
does wot reguire special alloys, which probably are not available, except by
imporiation. The reactor vessels are of small size as well as the compressors,
which can be fabricated in local and regional shops. Another very significant
factor is the focation of the plant very near the fertilizer-use area. Trans.
partation s 2 problem, and the small factory allows the local population
te improvise in methods of fertifizer transport. fn large complexes, the
Factore will be reguired to invest in transporiation and distribution facibities,
and profuct will move a much longer distance from production to the peint
of use. Semal locally oriented factories allow the use of refatively low analysis
ematevials 1o be wsed economically, As the marketing area becomes larger,
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thure is wyally & need o inorease the analysis so that the delivered cost per
umis of plant nutrient czn be kept refatively fow.

Bt was serprising to learn of the number of small-scale nitrogen fertilizer
foctones wikizing the relatively complex technology required for ammonia
prodactis. 1 he technology s sinilar to shat used i other countries before
naturzl gas was available. In fact, the Tennessee Valley Authority of the
United States began operation of an ammonia plant in 1942 using coke to
produce abowut 4,000 tons per year. Many of the processing steps in this
plant were stmtlar to those ebserved in Chins.

I geweral. the smalf plants in China were well designed and appeared
tee bre welt managed. Unfortunately. time did not pereit a detailed inspection
i ihe eguipment or process details. The impression gained was that the
guality of workmanship e desigr and layout was good, and this has been
sianderdized 1o the extent possible, allowing for maximuem use of non-metals
i seme steps based on local options (n scrubbing towers, ete.). Individual
wetkshens were neat and orderly. In most imstances safety, such as no smok-
ing signs and the wse of safetv apparel for the workers, was stressed.
Exposed work areas were marked for worker protection. There appeared to
be 2 conedinated scheme for carrying out maintenance, and management
appeared 1w be preventative maintenance-oriented. They often stated that
they were working 1o reduce pollution from the fertilizer factories. These
srnadl plants fave a high level of manual labor input, and they seemed to
by strivimg for fzbor-saving methods, but automatic control of mest steps
was not vet achieved. However, it s likely that these plants will remain
wrwepted to manesh labor Bor the next several vears. and attention to auto-
miatien snd baborsaving devices will be directed o the large complexes,
whethur groducing fertilizer or other materialbs.

Cme area thar would justfy further attention wonld be to improve the
guality of the solid products leaving the factory. Although the Chinese
treruture vefers to modern methods of fertitizer finishing such as prilling
ar gransiaieen, nene were observed during the visit, B visits o cement
tactories or medicinal faboratories. the principle of pan granulation was
absereed. This techaigue could be easily applied to solid fertilizers. Forma-
thow of grmenium bicarbonate inte peflets by such methods as briquetting
worsidd improve gy handiing properties. Prilling of ammonium nitrate with
menrporaton of additives would improve this produet,

Bt coems that the small-scale fertilizer factory is playing an important
by b China and will continue 1o do so. This wpe of approach also may be
spppticelie 1o other countries and situations in the developing world. The
sesatboscalbe fertilirey indusiry v certainly establishing a cadre of personnet
wily tranemg that will e appropriate and helpful in developing a large-scale
ferunktaey focdusty in Chins,
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Smali-scale cement plants began to be built in China in 1958. At this
time, in other parts of the world, large rotary kilns with inter1 . heat
recouperating devices and external suspension pre-heaters were being in-
statied. The kiln is the heart of any cement-producing facility. Another key
feature of cement manefacture is that the product being manufactured is
& heavy and relatively low-cost item, and generally speaking must be mar-
keted within o small radius of the factory, because the cost of transport adds
significantiy to the cost of the product. This is a perishable product and must
be protected from contact with moisture.

China has not chosen to take the same steps in increasing its cement-
producing capacity as the rest of the world. In China there have been
additions of large rotary kilns near farge cities where transportation is better
developed, but 2 major capacity increase also has taken place from small
“egg-shaped™ and shaft kilns. The “egg-shaped” kilns are built below
ground level and are lined with brick. They are very small in size. They must
be charged, and the material removed manually and are what is known in
chemical processing as “batch’™-type operations. The shaft kiln is an oid
technology that has been used to heat many types of minerals and was the
type of kiln wsed in the manufacture of the first portland cement,

Portland cement was first produced by Joseph Aspdin, a bricklayer
and mason in Leeds, England, in 1824, 1t was different {from the material

177
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used in many parts of the world as a hydraulic binder. Most of the early
binders were mixtures of lime and volcanic ash from various eruptions. Mr.
Aspdin used limestone and clay in proper proportions and intimately fused
these materials by heat treatment to form new compounds. The name
“portiand” came to the process as a result of the product color, which closely
resembled the color of thie stone cliffs on the Isle of Portland,

Portland cement is an impostant product to a developing or a growing
nation. It is used almost exclusively in the construction industry. It is the
glue when mixed with sand, coarse aggregates, and water that hardens to
a stone-like mass, which is used to build water canals, dams, sanitation
systems, roads, buildings, and untold other structures. It can be molded
and shaped with great ease, so as to decrease the need for hand-cut stone.

Portland cement is made from a myriad of naturally existing minerals,
and in some cases, waste materials from other industries. The major chem-
ical compounds formed are tri-calcium silicate (C,S), di-calcium silicate
(C,S), tri-calcium aluminate (C,A), and tetra-calcium-aluminoferrites
(C,AF}. Thus, it can be seen that a combination of materials which furnish
calcium, silica, alumina, and iron are the prime requirements. Such mate-
rials as limesfone, marls, and oyster shells are commoniy used to furnish
the calcium minerals. They must be low in magnesia minerals. The other
elements come from a varied list; such as, clay, shales, iron ore, and slags.
Fhese need to be fow in sodium, potassium, and phosphorus minerals.

Exact information concerning cement capacity, production, number of
plants, and location were not available to us. We did learn during a briefing
on small-scale industries by Insiitute personnel in Peking that small-scale
plants had increased production by a three-fold factor since 1965. In an
earlier briefing we jearned that China had 2800 small-scale portland cement
plants located in 80% of the counties and producing 50% of Chira’s total
cement output. Published figures' for earlier years show local small-scale
production as a share of national total output to be 14% for 1959 and 48%
for 1972. The first facilities under this plan were installed in 1958, In those
days small mills such as those used in the milling of rice were used to prepare
the feed and finished product. Hand crushing was used. One of the early
plants was built for an investment of 1000 yuan and employed ten peopie,
who produced 25 kg./da.

One must try to anderstand the reasons for proceeding in such a
manner, because none of the facilities have the economy of scale that would
be built in the United States. By 1973, if one estimates that 5.4 million tons
were produced by various small-scale processes, the average plant size must
have reached 5356 metric tons per year. All of the plants on which we

1. Jon Sigurdson, “Technology and Employment in China,” World Development, Vol. 2,
No. 3, March 1974.
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received information, however, were in excess of 25,600 m.t./yr. This means
that many of the plants must stifl be of very small size.

In a briefing concerning cement processes given by Mr. Liu Chien-bsun
and Mr. Liu Kung-ch'eng of the Chinese Silicate Society, five points as to
why smail-scale cement plants were being developed were given. Specifically,
they use:

Funds from the masses

Local raw materials

Equipment made locally

A Iow techimology base (indigenous methods)

Calalis

And, they must serve: Agriculture.

There are several ways to finance such projects. Financial heip could
come from the province or county level. Lower coinmune levels also could
use their accumulation funds to erect such plants, which relieves the central
state government from having to allocate funds for a large central plant and
still have a difficuit transport problem to the job site. Such plants could be
built by local authorities as a part of 2 water conservation project. In fact,
many were built in this manner. Seventy (70) % of production goes to
agriculture and 30% to local industry. Of course, in a given year these
numbers will vary according to need.

Loczl raw materials shouid be used. In fact, many areas have small
deposits that would not support a larger plant. Clay seems to be abundant
throughout China, and small limestone operations were already operating
for the stone cutting trades. Local fuel supplies also were important, Many
small and low-grade Tuels were available and could be used in the shaft-type
kiin operation. The fow heating value fuels cannot be used in the rotary kiln
process.

Much of the equipment was of the type that could be made locally. Plant
designs (the earliest of which go back before 1955) were made available by
the appropriate industrial ministry. Specific standard designs would have to
be altered to meet the existing lecal conditions. In one example that we saw
where expansion had taken place, it was obvious that a compromise had
been made with the original lay-out. The basic design types are listed in
Tabie ViI-1.

Indigenous methods were required as a result of a low-leve! of technical
capability. The shaft kiin would lend itself to such a situation. Quality of
product has been one of the shortcomings of the shaft kiln. We learned that
much progress has been made so that now Mark 400 (28-day strengths of
5688 p.s.i.—400 kg./¢c.m.?) amd Mark 500 (28-day strengths of 7110 p.s.i.—
300 kg./c.m.?) can be made. We did not learn if this product is made in all
plants at all times. Several Chinese publications obtiained indicated that
lesser quality has been used in major construction products.
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Table Vii-1

SMALL-SCALE CEMENT PLANY EQUIPMENT
{DESIGN BY INDUSTRIAL INSTITUTE)

KILN MILL.
Capacity Diameter  Height Discharge No. Diameter Length Kw
7,000 1.5 7.0m. Manual 2 1.2m. 4.5m. 80
20000t 20 m. 80m. Semi-mech, 2 1.5m. 57m. 135
25000t 25 m. 100m. Semi-mech. 2 2.2 65m. 350
44000 1. 2.5 m. 190.0 m. Mechanical 3 1.83 6.1m. 245

Technicians have been selected from the local people. Assistance has
been given by some of the larger factories. Local personnel have traveled to
other plants, and other plant personnel have offered on-the-spot assistance.

The shaft kiln lends itself to meeting such criteria as:

1. The use of local manpower

2. Limiting foreign exchange, because whaiever was to be done would be
done at home

3. Obtaining capital from local accumuiations

4. Avoidance of technelogy not available in rural areas

5. The use of locak, small deposits of raw materials which would otherwise
rot support larger modern plants

6. Relieve an already short supply of transportation

7. Shorter plant erection time

in fact, Jon Sigurdson®’ mentions that India is also using the shaft kiln to

advantage under certain circumstances. In a personal conversation with a

member of the India Portland Cement Association, this was confirmed. I'm

sure that much has been learned since entering this process in 1958. Control

of pelietizing moisture is a must for this operation. The pellet formed must

retain its shape as it moves through the shaft kiln. Many improvements to

controf dust were mentioned. Several times it was mentioned that a plant

was operating in a “‘civilized manner.” This statement means that working

atmospheres have beem improved by major dust abatement programs.

Packing and shipping is reported as being dusty, but attention is being given

to this.

Fuel efficiencies for the small-scale shaft kilns were reported as follows:

Highest —1300 kcl./kg.
Low  — 750-800 kcl./kg.
Average — 950 kcel./kg.

2. Ibid.
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Product quality has improved since 1958 from as fow as Mark 150. In
fact, it was reported that one plant makes 98% Mark 500. They use a dry
mortar for making strength tests. A 15-25% water content is used which
will tend to-make strengths appear higher than we are accustomed to seeing.
The chemical and fineness data indicate a lower than normal strength by
our siandards. Thev do plan to go to a wet mortar method similar to our
ASTM procedures. Stieht differences will be made in the testing procedure.
This will then allow for a better quality comparison.

During our briefing by the China Silicate Society in Peking, we asked
“where are the best small-scale cement plants located?”” The Tachai plant
in Hsi-vang County and Hui County ['lant (formerly Pai-ch’uan’ in Huihsien
County were rated as being amont their best plants. We were able to spend
a short time in each of these plants.

‘Favle VII-2 is a summary of the pertinent details for the three plants
we visited.

‘Table VII-2 tabutates marny of the details of plant production and
equipment. The following paragraphs will furnish further details.

1. Tachai Cement Factory. This plant employed conventional wet
chemical methods for raw materials, clinker, and cement analysis. They were
analyzing for silica, alumina, iron, calcium, and magnesia. The magnesia
content was about 1.0-1.5%. Physical testing of cement was not as complete
as we would conduct it. but seemed adequate. Tests were made for time of
setting, tensil, and compressive strength.

This plant is considered a model plant. Tachai has sent workers to other
factories to learn and teach, and some thirty plants have sent personnei to
this plant for observation and training.

The limiting factor appears to de raw mix production. To produce
2.5 tph of clinker would require 3.82 tons of raw mix. A flow diagram
(Figure VII-1) is included for this plant and is typical of the process being
used in the small-scale cement industry in China.

2. Hui County Cement Factory. The product froin this plant is used
in local projects, such as: water conservation, pump stations, canals, reser-
voirs, roads, and bridges. This is typical of how this industry supports
agriculture. There are six other plants located in this county.

The trip through the plant was very hurried, and many items were not
developed. It was reported that 70% of the items were built and installed
by plant personnel. Some 64 items fall into this category.

Manpower reduction had taken place, and the reported present compli-
ment should have been 800 according to piant management. The new plant
expansion comprising two new mills and the automatic shaft kiln was in-
stalied in 4.5 months by the plant. During this reconstruction, 100 rooms
for workers also were completed.




Table Vil-2

SMALL-SCALE CEMENT PLANTS VISITED IN CHINA

Plant:
County;
Pravince:
Origin:

Personnel:

Frmomm o iByse

wapacity:

Use:

Investment:

Raw
materials:

n

Crushing:

Tachai
Hsi-yang
Shansi

Construction 1967
Drndunhnn 1QRKR

144

AAAAAA nn -.— i l Py
Designed 7,000 m.Liyr.

1968—3,500 m. t I .
1969— 7,000 m.t.Ayr.
1970—10,300 m.t.fyr.
1971~~12,000 m.t.lyr.
1972— 14,000 m.t./yr.
1974— 20,000 m.t.lyr.
Plan to double capacity

80% used in county
capital projects and
water conservation

20% in urban projects

350,000 yuan

Limestone—77%

Clay —20%
onoreg -~ 3%
Fiuorite — -

Coal—15% of total
raw materials

Tuna: Arnthranita
1¥ype. Aaliainaviic

Ash: 10%
Cost: 3.5 yuanit.
Heating Value: n.a.

250 mam. X 4 mm.

Hui County

Hui County
Honan
Construction 1964

Pradnrtiaon 1084
T

27 Original
500 Now?
15% Women

Andoa

1504 —4 m.t./day
1974—50,000 m.t./yr.
1975— 132,000 m.t./yr.b

90% used locally

1,700 yuan Original
Total—not avaiiabie

Limestone—77%

Clay —15%
ironoie  —a8%
Fluorite — -

Coal—13% of total
raw materiails

e 4 Ts )]

T:y';'}e Bltununuua
Ash: 13%
Cost: na.
Heating value: n.a.

80 em. x 60 cm. jaw
49 ¢ I

Nan-hai
Nan-hai
Kwangtung

Construction 1958°
Droarnintinn 1080

N IVG LRI P U

549"

12.7% Women
1960—7,500 t.py.©
1962—32,000
1965— --¢
1969-—-64,000
1974—103,000°
1975—6 mos. 58,000
1975—Goal 120,000

All in county

5,000,000 yuan Total?
3,000,000 yuan Province
2,000,000 yuan County
Limestone—82%
Clay —10.6%
ironore — 2%
Fluorite —0.6%
Coal—5% of Total

raw materials

nnnnnnnnnn

IYpe. Anthracite

Ash: 20%

Cost: na.

Heating value:
7000 kcl./kg.

Jaw 24 in.

Hammarmill 12 0 mm
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Type milil—Batl

Circuit —QOpen

Number —1

Size —1.27 m.x 4.5 m.
Production—2.8 t/hr.
Motor —80 kw.

Feed
preparation:

Type —Pelletizing
Type —Rotating disc
Water—15%

Kiln: Type—Shaft
Size—1.6 m.x 7.0 m.
Temperature—
1200-1400°C.
Production—2.5 t./hr.
Kel./t.—4000
Refractories—
Special mortar
Siag
Alumina brick
Discharge—Manual
Cement Type —Ball
milling: Circuit —Open
Number—Two
Size—1.37 m.x4.5m.
Production—1.6 t./hr.
Motor—80 kw,
Products: Portland, Mark 400
Slag cements
Storage: Two silos
Packing: Majority—Bag 50 kg.
Price: 38/t.
Cost: 30/t.
Profit: 8it.

Type mill=bal

Circuit —QOpen
Number —2

Size —25m.x6.5m.
Motor —380 kw.

Type -—Pelletizing

Type —Disc

Water—15%

Type—(B) Egg Shape
Type—(3) Shaft—Manual
Type—(1) Shaft—Automatic
Size—(3)1.5m.x 7.0 m.
Size—(1)25m. x10.0 m,
Production—(6) 4 t./d.¢
Production—(3) 3 t./h.
Production—(1) 8 t./h.
Discharge—See above

Type —Ball

Circuit —QOpen
Size—(2) 1.5m.x5.5m,
Size—(@)1.2m.x4.7m
Motor—135 kw.

Portiand

Eight silos

10% Bag
90% Bulk truck

n.a.
n.a.
n.a.

e . .. A

Type mili—Bal

Circuit —Open

Number —2

Size —1.83m.x6.1m,
Production—12 t/h. each
Motor —245 kw.

Type —Pellelizing
Type —2.5m. disc

Type—Shaft—Two
Size—25m. x9.1m.
Production—8.0 t/h. each
Kchit.—120 kg.it.
Discharge-—Automatic

Type —Ball

Circuit —Qpen
Number—Three
Size—(2)1.83m. x 6.1 m.
Size—(1)2.2m.x55m.
Motor—(2) 245 kw.

Pozzolanic and slag
cements

Bag

Wages: Max. 80
Min. 40
Avg. 57

aGovernment standard was for 800 plant personnel.

bProduction—January through May at 400 t./d. rate; 300

days operation = 132,000 m.t.fyear,
“Not presently in use,

dBuilt in three stages—1st 1958-1960; 2nd 1964-

and 3rd 1970 to present.

®Productivity—Tons per worker; 1960—20; 1965—120;

and 1974 —260.

{Does not include employees for stone extraction.
gFor a plant of 100,000 t.Jyr. 8,000,000 yuan would be

1969; anticipated.
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it is our belief that this plant has a much greater potential capacity than
is presently shown. Equipment of this type should operate a high percentage
of the available time. Using 350 days, or 95.8%, operating time for one’s
calculations, this would total as follows:

sype tpd days no. tons
6 egg-shaped kilns 4 350 6 8,400
3 shaft 72 350 3 75,600
I shaft (automatic) 192 350 1 67,200
Total 151,200

There appears to be just enough raw grind capacity to sustain the
four shaft kilas, so the actual capacity probably should be about 142,000
tons. The “‘egg-shaped” kilns were not being operated, and we did not sec
them during our hurried tour. The plant was clean, and appeared to be
well maintained.

3. Nan-hai County Cement Factory. Construction started in 1958 and
went into production in 1960. The plant is a county-run enterprise. The
plant was actually built in three stages. The second phase took place from
1964-69. During this phase a call for technical innovation resulted in many
changes. Two ball mills were installed; they were 1.83 m. diameter by
6.1 m. long and were powered by 245 kw. motors. Renovation to the shaft
kiln resulted in a change from a crude method of pelletizing to 2.5 m.
diameter disk-type machines. Feed to the kiln up to row was done man-
ually. An automatic method of charging also was accomplished and im-
provements in production increased from 2.6 t./h./kiln to 3.4 t./h./kiln.
Coal used decreased from 180 kg./t. to 120 kg./t.

The third phase was from 1970 to the present. “Three-in-one™ groups
were formed, and a further renovation of the shaft kiln was completed.
The discharge, which had been manual, was changed to automatic, This
was designed, manufactured, and installed by plant personnel. The produc-
tion was increased from 3.4 t./h./kiln to 6.G t./h./kiln. Daily production
was increased from 110-200 to 220-230 tons. An additional ball milt 2.5 m,
diameter and 5.5 m. long was installed in thic phase. This allowed achieve-
ment of balance in production.

Product was ground into a series of bins and could be extracted by
screw type conveyors. All product was packed in bags at a rate of five per
minute, These were collected on an automatic stacker and conveyed to a
warehouse by hand cart. The bags were a self-sealing type, manufactured
at the plant and were 4-ply. Most of the production was shipped in boats
having a capacity of 20, 30, and 300 tons. Steck from the warehouse is
taken to the deck in two cars powered by a 7.5 kw. motor which can transport
20 tons per wrip. Hand loading is practiced at the boat.
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The plant is equipped with a good machine shop. Many pieces of equip-
ment have been made here, including the overhead crane for the shop. Duct
work for the dust collectors also were being made. A foundry is operated for
use at the plant.

Future plans to improve the plant include major attention to the abate-
ment of dust, and several small dust removal units have been designed and
instalied. The two major areas of concern ar= the clay dryers and the shaft
kilns. Dust from the shaft kiln is bigh in potassium, so it is planned to be

. ,
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plete this project very soon. They expect this project to abate 97% of the
particulate from the shaft kilns and to collect from 3.3 tons per day of dust
to be used as fertilizer. Another project expected to increase production is
the replacement of the present Type No. 9 biowers on the shaft kilns with a
Type 200 blower. Present blowers have 80 kw. units on each kiln. This shouid
allow for further increases ir kiln production.

The Nan-hai County Cement Factory was originally built from plans
supplied by the state. Preventive maintenance is practiced because they
usually go down with equipment two days per month and an annual major
overhaul of 15 to 20 days is routine, in which each piece of equipment is
checked. Yearly profit accumulations are partially alfocated to maintenance
and innovation.

Gross value and price of materials were not available, but we were
advised that the cost of raw materials, fuel, and electricity were down, and
production was up, so that costs at the plant had to be reduced.

Safety devices were provided, and it was reported that the safety record
was good. Three plants, of course, do not make up an adequate sample from
which to draw overall conclusions about all 2800 existing small-scale plants.
It is clear to me, nevertheless, that the small-scale Portland Cement plant
utilizing shaft kilns does meet a need for China under the circumstances
and criteria set forth earlier in this report, and this need may still exist for
some time into the future. However, as transportation is improved, a more
centrally located plant with a much higher productivity and improved quality
of product should become more acceptable. For example, the largest plant
we saw was producing 103,000 tons of pozzolanic and slag cements. This
was being done with 549 workers, not including the quarry personnel. This
calculates to 187 tons per worker versus the production of 5200 tons per
worker in a very modern cement plant. With some of the new world tech-
nology, productivity will improve even further.

Quality of product must become a major concern. The two main reasons
why shaft kilns are not used throughout the world are low productivity and
unreliable quality. The latter will become more important as motre complex
structures are required. Very brief observations indicate to me that the
making of Mark 400 and 500 products continuously might pose a problem.
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It should be repeated that Chinese and American test methods for com-
pressive strength do differ significantly. The Chinese use a dry mortar
method which utilizes from 15-25% water. The American wet method uses
‘rom 43-45% water. The water content will drastically alter the reported
strength. Generally speaking, the lower the waier content, the higher the
strength. One analysis of Chinese cement indicates that it is ground more
coarsely than U.S. products and does indeed develop significantly lower
strengths when tested comparatively.

In conclusion, small-scale Portland Cement plants have served a need
for China, but in my opinion it is a short-time expedient. Productivity and
quality will dictate a different procedure when transportation and materials
handling preblems can be solved.

Puoro ViI-1. Hui County cement plant,
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Puoto VII-2. Manufacture of a grinding mill.
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Paoro VII-3. Shaft kiln.
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Proro VII-5. Raw material storage and handiing equipment.
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Prooro ViL-6. 350 h.p. prinding mill.

Puoro VII-7, 85 h.p. grinding mibl.
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Proto VII-8. New grinding mill head.
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Puoro VII-9. A concrete boat.




Chapter VIil

HOW SMALL-SCALE
INDUSTRY SERVES
AGRICULTURE

In Chinese plans, ‘““Agriculture is the foundation.” Other sectors may
receive more financial and material resources, but unless food output keeps
ahead of population, all else will eventually come to a halt. The key to
raising agricultural production in China is raising yields per unit of arable
land. Expansion of land under cultivation, as will become apparent from
the discussion below, is not a major means of increasing output.

In the Chinese rural development model, there is a clear sequence to
the process of raising yields, an ordering that in a fundamental way is the
reverse side of the coin of the rural small-scale industry development se-
quence. In fact, as already indicated, it is rvral industry’s impact on farm
vields that provides the main reason for that industry’s existence.

Agricultural development, in the Chinese scheme, begins with water
management and land improvement, the two being closely linked but not
identical. With the provision of timely and adequate supplies of water, it
becomes possible to introduce fertilizer-responsive plant varieties together
with the fertilizer needed to achieve high yields from these varieties. Effec-
tive water management also may make it possible to increase the cropping
index from one to two, or two to three, crops a year, and this increase will
in turn require more fertilizer.

