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Reference atmospheres for aerospace use 

AMENDMENT 1  

Page 2, table 2 

Replace th e  un i t  kPa by  hPa.  

Page 3, 3.1, second paragraph 

Replace the  f i rst  phrase by  the  fo l l owi ng :  

Features typical  of the  thermal  structu re  o f  the  tropical  
atmosphere are shown  i n  f i gu re  1  and  i n  fable  1 6.  

Page 6 

Replace the  note  by  the  fo l l owi ng :  

NOTE -  A one- or two-digi t number preceded by a plus or minus sign 
fol lowing  each entry of pressure and density indicates the power of ten  
by which  that entry should be multiplied.  

Page 7, table 4 

-  For h = 50 o00 m, replace@  = 1 ,047 952 x k g . ~ n - ~  
b y  @ = 1 ,047 852 x 

-  Forh  = 56 o00 m, replace T = 255,521  K by  T = 255,525 K.  

-  For h = 58 o00 m, replace@  = 4,032 81 3 x k g - ~ n - ~  
by  @ = 4,082 81 3 x 

-  For ti = 62 O00 rn, repl acep  = 1 ,080 647 x lo- '  hPa by  
p = 1 , 680647 x TO-'  hPa.  

-  For h = 64 O00 m, replace@  = 1 ,879 963 x k g - ~ n - ~  
b y e  = 1 ,875963 x 1 0 -4kg . m -3 .  
-  For h = 70 O00 rn, rep l acep  = 5,261  760 x hPa by  
p = 5,264 760 x hPa.  

-  For h = 80 O00 rn, replace@  = 1 ,877 773 x I O w 5  k g - ~ n - ~  
b y e  = 1 ,877 743 x 

k g - ~ n - ~ .  

k g ~ n - ~ .  

k g - ~ n - ~ .  

Page 13, table 10 

For h = 56 O00 m, replace e = 5,051  1 53 x 
e = 5,041  1 53 x 

kgm ~ n - ~  by  
kg . m -B  

Page 16, table 13 

For h = 32 O00 m, replace H = 32  91 8 m by  H = 31  91 8 rn.  

Page 20, table 16, 60O N,  June-July, 4th line 

Replace H = 23,500 km  by  H = 23,000 km.  

Page21, table 17 

-  3rd  l ine,  4 th  column,  replace 40138 (245)  by  40138 (245)".  
-  Add  the  fo l l owi ng  n ote :  

* Numerator:  number of launchings in  December-January; 
denominator:  number of launchings in  June-July;  in  brackets:  total  
number of launchings.  

Page21, table 18 

-  6th  l ine,  2nd  column,  replace 30° 57' S by 31 ° 09' S.  
-  6th  line,  3rd  column,  replace 136O 31 ' E by  136O 48' E.  
-  7th  l ine,  3 rd  column,  replace 160O 29' W by  106O 29' W. 

Page 24, table 21 

-  6th  l ine,  9 th  column,  replace 224 by  226.  
-  1 7th  l ine,  6 th  column,  replace 274 by  276.  

Page 25, table 21  

29th  l ine,  9 th  column,  replace 220 by  225. 

Page 26, table 21 

-  22nd  l ine,  3rd  column,  replace 238 by  234. 

-  22nd  l ine,  9 th  column,  replace 235 by  234.  

Page 27, table 21 

-  1 3th  l ine,  4 th  column,  replace 21 0 by  31 0.  
-  22nd  l ine,  3rd  column,  replace 242 by  240.  
-  22nd  line,  4 th  column,  replace 252 b y  262.  
-  22nd  l ine,  8 th  column,  replace 244 by  241 .  

Page 28, table 22 

-  6th  l ine,  1 0 th  column ,  replace 1 ,841  O1  x by 

-  1 0th  l ine,  1 0 th  column,  replace 1 ,026 9 x by 
1 , 0269  x 

1 ,841  o x 1 0-2.  

Pages 34 to 37 

Replace the  term  "geometrical "  b y  "geometric".  