All of the above steps raise the demand for rural labor. Water con-
servansy efforts, particularly as these are carried cut in China with minimal

194
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use of machinery except for pumps require }arge amounts of labor. Provision
of chemical fertilizers does not use many man days of effort, but organic
fertilizer does, and the Chinese use prodigious amounts. Finally, as yields
rise, more time is reqaired to harvest, thresh, and mill the increased output.
And the appearance of greater surpluses means that someone must move
these surpluses to market. It Chinese labor were truly surplus in the sense
of being unemployved, of course, provision of ever greater numbers of workers
would present few problems. But rural China’s labor is not surplus in this
sense. Although the marginal product of much of this labor is extremely
low particularly in the off season, it is not zero, and therefore changes of the
kind now occurring cut into labor already in use elsewhere. The answer, of
course, is to mechanize those functions where labor supply is becoming a
major bottleneck.

The areas our delegation visited already had progressed far along the
above described path. As advanced areas, they were the models that it was
hoped the rest of the nation would follow in time, A four-week visit, of
course, is pot sufficient to attempt to appraise how rapidly the rest of China
is catching up with these models, although some insight on this question
was gained.

FARMLAND CAPITAL CONSTRUCTION

Described simply, farmland capital consiruction in China is aimed at
molding the fundamental geographic features of an area to provide a firm
base, so that the correct mix of other inputs—labor, machinery, fertilizer,
improved seed strains—can bring about high and stable yields. Guaranteeing
a stable supply of sufficient water or drainage and leveling and squaring
the land or building terraced fields are the key points in the process. Without
fundamental attention to water control and land improvement, yields will
remain low, and the whole mutual development sequence between agri-
culture and industry will suffer. Ali the areas we visited from the national
model of Tachai to the delta regions of east and southeast China analyzed
their probiems in these terms, and hence began their development programs
with farmiand capital construction efforts.

As already indicated, in all areas the major thrust appeared to be toward
improvement of land already under cultivation. Land reclamation, while not
ignored, definitely occupied a secondary role. To be sure, we were shown
areas where new land had been brought under cultivation. An-p’ing Com-
mune (Shansi) had created 3000 mu (200 hectares) of farmland in a former
river bed. And in Lin County (Honanj farmers were doing the same thing,
first by removing many of the rocks from the river bed, using them to build
a dike, and then bringing earth down from a nearby mountainside using
baskets and shoulder poles. In Hui County (Honan) we visited an area where
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some 27,000 mu (1800 hectares) had been carved out of what formerly had
been wasteland,

But from what we could gather, both nationally and in the regions we
visited, there had been hittle if any net increase in the cultivated area. New
land was being brought under cultivation, but old arable land was also being
alienated to industrial and water conservancy uses. Nationally, for example,
we were told that 11% of the total land area was being cuitivated; in 1957
the published figure was 11.7%.! Similarly in Honan Province where we
spent much of our time, total arable land at present is 7.38 million hectares
whereas in the 1950s the total varied between 8.8 and 9.0 million hectares.?
We did not collect figures on changes in the cultivated acreage in the regions
we visited, but information on the area under grain crops can be derived
from statistics we were given, and these data are presented in Table VHI-1.
Grain acreage, of course, is not the same as total cultivated acreage, but
it is unlikely an expansion of cash crop acreage accounts in the main for the
indicated stagnation or decline in grain acreage.

While we did not see much expansion of acreage, we did see massive
efforts to reshape the land in ways that would make high stable yields
possible. Any visitor to Tachai, of which an average of 3000 plus can be
expected on any given day from ali over China, has to come away impressed
wiih what has been done to this formerly barren area. Sloping, small pieces
of land where crops were washed away by summer rains and perished from
lack of water at other times have been converted into large, flat, irrigated
fields protected from flooding.

In farmland capital construction, as elsewhere, China’s dominant
economic theme, self-reliance, favors projects at the county level or below.
Every county, commune, and production brigade visited had taken part in,
if not been responsible for agricultural construction projects.

A considerable amount of local autonomy seems to exist at any given
level in determining how best to go about improving the land. Depending
on the geographic conditions and what are considered to be the unit's most
pressing needs, relatively more emphasis may be placed on leveling hilltops,
filling in ravines and washes, and constructing terraced ficlds as in Tachai,
or reclaiming waste land and building new fields as in Hui County, or in
squaring off plots and constructing underground drainage channels as in
Wu-hsi. All of this is done against a background of water control projects—
reservoirs, canals, irrigation and drainage channels, pumping stations, and
tube wells—that generally form the key underpinning for any unit’s agri-
cultural construction projects.

1. N. R. Chen, Chinese Economic Statistics (Chicago: Aldine, 1967), pp. 123 and 285,
2. Peking Review, August 8, 1975, p. 17 and Provincial Agricultural Statistics (Com-
mittee on the Economy of China, 1969), p. 49,
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TYable Vill-1
GRAIN ACREAGE (IN MU.)

Area 1949 1953 1966 1971 1973
Hsi-yang County — — 374936 368,487 368,827
(grain acreage)
—Tachai Brigade
grain acreage — 847 7062 698 750
fotal acreage — — — — 846b
—An-p'ing Commune
grain acieage — — - — 23,0190
total acreage - - - _— 25,500
Hui County
grain acreage 918,367 — 766,129 — 714,097

total acreage

—_ 850,000

aThe Tachai figure is for 1964 and Hui County figure is for 1963.
®These figures are for the year 1974,

NoTe: Estimates in this table were derived by dividing total grain output for the
region by yietd per mu. of cultivated land.

When irrigation projects begin to involve the interests of neighboring
units, however, then higher approval and some coordination with the affected
units is called for. Counties we visited had water management bureaus that
approved capital construction plans and served as a coordinating body for
distribution of water as well as supervising county-level projects. In most
cases the chain of command continues up through water management
bureaus at the special administrative region and the province.

Capital construction projects at the county level and higher are also
distinguished by permanent year round construction teams, whereas the
smaller commune and brigade projects are largely confined to slack season
activity. One commune in Wu-hsi, for example, had formulated an am-
bitious plan to improve its water control and land features by 1980. Although
the plan would require sizeable labor inputs, the commune officials made
it clear that construction work would only be done in the slack winter
season and that the pace of construction would depend on the availability
of labor.

A county-level project we saw in Hsi-yang County involved the construc-
tion of a reservoir of seven million cubic meters capacity, plus 50 kilometers
of channels. A permanent, all-year-round work force of 2100 (equivalent
to about 2.5% of the county’s total labor force) was at the construction site,
An additional 200 cadres per day also are pariicipating. The work force
comes from nearby production brigades who have been assigned a labor
quota by the county. (NoTe: The labor quota was not pro rated on the basis
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of expected benefit as it was with some other projects we visited and as is
known to be the case in other parts of China.) The production brigades
continue to give work points to the co.-truction workers, who also receive
a supplement from the county of 2.3 catties (chin) and .40 yuan per day.
This same system of state supplements was found to be the rule at a number
of other year-round construction sites.

The short-term costs of these kinds of projects are not slight in man-
power, material, or monetary terms, The Nan-ku-tung Reservoir in Lin
County is a medium-sized reservoir with a capacity of 69 million cubic
meters. (NoTE: We were told by Peking officials that a “small” reservoir is
less than 10 million cubic meters, and a “‘large” reservoir is more than
100 million cubic meters.) Five communes took part in the construction over
a more than two-year period. The communes, who contributed manpower
proportionate to the benefit each expected to obtain from the reservoir, spent
over 3 million work days on the project and moved over 1 million cubic
meters of carth and stone. The workers received a state supplement from
the county (grain plus .35 yuan per day) similar to that at the county project
in Hsi-yang County mentioned previously. According to Lin County officials,
the total cost of the reserveoir was about 5 million yuan, with the state bearing
10.5% of the cost. It would seem obvious that projects of this magnitude
are too expensive for most units below the county level to undertake on their
own, and even at the county level some sort of state financial support is
needed.

Other costs, such as loss of arable land to reservoirs, are more than
compensated for by increased yields on what was previously marginal or
low-yield land. One other potential problem is the conflicting demands for
labor between the affected communes and brigades—hard pressed with their
own agricultural production targets—and the state's need for inputs to large
capital construction projects. At present labor is a major restraint on speed-
ing up the pace of water control projects, and it is likely to remain a restraint
as long as rational planning is followed.

Finally, the development of farmland and water management infra-
structure creates a demand for large amounts of material products such as
cement, bricks, iron and steel, pumps, other irrigation and drainage
machinery, and hydroelectric equipment. Because most of these items can
be produced locally by small-scale factories, however, the opportunity cost
of these products is reduced over what would be the case if all these items
had to be shipped from large urban plants.

In principle, China’s north stands to gain more from farmland capital
construction projects than the south, because it is the north where the short-
age of water is most acute, and in the northern areas we visited the gains
were indeed dramaiic. As is apparent from the figures in Table VHI-2,
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Table Vill-2
fRAIGATED ACREAGE
Cultivated
Region Acreage Irrigated Acreage
{in mu.) fin mu.) {%)
Shansi: An-p’ing Commune——now 25,500 6,000 235
An-p’ing Commune—soon 25,500 13,000 51.0
Shih-p’ing Brigade 3,200 3-400 9-12.5
Tachai Brigade 846 592 70.0
Wuchiaping Brigade — — 80.0
Honan: An-yang District 12,500,000 7,000,000 56.0
—Lin County—before 890,000 12,000 1.3
Lin County—now 890,000 600,000 67.4
—Ta-ts’ai-yuan Brigade 1,660 1,560 100.0
Hui County 950,000 640,000 67.4
—Hsin-tiang-ts’un Commune 42,000 42,000 100.0
Chi-li-ying Commune 93,000 83,700 90.0
wKiangsu: Wu-hsi County 800,000 800,000 100.0
—Mei-ts'un Commune 26,500 29,500 100.0
Shanghai: Ma-lu Commune 33,915 33,236 88.0
All China 1,600,000,000 — 41.02

2This figure is for 1973. It is based on a 40% figure (for 1972) given to an American
water management delegation and the officially reported increase in irrigated acreage
between 1972 and 1973 (Peking Review, January 4, 1974, p. 10).

a majority of the cuitivated land in the regions we visited was under
irrigation.

But, as a visit to the Yellow River Exhibition in Cheng-chou makes
clear, most of north China is not so extensively irrigated, and further
progress, in the Yellow River basin at least, is going to be slow and expensive.
The amount of work accomplished to date is already massive by most
standards, and the curse of flooding does appear to have been eliminated
through, among other things, the construction and improvement of thou-
sands of kilometers of dikes. The irrigated acreage in the river’s drainage
basin, which had fallen to 12 million mu (800 thousand hectares) in 1949
had been increased to 48 million mu (3.2 million hectares) in 1972 and to
over 50 million mu (33 + miilion hectares) in 1974. The goal, however, is
to achieve one mu of irrigated land per capita in this drainage area or a total
irrigated acreage of 110 million mu (7.3 million hectares). But that goal is
to be attained over a period of ten to twenty years, and even then the per-
centage of irrigated land wiil be below 40% (110/300 = 36.7%). _

Elsewhere in norih China, particularly on the North China Plain only
part of which is in the Yellow River area, irrigation has been extended by
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the digging of tube wells. In Hopei Province, for example, there are now
400,000 tube wells in operation, 300,000 of which have been sunk since 1966.
In the northern part of the same province, control of the Hai river, which
included the construction of over 1000 reservoirs of different sizes, has raised
the irrigated acreage in that region to one mu per person.

The effort to irrigate China’s parched northern soils, therefore, con-
tinues on many fronts. The task has not been an easy one in the past as the
enormous human investment required by the Tachai fields and the Red Flag
Canal so dramatically attest. And this task isn’t going to get much easier
anytime soon,

FERTILIZER APPLICATION

Limited amounts of chemical fertilizer and much larger quantities of
organic fertilizer can be used even on fields unirrigated and inadequately
served by rainfall. But where water is in sufficient supply, large increases
in yiclds can be achieved by means of the massive application of plant
nutrients. In all the areas we visited, great quantities of fertilizer were being
applied with organic varieties still outstripping manufactured chemical
fertilizers,

No precise figure is available for the average amount of nutrient supplied
per hectare by chemical fertilizers, because the Chinese report their produe-
tion in gross tonnage, not nuirient terms. In 1974 chemical fertilizer pro-
duction plus imports in these terms was about 30 million tons, which converts
to something over 6 million tons of nutrient, or around 60 kilograms of
nufrient per hectare.® There are similar problems in converting the data we
received for individual communes into nutrient equivalents, and hence the
estimates given us are presented in both converted and unconverted form
in Table VIII-3. The major conversion problem is with organic fertilizers.
Tables are available in China giving the nutrient content of various kinds
of manure and green fertilizer, but we were not in any one place long enough
to find out precisely what the proportion of each type was in the organic
weight total given us. The nutrient figures for organic fertilizer in the table,
therefore, are illustrative only and may err on either the high or low side.

Whatever the precise figures are, there is no doubt that with chemical
and organic fertilizers the Chinese are putting an enormous amount of nutri-
ent back into the soil. In the areas we visited, the amount of nitrogen alone
must have been at least 300 to 400 kilograms per hectare and possibly higher.
Applications of this magnitude put China in a class with some of the world’s
highest users of fertilizers including Japan.

3. These production figures have to be reconstructed from reported percentage increases
and then converted by very rough means into nutrient equivalent. The conservative conversion
rate of 20% has been used; this is higher than the rate for ammonium bicarbonate {17.5%},
but lower than the rate for most other chemical fertilizers (see Chapter VI).
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It is beyond the scope of this chapter to deizrmine whether or not this
level of fertilizer usage was typical of the nation as a whole. If national
average usage for chemical fertilizer was around 60 kilograms/hectare, then
all of the regions we visited were above average, but then all areas with
adequate supplies of water were probably above average.

Where China appears to differ markedly from other nations is in the
proportior: of nutrient that is supplied by organic fertilizers. Our delegation
had no way of determining whether the amounts used in the areas we visited
were unusually hign for China or not. What is clear is that the amounts were
enormous. In part, probably in large part, this ievel of organic fertilizer use
was a product of commune organization. For green fertilizers in particular
the ability to mobilize labor for collection purposes and the iack of barriers
caused by private land ownership has undoubtediy been a help.

Thus with fertilizer as with water control construction, small-scale
industries are playing an increasing role in the development of Chinese
agriculture. But as in the case of water control construction, a high propozr-
tion of what is being accomplished stili rests in the hands of the commune
members themselves. Eventually factories smail and large may provide China
with most of its rural construction materials and fertilizer, but in the mean-
time farmers are doing much of the providing themselves.

MECHANIZATION

The complexity of mechanizing Chinese agriculture staggers both the
imagination and the observer. But it is a task being pursued with enormous
diligence and resources from Production Brigades to National Ministries.
The purpose here is not to tell the mechanization story itself, for that refer
back to Chapter V, but to piace the agricultural mechanization efforts in
their intermediate context between small-scale rural industry and farming.

The complexity of Chinese mechanization efforts also makes a complete
description of what is happening impossible even when confined to the areas
we visited. It is possible, however, to present an abstraction of our experience
designed to mirror the planned interest of our itinerary, i.e., to understand
the model for development of Chinese agriculture as laid out by the Chinese
themselves. Understanding policy—understanding what the leadership
wants to happen—is quite as important as understanding what is happening
in an overall sense if there is ample evidence that the policy does work in
model areas. This the Chinese demonstrated to us with considerable en-
thusiasm and effect. The remaining question, the speed of diffusion of the
basic model, is not a question easily answered except by time and the Chinese
themselves.

The basic story unfolds in the following manner. Pre-liberation China
was trapped in a low-level equilibrium with agricultural productivity bal-
anced by the resources available and incentives and organization structures




74 000051 ojuebiQ ueln un,s}-Bueij-uisy
091 008 sreydsoyqd utesn un,si-Guey-uisH
€9z 005'L 8jeuoqienig WnjuoLliwy uein) un,s}-Bue-uisH
A&luno) Iny
8Lt +G49 [edwayn urels eeasy BuersyuisH
981 000'cL ooiuebip uEIn Aunod v
051 052 sjeydsoud uresn Aunod unM
1LEL 052 2)eUOJIeDIq WNIOWILWY utelny Awunod un
uBUOH
gze 000°06 owebio uiess) apebug reyoey
sa)eydsoyd
88 ooe pue ajel}iu WNIUOWIW Y uels) apebug eyoe]
0S1 00009 oluebip uje.ny aunwon Bul d-uy
09 00¢ ayeydsoydiadns wnoen ureln sunuiwon bul,d-uy
£qL oSy 1B} IU WnUoUlWY uresn aunuwwon Bul,d-uy
AsuBYS
LEL-CLL 005°25-5¥ ojuebiQ uelry) |sunNwIWoY Iels pey
ajeuoqJenlq
06 0Gt pue ajeyding wniuowwy 891y auUNUIWoN Jels pay
SIeUOqIeIg
09 ooe pue ajeydins wnuowwy uion BUNWIION JB)S Pay
Sreuoqsenq
o 05t pue s1eydins wniuowy 1Ay aunwWIWwoN iv}s pey
:Buiyeg
warennby  jybiapm 19Ziji1ia4 jo adAf doin votbay
weinn 88015
{"VH/ D% Ni)

(CYH/"9X Ni) NOILVOITddY YIZINULYIS JINVYOYO GNY TVIINIHD 40 SILvY

£-1liA 81921



Ciii-li.ying Commune  Cotton and grain  Nitrogenous 450 79

Chi-li-ying Commune  Cotton and grain  Phosphate 525 105
Chi-li.ying Commune  Cotton and grain  Organic 75,000 188
Kiangsu:
Wu-hsi County® Grain Nitrogenous 450-600 79-105
Wu-hsi County® Grain Qrganic 225,000 563
Mei-ts’'un Commune Rice Nitrogenous 675-900 188-158
Mei-ts'un Commune Rice Organic 225,000 563
Mei-ts'un Commune Mulberry Nitrogenous Little Little
Mei-ts'un Commune Mulberry Organic 112,500 281
Shanghai:
Ma-lu Commune Grain Ammonium Sulphate 1,200 240
Ma-iu Commune Grain Superphosphate 450 a0
Ma-tu Commune Grain Organic 112,500 281
Ma-lu Commune Grain Nitrogenous Less than _—
grain

3peking Review, August 8, 1975, pp. 16-17.
BIn Wu-hsi County, phosphate fertilizers are only used on poor land (300-375 kg./ha. gross weight}.

CONVERSION RATES:
Ammonium bicarbonate .175

Nitrogenous .175 (Conservatively assumed to all be ammonium bicarbonate.)

Ammonium nitrate 340

Ammonium sulphate 200

Superphosphate .200

Organic Any conversion rate used here will be a rough estimate at best since organic

fertilizer is & mixture of manure, mud, grasses, etc. According to one source
(Fei-liao chih-shih [Fertilizer Knowledge] (Shanghai: 1974), pp. 15, 19, 38, 39) the
N content of hog manure is §.6%, of cattle manure .32%, and of various green
fertilizers .15 to 1.32%. For illustrative purposes we have used a rate of 0.25% in
this table.




204 HOW INDUSTRY SERVES AGRICULTURE

for change. While it is possible that a full-blown private economy provided
with appropriate inputs would have raised agricultural output somewhat,
it is quite doubtful that much progress could be made without substantial
restructuring of the ownership of the land and the organizational structure
involved in farming it. This stage of the model was accomplished with the
land reform of the early 1950s, the primitive coops of the mid-1950s, and
finally culminating in the Rural People’s Communes in 1958. These changes
put in place an organizational structure capable of mobilizing large quan-
tities of surplus labor for large-scale projects involving restructuring of farm
land and major irrigation works. While some of this labor was already avail-
able in the slack season, much more was needed to attack and transform
nature on the scale widely advertised by the Chinese and in fact seen by our
group in the model areas. This need for more labor provides a rationale for
the first stage of agricultural mechanization—the processing of basic food
grains by machine instead of by hand. The labor savings, as pointed out
in previous chapters, are truly enormous. While this saved labor would be
mostly female, the argument is not weakened a bit. Women work side by
side with men in irrigation and farmland capital construction projects. A
very substantial proportion of the total labor input in either type of project
involves moving dirt and stone by baskets on shoulder poles, and we observed
both women and men engaged in this task.

A second role of surplus labor generated at this stage of mechanization
is in the provision of labor to extract and transport the basic raw materials
of small-scale rural industries, especially coal and limestone for cement.
The cement produced is then used to transform the physical aspect of agri-
cultural {and via irrigation works, drainage, and terracing.

A third role for this surplus labor, as indicated in the previous section,
is to increase the amount of organic manure prepared and distributed to the
fields. Since a very substantial proportion of the total input into the produc-
tion of organic manure is human (both in a direct physical sense, but more
important in terms of labor input), the generation of surplus labor permitted
a substantial increase in the production of this vital yield-sustaining-and-
raising input into Chinese agriculture.

The next stage of mechanization was to attack the most easily mech-
anized task in the harvest period—threshing. Aithough semi-mechanized
threshing (pedal-operated threshers used in the field) had been a fairly
standard feature of the double-cropped rice iand in the south since libera-
tion, wheat threshing is technically more difficult and awaited widespread
rural electrification so that motor driven threshers on central threshing floors
could be used.

The widespread mechanization of threshing (and it was not all that
widespread in our own observations despite being in model areas) generates
peak time surplus labor (and draft animals in many cases) that can be used
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to prepare land for a second crop and for its planting or transplanting,
Obviously, multiple cropping was going on in China centuries ago and did
not depend on mechanization of threshing for its existence. At the margin,
however, peak time labor (and animals) saved from manual threshing can
increase the extent of multiple cropping, and this is all the more true of a
rapidly moving margin.

Two other inputs become critical at this stage; high yielding, fertilizer
responsive seed varieties and the chemical fertilizer to put on them. Double-
cropping is not doubly exhausting to the soil relative to single-cropping,
because yields usually do not double, but there is no question that sub-
stantially more nutrients are required on a long-run basis, and it is very
difficult to provide these strictly from organic manures. Locally available
chemical fertilizer thus suddenly has a very high productivity, and in this
context the small ammonium bicarbonate and ammonium niirate plants
make economic sense despiie their high costs per nutrient ton. The costs
are in terms of direct labor and raw materials, which are mostly only indirect
labor. So once again, the desirability of labor saving mechanization in
agriculture and processing becomes clear.

Some of the mechanization data that we collected in the regions we
visited are presented in Table VIII-4. There are more than a few problems
connected with the interpretation of the data in this table. For example,
we were never able to get a very clear picture of precisely what was meant
when the Chinese told us that an area was being 80 ot 90% machine plowed.
Still it is clear that many key processes in China’s advanced areas are being
extensively mechanized. Furthermore, most, although not all of this develop-
ment, has occurred during the past five to ten years.

Certain of the areas we visited were certainfy way above the national
average in terms of their current level of mechanization. Not surprisingly,
the areas near the major industrial centers of Shanghai (including Wu-hsi)
and Peking were the most mechanized. Areas deeper into the countryside
such as Lin and Hsi-yang Counties were less mechanized at least in terms of
numbers of tractors and percentage of area machine plowed, which were the
most readily available although not necessarily the most meaningful statistics.

THE IMPACT ON FARM OUTPUT

The end result of all these efforts to increase the industrial inputs
available to agriculture is, of course, a rise in farm output. In the case of
certain inputs, water and fertilizer for example, the impact of increases on
yields is direct. In other cases, labor saving machinery is the main example,
increases free other inputs (i.e. labor) that can then be used to raise yields
(by more weeding, etc.). In the areas we visited there is little doubt that the



Table VIil-4
MECHANIZATION LEVELS IN AREAS VISITED

Threshers

Fooa % Crop Tractors Machine
Processing Machine Per Plowing
Region by Machine {No.) Threshed (No.} Capita {%)

Peking:

Red Star Commune Most 140 — 439 0054 -

Shansi:

Tachai Brigade — - — 6 0133 70

Shih-p'ing Brigade — - — 5 .0028 33

An-p’ing Commune 27 0027 18

Honan;

Lin County 80% — - 700 0010 60

—Brigade {Name unknown) —_ 8 100 2 0012 100

Hui County
—Hsin-liang-ts’'un Commune — - - — - 50

Ch'i-li-ying Commune 100 - 100 80+ 0015 80
~-Liu-chuang Brigade — - — 4 .0033 _

Kiangsu:

Wu-hsi County Most — Most 3000+  .0033 20
—Yang-shih Commune Most —_ Most B3 .0038 -
~—Mei-ts’'un Commune Most - Most 124 .0040 90 +
—Ho-lieh Brigade —_ 14 — 20 0043 —

Shanghai:

Ma-lu Commune Most — Most — - 98

— Indicates data not collected or otherwise unavailable.
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Table Viil-5

GRAIN YIELDS iN REGIONS VISITED
(KG. OF UNKUSKED GRAIN/CULTIVATED HA.)

Year 1957 1965

Region 549 or’'s8 or’66 1970 1971 1973 1974

PeKing:

Red Star Commune 750 — — - — —_ 6420

Shanst: '

Msi-yang County 1050 — 1748 — 4808 4860 o
--Tachai Brigade 1050 —_ 5295 — 8220 7695 —_
—Wu-chia-p'ing Brigade —— 22508 1800 —_ — — 7650
—Shih-p'ing Brigade — 12008 — —_ 6000 — 5250
- An-p'ing Commune - - 1155 - - - 3975

Honan:

An-yang District — — - - -— 3000 -~
—Lin County 1185 — —_ — —_— —_ 4800

—Ta-ts’ai-yuan Brigade — — 4000 — 6000 8250 —
—.....Brigade
{Name not available) 1500 — 30000 — — — 7170
—Hui County 735 — 1860 3030 —_ — -
Ch’i-li-ying Commune 600 1253 300G+ — - — 8400
—1Liiu-chuang Brigade  1350- — 3070 — — —_ 13,523

Kiangsu:

Wu-hsi County 3600- — B875 — —_ — 11,025
-Yang-shih Commune 2510 —_— 8110 — — — 12,570
—Mei-ts’'un Commune 3930 — 7958 — — — 10,680
--Ho-lieh Brigade 4050 8400 — - — _— 15,360

Shanghai:

Ma-iu Commune 3150 4230 — —_ — —_ 13,950

2The Wu-chia-p’ing figure is for 1958, the Shih-p'ing figure for 1960.
bThis figure is for the period prior to the completion of the Red Flag Canal.

rise of rural small-scale industries had a great deal to do with the major
increases in grain yields reported. As is apparent .;rom the data in Table
VHI-S, yields in these regions increased by from two 1o four and more times
in the northern regions visited, and from 34 to 54% in the south between
1965-66 and 1973 or 1974. During this period the major changes involved
the expansion of irrigation systems and increases in industrial inputs, a large
portion of which came from rural smali-scale plants. We lack sufiicient data
to specify precisely the contribution of each of these inputs to the rise in
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yields, and agricultural inputs are complementary in any case. That small-
scale factories had a large impact, however, seems clear.

The number one guestion, of course, is whether the experiences in these
counties are transferable to the rest of the country. Average grain yields in
China are about 3300 kilograms per cultivated hectare® or substantially iess
than ia the areas we visited. As our hosts pointed out, if the experience of
these advanced areas is transferable to more backward regions, then China
can anticipate major increases in farm oufput as this transfer occurs.
Whether and how rapidly this transfer can or will occur, however, is not
something that easily can be determined by twelve visitors in a four-week
visit.

4. Official reports on total gratn ouiput put national output in 1974 at around 260 million
and total cultivated acreage at 100 million ha., or a bit more of which about 78% is in grain.




Chapter 1X

THE IMPACT OF
SMALL-SCALE INDUSTRY
ON CHINESE SOCIETY

Small- and medium-size industry have a potentially large number of
effects on the social structure of the country and the countryside. Four of
these potential effects need to be singled cut. Though it is on!y a minor role
in China, small-scale industry does have the possibility of absorbing some
rural labor, which would otherwise be unemployed during paits of the year.
The decentralization of intermediate size industry strengthens the nztwork
of cities through which economic innovations are diffused throughout the
society. Small industries controlled by the commune greatly strengthen its
administrative initiative and authority. Finally, though the effects are not
as great as in large industry, small industry further weakens the role of the
family, while strengthening the position of women.

LABOR ABSORPTION

Within the study of economic and social change in developing countries,
there has long been a debate about the ability of small-scale rural industry
to absorb surplus labor from the countryside. The proponents of the labor
absorption theory argue that small plants located in the countryside not very
distant from villages can solve part of the problem of chronic underemploy-
ment ot hidden unemployment in village agriculture. Small industries using
crude indigenous methods are necessarily more labor intensive. And not

209
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having a large investment in fixed machinery, which must be kept running
year round, these small factories can vary their operations depending on the
annual agricultural cycle. In the agricultural slack season, over the winter
between the fall harvest and spring planning, small rural factories can absorb
labor. During the busy agricultural season when there is a great demand
for planting, harvesting, irrigating, and weeding, the small factories can
release labor for agricultural work, This alternation in work is facilitated by
the proximity of factories to villages such that workers never have to leave
their village residences even when they are within the factory.

The critics of this theory question whether small industry can really
zbsorb much lakor, They note that since rural industry has only a limited
market, it will be resiricted in its growth. Cruder machines used in small
industries may require slightly more labor, but most small industries are
just as anxious as large industries to adopt more efficient machines which
save time and labor costs. Industries of any type will expand only as they
begin to adopt modern methods. If one is concerned about absorbing labor,
that will best be done in agriculture. It is agriculture that has the almost
infinite ability *o absorb more labor.!

Though the Chinese adopt parts of the first position, it is the second
position to which their practice is closest. The basic Chinese position is
demonstrated most clearly in the practices of the national model for agricul-
ture—the Tachai Brigade and the surrounding Hsi-yang County—which we
visited. The model presented in Hsi-yang and Tachai is one of heavy labor
absorption in agriculture rather than industry. The peasants are to be made
to realize that their winters can be furned into productive activity if they will
only dedicate themselves to what is called “field capital construction.” That
part of the year when there has been traditionally littie employment in
agriculture and in which many peasants have run off to the city to find
menial labor or to do part-time work in factories is to be dedicated instead
to building dikes and terraces, tunneling new waterways, making new dams
to store water for the dry spring and early summer, and even rechanneling
the courses of whole rivers. Within Hsi-yang County, for example, Shih-p'ing
Brigade, which formerly had hordes of workers off in the city, has compelled
these workers to come back and help rebuild the fields with subsequently
dramatic increases in agricultural productivity.

Rural small industry has a role in this process of labor absorption in
agriculture, but 2 more indirect than direct one. The indirect role is ex-
pressed in two ways. First, rural small industry is to provide the cement to

1. The debate about the labor absorption possibilities of small industry has been most
vigorous over the role of small industry in India. See P, N. Dhar and H. F. Lydall, The Role
of Small Enterprises in Indian Economic Development, Bombay: Asia Publishing House, 1961.
Bert F. Hoselitz, ed., The Role of Small Industry in the Process of Economic Growth, the
Hague: Mouton, 1968. :
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be used in dams and culverts, concrete beams and light poles to help in
making new buildings and electric lines, scrap iron and steel to be used in
pipes and support rods, fertilizer to increase output, as well as pumps, small
tractors, and other machines to help in rebuilding the fields. Though some
of these new agricultural inputs will be used to increase output throughout
the year, many of them are particularly used in winter capital construction,
In this way, small industry helps indirectly 1o soak up surplus labor in the
winter.

Paradoxically, the problem of surplus labor in the winter is also linked
to the opposite problem of a shortage of labor at certain other times during
the year. In part, there has traditionally been no great incentive to bring
more land under cultivation or to redo fields simply because villages did not
have an adequate labor force to plant and harvest these ficlds. In those few
weeks of plauting and harvesting in the spring, summer, and fall, peasants
go for days with only a few hours of sleep a night as they get up before day
break and go to bed long after night fall. The second indirect contribution
to the problem of leveling out of the demand for labor throughout the year,
then, is to supply machines which help reduce the demand for {abor during
the busiest weeks of the year. With new tractors for plowing, power driven
threshers, winnowers, and grinding mills, the labor demands are drastically
reduced. Or, as they would sometimes put it, mechanization of agriculture
through small industry helps get rid of the four stoops—in rice regions the
stoops are for seeding, transplaniing, weeding, aind harvesting.

An example of how mechanization mighi save lavor at certain critical
junctures during the year while increasing labor at other parts of the year
came at Ma-lu Commune outside Shanghai. This area, formerly growing
two grain crops a year, has now begun to grow three. Mechanical threshing
and especially mechanical transplanting of rice seedlings has been critical
in this change to three crops. The commune now owns 180 transplanters
and plans to add more. Now 60% of the rice is mechanically transplanted.
In the futore they plan to transplant even more mechanically, for without
mechanical transplanting it would be impossible for the commune to make
a success of the very important commercial crop of cotton. Commune cotton
yields have been unstable, we were told, falling from a peak of 158 caities
per mu in 1968 to 120 and 91 catties in 1973 and 1974. The instability in
yield was said to be partly the result of their inexpeiience in growing cotton
and of inadequate drainage during periods of unusuai:,; heavy rain in 1974,
Unstable yields were also the result of insufficient labor. After they switched
to growing three crops per year, there was a contradiction between the
planting of cotton, which required a lot of labor, and the transplanting of
one crop of rice, which had to be done at about the same time. The contra-
diction could be solved only by using more mechanical rice transplanters
which release labor from rice cultivation for cotton cultivation,
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Generally, in the Chinese model for rural development, small industry
is but part of a package in which change in agriculture and extra human
effort—particularly in the winter slack season—is the central focus. Small
industry supolies the inputs which help make extra human effort pay off.
Without the chemicat fertilizer as well as the cement and pumps for greater
irrigation, extra effort would not be rewarded with appreciably greater
output. Without the new plowing and grain processing equipment, the extra
output would not be easily handled with the existing labor supply.? The extra
inputs from small industry, then, heip inspire the peasants to greater effort
throughout the year.

The nature of this model may help explain why the Chinese were so
unconcerned with the question we kept raising about whether mechanization
would not eventually put people out of work. The Chinese maintain that
mechanization only frees people for more important tasks and that more
and more work will remain to be done. In the short run, and at the presently
fow levels of mechanization in most places, they are undoubtedly correct
in asserting that mechanization creates a demand for rather than reduces
the demand for labor. In the long run, industry may well have begun to
develop rapidly enough to absorb any displaced labor.

To this peint we have been discussing only the indirect contribution of
small industry to the absorption of rural labor. Small industry does absorb
some labor directly, however. There are three types of variation in the man-
ner and degree to which labor is so absorbed. First, there is a regional
variation. Counties which have ample supplies of raw materials and ample
markets by virtue of their location in prosperous regions or near cities are
likely to support more industry. Second, there is a variation by type of
enterprise. In most places, factories absorb rather little labor.

Other kinds of sidelines such as piggeries, orchards, gravel pits, and
lamb herds run by the commune, brigade, or tecam absorb much greater
amounts of labor. Third, and related to this second dimension, compared
to factories, sidelines appear to be more seasonal. They have somewhat
greater capacity to absorb labor during the agricultural slack season and
to reduce this labor during the busy planting and harvesting seasons.

The three dimensions along which rural enterprises can vary greatly
affect the results in Table 1X-1. Three poinis need to be made about this
table. First, though most of the data in the table come from our travel notes,
also included are some data for Hsi-yang and Hui Counties, which we visited,
plus some 1974 data for the July 1 Commune outside Shanghai, which we
did not visit. We have included the iast place as an additional illustration

2. For an eighteenth century statement of how a new innovation—the turnip—produced a
stmilar compounding of inputs and increase in demands for labor, see C. Peter Timmer, “The
Turnip, the New Husbandry, and the English Agricultural Revolution,” Quarterly Journal of
Economics 83 (1969): 385.
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of the extreme development of small industry in a suburban commune. Both
the Hsi-yang and fuly 1 data come from booklets bought on the trip. The
second point about the table is that the level of employment for ali factories
and sidelines is that of the agricultural slack season or the maximum level
of employment during the year. The third point is that the concept of rural
labor force varies considerably from place to place, hinging on how the local
village accountants choose to reckon work points for children, the aged,
and others who work only part of the year.® In the places we visited, the labor
force ran from a low of 31% to a high of 64% of the tetal population in the
commune or brigade. Despite this improbable range, we have used the
reported labor force figuires. Where labor force figures were not reported,
we have estimated the labor force as one third of the total population. This
one-third is likely to come close to the total number of able-bodied, full-time
working adults who are the ones eligible for work in small industry. In any
event, varying estimates of the work force from one-third to one-half of the
total population usually influences the resuits of column two by only a
percentage point or two, which would not change the conclusions in this
section.

The regions we visited tended to be those with somewhat more rural
industry than the average county or commune. In Honan Province, where we
spent a week, a member of the provincial revolutionary committee told us
that Hui and Lin Connties, which we visited, were among the most indus-
trialized in the Province. A ready source of limestone, coal, and other raw
materials, such as are available in these two counties, which are backed up
against the Tai-hang Mountains, helps support more than the average
number of small industries. Likewise, Hsi-yang County in the hills of Shansi
province has more than an average amount of coal to fuel small industry.
To judge from visual impressions along the roadside, Hsi-yang also has far
more tractors and other agricultural machines than the average county in
north China. In south China, we spent most of our time around Wu-hsi and
Shanghai. Both of these cities are in the rich Yangtze delta region, which
today as in the past is one of the two or three richest agricultural regions
in China. Both the general prosperity of the area and the proximity of several
large cities is likely to create a greater demand for the products of small
industry than would be found in other places. The July 1 Commune outside
Shanghai was the most extreme case of 2 commune producing for an external
market, with a spray paint factory and electric storage battery factory which
subcontract with larger urban factories. Also outside Shanghai, Ma-lu
Commune makes foodstuffs and medicine which are consumed in part

3. This assertion is based on our t+avel notes and a reading of accountant’s manuals—for
example, Hunan Province Revolutionary Committee, Agriculture and Forestry Bureau, Nung-
ts'un jen-min kung-she sheng-ch'an k 'uai-chi (Rural Peopie's Commune Production Accoun-
tant}), Canton: Kwangtung People’s Press, 1974,



Table 1X-1

INDUSTRIAL EMPLOYMENT AND INCOME IN DIFFERENT ADMINISTRATIVE UNITS

% of % of Total
No. of Total % of Grain and
Enter- Labor Total industrial
Unit and Type of Enterprise prises  Force Income  Qutput Value®
Counties
(factories only)
Hsi-yang County (county and commune) 24 4 13 —_
Lin County (county and commune) 85 A - 52
Lin County (county only) 20 2 31
Wu-hsi County (county only) 79 5 27 —
Hui County? — — — a7
Communes
{factories only}
Hsi-yang County? (average per commune) 2.5 3 10 15
Lin County (average per commune} 3 2 — 29
Hsin-hsiang Ch'i-li-ying 5 4 - -
Hui Hsin-liang 4 [ — -
Peking Red Star 8 116 20 —
Wu-hsi Yang-shih 7 6 40 -
Wu-hsi Mei-ts’un 8 8 - -
Wu-hsi City Ho-lieh 8 10 50 + -
Shanghai July 1 6 19 32 -
(factories and sidelines)
Hsi-yang Tachai?® 7 - — 35
Hsi-yang Li-chia-chuang2 5 9 — —
Shanghai Malu 10 8 —_ —




Communes and Brigades
(factories and sidelines)

Hsi-yang An-p’ing (average per commune) — 8 — —

Wu-hsi County (average per commune) 42 —_ 37 —_

Wu-hsi Mei-ts'un 61 25 — 46

Shanghai Ma-lu 63 28 40 + —
Brigades

{factories and sidelines)
Chi-li-ying Commune {average per brigade) 2 - — -—

Ch’i-li-ying Liuchuang — 26 — -
Ho-lieh, one brigade (factories only) - 6 — -
Mei-ts'un Commune (average per brigade) 25 18 — —
Ma-lu Commune {average per brigade) 3.8 17 — —

NoTE: Commune units are listed first by county and then commune name. Soleiy brigade units are
listed first by commung and then brigade name. The division of enterprises into factories and
agricultural sidelines is only approximate. For further details, see the Appendix to this chapter.

21973 data.
PEstimate based on the assumption that the labor force was one-third of the total population.
cEstimates based on the assumption that grain was valued at about .10 yuan per catty.
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outside the commune. In the suburbs of Wu-hsi City, Ho-liech Commune
subcontracts parts with a city factory for a sophisticated table plane, while
a brigade within the commune makes leather shoe uppers for a factory in
the city. Outside Peking, Red Star Commune subcontracts screws for a city
plant. Since these kinds of urban products have a much higher profit rate
than agricultural products, these communes are doubly advantaged over
places which have only a rural market.

Despite these advantages, most of the places we visited had only a stmall
proportion of the total labor work force in factories. The relevant data
appear in the top half of Table IX-1, Column 2, It is only in the extraordinary
July 1 Commune outside Shanghai that employment greatly exceeds 10%. In
the other suburban communes, employment in factories is around 10%. In
the north, away from the major urban centers, factory employment never
exceeds 4%. The various comments by our hosts as to where small industry
would likely be prevalent, leads us to think that these figures for non-urban
places in north China are more typical of the rest of the country. Given that
they are in some ways demonstration sites, even they may be a bit high.

Small factories run by the county and commune, then, presently do not
have the capacity to absorb much labor. For two reasons, we think that in
most piaces they are not likely to absorb much labor for many years to come.
First, in the plants we visited the emphasis was on efficiency and saving
rather than absorbing labor. Plant managers were eager to point cut the
number of labor saving devices they had introduced during the year and the
number they hoped to introduce next year. Second, since by government
policy these plants are usully constrained to serving their local area, they
will not have sufficiently large markets for much expansion. Or, as we were
told at Ma-lu Commune outside Shanghai, industry cannot be allowed to
grow much faster than agriculture. In a few places this kind of restriction
has been formalized with a rigid ceiling on employment. In a 1973 visit to
Lin County, Jon Sigurdson was told that by provincial decree the proportion
of workers used by industries at county, commune, and brigade levels should
not exceed 5% of the labor force in a county.*

Ii may be possible to absorb more labor in other kinds of ancilliary
activities, but these are ones very closely related to the basic agricultural
activity of preducing rice, wheat, corn, and other grains. The bottom half
of Table 1X-1 Column 2 shows the proportion of workers engaged in non-
industria! sidelines. Commune level sidelines include collectively run pig
farms, animal breeding grounds, water conservation teams, transport tgams,

4. Jon Sigurdson, “'Rural Industrialization in China,” in U.S. Congress, Joint Econoniic
Committee, China: A Reuassessment of the Economy, Washington: U.S. Government Printing
Office, 1975, p. 412.
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and the like. For example, at Liu-chuang Brigade in Ch'i-li-ying Commune
outside Hsin-hsiang City, the collective enterprises include not only a tractor
repair station, farm tool shop, flour miil, cotton gin, and popsicle factory,
but also an electricity repair team, animal husbandry stalls for milk cows
and draught animass, pig stalls, vegetable gardens, and a fruit orchard.
These latter collective endeavors it would appear absorb more labor than
the more “‘industrial” repair station, tool shop, mill and gin. As Table IX-1
suggests, these sorts of sidelines are greater in number and require the most
labor at the lower brigade level. Any estimate of the typical amounts of labor
so involved is hindered by two features of the data. First, the dividing iine
between mainline agricuiural activities and sideline agricultural activities is
vague, and often variable from place to place.’ Second, there is a sparcity
of data for brigades outside the very rich Yangtze delta region. In the delta
region, brigade factories and sidelines employ one-fifth to one-fourth of all
workers during the agricultural slack season. Also at the prosperous Liu-
chuang Brigade at Ch’i-li-ying in the north, brigade sidelines and factories
employ one-fourth of the population in the slack season. At other places,
far fewer people may be so employed. In Hsi-yang County, for example,
An-p'ing Commune has been so busy with the basic work of constructing
dams and irrigation ditches as well as leveling fields that brigade and com-
mune sidelines as well as factories remain relatively undeveloped. In 1975,
ancillary activities employed no more than 8% of the total work force in the
slack season. Sidelines run at the lowest level of production—the team—
would add to this proportion somewhat. We suspect in most places, however,
that sideline activities during the slack season tend more toward the 8% of
An-p’ing than toward the 20 or 25% of the other places we saw. Even 8%
additional rural employment provides some relief, but the major sources of
slack season employment in places such as An-p’ing must continue to be in
winter field construction or other similar activities.

The third dimension along which factories and sidelines vary is in the
degree to which they can alternatively absord and release labor depending on
the season. As we saw in the third chapter, mosi of the labor employed in
county plants is fixed. A few places such as the cement plant at Hui County
have a iarge number of temporary quarry workers who still get work points
in their home production team and who can be released in the agriculiural
busy season. Most, such as the nitrogenous fertilizer plants with expensive,
continuous flow equipment, must keep a constant work force the year
round. Commune industries have somewhat greater flexibility. Much is
made of the principle that commune workers should be both peasants and

5. Based on a reading of travel notes, accountant’s manuals, and the studies of village
affairs referenced in Table IX-1.



218 IMPACT ON CHINESE SOCIETY

workers at the same time (0 kung yi nung). Most still live at home and still
get work points in their home production teams. Many stay at home io help
with the planting and harvest during the busiest seasons of the year. Never-
theless, the total amount of labor in the fields by commune factory workers
is not great. Not all workers go to the fields. Those who do go spend 10-30
days, or just long enough to help the production team through its most labor
intensive periods. Most long lasting transfers, it would appear, are those
transfers between grain growing and other agricultural sideiines. Grain
mills, cotton gins, oil presses, and other food processing shops are perforce
inore systematically synchronized with the agricultural seasons, requiring
their major labor inputs after the harvest. Other activities such as collective
orchards, collective forests, collective repair teams, and the like also may be
more flexibly scheduled to fit the annual cycle of employment at two places.
At Liu-chuang Brigade in Ch'i-li-ying Commune, while 150 people {(or 26%
of the labor force) engaged in factories and sidelines during the slack season,
only some 70 people (or 12% of the labor force) is engaged in these activities
during the busy season for wheat and cotton, the two main crops in the area.
Similarly at Hsin-liang Commune in Hui County, while 800 workers (or 6%
of the labor force) is engaged in factories during the slack season, only 400
workers or 3% of the labor force is so engaged during the busy season. It
would appear, then, that at the commune level and below, about half the
jabor force in non-grain growing functions can be shifted back and forth
as the season demands, thereby fulfilling the specifications of some modeis
of the proper function of rural industry. The numbers involved in most
places, however, are small. As specified in the Tachai model for develop-
ment, other peasants spend their winters in improving the fields for next
year’s planting. And contrary to the Tachai model, some other peasants
spend their winters cutside the village in private sideline activities such as
working as transport workers in town or as private carpenters and other
artisans who pocket much of their earnings.*

DECENTRALIZATION

An argument for small-scale industry, which is often paired with the
employment argument, is that small industries avoid the problems of large
cities, Without small industry, industry becomes concentrated in large cities,
which are congested, filled with slums, and costly to run. If people could be

6. Discussions of slack season work outside the viliage, some of it mere individualistically
oriented, may be found in Jack Chen, A Year in Upper Felicity, New York: Macmillan, 1973,
pp. 270-272, and Kwangtung Province, Agricuiture Burean, Yi-nien san shou ta you ke wei
(To Have Three Harvests per Year is Eminently Possible), union serial number 16111.197,
Canton: Kwangtung People’s Press, 1973, pp. 3, 51.
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kept in the villages and smaller towns, there would be less need for new
housing and other social construction, and the people would enjoy a better
life. People can be kept in their villages only if attractions in the form of
industry are established there. Small industries can be more easily decentral-
ized than large industries.

The critics of this position, while accepting the argument about the
evils of overly large cities, suggest that small industry alone will not do the
trick. Small industries cannot exist in isolation in the countryside. Many
of the modern industries cannot be broken into such small pieces and
shipped into the countryside. It would be better off if the decentralization
began not with an immediate decentralization of small plants, but first with
the dispersion of larger plants to intermediate-size cities. These cities in turn
would help provide a suitable environment in which other small industries
could survive.”

Again, though the Chinese accept much of the first argument, their
practice is much closer to the second position—at least, if we can judge from
the places we visited. In Chapter II, we have already dealt with the general
problem of externalities and how this shapes the distribution of different
types of industry. From that discussion, it should already be apparent that
the Chinese have not suddenly decentralized all industry down to the level of
the village. Many of those industries termed small in China are actually
relatively large, sophisticated plants sited in county seats or intermediate
regional centers. In this section, then, let us simply add a few observations
on the growth of intermediate cities and then note the potential social
consequences of this growth.

As early as the mid-1950s and most definitively in the 1958 Law on
Migration, the Chinese made it clear that they did not want the largest cities
such as Canton, Shanghai, and the like to grow. In the arguments for these
restrictions on city bound migration, they made it quite clear that the reason
they did not want large cities to grow is that urban growth created great costs
for new schools, housing, and parks, which drained off funds that could
better be used for new investment in indusiry.® Through tight controls over
grain coupons, work permits, and the expansion of factories, the Chinese
have drastically siowed the growth of the major cities, even reversing it in
recent years with the sending down of many urban youth to the countryside.

Despite these restrictions on the very largest cities, however, it was our
impression on the trip that many intermediate cities were being allowed to
grow. For example, in Hsinhsiang City in north Honan Province where we

7. See Dhar and Lydall, op. cit., pp. 20-24.

8. References to articles in the Chinese press can be found in William L. Parish,
“Socialism and the Chinese Peasant Family,” Jowrnal of Asian Studies 34 (May 1975),
pPp. 625-26.
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spent several days, there had been a tremendous growth in new factories
in the last twenty years and a correspondingly great growth in population.
One of our hosts gave the following figures:

1949 1965 1974
Factories 5 130 180 +
Workers 300 70,000 100,000

Total population 57,000 320,000 420,060

The city stili showed the signs of its recent growth. With cramped housing,
dirt alleyways, and some mud brick houses, it looked much like an over-
grown country town. The factories, which had responsibility for housing,
had been so busy with building their plants that they appear to have gotten
behind in the housing. The main strets were torn up as & new storm sewer
system was being installed. And, in contrast io the beautiful tree-lined
boulevards at the provincial seat of Cheng-chou just a few tens of kilometers
to the south, the trees in Hsin-hsiang were just beginning to grow. Never-
theless, the spread of factories through fields, which were stiil farmed,
already gave one a hint of the strong, weli-laid-out industrial center that
will eventually take shape there. Though our information on other cities
is less precise, one of our guides in the province suggested that there were
six or seven other middie size cities in Honan Province which were growing
just as fast as Hsin-hsiang. Like Hsin-hsiang, each is the government
headquarters for an administrative region which ii serves.