Page 34, figure 1, 6oo N 

Mod i fy  th e  December-January curve  between  the  35 km  and  
80 krn  al ti tudes  so that  it shows a  consfan t  temperature  of  
251 ,35 K for  th e  layer between  49,3 km  and  51 ,3 km.  

Page 36, figure 3, 60O N Winter 

Mod i fy  the  "warm"  curve  between  the  35 km  and  80 km  
al t i tudes  so that  i t shows a constan t  temperature  o f  267,1 5 K 
for  the  layer between  42,2 km  and  48,3 km.  

1  
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O Introduction  

The  moisture  content of  air is very small,  abou t  4 % by  mass 
being  the  maximum.  Nevertheless it has a strong  i n fluence  
upon  the  earth's biosphere,  on  meteorolog ical  processes and  
also upon  the  operation  of  ai rcraft.  A  knowledge  o f  the  
d istribu tion  and  variations  o f  th is  important meteorolog ical  
quanti ty is requ i red  fo r  the  design  and  operation  of  aerospace 
vehicles.  

Water i n  the  atmosphere i s  found  i n  three  states,  as vapour,  
l i qu id  and  sol id .  Water vapour is of  greatest i n terest i n  the  
present context,  al though  the  other states o f  water are import-  
an t  fo r  aviation,  for  example as i n  clouds  and  fog,  wi th  the  con-  
sequent poor visibi l i ty,  icing,  and  so on.  

The moisture  content o f  the  atmosphere decreases rapid ly wi th  
i ncreasing  height,  the  main  mass o f  water being  contained  i n  
the  atmospheric  boundary layer.  On  average over the  Northern  
Hemisphere,  60 % of the  total  water con ten t  i s  i n  th e  lowest 
2 km  of the  atmosphere,  and  99 % i n  the  l owest  1 0 km.  

Th is  I n ternational  Standard  g ives values of  the  humidi ty at 
heights  up  t o  1 0 km  above sea level,  the  reg ion  for  wh ich  
reasonably rel iable radiosonde data are avai lable.  

To  satisfy most  potential  users,  the  hum id i ty  o f  the  atmosphere 
is expressed  i n  th ree  measures,  namely 

-  hum id i ty  m ixing  ratio,  r; 
-  

-  dew-poin t  temperature,  td.  

vapour pressure (partial  pressure) ,  e';  

CDU  551  .RI  Ref.  No.  I S0  5878-1 982/Add. 2-1 983 (E)  

Descriptors  :  aerodynamics,  atmospheres, standard atmosphere, meteorological data,  computation,  humidity.  
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1  
distribution in  the atmosphere 

General  aspects of the humidity The vapour pressure,  e',  i n  moist  air a t  to tal  pressure p ,  and  
wi th  m ixing  ratio  r is defined  by  the  equation  

Moisture enters the  atmosphere as a result o f  evaporation  f rom  
oceans,  lakes,  rivers,  vegetation  and  moist  surfaces.  The main  
sources are the  oceans o f  the  tropics,  where the  h i gh  
temperature leads t o  intense evaporation.  Ai r  currents  then  
transport the  moisture to  al l  parts  o f  the  g lobe.  

I n  the  troposphere the  moisture con tent  o f  the  air is largely 
dependent upon  th e  temperature.  For a g iven  temperature,  
there is a defi n i te  maximum  quanti ty  o f  water vapour that  can  
be held  in a g iven  volume.  The amount  o f  water vapour re-  
quired to  saturate  a g iven  volume increases wi th  increasing  
temperature.  I f the  amount  of  water vapour i n  a g iven  volume 
remains constant,  a change o f  temperature al ters on ly the  
degree of  saturation  -  the  relative hum id i ty.  Du ring  the  course 
o f  the  year,  the  moisture con tent  o f  the  atmosphere increases 
from  win ter t o  summer as a result o f  rising  temperatures and  
consequently increase of evaporation  rates.  The largest annual  
variation  appears above the  continents,  where the  moisture i n -  
f l ux  i n to  the  atmosphere increases considerably i n  the  summer 
as a resu l t of evaporation  f rom  vegetation  and  water surfaces.  