While these intermediate cities were expanding rapidiy, the provincial
capital Cheng-chou maintained a constant 700,000-900,000 population since
1958. In the few parts of town that we saw, this constancy in population was
apparent. The tree-lined streets and the well-developed housing blocks,
many dating from the early 1950s, suggest 2 much more slowly growing and
mature city. The pattern in Honan Province, then, is one of bholding the
largest cities constant in size, while expanding the size and functions of the
intermediate regional centers.

Honan Province may be somewhat special; it is crossed by more rail
lines than the average province. Movement of goods into and out of factories
in regional centers may be easier here than elsewhere. Yet we did see enough
other growing centers, and there are enough reports of new booming cities
in the press, to suggest that the Honan pattern is a fairly general one.® In
Hopei Province, the new provincial seat of Shih-chia-chuang where we
stopped briefly, there are all the appearances of a boom town much like
Hsin-hsiang. Also aleng the rail line in Hopei one passes through many
medium-size cities, which are building new factories. Other travelers have

9. A collection of articles on new cities taken from the press appear in Tsu-kuo hsin-hsing
ch'eng-shih (New Style Cities in Qur Motherland), Shanghai: Shanghai People's Press, 1974,
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remarked on the fast rate of factory construction along the railroad in other
parts of the nation. In Kiangsu Province, the regional city of Ch’ang-chou
was frequently mentioned to us, and in May and June, 1975, it was featured
in Peking Review as a model of regional industrial development. From the
train, it was obvious that this center was indeed growing rapidly. At [east
along the rail fines, then, there are many new regional cities which are
buiiding many new large factories and growing correspondingly in
population.

There are two observations which should be made about this apparent
pattern. First, the kinds of redistribution of indusiry that many western
analysts have been looking for in China may have been the wrong one. Early
in the 1950s, the Chinese talked about redistributing away from the coastal
cities, such as Shanghai, where industry was located as a result of the
intimate relationship between foreign contact and industrialization prior
to 1949, to places further infand. Using provinces as the unit of analysis,
western analysts have concluded that there has been very little coast to inland
redistribution of industry. For example, industrial output in Honan Province
has increased they conclude, but at no faster a rate than industrial output
in Shanghai.'® By looking only for the redistribution of industry among
provinces, however, westerners may have missed a very important redistribu-
tion of industry within each province. If our observations are correct,
industry has been moved from the largest cities in each province to the
intermediate cities in that province, leading to a rather different pattern of
economic activity within each region.

The second observation to be made is that the shifting of industry to
intermediate cities, if this is a true pattern, may help promote economic
development in China. Many developing societies as a resalt of their colonial
past have only one or two large primate cities and then no intermediate cities
in between the largest city and the smallest towns and villages in the country-
side. Observations on Western cities suggest that this gap between types
of cities may have very negative consequences on the spread on new inno-
vations throughout a society. To take one example, in the United States,
the street railway was first introduced in New York in 1851 and continued
to be adopted in smaller cities in the U.S. through the 1880s.!! The street
rail did not spread throughout the country in a random pattern, but in a
very orderly pattern which went down step-fashion through the cities by rank
size. After the largest cities had adopted the street car, then the second

10. Charles Robert Roll, Jr., and Kung-chia Yeh, “Balance in Coastal and Inland
Industrial Development,” in U.S. Congress, Joint Econemic Committee, op. cif.

11. Brian J. L. Berry and Frank E. Horton, Geographic Perspectives on Urban Systems,
Englewood Cliffs, N.J.: Prentice Hall, 1972, pp. 87-92. For similar arguments in economic
literature, see the books reviewed in Michael . Rodeli, “Growth Centers,” Economic Develop-
ment and Cultural Change 23 (1975): 525-31.
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largest cities throughout the country adopted it, then the third largest, and
so on. It was as though a city had to have a nearby big brother city adopt
the new means of transport before it would try it. In the United States during
these years, the distribution of cities by size was fairly regular or, more
properly, it was lognormal such that when graphed on the proper paper,
the cities were distributed in a straight line by size. In countries where such
a lognormal distribution of cities does not obtain, it is sometimes suggested,
the diffusion of innovations throughout the country will be inhibited. There
will not be enough nodes of contact throughout the country for remote places
to learn rapidly about new ideas and new ways of doing things.

In China, before 1949, the coastal cities such as Shanghai, Tientsin,
and Canton, had grown much more rapidly than other citics. The biggest
cities were all alomg the coast. Nevertheless, in the 1953 census, China still
had a relatively regular (lognormal} distribution of cities.'? The newest
innovations were most likely to begin in the coastal cities, but there were
still ample nodes spread throughout the country through which inncvations
might diffuse. The attempt to strengthen these intermediate cities with a new
infusion of intermediate-size industries—such as the water pump plant,
chemical fertilizer parts plant, and the like, which we saw at Hsin-hsiang
City—indicates that the Chinese are working to keep these nodes of contact
alive and to strengthen them even further. Their discussions about how these
regional cities—often the ceaters of administrative districts—serve the
surrounding county industries suggests that they are not too far away from
the idea of a network of cities linked in a hierarchy for diffusing technology
and pew equipment,

RURAL ADMINISTRATION

We have noted that in rural small-scale industry at the commune and
brigade level, the effects on employment are relatively modest. 1t needs to
be separately noted, however, that the effects on rural finance can be con-
siderably greater, and that this in turn may reshape the power of the different
administrative units in the countryside. Since 1961, after the retrenchment
from the Great Leap, the commune level of =~ inistratior has had very few
funds of its own. Except for salaries for clerks and officials and payments
for other fixed expenses, which it gets from the county, the commune has
had little in the way of funds which it could use as it saw fit. The brigade
level of administration has had slightly more funds which it could get from
the teams which constituted it—but still only slightly more. The most sig-
nificant economic unit for the peasant has remained the production team,
which is often a small village or just the neighborhood of a larger village.

12. Berry and Horton, op. cit., p. 68,
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There has been a long term ideal that the unit of economic sharing would be
enlarged by combining small teams into larger economic units, organized
first at the brigade and then later at the commune level. However, since the
brigade and commune have had little to offer the peasant that he or she
could not obtain at the team level among friends and relatives, there has
been little reason to be enthusiastic about any larger cooperative units.'?

Small industry could potentially change that lack of motivation. As
noted in Chapter I, in great contrast to most county industries which are
considered to be state owned or owned by all the people, the commune and
brigade industries are considered to be owned by local collective units. The
commune or brigade can then keep any profits which these industries
generate and use them (within limits) in any way they chose. Thus, where
small commune industries have flourished, the commune has more leeway
for economic action than at any time since the 1958-1959 Great Leap. And
this leeway, in turn, helps generate interest in the commune as a significant
unit of administration and economic cooperation. In Tachai Commune,
for example, where commune enterprises are still only moderately developed,
the production of new farm tools and the generation of new income led to
the following observation: “In the past some people were of the opinion that
the commune was an empty shell—that economically it was flaccid. Today,
they see that only by relying on the commune can one get on the road to
prosperity.”**

Columns 4 and 5 of Table IX-1 show the amount of income generated
by industry and agricultural sidelines in the places we visited. In the average
commune in Hsi-yang County, factories generaie 10% of the total ouiput
value of the commune, or about 15% of the combined grain and industrial
output value. Though 10% is not a great amount, it is generated by only
3% of the total labor force. This patiern appeared in every place we visited.
in industry, the labor force generated from two to five times as much output
as would a comparable group of laborers in agriculture.

Ten percent is of much greater significance to the commune fevel of
administration than the small figure of 10 implies. The 10% is 10% of all
output value, most of which is controlled by the brigades and teams which
constitute a commune. For the commune, then, the 10% (or more properly,
the profit from it) constitutes aimost all of the income which properly belongs
to the commune level of administration.

13. Other factors help inhibit the amalgamation of teams. Amalgamation would bring
together people from differeni villages and surnames who are not accustomed te working
together, Amalgamation would cause some teams to lose income. Amalgamated units aiso
would be more difficult to manage.

14. Hsiyang pien k'ai Tachai hua {Hsiyang[County] Begins all Around Tachai Transfor-
mation), union serial number 3088.15, Taiyuan: Shansi People’s Press, 1973, p. 151.
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As we have noted, there is great variation from place to place in how
much income commune and brigade industry generates.'®> Within Hsi-yang
County, Tachai Commune has a somewhat longer history of commune-run
enterprises. In 1972 its seven enterprises generated about a third of the total
srain and industrial output value at both commune and brigade levels. In
Lin County as well, commune industry generates about as much income
as one-fifth of the tota! grain and industrial output value at commune,
brigade, and team levels. In the richer areas near cities and in the Yangtze
delta, commune industry generates an even higher percentage of the total
income in a commune. In Wu-hsi County as a whole, the average commune
has about 37% of its total income generated by commune- and brigade-rin
industries. In these places, the commune has already become a highly
significant economic unit.

The significance of the commune as an economic unit is heightened
by the greater profitability of commune enterprises as compared with
brigade enterprises and the generally greater profit in industry as compared
to agriculture. One example comes from Hsii-hsing Commune, which is in
the suburbs of Shanghai and in ihe same county as Ma-lu Commune which
we visited.'® From 1965-1973, the twelve enterprises owned by Hsii-hsing
Commune produced an annual accumulation or profit for the commune of
800,000 yuan. Together, the several brigades of the commune had no
accumulation before 1970, As late as 1973, their combined annuai accumu-
tation of 220,000 yuan was still only about one-fourth that of the commune.
The teams in the commune, depending mostly on agriculture, had a some-
what larger total annual accumulation of 500,000 yuan, but this sum had to
e divided among considerably more units. Though this is an extreme
example, a similar picture is repeated in other places. Commune industries
are larger than those owned by the brigade. They sell a more sophisticated
product to a wider market, including at times urban industries for which
they do subcontracting work. These products bring in a reasonable profit."’

15. Data on al! of Hunan Provinee, in south-central China, probably gives a fair represen-
tation of the average situation in most places. “‘Over 90 percent of the communes and 80
percent of the brigades in Hunan are now operating their own enterprises. Last year [1973],
the total income of these enterprises amounted to 12.2 percent of the total three-level
[commune, brigade, and team] income in the communes.” (Hunan Radio, in British Broad-
easting Corporation, Summary of World Broadcasts, FE/W799/A/6, 30 October 1974), The
12.2 figure is considerably below our commune and brigade figures and even belsw most of
our figures for communes alone (Table [X-1). Among the places we visited, only Hsiyang
County cor.cs close to the province average.

16. Editing group, Jen-min kung-she tsai yiieh-chin: Shanghai Shih Chiao-chi jen-min
kung-she ta hsin ching-ven (People’s Communes Leaping Forward: New Experiences in
Shanghai City Suburban People’s Communes), Union serial number 3171.176, Shanghai
People’s Press, 1974, p. 114, )

17. In 1973, the seven cnterprises at Tachai Commune had a profit or accumulation rate
of 24%. July 1 Commune outside Shanghai had the same rate in 1973, See Shans: Province,
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Brigade industries in contrast, typically include ouly repair shops, grain
miils, and brick kilns that sell only to agriculture at minimal to zero profit.
Grain prices as well do not allow the profits in agriculture which they
typically. accrue to industry.

As a result, the income of the commune is steadily growing in many
parts of the country. The countryside around Shanghai again presents an
extreme example. In communes on the outskirts of Shanghai, the income
at the commune leve! rose in proportion to total income from 28.1% in 1973
to 30.5% in 1974. That of alt brigades rose from 15.2 to 17.2%, while that
of teams dropped from 56.7% to 52.3%.'® Though our hosts did not present
figures in such detail,, in severa! of the places we visited it was also reported
that commune income was growing faster than team income.

This growth of commune income gives the commune administrators
much more influence over the life of the countryside. In the most developed
places, they are using their new found income not only to reinvest in more
sophisticated industry, but also to stimulate new programs in the units below
the commune. This sort of development was particularly stressed in Wu-hsi
County. There, Yang-shih Commune reserves 47% of its industrial profits
for industrial expansion. Most of the rest is granted to the constituent pro-
duction teams for their use in water irrigation and drainage projects, field
leveling, and soil improvemeni. A small amount is used for health, educa-
tion, and other cultural work in the countryside. To the extent that this sort
of pregram of investment in lower level units is followed elsewhere, the lower
levei units cannot help but begin to pay more attention to the commune.*

Chinchung District Revoluiionary Comusitiee, Agricultural Mechanization Bureau, Yung
Tachai ching-shen kao nung-yeh chi-hsieh hua (Usc the Tachai Spirit to Carry Out Agricultural
Mechanization), union serial number 16088.126, Taiyuan: Shansi People's Press, 1974, p. 11;
Editing group, Shanghai Ch'i-yi jen-min kung-ske shih (History of Shanghai July 1 People's
Zommune}, Union serial number 11171.80, Shanghai People’s Press, 1974, p. 181.

18. Chang Ch’un-ch’iae, “On Exercising All-round Dictatorship Over the Bourgeoisie,”
Peking Review. No. 14, 4 April 1975, p. 6. In this article, Chang—a member of the Politburo—
elaborates on the theme of how communes will become accouinting units. The book on July 1
Commune has a similar set of statistics on increasing commune level production over a longer
period of time—pp. 174, 181,

19. Following the work of G. William Skinner, some western analysts have been struck
with the idea of how communes frequently correspond to traditional market communities and
with how ihis might facilitate the social and administrative role of the commune. We gathered
explicit data on this question only at Wu-hsi where we were told that communes were bigger
than the traditional market aveas. In north China, the correspondence also seems rather
imperfect, and more important markets have a greatly diminished economic role where we
visited. In Hsi-yang County the private plots, which supply the rural free market, have been
abolished, and as far as we could tell, all free markets have disappeared as well. Similarly
throughout naorthern Honan, though private plots exist in name, they ate all farmed colfectively.
There is then Jittle basis for vigorous private marketing activities in these areas, even though
the old temple fairs, which open only once or twice a year, continue to be active,
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THE FAMILY AND WOMEN

Local industry also can weaken loyalty to the family and strengthen the
position of women. There are both direct effects on the small number of
workers in local industry and indirect effects on the much larger population
which consumes the products of local industry., The direct effects include
both the superior welfare benefits of industry and the superior iechnical
knowledge and skills imparted by indusirial work.

Welfare Effects

As indicated in Chapter 111, there is great variation in welfare benefits
according to the administrative level of industry. It is only in state-owned
industry at the county level and above that welfare is likely to have any great
influence on the family. Provincial and metropolitan industry located in the
largest cities tends to provide medical care, generous retirement benefits,
accident insurance, nurseries and kindergartens, and often housing as well.
County-level industries tend to have minimal housing and few nurseries
although they do have the siandard health, accident, and retirement
benefits—at least for the great majority of their workers who are regular,
fixed workers. The families of workers remain in the couniryside and the
worker returns home weekly or even nightly.

1n the county industries, then, there is closer contact with and somewhat
greater dependence cn the family for housing and child-care than in the
largest urban factories. In the county factory, the male worker leaves his
wife and children in his parents’ home. Similarly, the female worker depends
on her parents-in-law or other of her husband’s kinsmen for child care while
she iz at work. Nevertheless, hecause of retirement benefits, health, and
accident insurance, dependence on the larger family is still not so great as
in commune and brigade factories and workshops.

With only one and one-half exceptions, the workers in commune
factories visited were paid in work points through their home production
team. In Peking’s Red Star Commune, workers were paid fixed wages, and
in Yao-ts'un Commune in Lin County, Honan Province, one-third of the
workers got fized wages. Elsewhere they got workpoints. Where we visited,
commaune indusiries only rarely had dorms for workers, and where they
existed, dorms were only for overnight use by workers who lived too far away
to commute daily. By design, then, the average commune and brigade
industrial worker receives no more amenities than the average peasant. The
amenities they receive through their home production team are sufficiently
sparse to still make them rely heavily on parents, children, and other kin
in the larger rural family.

In agriculture, the work point system, the welfare system, and restric-
tions on migration promote an emphasis on male children, early marriage,
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and large ‘amilies. Becavse work points arc based heavily on physical
strength i tield labor, able-bodied males tend to get ten points a day, while
females get only seven poinis a day. Besie... bringing more points into the
family, the male will also remain permanentir with the family—or at least
in the same village—while most females will move out of the village at
marriage. It is male children, then, who bring permanent laborers into the
family. The private house, which requires many years of saving to build,
keeps sons close to their parents. Since child care is freguently absent or
is charged for in the village, the son depends on his parents for child care
while he and his wife are at work during the day. The state rules on old-age
support are quite explicit; it is the son who is responsible for the financial
support of his parents in old age. It is only the aged without sons who are
eligible for collective support. In addition. restrictive migration laws keep
scns in the same village with their parents. Private plots and pigs allow the
family to be a significant source of food and income. Together, these
siructoral conditions maintain the rural family wnd the male line as an
important focus of economic cooperation and loyaity.”®

In brigade, commune, and some county industries which employ work-
point workers, many of the same consequences can be expected to result.
Young men and women in the factory continue to depend on their parents
and parents-in-law for housing and child care. They not only support the
husband’s aged parents, but also look forward to support by sons in their
own old age—an incentive to have one or two sons as soon as possible.

Technical skills.

Though the welfare effects of the smallest rural industries are likely
to be limited, the lives of workers are likely to be affected by the extra
knowledge and skills they acquire in the factory or workshop. There are
three important differences between industrial and agricultural work. First,
since in the factory skill is just as important as physical strength, females
should get the same work points as men. Indeed it is often women who get
the most skilled jobs, such as lathe operator, while men often predominate
in the heavier, dirtier, and less skilled jobs in the factory. Second, the factory
provides an opportunity for unmarried imen and women to make acquaint-
ance with potential mates. This is in contrast to agricultural laborers who
have little chance to meet potential mates outside the village except through
parental introductions. Finally, though we can only speculate about this,
it seems ikely that the learning of factory skills must give sons and daughters
a sense of independence from their parents which could néver be achieved
otherwise. In agriculture one's skills are acquired only gradually under the

20. Parish, **Socialism and the Chinese Peasant Family,” Journal of Asian Studies, May
1975, pp. 613-30.
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supervision of prrents. Except for tractor drivers, the skills are the same as
one’s parents and seldom exceed one’s parents’ skills. Working in a factory
gives one a set of skills which are learned completely independent of parents.
For women in particular, this must be a great liberating experience. At least,
as we watched girls slap a wrench to the chuck or a lathe, we could not help
but gain this impression. Even when fringe benefits are absent, work in small
rural factories must lead to a number of changes in family loyalty and
women's position in the family, In large county faciories, which offer fixed
wages, retirement benefits, and occasionally even child care and housing,
the changes are likely to be even more dramatic.

Regardless of the level of industry, however, the divect effects of welfare
and new skilis can only be limited to a small percentage of the population,
For, away from the cities aud rich delta regions, industrial employment is
no more than 5% of the rural labor force and often less. The limited scope of
industrial employment holds particularly true for women in the cotntryside.

Women Workers.

The percentage of women employed varies drastically between light
and heavy industry and slightly between large urban industry and smaller
county industry—see Table IT1-2 in Chapter 111, We visited six light indus-
tries making textiles, figurines, and optical equipment. In these six plants
controlled by provinces and municipalities, women on the average constituted
two-thirds (68%) of the work force. Percentages in each plant ranged from
a low of 58% to a high of 85%.

As is true around the world and as was true in China before 1949, the
percentage of women in heavy industry is much less. The heavy industries
we visited made steel, tractors, engines, pipes, cement, chemicals, and
fertilizer. Fight of these, located in cities and controlled by provinces or
mumnicipalities, employed on the average one-fourth (26%) females. The
range was from 16-35%. We got statistics on female employment in thirteen
heavy industries run by the countiy. In these thirteen, female empioyment
averaged 18%. The range was from 5% to 31%. The one county-run light
industry that we visited—a spinning and weaving mill—had a work force
that was 70% female.

Though the difference between 26% female in higher administrative
heavy industry and 18% female in county heavy industry is small, the
difference runs contrary to our initial = ression, which was that large,
provincial, and municipal factories would have fewer females. Most of the
higher administrative, urban plants were started and had acquired much
of their work force in the early years of Communist rule in the 1950s. Most
of the county industries were started since 1968 when, judging from the
press, the emphasis on female employment and equal rights for women was
stronger than before, and when these values were likely to be more widely
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accepted. It is with some surprise that we find female employment in county
factories less than in big city factories. This situation may have come about
because, contrary to cur initial impressions, there has been relatively little
infusion of women into industry in recent years. Qur 1975 figures for female
employment in large industry are not too different from what Barry Richman
found in 1965.%* Also, female employment in the more recently established
county industries may be less because the difficulties of housing, commuting,
and child care discourage employment there.
few figures we gathered range from 20-37%. In Lin County of Honan
Province, one administrator estimated that in the sixty-five enterprises run
by both county and commune in the county, female employment averaged
30-40%.

Though we did not gather careful data on the subject, it appeared that
females were much more common at the lower worker levels in factories than
in higher technical and management leveis. Barry Richraan reports the same
observation from his 1965 study of Chinese factories. At the Peking Internal
Comburticn Engine Factory, females constituted 34% of the total work force
and a somewhat smaller 19% of all engineers. In our tours of factories, we
met perhaps half a dozen femaie technicians—just as frequently in heavy
as in light industry. We met senior female administrators, however, only at
a small number of light industries in which they have historically constituted
the majority of the labor force. Perhaps appropriately for an ali male dele-
gation, our principle factory host and briefer was only once—at Wu-hsi Silk
Filiature—a female administrator.

Comparison with female employment in other societies provides one
means of assessing the extent of female employment in China. We do not
have national figures for China. Shanghai, according to one magazine
report, has an industrial labor force which is 35% female.”? The national
average, which would include more county industries with fewer females
and fewer of the housewife dominated street industries in which Shanghai
seems to specialize, would be somewhat lower. Whatever the exact propor-
tion, female employment in China is clearly much, much greater than that

21. Despite the overail constancy in female employment, a few places may have increased
their female employment, Comparisons ate clouded by the possibility that the 1965 data is
for the total work force while later data is just for workers—there would be fewer women in
the total work force. Nevertheless, it appears that at Shanghai Heavy Machine Tool female
workers increased from 15-20% abetween 1965 and 1975. From another visitor’s report, i
appears that female employment at Wihan Iron and Steel Corporation increased from 10-18%
between 1965 and 1974. See Barry M. Richmann, Industrial Socicty in Communist China,
New York: Random House, 1969, pp. 303, 754. Richard Lockwood, Report on a Tour of
Mainland Chira, U.5.-China Friendship Association, December 1974, mimeo., p. 21.

22. Nadia Haggag Youssef, Women and Work in Developing Societies, Population
Monograph Series No. 15, Berkeley: University of Catifornia, 1974, pp. 32, 64, 67.
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in a few developing countries such as those of the Middle East, North Africa,
India, and Pakistan where female employment never exceeds 10% of the
non-agricultural labor force.”® Chinese female employment is probably
higher than in most other develcping societies where females generally con-
stitute 20-30% of those in manufacturing. One comparative example is
Chile where in 1964 24% of those in manufacturing were female. The
Chilean pattern of female cmployment by industry is similar to that in China
but at a slightly lower level. The proportion of females in wearing appar:’
manufacture was 6:%, in chemical products 22%, and in machiacry
manufacture only 4%. For its level of development, the proportion of women
employed in Chinese industry is rather high,

In comparison to countries which are already industrially developed,
Chinese female employment is not quite so high. In Japarn in 1971, for
example, women constituted 32% of the labor force in manufacturing.?
By industry, the proportion of women in textiles was 64%, in chemical
products 26%, and in machine building 16%. These percentages are similar
to what one observes in China.

Chinese female employment is, thus, ahead of that in most developing
countries. There is also some potential for Chinese female employment to
eventually exceed that in industrially developed societies. Chinese female
employment in industry is much greater than female employment in present
industrially developed countries when they were at earlier stages in the pro-
cess of economic development. With nurseries provided by many factories
in the city and by grandmothers in the countryside, it appears that Chinese
women are already less likely than those in industrially developed societies
te drop out of the labor force once they have children. This apparently lower
rate of turnover should in turn have a number of positive consequences for
female seniority and income in the future. Aiready, Chinese women seem (o
get a very large proportion of skilled jobs, such as lathe operators, overhead
crane operators, and the like. With uninterrupted work careers, they should
be able to hold onto these jobs and parley them into prestige and income,
which is every bit the equal of those earned by men.

Indirect Effects.

For women in the countryside, the direct effects of industrial employ-
ment are still muted by the small proportions of beth men and women so
employed. For the average rural woman, the indirect effects of industry—of
which there are two—are far more important. The first indirect effect is a
result of lucal industry supplying most of the machinery to agriculture, such

23. See Peking Review, No. 27 (1975), p. 17.
24. Rodosho Fujin Shonen Kyoku, ed | Fujin Rodo no Jijo (Female Labor Foree Situation),
Tokyo: Okurasho Insatsu Kyokyu, 1973, p. 13.
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as threshers, electric motors, milling machines, transplanters, and, increas-
ingly, hand tractors. Local indusiry and mechanizziion go together. We saw
a large number of women driving hand tractors in only one brigade, but
women can and do operate other machinery in the viflage. As this machinery
reduces the physical strenuousness of farm labor, some of the old differences
between male and female farm labor should begin to disappear. Though
the male dominance on tractors will continue to interfere, it should become
more and mors possible to grant the same daily workpoints to women as to
men. Yang-tu Brigade cutside Shanghai reports that in receni years because
of mechanizat:n and the greater equalization of male and female exertion
in the field, the average differential in male and female work points has been
reduced. In 1965 females received on average one-third fewer work points
per day, but by 1973 received only about one-tenth fewer work points than
men. It was reported, as a result, that more women joined work in the fields
and that they worked more vigorously.**

More women are spending more time in collective field labor throughout
China because local industry is freeing them from some of their most burden-
sonte household tasks. This is especially true in north China where women
have traditionally done less field work than in souith China. In north China,
spinning mills run by the commune and county are relieving women of the
onerous task of spinning cotton into thread. One has only to read Jack
Chen’s diary of life in a village in northern Fonan Province in 1969-1970
to realize what a saving mechanical spinning would be. In Jack Chen’s story
of life in one family, the whir of the wife at her spinning wheel is continually
heard in the background. With her duties of making clothes, sewing shoes,
feeding the pig, cooking, and tending children, there is little time for the
wife to join labor in the fields.?® Now in some places the women can take
their raw cotton to a nearby spinning mill for processing. In Lin County at
the county spinning and weaving mill, there is a fee of one yuan per catiy
for turning raw cotton into thread. Some communes had their own mills.
Throughout this county of some 700,000 population, we were told, mechan-
ized spinning was saving 800,000 work days per year, The women still weave
at home, but the time-consuming task of spinning for four or five days to
supply one day’s weaving is avoided.?’

Also, the mechanization of rice husking and flour grinding saves women
muck. time. A county official in Kiangsu Province described the husking of
rice in the days before mechanized milling. According te the official, in the
old days, there were two methods of processing rice by hand. One was by

25. Editing Group, Jen-min kung-she tsai yﬁeft-chin. pp. 143-48.

26. Jack Chen, A Year in Upper Felicity, New York: Macmillan, 1973.

27. Chu Li and Tien Chieh-yun, Inside a People's Commune: Report from Ch'i-li-ying,
Peking: Foreign Languages Press, 1974, p. &7.
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hand operated and the other by pedal operated m.~ '+ and pestle.?® The
hand operated version, he said, would process only ubout 5 kilograms of
grain in twe hours, and the pedal operated version was only slightly better,
processing 25 kilograms in three hours. Assuming that these figures refer
jus? to the unhusked weight of the rice, feeding a family of five on a diet of
1200 kilograms of rice annually would require processing of about 1800 kilo-
grams of unhusked rice, involving 720 or 216 hours, depending or which of
the above methods was used to prepare the grain for cooking. Even though
these rough figures refer only to rice processing, the magnitude of female
labor released by the transition to mechanized grain processing is clearly
substantial. With possibly one exception, we saw no hand- or pedal-operated
grain processing devices on our trip. At the places we visited, women were
taking their grain to a brigade or commune mill where for a fee of .05 yuan
per catty, they were given back an equal weight of flour and bran or polished
rice and husks.” When officials report that women are working ouiside the
home much more than ever before, there is ample reason to believe them.

Similarly, in some places women are saved the task of chopping grass
and vegetables into fodder for the family pig. Eleciric choppers supplied by
the :ocal machinery plant have begun to take over their job.** This leads
to a cycle in which agricultural production increases in all spheres. in Lin
County, we were told, the ability to chop more fodder faster means that more
pigs can be raised. More pigs means more manure to be used ir compost
for the fields. More compost means more grain and more fodd. *. Small
industry and greater mechanization, then, are part of a larger coi iplex of
events that leads not only to more output and a greater demand for labor,
but also to more involvement by women in directly productive tasks outside
the home and potentially to their own liberation.

Our conclusion about the effects of small industry on Chinese society
are, thus, very similar for both its labor absorption effects and for its effect
on women. There is a direct effect on both. Small industry absorbs a certain
small percentage of the labor force from the countryside, and in commune
and lower industries some of this labor force is alternatively absorbed ard
released according to the seasons. Also a small percentage of women are
drawn into these industries, giving them new economic power and anthority
vis-d-vis their family of birth as well as family of marriage. Nevertheless,
for both the effect on employment and on women, the strongest effects of
small industry are indirect. Indirectly, small industry helps supply the goods
which make it profitable for more labor to be absorbed in winter field capital

28, For iilustrations of devices of this sert, see Rudotf P. Hommel, China at Work, New
York: John Day, 1937, p. 100.

29. This is the fee at the head brigade in Ch’i-li-ying Commune, Honan Province.

30. In Tachai Brigade, for example—Wen Chin, es. al., Tackai Hung Ch'i (Red Banner
Tachai), Peking: People’s Publishing House, 1974, p. 214,
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construction. Lik.wise, small industry supplies the new machinery, which
relieves women of the tasks which have formerly kept them within the home,
and thereby indirectly helps them to change to tasks with greater outside
economic reward and prestige. The direct effects may eventually become
quite important, but for the time being it is the mcre subtle indirect effects
which have the greatest influence on rural society.

AFPENDIX TO CHAPTER IX

In constructing Table 1X-1, a number of detzils had to be left out and a number
of compromises had to be made in classifying enterprises as between factories and
sidelines. batween commune and collective, and the like. The material below lists
some of tiie details which help in interpreting Table IX-1.

Hsi-yang County: .

Of the 24 factories managed by the county level of administration, 13 were
owned sotely by the state and 11 were collectively owned. Thongh the distinction was
never satisfactorily explained to us, the 11 collectively owned—including agricultural
implement repair, weaving, hemp and tile making—appear to be light industries
staffed almost solely by comimzne miembers who continue to be paid only in work
points through their home production teams. In the count;, 50 + non-agricultural
enterprises were both owned and managed at the commune fevel of administration.
In 1973, most communes had commune level collective farms, forests, and animal
husbandry fields, which were counted among the sidelines. Of the 20 communes
in the county, 17 had implement repair stations in 1973. Some had alumirite plants,
small coal pits, and refractory plants. Li-chia-chuang Commune and Tachai Com-
mune were among the most industrial'y developed in the county. In 1973, Li-chia-
chuang had a ccal mine, refractories pit, implement repair and construction station,
tractor station, and water control construction team. Within this commune, Shih-
p’ing Brigade had ro enterprises of its own in 1975, but simply delegated 10% of its
fabor force to work in comimune enterprises. The seven Tachai eaterprises were an
agricultural implement repaii and construction shop, refractory plant, aluminite
plant, small coal pit, animal breeding grounds, commune farm, and a motorized
{ransport team. They had been developed serially, one helping the other get started.
In 1975, An-p'ing Commune had no factories of its own, but only brigade brick
factories, brigade coal pits, and collective agricultural sidelines.

Sources: Travel notes; Shansi Province, Chinchung District Revolutionary Com-
mittee, Agricultural Mechanization Management Burean, Yung Tachai ching-shen
kao nung-yeh chi-hsieh hua (use the Tachai Spirit to Carry Out Agricultural
Mechanization), union serial number 16088.126, Taiyuan: Shansi People’s Press,
1974, pp. 2, 11-12. Hsivang pien k'ai Tachai hua (Hsi-yang County Begins all around
Tachai Transformation), union serial number 3088.15, Taiyuan: Shansi People’s
Press, 1973, pp. 141, 145. Shansi, Hsi-yang County Revoiutionary Coemmittee,
“Experiences in constructing the Hsiyang Cuounty seat,” Architecture Journal
(Chien-chu hsiieh-pao), No. 3 (1975}, p. 6.
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Lin County:

As in Hsi-yang County, industry is divided aiv ur.g state, collective, and commune
industries. Following the emphasis of Lin Courty officials, Table IX-1 groups
collective with commune enterprises. A more precise delineation is as follows: There
are 19 coliective enterprises employing 1.1% of the labor force and generating 20%
of the combined value of grain and industrial output at the three levels of commune,
brigade, and team. There are 26 commune enferprises employing (0.7% of the labor
force and generating 9% of the combined grzin and industria! output. There are
15 communes in the county.

Wiu-hsi County:

The 1520 enterprises run by cominunes and brigades are divided among 30
communes for an average of 42 per commune. The 7 industries at Yang-shih Com-
mune include powdered metallurgy (mosily bushings), farm machinery (including
large electric transformers), cement products {telephone poles, etc.), electro-piating,
plastic products, and a brick kiin. Meitsun Commune has 8 commune enterprises,
including a musical instrument plant, brick kiln, grain mill, and farm implement
repair and construction, employing 8% of the labor force. It also has 53 brigade
enterprises in 21 brigades employing 18% of the work force in the slack season.

Wau-hsi City:

Ho-liech Commune industries include a workshop making shoe uppers as well
as a farm implement shop making not enly parts for rice transplanters and pond
aerators, but also patts for a sophisticated table plane, which must be subcontracted
with a city factory.

Hui Counry:

The gross value of output from industry in this model county doubled between
1972 when 48 plants produced 28,120,000 yuan worth of output and 1973 when
county industry produced 56,000,000 yuan or 47% of the combined value of industry
and grain output in the county (see Peapie's Daily, 4 April 1973, and Rewi Alley,
“In an ancient kingdom . . . ,” Eastern Horizon, Vol. 13, no. 6 [1974], p. 43).
Hsin-liang Liang-ts'un Commune has a cement plant (100 tons per day), phosphate
fertilizer plant, brick kiln, and farm implements shop.

Hsin-asiang County;

Chiliying Commune has a farm machinery plant, phosphate fertilizer factory,
spinring mill, tractor station with repair shops, and transport team with four trucks.
In 1973, there were 3B small factories in the brigades or one per brigade. These
incinded farm too! shops, flour mills, and other farm processing shops. In 1975,
some 70 collective enterprises, including sidelines, were reported for an average of
almost two per brigade. At Liu-chuang Brigade, collective enterprises include a
ractor repair station, farm tool shop, flour mill, cotton gin, popsicle factory,
electricity repair team, animal husbandry stalls {for milk cows and draught animals},
pig stalls, vegetable garden, and orchards. In the busy planting and harvesting
season only some 70 people (12% of labor force of 574) are engaged in these enter-
prises. In the agricultural slack season, 150 people (26%) arc so engaged. Since only
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about 2 dozen men were in the farm tool shop when we visited, and no one was at
the tra. ;or repair station, it would appear that the great majority of workers are in
non-industrial sidelines. Sources: Travel notes; Chu Li and Tien Chiceh-yun, inside
People’s Commune: Repor: from Chiliying, Peking: Foreign Languages Press, 1974,
pp- 50, 80.

Peking:

Red Star Commune industries include a powdered milk plant, farm implemes:
repair and construction, paper mill, grain mili and oil press, and screw factory. The
number of workers grew from some 2000 in about 1973 to 3000 in 1975. Scurce:
Science for the People, China: Science Walks on Two Legs, New York: Avon Books,
1974, p. 33.

Shanghai Suburbs:

At Ma-lu Commune, the commune exhibition room reports 10 workshops at the
commune level and 33 workshops in brigades. A book on the commune reports
16 enterprises at the commune level. The reported output figure includes not only
implement censtruction, carpentry, the making of soy bean sauce, Chiese medicine,
and fodder, but also collective pig farms, milk cows, and the like. Source: Editing
Group, Shanghai chiao-ch 'ti nung-ye hsiiek Tachai (Shanghai Suburban Agriculture
Studies Tachai), Union serin! number 3144.96, Shanghai: Agricultural Press, 1974,
p. 57.

July 1 Commune ‘“industries” include a spray paint factory and an electric
storage battery factory, which subcontract with urban factories, a farm implement
factory, a general factory, a repair team and a ruraf bridge team. Source: Editing
group, Skanghai Chi-yi jen-min kung-she shih (History of Shanghai July 1 People's
Commune), union serial number 11171.80, Shanghai People’s Press, 1974, p. 179.



napter X

EXPANDING KNOWLEDGE
AND TRANSFORMING
ATTITUDES

ATTITUDES TOWARD TECHNOLOGY

It is a truism that eccnomic development requires many and varied
technologica!l skills, but it may not be so obvious that the diffusion of these
skills involves much more than simply learning how to do some specific
task. Technological diffusion also involves certain attitudes, the recognition
of logical-mechanical systems as wholes, and the ability to deduce inter-
relationships among the various elerzents of the system.' Although China's
historical record of technological innovation is rich and diverse, this outlook
was traditionally less emphasized than the holistic and analogicat patterns
of thought which dominated Chinese culture until quite recent times. It was
only in the latter part of the nineteenth and the twentieth centuries that the
technological outlook began, piecemeal at first, to gain currency in China.
Last to be reached were the rural areas, where poor communications and
low levels of literacy reinforced the inertiz of customary ways and attitudes.

We were frequently told of two kinds of attitudes, which must be
transformed in order to promote rural development. The first was an attitude
of fatalism, of the impossibility of change. The way things always have been
is the way things always will be. Moreover, to tamper with nature or the

1. This ability is mavingly described in Richard McKenna's novel, The Sand Pebbles

{New York: Harper and Row, 1962). See pp. 146-148, 190, and especially 252-256 (page
references are to the Fawcett/Crest paperback edition,

236
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traditional ways is to risk dire consequences. References to change in this
attitude were often expressed to us as follows: *‘Formerly we were the subjects
of nature (of landlords, of machines, etc.), but now we are the masters of
nature.”

The second attitude was a kind of superstitious awe of advanced tech-
nology, and of those with knowledge of it. Many peasants felt that machines
were simply beyond their comprehension or control. To be able to cite a book
in which it was written that something must be done in such-and-such a way
often conferred a nearly unchallengeabic authority on both the process and
on the expert who was capable of reading about it.

Much effort has been expended te eliminate or change these attitudes,
and it seemed to us that small-scale rural industry has an important role
in this process, partly as cause and partly as effect. The existence of local
industry is one indication of the changes that have already taken place, while
at the same tine, it provides a mechanism for further change.

During our visit to China, we heard on several occasions a series of
parallel phrases which express at least part of the Chinese attitude toward
smali-scale industry. The phrases are (1} “£s'ung hsiao iao ta (from small
to large),” {2) “ts'ung tien tao mien (from key poiris to general applica-
tion),” and (3) *'ts ‘ung t'u tao yang (from indigenous to modern).” The first
two phrases are fairly straightforward: small-scale industry is intended to
grow in size and scope. The third phrase is both more complex and more
revealing.

The term yang has a checkered history in China. Literally, it means
“ocean, sea.” Hence by connotation it has come to mean “coming from
~verseas: foreign, as opposed to native.” That it was used during the nine-
teenth and =arly twentieth centuries in the names of modern products, which
China was at that time unable to produce herself (e.g., ‘‘yang-huo-—foreign
fire—matches,” “yang-yu—foreign oil—kerosene’’) seemed to many Chinese
a humiliating reproach to Chinese backwardness. In this way, there has
taken place a partial merging of the ideas of ““modern” and ‘‘foreign, alien,”
a conceptual and psychological conjunction that is reflected in a certain
ambivalence toward modernization. To the extent that ¢'u means “‘native,
indigenous,” it is identified with the Chinese people and is at least potentially
good; to the extent that it also suggests backwardness and primitiveness,
it is to be eliminated or transcended. On the other hand, where yang means
“modern, developed, strong,” it is a goal to be achieved; but when it suggests
“‘foreign, alien, westernized,” it risks revisionism, the restoration of capital-
ism, and a continued implication of inferiority by comparison with techno-
logically more developed societies.

To some extent, the “red and expert” issue shares a similar polarity
and a similar ambivalence. Expertise is prized, but there is a lingering
suspicion, at least, that experts tend to be expert in foreign technology: they
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think the only way something can be done is the way it is done in foreign
countries and described in foreign books, which they accept as authoritative.
Consequently, they are divorced from the masses, whose ruder methods they
look down upon as unsuitable. In this stereotype, the experts want large-
scale, urban enterprises, full of the most advanced technology and imported
machinery. The perfect ‘'red” is, of course, the antithesis of all this: one
with the masses, confident in their ability and their methods, unintimidated
by the presumed superiority of the technological mandarins and their foreign
mentors. There is thus some degree of consonance between *‘red” and
“native” on the one hand, and “experi” and “‘foreign” on the other.

Central to the resolution of this contradiction is technological assimi-
lation and accessibility: technologies which are felt to belong naturally in
one's immediate environment, not as wonderful and exotic phenomena; and
technologies which are capable of being thoroughiy understood and masiered
by those at ail levels who work with them. ““Most of the machinery in this
plant was made and installed by ourselves.” “QOur own staff, in teams made
up of old workers, cadres, and technicians, have produced 104 innovations
in the past six months.” Such phrases, which we heard over and over again,
bespeak an important role in assimilation and accessibility for local small-
scale industry.

The products of such industry have immediate and obvious utility. The
production process, from beginning to end, is short enough and straight-
forward enough to be understood by most workers willing to make the effort.
Yet these industries employ machines, mackine tools, and processes of
substantial complexity. Innovations, even minor improvements, show that
the technology and the production process is well understood, and they
evince the satisfactions that come with understanding and mastery.

When a young worker has spent several years in a commune or county
industry which makes, say, tractor parts, has helped to make the machine
tools which make the parts, has been part of a mobile team that goes to the
fields during the busy season to make repairs on the spot—when all this has
been done, he or she is both competent and confident, If we now imagine
that this worker now goes on to a large modern factory, to a umniversity, or
{o a technical iraining institute, he or she may well be able to approach a
combination of the best features of “‘red”” and ‘“‘expert,”” of t v and yang.

TRAINING AND THE DIFFUSION COF SKILLS

When one turns from these rather general attitudes toward technology
to rural industry itself, one is immediately aware of its importance as a
technological training ground. At commune and brigade levels, workers
are drawn directly from the peasant population—indeed, they are both
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peasants and workers in that they continue with few exceptions to live in their
rural homes, their income is {figured in work points rather than in regular
wages (as in industry at county and higher levels), and many are dispatched
to the fields during periods of peak agricultural activity., This training
function is essential, therefore, to the development of a competent labor
force.

Although this training function is carried on in all of the “five small
industries " it was particularly obvious in the machine shops which existed

nd many t’\flﬂﬂr‘nn whick wa vicitad Tn maoct oacec
in \.ovul_y commune ana many o1 Egauls WIlICH W VISITSG. i mMOSt ¢ases oM

mix of threc kinds of work was being done. First, there is the manufacture,
usually in batch rather than in continuous flow, of some product or part:
water pumps, electric motors, implements, bearings, gears, etc. Second,
is the building of machine tcols or other capital goods which provide
expanded and diversified capacity. We saw lathes, shapers, and pneumatic
hammers being bailt at commune level; in a commune in Hui County
(Honan), we saw a ball mill being made for the cement plant the commune
was constructing. Third, one sees assembly and repair, with larger jobs being
done at commune level and more routine maintenance and repair at brigade
level.

All three activities deveiop or enhance competence in the use of machine
tools, semi-precision instruments, and design work. We saw many examples
of apprenticeship trzining being done among younger workers, frequently
women, who staff these machine shops. For example, ia Liz-chuang Brigade
{Ch’li-li-ying Corimune, Honan), older workers were obviously instructing
young women lathe and shaper operators, who were simply learning how
to work the machines and were not making parts. It might be observed in
passing that this sort of equipment, and this sort of competence allows con™ "
siderable flexibility, desirable in the absence of machine standardization, ::
and easily obtained spare parts: to a considerable extent, one can make:
one’s own. .

On-the-job training and education is but one aspect of technological
diffusion. In wntmg about the interdependence of enterprises, Jon Sigurdson
described a series of linkages which conformed closely to the patterns we
observed.?

Links between county-run enterprises within the county: (1) Transfer of
skilled manpower; (2) training of manpower; (3) transfer and delivery of equip-
ment; (4) learning the spirit of self-reliance—in order to economize on funds
and eqaipment.

Links with county-run enterprises outside the county: (1) Leammg indi-
genous production technology; (2) leayning how to make indigenous equipment;
(3) establishing co-operative refations for the future.

2. “Rurai Indusiry—A Traveler’s View," China Quarterly, 50 (April-Tune 1972), 326,

ai
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Links with higher level enierprises: -} Learning modern production
technology; (2} obtaining ideas for modifying design; (3) establishing donor-
recipient relationship, involving further training, on the spot assistance and
delivery of equipment.

"~ often were these contacis mentioned that we began to refer to them as the
;- “actice of “sending out and inviting in.”’ A small-scale plant will frequently
send its own technicians to larger and more developed plants or to technical
institutes to learn about some process which the smatler pfant intends to
adopt or to improve. Conversely, larger and more developed plants are often
asked to supply technological talent to help a smaller plant with its problems.
There is thus both a consumer and a supplier function: an enterprise con-
sumes technology from higher levels and supplies it to lower levels. That this
flow is sometimes not without problems was suggested by a responsible
person in a county-run plant in Honan who said that other factories were
often too busy to provide needed assistance. On the other hand, a technician
in a Wu-hsi county enterprise remarked that they often sent personnel to
Shanghai, fifty miles away, for technical consultation. When asked how this
was arranged, he replied, *“We just get on the telephone, and tell them we're
coming.” These may represent two extremes; perhaps, also, “sending out”
is easier than “inviting in.”

As Sigurdson indicates, the flow can be lateral as well as vertical,
between enterprises on the same, or nearly the same, level. Among the
places we visited, the clear champion in this regard was the county-run
fertilizer plant in Hui County (Honan).? The walls of its conference room
were literally covered with beaaners and mirrors expressing thanks for
assistance rendered. We spotted only two from commune-level fertilizer
plants (one in Honan, one in Shensi near Yenan), but many from county-run
plants in Honan, Shansi (2), Shensi, Shantung (2), Anhwei, Peking munici-
pality, Tientsin municipality, Chekiang, and Yunnan. This fast one was
particularly impressive since the plant went into production only in 1970.

At the county level, the consumption and supply of technology seem
about balanced; lower down there is more consumption than supply, while
at higher levels the responsibility for supplying technology is greater. In the
large plants we visited, technological training appeared to be quite systema-
tized and regulfarized. In a Cheng-chou textile mill employing 5600 workers,
there were at the time of our visit about 3000 middle school youths in the
plant for a three-to-four week period of labor.

3. This plant was featured in a recent issue of Peking Review: No. 32 (August 8, 1975),
16-19. It is noted, among other things, for having constructed nitric acid absorbing towers
out of quarried granite rather than of the conventional stainless steel, at a savings of 80 ions
of steel.
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Worker institutes, called “7/21 Worker Universitie: (Ch't erh-i kung-
Jen ta-hsiieh)” aiter Chairman Mao's Directive of July 21, 1968, existed at
two plants we visited. The first, at the Hsinhsiang Cotton Textile Plant, had
been established in 1974, with forty students currently enroiled. Much more
well-established was the 7/21 School at the Shanghai Machine Toels Plant,
where such an institute was first established in China. The full course lasts
for three yea:s of combined study (both political and technical) and work,
the proporticns of which were not clearly explained. Since 1968, three classes
have gone through the school: 52 in the first; 98 in the second (of whom 40
came from other factories); and 109 in the third class, now in session {60
from othe: factories). There are 26 instructors, four assigned from univer-
sities, aud the rest drawn from the plant’s own staff. After completion of
the course, most students return to their parent plant as technicians and
planners among other things. Since aimost half of the second and third
classes will be returning to other, presumably sn:aller and less advanced
plants, the role of the Shanghai Machine Tools Plant in technological
diffusion is a significant one.

THE ROLE OF EDUCATED YOUTH

The role of educated youth in rural development generally and in local
industry in particular is not easy to determine with confidence. What follows,
after a few general comments to put the issue into some perspective, is not
in any way an overall assessment of the movement, but only a description
of what we saw and heard about educated youth (some of this data is pre-
sented in tabular form). Although we tried to ask about this subject wherever
we went, we were not always successful in obtaining answers, nor was it
usually possible to ask as many questions as we might have wished. Readers
should therefore use this material with caution, realizing that the data is
fragmentary, may not be typical, and has not been systematically compared
with the literature on the subject. At the end of this section, we shall draw
a few tentative inferences from what we learned.