The moistest zone o f  the  Northern  Hemisphere l ies between  
the  equator and  l ati tude  1 0 t o  15O N.  Very h i gh  humid i ty  values 
occur local ly over Sou th  America,  the  north  coast o f  the  I ndian  
Ocean ( the  Ind ian  subcontinent,  I ndo-China)  and  the  near-  
equatorial  islands o f  the  Pacific Ocean.  Very l ow  values o f  
hum id i ty  in  the  Northern  Hemisphere occur over Algeria,  
Jakuti ja (north-east Siberia,  and  northern  Canada i n  the  win ter.  

2 Definitions and formulae for calculation 
of humidity characteristics 

The water vapour con ten t  of  the  air can  be expressed  by a 
number o f  physical  terms wh ich  are related  to  each  other -  
humidi ty m ixing  ratio,  vapour pressure,  dew-poin t  tempera-  
ture,  and  others.  

It is convenient t o  use the  hum id i ty  m ixing  rati o  as the  main  
hum id i ty  characteristic,  since i t  is the  most  conservative.  It re-  
mains invariable du ri ng  vertical  or horizontal  air movements 
unless condensation  or evaporation  occurs,  and  it determines 
un iquely the  water vapour con tent  i n  the  air.  

2.1  The humid i ty  m ixing  ratio,  r,  of  moist  air is the  ratio  of 
water vapour mass,  mv, t o  the  mass o f  d ry  air,  ma,  i n  the  same 
volume.  Since in practice m, -e ma,  the  hum id i ty  m ixing  ratio  is 
often  reduced  by  a factor o f  1 03 and  is expressed  i n  terms o f  
grams per ki logram.  The equation  is 

where m, is expressed  i n  grams and  ma i n  ki lograms.  

2.2 The vapour pressure,  or partial  pressure o f  water vapour,  
e',  is that  part  o f  the  total  atmospheric pressure wh i ch  is 
exerted by  water vapour.  It is measured i n  the  same un i ts  as the  
atmospheric pressure.  

r 

621 ,98 + r e' = .  .  (2)  

The un i t  o f  e' and  p is mi l l ibars or another pressure un i t,  r i s  
g iven  in grams per ki logram.  

Before dew-poin t  temperature and  relative hum id i ty  can  be 
defined,  the  concept  o f  saturation  must  be  introduced.  Mo i st  
air at  a g iven  temperature and  pressure is said  t o  be  saturated  i f 
i ts  m ixing  ratio,  rw,  is such  that  the  moist  air can  exist in neutral  
equ i l ibrium  wi th  th e  associated l i qu id  phase at  the  same 
temperature and  pressure,  the  surface o f  separation  being  
plane.  An  analogous statement appl ies t o  saturation  w i th  
respect t o  ice,  bu t  th i s  addendum  deals on ly  w i th  relationships 
wi th  respect t o  the  l i qu id  phase.  

The saturation  vapour pressure wi th  respect t o  water e;, o f  
moist  air at  pressurep and  temperature t i s  defined  by  th e  equa-  
t i on  

The un i t  o f  e;  and  p is mi l l ibars or  another pressure un i t,  rw is 
g iven  i n  grams per ki logram.  

The saturation  vapour pressure may be conveniently expressed  
as a funct i on  o f  th e  air temperature.  The fo l l owing  approxima-  
t i on  g ives satisfactory accuracy fo r  saturation  vapour pressure 
over a f l at  surface for  the  ai r temperature 
-  2OoC < t  < 3OoC:  

a t  

eh  = 6,1 07 x 1 0 b + f * .  .  (4)  
where a = 7,5 K,  b = 237,3 K; i f  t < O OC, then  over an  ice sur-  
face a = 9,5 K, b = 265,5 K.  