“How you gonna keep 'em down on the farm” is a line from an Ameri-
can song that would translate easily into the languages of most developed
or developing societies: rurai youth wants to move to the cities, and urban
wouth wants to stay there. Indeed, the urbanization of modern skills is so
widespread a phenomenon in developing societies that it seems natnral,
almost inevitable. Yet there is increasing recognition of the serious im-
balances which may result from such a trend. The urban sector cannot
absorb so many young skilled and unskilled workers, technicians, and intel-
lectuals, with consequent unemployment (or underemployment), wasted
abilities, and the explosive discontents that come from blighted hopes. The
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cities tend to be overcrowded anyway, especially in countries with large rural
populations, and this migration further increases the demands placed on
all urban services: food, housing, sanitation, transportation, and pelice
among otheis.

Meanwhile, the departure of large numbers of rural youth deprives the
countryside of their labor and their potential leadership, for it is among the
most able and energetic that the migrants are usially found. This widens
the gap between rapidly modernizing cities and increasingly stagnant
hinteriands. Once it begins, such a pattern tends to be self-sustaining, unless
strong counter pressures are brought into play.

Chinese leadership is fuily aware of this probiem, whose effects were
already being seen by the 1930s at the latest. Since 1949, there have been
periodic but only partially successful efforts te control rural-to-urban
migration and to return surpius population from the largest cities (especially
Shanghai) to the rural areas whence it came. Mao Tse-tung, in particular,
has always felt greater affinity for rural China than for her cities, which he
mistrusts as potential sources of revisionism and bourgeois values. In
addqition, he is committed to closing ithe gap, as much as possible, between
rural and aurban China. Finally—and this is very important—he wants the
youih of China, the “‘revolutionary successors,” to train themselves in self-
lessness, dedication, and service. These traits, he feels, can best be inculcated
by the poor and lower-middle peasants.*

A campaign aimed at these various goals is the sending to the country-
side of educated youth (literally, “shang-shan hsia-hsiang chih-shih ch’ing-
nien, or educated youth going up to the mountains and down to the villages,”
also more conventionally called “sent-down youth’™ or “‘rusticated youth™).
This movement takes as its point of departure the call issued by Mao
Tse-tung in December 1968: “It is highly necessary for young people with
education to go to the countryside to be re-educated by the poor and lower-
middle peasants.” .

It is said that since late 1968 over 10,000,000 educated youth have
volunteered or been assigned to work in the countryside. Much has been
written in China and elsewhere about this movement; indeed, from written
materials it appears to be one of the most significant ongoing social move-
ments since the Cultural Revolution (many Red Guards having been among
the first sert to the rural areas).

Considering the magnitude of the movement and the amount of
publicity it has received, there was what seemed {o us a rather low level of

4. Chinese sources explain that “poor and lower-middle peasant” is “a term denoting
ciass status and not present economic status.” It is selectively descriptive {of those occupying
this zlass stratum in the old society) and normative (referring to those who exhibit the attitudes
and values said to be hallmarks of this stratumj.
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interest in our questions about educated youth. These qi:stions were usually
answered without very much elabsration or encouragement to continue along
this [ine. Only once, at the large and self-confident Red Star Commune near
Peking, did we speak directly to a person identified as a sent-down youth;
on a few other occasions, an educated youth was pointed out to us. It should,
perhaps, be noted in passing that virtually all of our information came from
areas to which educated youth might be sent, not from the cities whence they
might have come.

We quickly discovered that a distinction is often (but not alwavs) made
between two types of educated youth., The first are “sent-dowa youth,”
coming from the cities or towns for iheir first prolonged stay in the country.
The second are “returned youth (hui-hsiang chih-shih ch'ing-nien),” coming
back to their native place. The identitv of these returned youth is a little
unclear. A few may have returned from service in the PLA, but the majority
are probably either young persons who had gone into the cilies and towns
seeking wage labor (what was called in one rigade, “pao ch'eng-shih kao
Ju-yeh, going off to the cities to get sideline jobs™), or rural youth who had
received some of their middle school education in town.® The subject of
returned youth seemed to arouse marginally more interest than that of
sent-down youth, probably because the former are naturally identified as
members of the locality, whereas sent-down youth are cutsiders.

We were given no very specific information concerning the nature and
amount of education possessed by educated youth, except that most had
graduated from middle school (graduaies of universities and technical in-
stitutes have passed beyond this classification). Graduates of either lower
or upper-middle school may be sent {or returned) to the countryside, and
this may occur up to as much as several years after graduation if a higher
priority work assignment has not been obtained.® tence, educated youth
may range in age from about 15 to the early 20s.

Without exception, we were told that educated youth were first assigned
to a brigade and team (‘‘ch’a-tui, inserted into a team”) and required to
perform ordinary farm labor.” After a substantial period of re-education
by the poor and lower-middle peasants, usually said to be two or three years,

3. This might be because some levels or kinds of schoo!s are not operated by the commaune,
requiring that students be sent elsewhere. In other cases, family ties might be utilized to
enable a youngster to continue his education in the city.

6. In Shanghai, we were told, middie school is now a unified four-year course, with nc
distinction between lower and upper midd!= schools.

?. Quite frequently and with unconcealed symbolism, this laber invoives the handling of
nightsoil and manure. Mao is cited: “. . . in the last analysis, the workers and peasants were
the cteanest people and, even ihough their hands were soiled and their feet smeared with cow
dung, they were really cleaner than the bourgecis and petty-bourgeois intellectuals.” (Talks
at the Yenan Forum)
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educated youth are eligible for reass’gnment. We did not izarn very rmuch
about how this reassignment takes place, or how many educated youth are
affected by it, but the options seem to be these:

1. Reassignment away from the commune or brigade; we saw v were told of
(a) return to factory work in the city, (b) entry into the People’s Liberation
Army, (¢) successful application to higher education,

2. Reassignment within the eommune or brigade; this was the most commonly
mentioned option, with teacher, barefoot doctor, technician, and accountant
the most frequently cited jobs. Less frequently mentioned were factory worker,
tractor driver, cadre, Party member.

3. Continuing assignment as an ordinary farm worker.

In post-Culiural Revolution China, one can apply for admission to
higher education only after a period of work on the procduction front.
Applications must contain recommendation and endorsement Ly the unit
in which the individual has served and by (he relevant Party branch. This
is unquestionably a major factor in motivating young persons to gu to the
countryside and to work hard while there.

For many educated youth, therefore, the stay in the countryside is a
temporary though proionged sojourn. Others, however, become permanent
members of the local unit: it is said that they ‘lo-hu, settle a household,”
oftc: by marrying a native or another educated youth. Lo-hu is not always
done voluntarily, and may sometimes be required for the second option
above. Since the commune or brigade makes the assignment and pays
whatever additional training costs may be involved, its leaders wish to select
those who will remain within the local system. Partly for these reasons,
returned youth may be deemed a better risk than sent-down youth.

In the areas we visited—none of them in the remoter areas of China—
most of the sent-down youth came from a few nearby urban areas, including
county-level towns. This pattern, often noted in the Chinese press, seems to
be quite common in the more traditionally settled areas of China. The
reasons for adopting it are easily inferred:

1. Youth coming from the same (¢t nearby) cities have much in commorn, and
can provide companionship and support for one another.

2. Being sent to a nearby area makes for a relatively quick adjustment and
avoids the very great difficuity of learning to communicate effectively in a
strange dizlect. Climate, food, and locai customs are also less strange than
in a more distant area.

J. Family ties can be more easily maintaired, with correspondingly readier
acceptance of the assignment by the youth and by his or her family.

Only in Wu-hsi County (Kiangsu, 5C miles west of Shanghai) were we told
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of work teams made up primarily of educated vouth, althcugh we know
from material published in China that this practice is quite common.?

The process by which educated youth are assigned to particular
communes and brigades was not described to us, but we caught some glimpse
of the considerations which might be involved from the point of view of the
receiving units. Red Star Commune, we were told, welcomned the assignment
of sent-down youth because the labor situation there was “very tight.”” Pre-
cisely the opposite was true of Liang-ts’'un Commune in Hui County, Husan.
Here, where land reclamation was the major preoccupation cf the corimune,
it was said that land was scarce, and no additicnal population was wanted;
hence there were no sent-down youth in this commune,

It has already been noted that one of the movemsnt’s goals is the
re-education of educated youth by the poor and lower-middle peasants. In
Chinese publications, this is by far the most salient goal. But it is also
thought that another goal is o increase the supply of educationally skilied
manpower in the countryside, thus facilitating rural development.

In the areas we visited, it is difficult to say what the payoff may be for
rural development. It was little dwelt upon by our Chinese hosts, except in
general terms. There may be several reasons for this. First, the number of
educated youth is very small in the units we visited. Only in Red Star Com-
mune, which may be as atypical in this as in scveral other vespects, did the
number excecd 1% of the total population; in most znits, it was much less
than that. Second, upon arrival, most educated youth have little to offer
beyond their intelligence and literacy; for the first two years cr so, during
which they are performing manual labor, neither their iatelligence nor their
literacy may be put to use, In most cases, educated youth will not have had
enough work experience before rustication to have acquired specialized
skills. On the contrary, for farm work they are initially less capable and
softer than their local peers. They may require the guidance and supervision
of peasants who might otherwise be working. After a learning and toughen-
ing period, they probably become as effective as peasant youngsters, but
if they then leave the countryside to be replacd by others, the process must
begin again. Even for those who lo-hu permanently, reassignment will
require further training and experience. There is little doubt that in the long
run, those educated youth who remain in the country will become potentially
important contributors to rural development. But their impact is delayed,
and it may be {urther attenuated by small numbers and dispersion. Finally,
as local educational facilities are gradually developed and improved, more
and more rural areas will be at'~ to home grow their own educated man-
power, at least to the middle-school level.

8. See, for example, China Reconstructs, XX1V:7 (July 1975), p. 2-13.
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To return to a point made earlier, our delegation visited units in
traditionally settled regions of China. Several—above all, Ta-chai and Lin-
hsien—were models of rural development, to be emulated elsewhere in
China. Others (e.g., Wu-hsi) were clearly prosperous and abtle to take care
of themselves. One might expect that it is precisely in such areas that
educated youth would have the least to offer, and it may be for these reasons
that refatively few such youth have been assigned to them. In the remater
areas—in Heilungchiang (often chillingly called the “‘pei ta-huang, the great
northern wilderness”), in Yunnan, Kansu, Sinkiang, and in the poorer
regions of China proper—the experiences and the role of educated youth
may well be very different from those in the areas we saw.’

THE ROLE OF THE PRINTED WORD

In recent years, the spread of technology has been greatly facilitated
by numerous publications of new books by both national and provincial
presses. Judging from the number of browsers and purchasers in bookstores,
these books are avidly consumed by people trying to keep up with new tech-
nical information. There are a few highly specialized books for senior
engineers. There are translations of foreign technical books, and journals
dedicated entirely to translations of foreign technical articles. But many,
if not most, of the new books are meant to popuiarize technology for workers,
peasants, and educated youth.

An example is the 108-page booklet on carbonization processes in
small-scale aitrogenous fertilizer plants.'® Subtitled "Reading material for
Workers,” this book provides flow charts, formulas of chemical reactions,
graphs of differences in chemical reactions under varying pressure and
temperature conditions, detailed drawings of the internal construction of
valves and chambers, as well as maintenance and repair procedures. Printed
in 30,500 copies in December 1971 and selling for only 0.28 yuan, this book
is part of a series of six paperbacks meant to be used by workers in after-
hours study classes (at the Wu-hsi Electro-chemical Plant, these voluntary
classes were said to meet three times per week—once for political study and
twice for technical study).

There are similar series for other industries. For small cement plants
there is a series of eight booklets covering basic knowledge, raw materials,

9. At Fu-tan University in Shanghai, an extensive correspondence course program has
recently begun, with 16,000 students enrolled. Most are sent-down youth from Shanghai.
Provinces with large numbers of corresponding studenis are Heilungchiang, Anhwei, Kiangsi,
and Yunnan.

10. Light Indusiry Bureau, Hopei Province, T'an-hua [Carbonization]: Small-scale
Nitragenous Fertilizer Plant Production, Reading Matertal for Warkers (Peking: Fuef Chem-
istry Industry Press, 1971), 108 pp. Union ser. no. 15063.2039.
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grinding, firing, equipment. chemical analysis, inspection, and raw cement.
The first book in the series, basic knowledge for cement production, was
printed in 42,750 copies in 1972; it contains 76 pages and sells for 0.20
yuan.!' There are other collections of books for agriculture. They cover
wide array of topics: how to raise and prevent diseases among pigs, ducks,
chickens, horses, cows, bees, silkworms, and fish. There are books on
different grains, their scientific cultivation, test and control plets, and cross-
breeding for new sirains of plants. There are books on fertilizer application,
and books explaining agricultural machinery and its maintenance.

We bought three books on fertilizer application. Though meant for a
popular audience, two of these books go into great detail as to the nitrogen,
phosphate, and potassium content of various kinds of fertilizer. The advan-
tages, disadvantages, and appropriate application procedures of different
fertilizers are discussed. Included are not only the more common chemical
fertilizers, but also a very large number of organic fertilizers. One booklet,
published in Kwangtung Province, lists the composition of almost 150
potential organic fertilizers, including manure and urine of humans and
twelve different animals, various kinds of pressed oil cakes, water plants,
vegetables and grasses, silt from rivers and ponds, as well as cured compost. '
The Xwangtung fertilizer book, with 109 pages and selling for 0.26 yuan,
was first published in 50,000 copies in 1974, then republished in another
56,000 copies in 1975. With a total of 100,000 copies, the book could reach
every brigade and many work teams in Kwangtung Province.

Many of these books are published for rural administrative personnel,
but because in many rural areas the standard of education is now seven
years—five years of primary school and two years of lower middle school—
many local youth c¢an read these books as well. Equally important, perhaps,
these books are aimed at educated youth sent to the countryside after com-
pleting seven, nine, or even twelve years of education in the city. This may
explain the large stock of such books in city bookstores. By being able to
read about and put into practice new technical know how, these urban youth
with usually superior education may be given a more meaningful role in the
countryside.

In addition to these narrowly technical books, there are a Jarge number
of books meant to popularize the leadership, economic, and ideological
experiences of advanced preduction units, These popularizing agricultural

11. Editing group for small cement technology compendium, Shui-ni sheng-ch'an chil-
shik [Cement Production Knowledge}, (Peking: Chinese Construction Industry Press, 1972),
8 vol. Union ser. no. 15040.3003.

12. Kwangtung Province, Agricultural Bureau, Technical Materiais Editing Group,
Fei-liao chit-shil wen-ta [Questions and Answers on Fertilizer Knowledge], (Canton: Kwang-
tung People’s Press, 1974), 109 pp. Union ser. ne. 16111.206.



Table X-1

DATA COGNCERNING EDUCATED YOUTH (COLLECTED BY THE SMALL-SCALE RURAL INDUSTRY DELEGATION)

Unit soy* RY* Origins (SDY} Comment
Hopei Province, Peking Municipality
Red $ia Commune (also 5600 Peking only SDY currently comprise ca. 7% of the total population.
known as the Sino-Koroan A total of 7200 SDY have served in the commune since
Friandship Communs; 1968, but no information was obtained concerning length
10 management districts, of service, rotation, etc. SDY are assigned directly to
129 brigades, 17000 fam- labor in the brigades; after a period of about two years,
iltes, 82000 persons they may be reassigned. "Several tens” of SDY were

said to be employed in commune inGustry.

Shansi Province, Hsi-y 1ng County
Hsi-yang County; ca. 500 “Mostly Peking, Ta-chai Brigade, the national model in agriculture, has
population ca. 200,000 Tientsin” no 8DY.
An-p’ing Peoples Com- 0 1500 Of these, about 120 have been educated beyond upper
mune; 26 brigades, 2700 middle school. About 200 RY have been assigned to
households, over 10,0600 units outside the commune.
persons
Shih-p’ing Brigade 0 ca. 100

{Li-chia Chuang Peoples
Commune); 8 work teams,
480 households, 1970
persons

Agricuttural Machinery
Plant (county managed);
310 workers

20 +

SDY are nominated by the brigades to which they are
assigned; none come directly from the city to the factory.
No information on the tasks performed by SDY in this
factory



Honan Province, Lin County

Lin-hsien; 15 communes,
487 brigades, 3932 work
teams, about 700,000
persons

Ta-ts’ai-yuan Brigade 0
{Ch'eng-kuan Peoples Com-
mune); 340 households,

1700 persons

East is Red Agricultural
Machinery Plant (county
managed); over 300 workers

Lin-hsien Cotton Weaving 0 0
Factory; 186 workers
Honan Province, Hui County

Kao-chuang Peoples Com- 78
mune; 21 brigades, 218
work teams, 31,500 persons

ca. 1000

A few

Hsin Liang-ts'un Peoples 0 Some
Commune; 27 brigades,
220 work teams, 42,000

persons

Hui-hsien Chernical Ferti- 15
lizer Plant; 536 workers

Honan Province, Hsin-hsiang County

Ch'i-li-ying Peopies Com- Over
mune; 38 brigades, 298 300
work teams, 9500 families,

55,000 persons

About 10
per year

Mostly from
Hsin-hsiang
City and

Cheng-chou

All are first assigned to labor in the brigades and work
teams, after which they may be reassigned as teachers,
technicians, etc. Assignment decisions are mace at the
brigade level.

Both barefoot doctors in the brigade are RY.

Head technician (mid-30s) is a native of Manchuria.

These SDY are assigned to one or the other of only two
brigades in the commune. After a period of labor assign-
ment, they may be made barefoot doctors, teachers,
etc., in other brigades.

Reason given for the absence of SDY was that the
land-to-population ratio was low in this commune; addi-
tionai population was ther~fore unwanted.

First assigned as labor, then eligible for reassignment
as accountants, technicians, etc.



Table X-1 Continued

Unit Sby* RY* Origins (SDY}) Comment
Kiangsu Province, Wu-Hsi County
Wu-hsi County; 36 com- Some Most Some from l.e., total of both SDY and RY is about 8000. Educated
munes, population over (of 800Q) (0f8000) Chen-chiang, youth are re-educated by the poor and lower middle
800,000 Ch'ang-chou; peasants; they participate in agricultural production,
a few from class struggle, and scientific experiment. More than 500
Nanking educated youth have been selected to serve in leading
organizations at various levels; over 1500 have become
agro-technicians, barefoot doctors, teachers, accoun-
tanis, etc.
Mei-ts’un Peoples Com- 180 After re-education by the peasants, they become cadres,

mune; 22 brigades, 104 combined total
work teams, 7475 families,

30,817 persons

Shanghai Municipality, Chia-ting County (Chia-ting County)

About
500

Ma-lu Peoples Commune;
14 brigades, 144 work
teams, 7020 families,
28,000 persons

Mostly from
cities in
Chia-ting
County; a few
from Shanghai

agro-technicians, tractor drivers, barefoot doctors. Some
have been sent to the university.

First tempered in labor, then may be reassigned to
other tasks.

*S0Y: Sent-down youth
RY: Returned youth

see text for definitions.
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models usually run to at least 100,000 copies in the first printing. One 190-
page book on the July First Commune outside Shanghai had 100,000 copies
in its first printing in June 1974 and was then reprinted in 200,000 additional
copies three months Iater.! Through these books, other local leaders learn
about the proper mix of water control, field reconstruction, mechanization,
lcadership techniques, and ideological study, which will hopefully bring
success throughout China.

SUMMARY

What we witnessed in China was an extensive, flexible, and varied
system for acquiring, adapting, and utilizing standard technologies. By and
large, these are not high technologies by international standards, but many
such technologies would be inappropriate or of little use in the countryside.
Furthermore, higher technologies require (take for granted) a broad founda-
tion of basic technology and a labor force skilled in its use. This the Chinese
are in process of creating. When one reflects on how far the Chinese have
come since 1949, progress is impressive indeed.

Partially as a result of the emphasis placed on local small-scale industry,
a technological infrastructure, previously lacking, is now coming into exis-
tence. It is easy for persons from technologically developed nations, where
a literate and technically competent labor force has long been taken for
granted, to forget how long and painful was the development of this labor
force in their own society. This can lead, quite unintentionally, to the
application of inappropriate assumptions, comparisons, and judgments.

13. History of Shanghai July First People’s Commune, op. cit.



Chapter Xi
CONCLUSION

In the summer of 1975 China’s rural, small-scale industry program had
entered into a new expansionary phase centered on farm mechanization. At
least that was clearly the case in the areas we visited, Everywhere we went
factories were equipping themselves foir the production of new (for them)
machinery from hand tractors to rice transplanters. At the same time the
prev.ous stage in these industries’ development, that ceniered on cement
and chemical fertilizer, was in no way being abandoned. Factories in these
sectors are being expanded in scale and many of their processes mechanized.
The day will probably come when these enterprises can no longer be called
“small-scale,” but they presumably will continue to be located either in the
countryside or in small county towns scattered across the length and breadth
of China.

The prime motive force for this extensive development lies within the
counties and communes themselves. Provincial and central government
planners sometimes provide financial aid and more frequently techrical
assistance, but it is the interests of the localities that drives the program
forward. High transport costs and bureaucratic bottlenecks inherent in
central planning both stand in the way of the supply of local needs, and the
way around these barriers is to do it oneself,

The ideas for the various parts of the smali-scale indusiry program, of
course, did not spring full blown and unprompted from the heads of local

252
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farmers and cadres. In fact, for the past decade and more, the major thrust
of the Chinese Communist movement has been based on the view that atti-
tudes must be transformed by education including moral example before
people will see and take the correct road. Thus the Tachai Brigade is not
primarily an example of land levelling and drainage technology, but of the
spirit of what human beings can do for themselves if they are sufficiently
determined. And millions of Chinese, particularly the young, are brought
to Tachai to study this experience firsthand.

Nor does the technology for the small-scale program originate in rural
areas although adjustments in this technology are constantly being made by
local people. Research institutes at the province and higher levels, large-scale
urban factories, and other similar organizations are the original sources
of the basic technigues. The Chinese are not busy reinventing the wheel over
and over again in each county. The more advanced counties instead learn
from these higher level units; they in turn then pass their experience on to
other localities.

Are these enterprises efficient? Much, of course, depends on what one
means by the word efficient. In an idealized world where transport and
commercial systems are highly developed, many o; China’s small-scale
operations might not make much economic sense. But China is a developing
country and like most developing nations, although not always for the same
reasons, China’s distribution system is anything but efficient.

The issue, therefore, is whether these localities should wait until the
state puis up a large chemicz! fertilizer or farm machinery plant or go ahead
on their own relying primarily on local resources. If these local resources
could be readily transferred to a major urban center, the efficient decision
might well favor the larger urban plant. But these rural plants use local
outcroppings of coal, local limestone, and, most of all, local labor many of
whom continue to live in their old village homes. The cost of transferring
many of these resources would be high and possibly even prohibitive. Basic
to the Chinese idea of efficiency, as well, is the concept of dynamic efficiency.
Many small-scale plants at the moment may be high-cost producers, but
their costs come down as they learn better how to manage operations and
expand output.

We, for the most part, saw some of China’s best small-scale plants,
and therefore we are not in a position to judge what is happening in the
country as a whole. Nor were we able to collect enough price and cost data
to do a full blown cost-benefit analysis. But in the areas we visited, most
small-scale enterprises appeared to be producing items for which there was
a ready local market. In fact, there were frequent indications that local
demand exceeded the available supply at the going price. It also appeared
to be the case that at these prices most enterprises made a profit, often a
grite large one. If the opportunity or social cost of many of the inputs into
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these enterprises were used instead of the higher actual wages and raw
material costs paid, it is likely in most cases that net social benefits would
be higher than reported profits. Whether the net social benefit would have
been even higher if these resources had been concentrated in large-scale
plants cannot be determined with the data available to us, but it seems
unlikely.

For the most part, the technology being used in the small-scale enter-
prises we visited was not unique to China. There were, to be sure, both major
and minor exceptions, No one else in the world produces ammonium
bicarbonate for use as a fertilizer. And Chinese farm machinery designs
make greater use of cast iron and less of sheet steel than those elsewhere.
~~Generally, however, it is not the techniques themselves that the Chinese are

adding to the world’s storehouse of knowledge, but the fact that these
techniques can be adapted to rural conditions on a widespread scale.

How good are the products coming out of these enterprises? In many
cases the quality of output by industrialized nation standards is low, but that
comparison is not particularly relevant. More significant is that these pro-
ducts seem to meet a real need at China’s current level of development. One
does not require high quality cement in the dominant forms of rural capital
construction currently underway in China. And if ammonium bicarbonate
would involve more bother than it is worth for American farmers who have
access to higher quality materials, Chinese farmers don’t have comparable
access to supplies of urea and the like, and ammonium bicarbonate does
significantly increase the amount of nitrogen in the soil.

Rural China’s economy at present is not being transformed solely or
primarily by rural small-scale industry. County and commune level irrigation
works {except for well digging still involve the mobilization of great amounts
of labor combined with relatively litile machinery. Even fertilizer still comes
more from organic than from industrial sources. And a majoiity of activities
in the field from transplanting to harvesting are still done by hand. But rural
small industry is playing an important if supplementary role in raising
Chinese farm yields and in feeding the Chinese people. In areas such as those
which we visited where these industries have been highly developed, Chinese
grain yields are comparable to those in the most advenced agricultural
regions in the world, including Japan. It is reasonable to assume that
this combination of high yields and well-developed local industry is not a
coincidence.

The Chinese, of course, are interested in transforming more than food

) Kgutput, and rural small-scale industries play an important role in the broader
" éffort at social transformation as well. Millions of peasants throughout the
country are acquiring through these factories a familiarity with modern
technology that will serve them in many ways, not just in those connected
with agricultural production. And the peasants involved are not just men.
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Large numbers of women are participating in this education in modern
technology.

Rural industries also tend to narrow the gap between rural and urban
experience in other ways. Factory workers continue to live in rural villages
and draw wages not too diffe -ent from their farming relatives. These workers
thus tend less to think of themselves as a class apart and above their rural
compatriots as has so often happened in all developing countries including
China.

Rural small-scale industries, needless to say, are not the solution to
all of China’s economic and social problems either now or in the future.
Their essential role is really an interim one, to help bridge the gap in both
economic and social terms between China's current rural-oriented reality
and a future in which China will be both industrialized and urbanized. In
fact rural industries will often be the base from which new urban centers
will arise. As rural small industries gradually expand in scale and number
they will not be moved into existing urban centers. To the conirary,
urbanization will be brought to them.




Appendix A

PEOPLE MET

The following list is arranged geographically according to the sequence of visits
on our itinerary:

Peking Cheng-chou, Honan Provicnoe
Hsi-yang Coanty, Shansi Province Wu-hsi

Lin County, Honan Province Shanghai

Hui County, Honan Province Canton

Hsin-hsiang Area, Honan Province

Under the geographical headings, we first list the narnes of our local hosts, i.e. those
people responsible for planning and/or implementing our local itineraries, Then we
list in alphabetical order the units visited, and the people met from each of those
uaits. All names of individuals appear with surname firsi. Titles and names of or-
ganizations are given in Chinese characters on first appearance onty. In many cases
we were unable to get the Chinese names.

Before beginning with the list, there are two groups of people whom we would
like to single out for special appreciation. First there are the eight people who
escorted us throughout most of the trip as the representatives of our official host
organization, the Scientific and Technical Asscciation of the People’s Republic of
China (STAPRC):

Ms. Cheng Li
s Hh

Staff Member, Bureau of Foreign Affairs,
STAPRC
pEBFEERBENER TIEAR

Ms. Chiang Chien-wei Professor, Peking Foreign Language Institute

B I and Interpreter
A EER

Mr. Fan Kuo-hsiang Division Head, Chinese Foreign Affairs Institute
{BETE FEAZFELR

Mr. Fu Feng-kuei Professor, Peking Foreign Language Institute
fTE% and Interpreter

Mr, Huang Te-yi Responsible Person for the Office, Economics
il Research Institute, Chinese Academy of

Sciences
RERERZBFHAR D aEaTA

Mr. Li Ch'eng-jui Research Fellow, Economics Research Institute,

S Chinese Academy of Sciences
Br3E i
Mr. Li Wei-min Staff Member, Bureau of Foreign Affairs,
FEHR STAPRC
Mr. Shen Ken-sheng Staff Member, Bureau of Foreign Affairs,

732

STAPRC
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Second is the group of six representatives of national units concerned with
smali-scale industries who made presentations to the group in Peking:

Mr. Ch’ieh K’e-ming Ministry of Metallurgy
e Bei

Mr. Liu Chien-hsun Chinese Silicate Society
FIEER b [E R B

Mr. Liu Kung-ch’eng Chinese Silicate Society
FHENY

Mr. Liu Tsun-san Ministry of Hydroelectric Power
MEE= K F e TR

Mr. T’ang Chung-nan Ministry of Petrochemical Industries
EHE Ak T

Mr. Tu You-ts’ai First Machine Building Ministry
- hRak ML Tk 3

PEKING AREA

Local Hosts (in addition to the people mentioned above):

Mr. Chang Wei Secretary General, Secretariat, STAPRC
i 3 Fidh=FBi0

Mr. Ch’en Chia-chen Chinese Foreign Affairs Institute
Pradii

Mr. Chu Yung-hang Office Birector, Bureau of Foreign Affairs,
kKT STAPRC

DREFE

Ms. Hsiao Chen-yung Staff Member, STAPRC
Mk

Mr. Wang Jen-ch’uan Division Head STAPRC
FfEe

Capital Iron and Steel Factory 5 8i88% 1T.5]

Mr. Ch’ang Lun-k’ai Scientific and Technical Section
iRk Bl

Mr. Kao Chien-p’ing Office Director
e

Peking Internal Combustion Engine Factory Jt s REHLT

Mr. Chai Chin-hsueh Office Director

Mr. Fu Ch’ang-ch’uan Staff Member
R

Ms. Kao Yu-chen Engineer
=aEe T2

Mr. Li K’e-tsuo Vice Chairman of the Revolutionary Committee
EZEE and Chief Engineer

EGEASH IS STEM
Peking West City Area Optical Instruments Factory 1t 5 /R I E SCEE 0 ERT
Mr. Chang Lan-t’ing Chairman of the Revolutionary Committee

PraERSERE
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Red Star (China-Korea Friendship) People's Commune
(no names)

HSI-YANG COUNTY, SHANSI

WRAEHE
Local Hosts
Mr. Chao Wei-cheng Office Director, Hsiyang County Office of In-
PR dustries and Communication
FaPREL Tk ZE 8 A EEAE
Mr. Chia Lai-heng Vice Chairman of the Revolutionary Committee
i 3 of Tachai Brigade
ABEANERR AT EL
An-p'ing People’s Commune Water Conservancy Works % A\ B2t
Mr. Chang Ju-ch’eng Chairman of Revolutionary Committee
- iaH:
Hsi-yang County Chemical Fertilizer Factory H{HEAET
Mr. Chang Ch'i-cheng Chairman of the Revoilutionary Committee
Kk
Hsi-yang County Farm Tools FactoryPafHE R B
Mr. Wang Yun-wu Chairman of the Revolutionary Committge
iy
Hsi-yang Cowunty Tractor Factory WEIREERI NI
Mr. K’ang Ch’an-chen Vice Chairman of the Revolutionary Committee
R
Tachai Cement Factory F 5 K{E
Mr. Pu Hung-yi
(gd
Tachail Hsi-yang Exhibition Hall
Mr. Chao Sun-liang Head of Exhibition
Shih-p'ing Brigade, Tachai Commune A
Mr. Ch’en You-t'ang Chairman of the Revolutionary Committee
MR s
Wu-chia-p'ing Brigade
Mr. Po Lai-liang Chairman of the Revolutionary Commiitee
LIN COUNTY HONAN
G
Local Hosts
Mr. Civ'in Hsueh-tseng Staff Member, Lin County Office of Foreign
bseag ] Affairs
HEAERDAZEITIFAL
Mr. Fang Ts’un-chi Vice Director, Lin County Office of Foreign
FtEHE Affairs
Mr. Hsueh Chief of An-yang Subregion Bureau of Indus-
tries
Mr. Feng Hsiu-ch’ang Staff Member, An-yang Subregion Office of

Foreign Affairs
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(no nane) Chief of the An~yang Subregion Office of Foreign
Affairs
(210 name) Staff Member, Honan Province Office of
Foreign Affairs
Mr. Suo Ping-fu Responsible Person, Lin County Bureau of
FEHAK Industries
MR TR ARA
Lin County Chemical Fertilizer Factory fRIE{EREI
Mr. Lu Vice Chairman of the Revolutionary Committec
£
Lin County Cotton Textile Factory
Mr. Sun En-hsi Vice Chairman of the Revolutionary Committee
HEHE
Lin Counry Flowrescent Light Factory
(no name)
Ta-ts'ai-yuan Brigade Grain Mill, Ch'eng-kuen Commune 336 28 H 32 H A A
ir. Ma Yung-hsi Chairman of the Brigade Revolutionary Com-
OR=E mittee
Mr. Ma Tung-sheng Vice Chairman of the Revolutionary Committee
SEE
Tung-fang-hung Agricultural Machinery Factory T FIIER LM
Mr. Kue Lin-ying Vice Chairman of the Revolutionary Committee
Yao-15'un People's Commune Agricultural Machinery Factory
Pt AR SH TR
Mr. Li Lin-sen Chairman of the Revolutionary Committee
E-3E NS
HUIL COUNTY, HONAN
R
Local Hosts
Mpr. Fan Shao-ch’ing Deputy Head, Bureau of Industries, Hui County
regenlal Revolutionary Commitiee
Mr. Li Ts’an Perinanent Member (Member of the Standing
2= 0 Committee), Hui County Revolutionary
Committee
FEREEE
Mr. Sung Ying Responsible Person, Office of Foreign Affairs,
43K Hui County
Hsigng-vang Tunnel
Mr. Chu T’ien-hsiang Deputy Head, Hui County Bureau of Com-
AREE munications
ZE RIS R
Hsin-liang-ts’un, Liang-1s’un People’s Commune ZLF} ottt
Mr. Wang Hai-lung Vice Chairman of the Revolutionary Commiitee
E3¥: 1y 7

Hui County { Pai-ch’uan) Cement Factory ER(T BIKE
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Mr. T’ien Shu-wen Chairman of the Revolutionary Commiitee
H# 3L
Hui County Chemical Fertilizer Factory YAV AR
Mr. Chao Ch'iang Vice Chairman of the Revolutionary Commitiee
X 58

Kao-chuang People's Commune Agricultural Machinery Manufacturing
and Repair Factory 5ok fediE &)
Mr. Sung Vice Chairman of the Revolutionary Committee

A
HSIN-HSIANG AREA, HONAN

oK
Local Hosts
Mr. Keng War.-r’ai Staff Member, Bureau of Foreign Affairs,
B K Hsin-hsiang County
Mr. Yuan Che-hua Responsible Person, Bureau of Industries,
it Hsin-hsiang Area Revolutionary Committee

Cl'i-li-ying People’s Commune Agricultural Machinery Manufacturing
and Repair Foctery LB E ARG RIUEET

Mr. Chang Hsiang-wen Vice Chairman of the Revolutionary Commitiee
o
Ms. Chao Hsueh-met Chairman, Women’s Federation of the Com-
AR munge
i b

Hsin-hsiang Region Chemical Industry Equipment
and Accessories Factory i & HE AL TS

Mr. Li Hua-ch’un Vice Chairman of the Revolutionary Committee
LA
Mr. Shih Chien-ch’ing Vice Chairman of the Revolutionary Committee
PIEE
Mr. Wang Hsi-wen Vice Chairman of the Revolutionary Committee
T
Hsin-hsiang City Cofton Textile Factory Fi & diiged]
Mr. Chao Chin Vice Chairman of the Revolutionary Committee
O
Ms. Huang Chii-lan Vice Chairman of the Revolutionary Committee
BHEE
Mr. Wang Ch’ing-chich Vice Chairman of the Revolutionary Committee
EER
Hsin-hsiang City Water Pump Facrory 312K E
Mr. Chang Kuan-fu Vice Chairman of the Revolutionary Committee

Liu-chuang Brigade Agricultural Machinery Manufacturing and Repair
Factory(Ch'i-li-ying Commune) (& 2E ARAH)AEAARIES)

Ms. Chang Hsiu-chen Vice Chairman of the Revolutionary Committee
KFEH
Mr. Shih Lai-ho Chairman of the Revolutionary Committee

HEEH



262 APPENDIX A. PZOPLE MET

CHENGCHOW, HONAN

Local Hosts
Mr. Chang Shen Permanent Member (Member of the Standing
= - Committee) of the Revolutionary Committee
of Honan Province
Mr. Chao Jen Vice Director, Office of Foreign Affairs of
Chengchow Ciiy
Mr. Ch'en Ping-chih Office Director, Foreign Affairs, Honan Prov-
S Sl ince
Mr. Huang K’e-kang Responsible Person, Honan Province Scientific
HEA and Technical Association
MR EFEHERNE
Mr. Ma Hsieh-ch'eng Responsible Person, Honan Province Scientific
=110 and Technical Association

Cheng-chou ( State Owned) Cotton Spinning Factory [N T Meh

nd —-

Mr. Chang Chung-chieh Deputy Genera! Engineer

PR fHETEM

Mr. Chao Shun-yi Chairman of the Revolutionary Committee
AT 3L

Mr. Lu Ch’ing-shun Office Director
e

Cheng-chou (State Owned} Textile Machinery Factory EE ¥ ML

Mr. Shen Kuo-lin Permanent Member (Member of the Standing
wEE Committee) of the Revolutionary Committee

Mr. Sun Yen-hai Vice Chairman of the Revolutinoary Committee
Hhaie

Mr. Wang Wen-chich Permanent Member (Member of the Standing
ErA Committeg) of the Revolutionary Committee

WU-HSI, KIANGSU PROVINCE
L
Local Hosts
Mr. Chu Staff Member, Wuhsi City Office of Foreign
Affairs

Mr. Hua Ting-yuan Chief of the Bureau of Industries, Wuhsi County
£TI

Mr. Wei interpreter

Mr. Wu Ying-hsiung Office Director, Wuhsi County Bureau of
S Industries

Ho-lieh People's Commune Agricultural Machinery Manufacturing
and Repair Factory and Ho-lieh Brigade 15 A B W HLIE &

Mr. Liu Wei-hua Chairman of the Revalutionary Committee,
FHEE Ho-lich Brigade

Mr. Wu Te-ch’ang Vice Chairman of the Revelutionary Committee,
RiES Ho-lich Commune

Mei-ts'un People’s Commune and Agricultural Mahcinery Factory
Mr. Liu Teng-feng Chairman of the Revolutionary Commiitee
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Wu-hsi City Local (stare-owned} 1 Silk Filatire
Factory B= 0 EGE —EhinT

Ms. Hua Chin-fen Vice Chairman of the Revolutionary Committes
EHE
Wu-hsi City Clay Figurine Factory
Mr. Li Chien-wei Chairman of the Revolutionary Committee
Wu-hsi County Electric Motar Factory T3 EEHEL
Mr, Yu Ch’ang Chairman of the Revolutionary Committee
¥ &
Wu-hsi County Electro-chemical Factory st
Mr. Kao Han-ch’uan Vice Chairman of the Revolutionary Committee
aNE
Wi-hsi County Iron and Steel Factory JA8]
Mr. Ch’en Hsing-hsiang Secretary of the Revolutionary Committee
BryieE BE
Mr. Sun P'an-ta Member of the Revolutionary Committee
HEA
Mr. Ting Ching-fu Chairman of the Revolutionary Committee
THE
Wu-hsi County Tractor Factory 3ohifll—
Mr. Miao Chin-fu Vice Chairman of the Revolutionary Committee
ZE

Yang-shih People’s Commune Agricultural Machinery, Concrete Products
and Power Metallurgy Factories i

Mr. Chao Office Director, Commune Bureau of Industries
Mr. Clven Juichung Director, Commune Bureau of Industries
s B
Mr. Huang Stafil Member, Bureau of Industries
i
SHANGHALI
Local Hosts
Mr. Chu Kang Staff Member, Revolutionary Committee of
Ml Shanghai City #1 Bureau of Machinery and
Electricity
gL s
Mr. Ho Kao-sheng Staff Member, Revolutionary Committee of
HwEtE Shanghai City #1 Bureau of Machinery and
Electricity
Mr. Hsieh Ku-ch’un Staff Member, Revolutionary Committee of
HWaE Shanghai City #1 Bureau of Machinery and
Electricity
Mr. Huang Hsing-sheng Vice Chairman of the Revolutionary Commiittee
HE2H4 of Shanghai City £1 Bureau of Machinery
and Electricity
Mr. P’ang Fu-li Permanent Member of the Revolutionary

Bhh Committee of Shanghai City
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Chia-ting Connmty Agricultural Machinery Manufacturing
and Repair Factory ZEB R\ HLRIEST

{No names)
Futan University BB X%
Mr. Chang Yu-fu Office Director
Ma-Iu People’s Commumne =55
Ms. Chao Ching-chen Vice Chairman of the Revolutionary Committee
Shanghai Machine Tools Factory FiBHLFET
Mr. Chou Ting-tseng Secretary, Office of the Revolutionary Com-
e mittee
Mr. Kuo Le-chin Director, Office of the Revolutionary Comniittee
BRE
Mr. Lin Chi-k’ang Worker-Technician
M THA
Shanghai Shaped Steel Tubing Plant |- F A&
Mr. Chang Chih-jan Vice Chairman of the Revolutionary Committee
Shanghai ( Bumper Harvest) Tractor Factory
Mr. Ch'eng Chairman of the Revolutionary Committee
T5'av-yang New Village and Vacuum Pump Processing Factory i35+
Ms. Yu Ts’un-jen Vice Chairman of the Revolutionary Committee

of the Viliage

CANTON AREA
Local Hosts

Mr. Chang Ch’iang Vice Director, Bureau of Water Conservancy and
¥ & Electric Power of Kwangtung
ITEREKRFETE
Mr. Han Chien Vice Director, Kwangtung Province Bureau of
e Science and Technology
IFRERER
Mr. Li Han-ch’ing Division Head, Kwangtung Scientific and Tech-
B3 nical Association
MHEthatK

Hsun-te County, Kan-chu-t’an Hydroelectrie ( Tidal and Flood) Station
MREERE H ke

{no name)
Fo-shan Ceramics and Porcelain Factory {iE\UEZE
{no name}
Nan-hai County Cement Factory of the Fo-shan Region (LUK fid AR
Mr. Feng Ch’ing Technician
= HEAANR
Mr. Hu Chung-hsin Vice Chairman of the Revolutionary Committee
s
Mr. Wang Ch'eng-chu Chairman of the Revolutionary Committee

EEE
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DAILY ITINERARY

June 12, 1975—Thursday
PM Arrive Peking Airport (from Tokyo)
Greeted by Ambassador Bush and Mr. Perrito of U.S. Liaison Office

Meet greeting committee representing our host organization, the Chinese
Scientific and Technical Association STAPRC)

Trip to Peking Hotel
Sightseeing at imperial Palace
Pre-supper discussion on itinerary

June 13—Friday

AM Presentation on Chinese National Economy and Rural Smali-scale Indus-
tries: Mr. Li Ch'eng-jui, Research Fellow, Economics Research Institute,
Chinese Academy of Sciences

PM Red Star {China-Korea Friendship) Peopie’s Commune:
Briefing by Communne Head

Walking tours of:
a) farm machinery repair and production shops
b) food processing shops, including corn milling, fodder chopping,
and fleur milling

Banquet given by our hosts at Peking Roast Duck Restaurant: main host
Mr. Chang Wei, Vice President of Tsinghua University and Secretary
General of the Secretariat, STAPRC

June 14—Sarurday
AM Capital Iron and Steel Factory
Briefing by Mr. Kao Chien-p'ing, Officer Director

Walking tours of:
a) pig iron smeliing plant
b) steel plant
c) roHing mill
d) canteen

Question period
PM Presentations on Small Indusiries by the following experts:
Mr. Tu You-ts'ai: First Machine Building Ministry
Mr. Liu Chien-hsun: Chinese Silicate Society
Mr. Liu Kung-ch'eng: Chinese Silicate Society
Mr. T'ang Chung-nan: Ministry of Petrochemical Industries
Mr. Liu Tsun-san: Ministry of Hydro-electric Power
Mr. Ch'ich K’e-ming: Ministry of Metallurgy
Evening Films on Sandstone Village (Sha-shih-yu) and agricuitural machines

265
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June 15—Sunday
AM Great Wall
PM Sightseeing at Ming Tombs and Reservoir; Friendship Store and Bookstore

June 16—Monday

AM Peking Internal Combustion Engine Factory
Briefing by Mr. Li K’e-tsuo, Vice Chairman of Revolutionary Committee
and Chief Engineer

Walking visits to:
a) foundry
b) forge
¢} diesel engine shop
d) gasoline engine shop
€) canteen
f) nursery

PM Peking West City Area Optical Instruments Factory

Briefing by Mr. Chang Lan-t'ing, Chairman of the Revolutionary Com-
mittee

Walking visits to:
a) metal processing shop
b) optical meters shop
¢) magnifier shop

10:15—Train for Hsi-yang County in Shansi

June 17—Tuesday -
AM 5:30—Arrive at station and bas to Tachai Brigade in Hsi-yang County

Briefing and itinerary remarks by Mr. Chia Lai-heng, Vice Chairman of
Tachai Brigade Revolutionary Commiitee

Walking visit of Brigade
PM Tour of Tachai Hsi-yang Exhibition Hall
Briefing by Mr. Chao Sun-liang, Head of Exhibition
Wa-chia-p'ing Brigade
Briefing by Mr. Po Lai-liang, Chairman of the Brigade Revolutionary

Committee
June [8—Wednesday
AM Briefing on Hsi-yang County Industries by Mr. Chao Wei-cheng, Oifice

Director, Office of Industries and Communications, Hsi-yang County
Walking tour of exhibition
Hsi-yang County Tractor Factory

Briefing by Mr. K’ang Ch’an-chen, Chairman of the Revolutionary
Committee of the Factory

PM Hsi-yang County Chemical Fertilizer Factory

Briefing by Mr. K'ang Ch'an-chen, Chairmnan of the Revolutionary
Committee of the Factory

Walking tour of factory

Tour of Hsi-yang County Farm Tools Factory led by Mr. Wang Yun-wu,
Chairman of the Revolutionary Committee of the Factory

Evening Two movies on Tachai
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June 19—Thursday
AM Walking tour of Tachai Cement Factory
Briefing by Mr. Pu Hung-yi, Chairman of the Revolutionary Committee
Tour of Shih-p’ing Brigade

Briefing by Mr. Ch'en You-t'ang, Chairman of the Revolutionary Com-
mittee

PM Tour of water conservancy works of An-p’ing People’s Commune, inciuding
Shih-t'ing Reservoir and Dam

Briefing by Mr. Chang Ju-ch'eng, Chairman of the Revolutionary Com-
mittee of the Commune
June 20—Friday
AM Leave Tachai
Tour Ch'in-shan Reservoir construction
Train to Lin County, Honan
Two-hour rest at Shih-chia-chuang Guest House while changing trains
PM 8:15—Arrive Anyang

Briefing at railway station by Mr. Hsueh, Chief of the Bureau of Indus-
tries of the Sub-region of An-yang, on iocal industries

1%2-hour car ride to Lin-hsien City

June 21—Saturday

AM Briefing on Lin County by Mr. Fang Ts'un-chi, Vice Director, Office of
Foreign Affairs of Lin County

Tour of Red Flag Canal Exhibition

PM Red Fiag Canal including:
a) Main trunk
b) Ch’ing-nien Tunnel
¢) Nan-ku Tunnel Reservoir
d} Sluice gate dividing branch channels

Evening Movie on Red Flag Canal

June 22—Sunday
AM Water conservancy projects
Tour of Red Flag Canal and Here Canal confluence

a) Briefing
b) Power station of confluence

T’ao-hua Aqueduct-Bridge of #1 Branch Canal, Red Flag System
Small power stations on 12th Branch Canal
Spontaneous visit to threshing floor

PM Prograrm cancelled because of rain
June 23—Monday
AM Briefing on Lin County industries by Mr. Suo Ping-fu, Responsible Mem-

ber of Lin County Office of Industries
Lin County Chemical Fertilizer Factory

Briefing by Mr. Lu, Vice Chairman of Revolutionary Committee of the
Factory

Walking tour
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Lin County Cotton Textile Factory

Bricfing by Mr. Sun En-hsi, Vice Chairman of the Revolutionary Com-
mittee of the Factory

M Tung-fang-hung Agricultural Machinery Factory

Briefing by Mr. Kuo Lin-ying, Vice Chairmat. of the Revolutionary
Committee

Tour
Lin County Fluorescent Light Factory

June 24—Tuesday
AM Agricultural Machinery Factory of Yao-ts'un People's Commune

Briefing by Mr. Li Lin-sen, Chairman of the Revolutionary Committee
Walking tour

Ta-ts’ai-yuan Brigade of Ch’eng-kuan People’s Commune

Briefing by Mr. Ma Yung-hsi, Chairman of the Revolutionary Com-
mittee

Teur of food processing and peasant home
PM Depart by car for Hui County and Hsin-hsiang City

Briefing at Hsiang-yang Tunnel by Mr. Chu T ien-hsiang, Director of
the Communication Bureau of the Revolutionary Committee of Hui
County, on county projects

Travel to Pai-ch’uan

Briefing on Hui County industries by Mr. Li Ts’an, Permanent Member
of Hui County Revolutionary Commitiee

Arrive at Yu-pei Guest House in Hsin-hsiang City

June 25—Wednesday
AM Power operated pumping station and aqueduct in five stages, Hui County
Hui County (Pai-ch'uan) Cement Factory

Briefing by Mr. T’ien Shu-wen, Chairman of the Revolutionary Com-
mittee

Hui County Chemical Fertilizer Factory

Briefing by Mr. Chao Ch’iang, Vice Chairman of the Revolutionary
Committee

PM Kao-chuang People’s Commune
Agricuitural Machinery Manufacturing and Repair Factory
Briefing by Mr. Sung, Vice Chairman of the Revolutionary Committee
Yang-yao River Underground Dam and Well
Hsin-liang Viilage of Liang-is’un Commusne