2.3 The dew-poin t  temperature,  td,  o f  moist  air at  pressu rep  
and  wi th  m ixing  rati o  r i s  th e  temperature at  wh i ch  moist  air,  
saturated  wi th  respect to  water at  the  g iven  pressure,  has a 
saturation  m ixing  ratio,  rw,  equal  t o  the  g iven  m ixing  ratio,  r.  

The dew-poin t  temperature  may be calcu lated  wi th  reasonable 
accuracy by the  use o f  the  equation  

7,5 -  log,o- c 

6,1 07 O 

The un i t  o f  td is degrees Celsius,  e' i s  g iven  i n  mi l l ibars.  

2.4 Relative hum id i ty,  U,  is a percentage o f  the  actual  vapour 
pressure i n  the  moist  air t o  th e  saturated  vapour pressure at  the  
same temperature and  pressure.  Relative hum id i ty  is calcu lated  
by  the  equation  

(6)  

where the  subscripts  indicate that  each  term  is subject t o  iden-  
tical  cond i ti ons  o f  pressure,  p ,  and  temperature,  t .  

2 
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3 Humidity models 

3.1  The  hum id i ty  d istribution  at  heights  u p  t o  1 0 km  i n  the  
atmosphere o f  the  Northern  Hemisphere is  depicted  i n  fou r  sets  
o f  tables :  

a)  the  median  values o f  hum id i ty  m ixing  ratio,  vapour 
pressure  and  dew-poin t  temperatu re  fo r  lati tudes loo,  30°,  
50° and  70° N  fo r  January,  J u l y  and  the  whole  year ísee 
table  1 ); 

b)  the  median  values o f  m ixing  ratio  fo r  January and  J u l y  
along  the  Oo, &lo E, 1 80° and  80° W meridians (see 
fable  2);  

c)  th e  values o f  humid i ty m ixing  ratio,  vapour pressure 
and  dew-poin t  temperatu re  exceeded  on  20 %, 10 %, 5 % 
and  1  % of  occasions i n  the  most  humid  areas,  and  the  
values not  attained  on  20 %, 1 0 %, 5 % and  1  % of  occa-  
sions i n  the  driest  areas (see table  3);  

d )  the  humid i ty characteristics  o f  the  atmosphere above 
t\ivo very dry and  two  very moist  stations i n  the  Northern  
Hemisphere (see table  4).  

Three measures o f  hum id i ty  are g iven  i n  table  1  and  are aver- 
aged  round  each  lati tude ci rcle  for  January,  J u l y  and  the  whole  
year f rom  data g iven  i n  [I -1 01 .  The  tabu lated  values above a 

height  o f  8 km  shou ld  be regarded  as approximate  because the  
amoun t  o f  data here is  i nsu fficient.  Merid ional  cross-sections 
ísee table  2)  are based  on  data f rom  [l -31 .  

Percenti les  of  m ixing  ratio,  vapour pressure and  dew-poin t  
temperatu res  extremes for stations wi th i n  the  areas of  h i gh  and  
l ow  humid i ty,  defined  accord ing  t o  i41 , and  taking  i n to  account  
data f rom  [ l o ] ,  are g iven  i n  table  3.  For the  areas o f  l ow  hu-  
m id i ty,  the  values wh i ch  are n o t  reached  on  1  %, 5 %, 1 0 % 
and  20 % of  occasions are g iven.  For l ow  humid i ty associated  
wi th  very l ow temperatures,  u relative  humid i ty of  90 % was 
assumed.  The dry one-percenti le  values o f  humid i ty for  heights  
u p  to  8 km,  and  the  five-  and  ten-percenti le  values at  heights  of  
1  and  2 km  were  fou nd  i n  January over northern  Canada.  The  
moist  one-percenti le  values at the  surface  occur i n  J u l y  and  
August  around  the  Persian  Gul f,  particu larly at  Abadan,  I ran,  
and  the  five-  and  ten-percenti le  values at  the  surface were 
found  i n  Honduras  (Central  America)  during  August.  The moist  
extremes for  al l  levels occu rred  over northern  I nd ia.  

The  mean  values of  hum id i ty  fo r  fou r  stations  representative of  
d ry  and  moist  reg ions  o f  the  Northern  Hemisphere are g iven  in 
tab l e4 .  They are Tamanrasset (North  Africa)  -  January;  
Zh igansk (East Siberia)  -  January;  Calcutta ( I nd ia)  -  Ju l y  and 
Truk (Paci fi c I slands)  -  January.  I n  th i s  table  moisture  values 
are g iven  for i sobaric levels.  

3 
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Table 1  -  Median  values of humidity characteristics in  the Northern  Hemisphere 

loo  N 

July Annual  h,  
km 

January 

e',  
mbar 

20.10 

12.60 

7,48  

4,50 

2,81  

1.78 

1 ,lO 

0.67 

0,38  

0,21  

0.10 

tdl  

OC 
e',  
mbar 

td 1 

O C  

e',  
mbar 

rd 1 
OC 

r,  

g/kg 

14.87 

10,70 

7.66 

5,23 

3.51  

2.40 

1 ,71  

1.19 

0,76 

0,45 

0,27 

r,  

g/kg 

1 2, ll  

8.73 

6,26 

4.23 

2,87 

1 ,94 

1.34 

O. 84 

0,51  

0.31  

16.96 O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

12.63 

8.82 

5,85 

3.95 

2.78 

1 .99 

1 .40 

0.97 

0.63 

0.40 

0.25 

17,6 

10,4 

2 3  

-  4.1 

-  10.3  

-  15.9 
-  21 ,5  

-  26,6 

-  33,O 

-  39,O 

-  45,4 

26.89 

17.24 

11 .12 

7,11  

4,26 

2.56 

1 .53 

0.93 

0,53  

0.27 

0,14 

222  

15,l 

8.5  

2.1  

-  4.9 

-1 1 ,4 

-  17,7 

-  23,5 
-  29.8 
-  35.8 

-  42,O 

23,66 

15,27 

9,77 

5,94 

3.55 

2.14 

1 ,35  

0,82 

0848 
0,24 

0.12 

20.2 

1 3,3  

6,7 

-  0,5 
-  7,3  
-  13,6 
-  19,l 
-  24,8 
-  30,6 
-  37,O 
-  43,l 

30° N 

July Annual  

e',  
mbar 

15,38 

9 2  

5,51  

3,40 

2,08 

1 ,24 

0,75  

0,45 

0.25 

0,14 

0,08 

January 

e',  
rnbar 

9,83  

5,72 

3.45 

2,17 

1.30 

0,73  

0.39 

0.23 

0.14 

0.09 

0.06 

h,  
krn  

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

td 1 
O C  

e ',  
rnbar 

tdr 

O C  

r,  

g/kg 

14.80 

8.50 

5,82 

4.21 

3.07 

2,26 

1 ,65  

1 .22 

0.84 
0.56 

0.37 

r,  

g/kg 

6,05 

3,96 

2,69 

1 ,91  

1 ,30 

0.83 

0,50 

0 3  

0.23 

0,17 

0.12 

23.56 

12.18 

7.44 

4,79 

3 ,lO 

2.01  

1.30 

0,84 
0,53  

0,30 

0.16 

20,l 

9 3  

2.7 

-  3,3  

-  9,0 
-  14,4 

-  19.6 
-  24.6 

-29.6 

-  35.5 

-  40,7 

9,55  

6,41  

4,30 

2,99 

2,06 

1.39 

0,96 

0,66 

0,42 

0,24 

0.15 

13,4 

5,8  

-  1 ,4 
-  7,8  
-  14,O 

-  20,l 
-  25.8 
-31 ,3  

-  37,3  
-  42,6 
-  48, O 

6.7 

-  0.9 
-  7,6 
-  13.4 

-  19,5 
-  26,l 

-  32.8 

- 3 , l  

-43 ,l 

-48.0 

-  49.2 

4 
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Table 1  -  Median  values of humidity characteristics in  the Northern  