Briefing by Mr. Wang Hai-lung, Vice Chairman of the Revolutionary
Committee

June 26-—Thursday
AM Ch’i-li-ying Commune

Briefing by Mr. Chang Hsiang-wen, Vice Chairman of the Revolutionary
Committee

Commune Agricultural Manefacturing and Repair Factory
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Ch'i-li-ying Brigade
Exhibition of Chairman Mao’s 1958 visit
Performance by Brigade amateur troupe
Liu-chuang Brigade
Agricultural Machinery Manufacturing and Repair Factory
Livestock pens
Family visits
Briefing by Ms. Chang Hsiu-chen, Vice Chairman of the Revolution-
ary Commiittee of the Brigade
June 27—Friday
AM Hsin-hsiang City Water Pump Factory

Bricfing by Mr. Chang Kuan-fu, Vice Chairman of the Revolutionary
Committee

Walking tour
Hsin-hsiang City Cotton Textiie Factory

Hsin-hsiang Region Chemical Industries Equipment and Accessories
Faciory

Briefing by Mr, Shih Chien-ch’ing, Vice Chairman of the Revolutionary
Committee

M Travel to Cheng-chon by train
Itinerary briefing at train station

June 28—Saturday
AM Cheng-chou (state owned) #3 Cotton Textile Factory
Briefing by Mr. Chao Shun-yi, Chairman of the Revolutionary Committee
Yellow River Exhibition/VanSlyke to Museum

Trip to Bua-yuan-k'ou where Chiang Kai-shek broke the dikes of the
Yetlow River in 1938

Evening Banquet hosted by Chang Shen, Permanent Member of the Revolutionary
Committee of Honan Province

Pepart for Wu-hsi by train (9:15)
June 29—Sunday
PM 1:15—Arrive in Wu-hsi
Staying at #5 Hotel in suburbs
Tour of susroundings
Evening Performance by local Red Guards

June 30—Monday

AM Briefing on Wu-hsi County by Mr. Hua Ting-yuan, Chairman of the
Bureau of Industries of Wu-hsi County

Wu-hsi County Iron and Steel Factory

Briefing by Mr. Ting Ching-fu, Chairman of the Revolutionary Com-
mittee

PM Yang-shih People’s Commune Industries

Briefing by Mr. Ch'en Jui-chung, Director of the Commune Office of
Industries
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Concrete Products Plant
Powder Metallurgy Plant
Agricultural Machinery Manufacturing and Repair Factory (transformers)

July I—Tuesday
AM Wu-hsi County Tractor Factory

Briefing by Mr. Miao Chin-fu, Vice Chairman of the Revolutionary
Commiftee

Wu-hsi County Electric Motor Factory
Briefing by Mr. Yu Ch’ang, Chairman of the Revolutionary Committee

PM Wu-hsi County Electro-chemical Factory
Briefing by Mr. Kao Han-ch’'wan, Vice Chairman of the Revolutionary
Committee

July 2—Wednesday

AM Wu-hsi Clay Figurine Factory

Briefing by Mr. Lt Chien-wei, Chairman of the Revolutionary Committee
Mei-ts’'un People’s Commure

Briefing by Mr. Liu Teng-feng, Chairman of the Revolutionary Com-
mittee

Tour of fields and Agriculture Machinery Factory
Tour of consumer testing store

PM Boat ride on Lake T ai

Evening Revolutionary ballet Yi Meng Ode

July 3—Thursday

AM Wu-hsi City Local (state owned) Silk Filature Factory
Briefing by Ms, Hua Chin-fen, Vice Chairman of th¢ Revolutionary
Committee

PM Ho-lich People’s Commune and Ho-lich Brigade

Tour of Agriculture Machinery Factory, hospital, and Brigade enter-
prises including fish raising, silk worms, pigs

Briefing by Mr, Wu Te-ch’ang, Vice Chairman of the Revolutionary
Committee of the Commune and Mr. Liu Wei-hua, Chairman of the
Revolutionary Committee of the Brigade

Train to Shanghai
July 4—Friday

AM Shanghai Industrial Exhibit
Sightseeing from top of Shanghai Hotel
PM Shanghai (Bumper Harvest} Tractor Factory

Briefing by Mr. Ch’eng, Chairman of the Revolutionary Committee
Evening Banguet given by Mr, P'ang Fu-li, Permanent Member {Member of the
Standing Committee) of the Revolutionary Committee of Shanghai
July 5—Saturday
AM Shanghai Shaped 5teel Tubing Plant

Briefing by Mr, Chang Chih-jan, Vice Chairman of the Revolutionary
Committee
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PM Futan University Tour
Briefing by Mr. Chang Yu-fu, Office Director, Revolutionary Committee

Group departs for shopping
Dwight Perkins stays to deltver lecture on American eonomy

Evening Song and dance performances

July 6—Sunday
AM Shanghai Machine Tools Factory

Briefing by Mr. Kuo Le-chin, Office Director, Revolutionary Com-
mittee and Mr. Chou Ting-tseng, Secretary of the Revolutionary
Coinmittee

PM Ma-lu People’s Commune

Briefing by Ms. Chao Ching-chen, Vice Chairman of the Revolutionary
Committee

Chia-ting County Agriculiural Machinery Manufacturing and Repair
Factory

Dinner given by group for traveling and local hosts

July 7—Monday
AM Ts’ao-yang New Village of the P’u-t'uo District

Briefing by Ms. Yu T'sun-ren, Vice Chairman of the Revolutionary
Committee

Visits included:
a) Vacuum Pump Processing Factory
b) nursery
¢} kindergarten

PM Plane to Canton
Evening ltinerary discussion
Lecture on Chinese Econcmic Planning by Li Ch’eng-jui

July 8—Tuesday
AM Kan chu-t’an {rapids of Hsun-te County)
Hydroelectric Tidal and Flood Station
Bricfing and tour
Lunch at Kan chu-t’an
FPM Fo-shan Ceramics and Porcelain Factory
Sightseeing at Fo-shan Ancestral (Taoistj Temple
Evening Acrobatics

July 9—Wednesday

AM Nan-hai County Cement Factory of the Fo-shan Region
Briefing by Mr. Hu Chung-hsin, Vice Chairman of the Revolutionary
Committee

PM Free for shopping or rest

Evening Banquet

July 10—Thursday
AM Train from Canton to border
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LEVELS OF
ADMINISTRATIVE
CONTROL IN INDUSTRY

Chinese factories vary greatly in structure according to the administrative unit
that controls them. Administrative controi ranges all the way from central ministries
attached to the government in Peking all the way down to brigades or teams at the
level of the village. Below the central government, there are 29 provinces—or, more
precisely, 26 provinces and 3 provincial level cities (Peking, Shanghai, and Tientsin).
Each province includes some six or seven special districts, which are sometimes
termed administrative districts or prefectures. Hsin-hsiang City, which we visited,
was the administrative center for a special district. Below the district is the county.
There are a total of some 2000 counties throughout the country. Below the county
are some 50,000 communes, 750,000 brigades, and 5 million production teams.
The commane is a township size unit. The brigade is a large village or several small
villages combined into a single administrative unit. The team, around which most
agricultural production activities are organized, is a neighborhood of a large village
or simply a small village.

Table C-1 indicates the average population of sub-county administrative units
in the counties and communes we visited. There are two observations which can
be made from this table. First, except in Hsi-yang County and Wu-hsi City, the
places we visited were considerably more populous than the average county and
commune in the nation. The greater number of people in these units, we might
speculate, along with greater proximity to urban centers and abundant raw
materials, heiped make them capable of supporting factories more readily than
the average county. Second, the population figures in the brigade column show
that in only two ptaces—Hsi-yang County and Peking’s Red Star Commune—were
brigade populations below the national average. Significantly it was only in these
two places that there was wholesale adoption of the brigade as the basic production
and accounting unit in the countryside. In other places, the basic unit for collective
production and accounting remained the team. At a number of our stops in north
China, there was mention of the necessi*v of eventually moving to the broader and
hence more socialist brigade level of accounting. Though our figures are representa-
tive of brigades in only a few places, they suggest that whether a place moves to the
brigade level for production and accounting depends as much on the size of the
brigade as on such nebulous factors as people’s ideological commitment or “‘socialist
consciousness.”

In Chinese industrial administration, there are multiple distinctions between
small and large industries and between collective and state industry. So as to help
clarify these distinctions, Figure C-1 presents a simplified schema of state adminis-
tration. The level of administrative control determines how profits are distributed.
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Table C-1
NUMBER AND AVERAGE POPULATION OF SUB-COUNTY ADMINISTRATIVE UNITS

Communes Brigades Teams
County rigades 7

Population  No. Popul.  No. Popul. No. FPopul.

National Averages? 350,000 14,000 900 140
Counties
Hsi-yang County 210,000 20 10,000 411 500 — -
Hui County 560,000 26 20,000 505 1000 3669 150
Lin County 700,000 15 45,000 487 1400 3932 175
Wu-hsi County 900,000 36 25,000 — — — -
Communes
Wu-hsi City, Ho-lieh Commune 15,002 7 2143 82 183
Wu-hsi County, Yang-shih Commune 22,000 12 1833 198 111
Wu-hsi County, Mei-ts’un Commune 30,817 12 1401 304 101
Shanghai City, Ma-lu Commune 28,000 14 2000 144 194
Hsin-hsiang City, Ch'i-li-ying Commune 55,000 38 1447 298 185
Peking City, Red Star Commune 82,000 129 636 — —

2Based on the assumption of a total popuiation of 850 miliion which is 80% rural.

Factories above Line A in Figure C-1 are in the state sector. Those below the line
are in the collective sector. State factories are considered to be owned by the state
or “all the people.” Though there may be some deviation from the strictest sense
of the principle, in principle the county, special district, and province have no
a priori claim to the funds their factories generate. These funds are remitted to
the national budget, and may if the planners so desire be transferred out of the
administrative unit which generated them for use in some other administrative unit.
This cannot happen with funds generated in the collective sector. After taxes, the
profits from commune and brigade enterprises are retained within the unit which
generated them. Though the use of these funds may be subject to some planning
supervision from the county, the commune and brigade own these funds and
can reserve them for their own use. Though teams are rarely large enough to have
factories, any enterprises they might control would be subject to the same principles.

Somewhat more difficult 1o generalize about are the “‘collective enterprises”
which we were told about at Lin County, and which we later read about for Hsi-
yang County.® At Lin County we were told that these factories were run by the
county but were staffed by people from communes. They appear to be spinning,
weaving, tile making, and other light industries with many workers paid largely

1. See Shansi Province, Hsi-yang County Revolutionary Committee, ‘‘Experiences in
Constructing the Hsi-yang County Seat,”” Architecture Journal (Chien-chu hsilek-pac), No, 3
(1975), p. 6.
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FiGure C-1. Levels of Administration and Types of Factories,

through work points in their home production team. It may be that the financial
situation of these coliective indusiries is simitar to that for collective industries in
cities. In cities, the street factories run by housewives for the purpose of assembling
toys, radios, or whatever also are cafled collective factories. Half of their profit goes
to the state. The other half is retained by the factory for reinvestment in the factory
or for the support of social services in the neighborhood. The collective factory in
the countryside also appears to be a kind of in-between otganization with some of
the same atiributes.

Besides the division between collective and state sectors, there is a division
between small and larger industries. Though one occasionaily finds exceptions in
the press, those industries below Line B in Figure C-1 are generally considered to
be small factories. With the exception of street industries in cities, those industries
above Line B are generally considered medium or large indusiries. Large industries
are exclusively in the state sector. Small industries include plants both in the
collective and in the state sector.




BRIEFING ON
CHINESE PLANNING BY
LI CH’ENG-JUI (JULY 7, 1975)

{The foliowing account is based on notes taken during the briefing, not a
verbatim {transcript—some errors, therefore, may have crept into this summary,
but they are not believed to be serious.)

DRAWING UP THE PLAN

1. BASIC PRINCIPLES

The basic principles guiding the planning effort include self-reliance and
maintaining independence, keeping the initialive in our own hands, taking agri-
culture as the foundation and industry as the leading factor, and walking on two
fegs.

The key method of planning, as directed by Chairman Mao, is that planning
should be “from the masses to the masses,” a principle that will be elaborated on
at length in what follows.

II. THE ORGANIZATION OF STATE PLANNING

The main organization concerned with drawing up the plans is the State
Planning Commission, which is subordinate to the State Council. Organizations
similar to the State Planning Commission are attached to the revolutionary com-
mittees at the different levels (e.g. province, subdistrict, county, etc.). Some of these
organizations are called planning committees, others planning bureaus, but they
amount to the same thing. Every central minisiry (Machine Building, Water
Conservation, etc.) has a similar organization.

At the grass roots level (communes and factories), there are planning personnel
or organizations. Bigger enterprises generally have a planning section, but smaller
enterprises have only a few personnel. Communes have one or two people in charge
of planning although they usually perform other tasks as well. The names of these
grass roots organizations vary (are not unified).

11. KINDS OF PLANS
There are a great many different kinds of plans among which are plans for

—industrial production —capital construction
—agricultural production —transport and communications
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—internal commerce —education and culture (includes only
—foreign trade the provision of material support, not
—state budget the content of the films, etc. which is
—allocation of goods the responsibility of the relevant de-
—manpower #se partments)

—health care

We draw up both five-year and annual plans. As can be seen from Premier
Chou En-lai's report of January 1975, the State Councii is now working on the
Fifih Five-Year Plan for 1976-1980.

IV. PLANNING PROCEDURES (THE MAIN FOCUS OF THE BRIEFING)

There are three stages in drawing up the plan.

Stage I: The State Planning initiaily draws up a sketchy and tentative plan
{either five-year or annual). That plan includes only key targets for major products
or items. This plan is completed in the latter half of the year and passed down
through the revolutionary committees of the different administrative fevels eventually
reaching the individual enterprise or other grass roots unit. This plan is drawn up
on the basis of historical experience together with surveys of requirements and
potentials, and its purpose is to give grass roots units a clearer view of the goals
of the state.

Stage 2: When revolutionary committees at the various levels receive the tentative
plan, they put it into a more concrete form by adapting it to their local conditions;
then they present the plan to the broad masses of workers or commune members for
widespread discussion. The best of the suggestions by the masses are incorporated
in the plan, and the revised plan then is forwarded to the next higher level. This
discussion by the masses is of particular importance in making changes that bring
the plan into closer conformity with reality.

Stage 3: When the plan has been passed up through the various levels to the
top, the State Planning Commission calls meetings attended by responsible members
from the various provinces and municipalities and also from the various ministries
of the central government. The major task of these meetings is to achieve a compre-
hensive balance between production and needs and between accumulation and con-
sumption. The initiative of the masses in Stage 2 has many advantages, but it does
create problems, because all want to speed up produciion in their own area. When
it comes to investment in the chemical industry, for example, province leaders argue
for large state investments in their own provinces, and someone must decide who is
to get the investment, because the accumulated funds of the state are limited. The
final decision is made on the basis of implementing the policy of the central govern-
ment and the principle that a locality should subordinate its local interests to those
of the state as a whole. in this way, comprehensive balance is achieved.

This ientative plan is then forwarded by the State Council to the Central Com-
mittee of the Chinese Communist Party with whose approval it becomes a draft
plan and is forwarded to the National People’s Congress for formal approval. When
the Nationat People’s Congress is not in session, the draft plan goes to the Standing
Comrmittee of the NPC. With the plan formally approved, it is passed back down to
the provinces and municipalities and eventually to the grass roots organizations.
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Premier Chou En-lai has stressed the importance of mass discussion throughout
the planning process as illustrated by the two following examples from industry and
agriculture. Many, for example, thought that the K'ai-lan Mine, opened by the
British ninety years ago, was an aging mine with limited potential. But the older
miners knew there was still a lot of potentiai left. In the past, mining had been done
on the basis of seeking profits and only easily mined coal was dug out. The older
miners, however, worked to meet the needs of the state and not for profit, and they
knew where there was more coal. Afier several thousand surveys, therefore, they
revised the old plans, and K’ai-lan's ouiput was greatly increased.

V. KEY RELATIONS THAT MUST BE HANDLED BY PLANNING

Centralization and Decentralization.

At the time of liberation we (the Chinese people} didn’t have much experience,
so we copied the model of the U.S.5.R. Under the Soviet system everything was
centralized, and Liu Shao-ch'i even coined the slogan that all things including tiny
screws should be ceatralized. But experience showed us that deciding everything in
Peking was faulty. €hairman Mao called instead for bringing two initiatives, the
central and the local, into full play. Local places were encouraged to develop their
own industries subject to higher approval. The central authorities would determine
major items and policies, the output ievels of major products, the distribution of
industries between different localities, retail prices of key commodities, and the ratio
between ministries {presumably the distribution of funds between ministries]. Other
matters such as products locally made and consumed can be decided by local author-
ities, but they must report their efforts to the State Council (examples of such
products include matches, hand tractors, and pumps to meet local needs).

In capital construction, the central authorities determine the level of funding of
major items, while local authorities can decide minor items and report them to the
State Council.

The Role of Ministries Under the State Council.

The Ministry of Metallurgy is in charge of all metallurgical enterprises and the
situation is similar with other minisiries. At the same time, however, there is alsc
a metallurgy (and agricuiture, ete.) burean under the revolutionary committee of each
province. The problem is that when an enterprise is under the dual control of a
province and of a central ministry, to whom should it listen? The Soviets advised us
thai the ministries should have the whole say, and the provinces should oniy be
responsible for implementation.

Chairman Mao, however, said that planning should center around the localities,
although his instructions were not carried out until the Cultural Revolution. Now we
place our emphasis on the localities. The province, for example, now decides the
location of iron and steel works, The minisiries can put forward suggestions for
reference to the revolutionary committees of the provinces, but these must be dis-
cussed and approved by the provincial revolutionary committees before implementa-
tion. Major items must be reported to the State Council.

Thus power of decision-making lies largely with the provincial revolutionary
committees, but the ministries do have a role. They can make suggestions and are
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responsible for technical guidance. If new technology becomes available, the ministry
has the duty to popularize it, to organiic meetings to swap technical experiences,
and the like.

Since we switched our emphasis to the localities, we have increased the pace of
socialist construction. Local authoerities have a better understanding of how things
run than does the center. As a result, we now have better implementation of the
principle of ¢aking agriculture as the foundation and industry as the leading factor.
This change also has accelerated the development of small-scale industry. For
example, during the drought of 1972, the worst in 100 years, Hopei Province went
ahead with a tremendous effort to organize machine shops in local places to turn
out diesel engines, pumps, and steel pipes. After several years, the province achieved
big gains in the number of power driven wells.

Since the Cultural Revolution and particularly since 1972, we have made much
headway in water conservancy development. Drought, in a sense, has provided us
with a motivating force. To mention another example, in the spring of 1975, there
was drought in the north and too much rain in the south. But even though it rained
for 15 days prior to our [group’s] arrival in Wu-hsi, we saw no ficoded fields-—all
had been drained.

Decentralization leads to big battles to overcome local difficulties. Waging such
battles in the past was difficult because we had to listen to the ministries in Peking.

IMPLEMENTATION AND INSPECTION

In implementation we again rely on the masses. At the start of the year, national,
enterprise, and commune plans are all put forward to the masses for suggestions on
how they can best be fulfilled. The masses are encouraged to have a clear under-
standing of the goals for the year because, as the plan is being carried out, new
problems crop up. Due to unanticipated natural disasters and the like, some uniis
fail to fulfill the plan, and the masses are mobilized to get at the route cause. The
Sovieis said, “the plan is law,” but we have changed that. Where appropriate, we
make adjustments in the light of changed circumstances.

Chairman Mao has urged all to endeavor to carry out the plan. But when im-
balances occur, efforts must be made to achieve a new balance. Basically there are
two methods of overcoming itnbalances; the positive method is for the lagging sector
to catch up with the faster growing sector. The other methed is for the slower growing
sector to slow down the others. We take the positive attitude, and when the textile
industry grew too fast for the level of cotton output, we encouraged cotion to
catch up.

Sometimes plans don't correspond to reality. China is a large and complicated
country, and thus precise planning is out of the question. What we try to do is correct
the imbalances once they arise.
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PRICE DATA

Although price data were generally not included in the short introductions
or “briefings” given by our hosts, our group made a concerted effort to collect price
data for basic industrial materials and products. As the following data (all expressed
in yuan, the Chinese currency unit) show, we were more successful in obtaining price
data in the north than in the south. Qur observations suggest the following:

1. There is considerable standardization of prices for some manufactures (e.g.

power tillers, electric power for industrial use), but wide regional price variation

for coal and perhaps for other bulky materials as well.

2. There is widespread concessional pricing for agricultural users of energy,
specifically electric power and dieset fuel.

Red Star Commune
Wheat sold to state .284/kg. + about 20% for above quota— Rice about the same

Tractors—large 54 and 75 h.p, from Loyang—10,000-20,000 yuan; 12 h.p. walk-
ing tractor 2000+ yuan

Lathe bed—(make fixtures on spot) 8000
Fodder from grain miil—seld at 220/ton
Ex-factory price of wheat flour calculated at 264-314/ton

Peking International Combine Engine Plant

75 h.p. gas engine—price 2500, Steel—cheapest 400/ton
cost 1300 {probably mild steel)
45-05 h.p. diesels (different data Steel for Camshaft—=800-900/ton

from 2 informants): Alloy—much higher
{A} 4500 to 1970, 3200 thereafter Cas. iron—120/ton

(B) Cost 3200, Price 3600-4000 Power—.08/kwh

(based on size) Aluminum from Penki—3000/ton

Peking West City Area Optical Instruments Plant
Wheat Flour—.37/kg.

Tachai

Fertilizer prices pald by Tachal Brigade (yuan per catty): nitrogenous, 0.15;
phosphate, 0.06

Power—for ag. use—.03/kwh.; industrial use—.06/kwh.
Tractor—10 h.p. crawler from county plant—3600; 20 h.p. from Tientsin—4000
Cotton Wadding— .68 yuan per chin (3rd grade)

Wu-chia-p'ing Brigade-—State purchase price for grain virtually unchanged 1965-
74. Increase only several 1/100 or 1/1000 of yuan per catty.

Tachai—State purchase price rises about 50% for above guota grain sales

2re
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Coiton Cloth—(1) Colored prinied, plain, mostly cotton: .37, .49/price, 80 x 33
cm; (2) Plain cotton—.37, .4; (3) With more synthetic fiber—.79, .89, 1.12
(ration coupon required in proportion to cotion content); (4) Silk—1.71

Hsi-yang County Agriculiural Machine Plant

Diesei fuel—.28/kg. for agricultural use

Hsi-yang County Fertilizer Plant
Ammonium nitrate 265/ton state price 260-65; production cost 200/ton; Coal—
10/ton, 10-12
Agricultural Machine Plant
Lumber—ordinary grade 170-180/m?
Cast Iron—360/ton (pig iron for casting)

Department Store
Blue cotton cloth 1.32/meter {cloth about 30”7 wide}

Hsi-yang C. Tachai Cement Plant
Cement (apparently #400 with 30-40% slag added): price—38 ynan/ton, cost—30
Coal: cost—3.5/ton

Lin County, Honan

Hydro plants: Price of electricity paid to producer by state—.035 yuan/kwh same
at 2 plants; price fixed by the state

Chemical Fertilizer plant

Coal Costs 30 yuan/ton delivered, including 10 yuan/ton for transportation over
distance of about 40 km.; c¢oal is anthracite and bituminous

Power from RFC hydro plant costs .048 yuan/kwh.; fhus state buys power at
.035, sells at .048 for a markup of 37.1%

Bags for packing ammonia bicarb (25 kg.) cost (.30 yuan a piece
Ammonia bicarbonate fertiiizer: ex factory price—180 yuan/ton; cost—130
Cotton Textile Factory
Processing fee for spinning cetfon provided by local growers: 1 yuan/yarn is
16 count
Tung-fang-hung Agricuiture Machinery Plant

12 h.p. diesel engine for power tiller: produced by Anyang Diesel engine plant—
800 yuan; this is a modef 195 diese! engine: 130 kg., 2000 rpm

Threshers, price 400 + yuan; 4.5 kw engine; handles 1200 kg./hour for wheat

Power Tiller, 12 h.p. now in trial production; sells-for 2000 + yuan; this price is
uniform throughout the province, therefore there can be no problem of new
product overpricing at the plant level in this case

Drill Press made by Szechuan White 518 Plant costs 8000 yuan

75 ke. air hammers produced serially by this plant (about 50 per year) sell for
6000 + yuan; these are not precision machines: they are used to flatten round
metal bars heated in a furnace

Cast iron vsed by the plant comes from the local smalf ironworks in two grades,
which cost 150 and 140 yuan/ton

Model CQ6137 lathe, work dimensions maximum 370 x 850 mm., produced here
and sold to brigades and communes for 4000 yuan

Coal is purchased for .03 yuan/kg. or 30 yuan/ton



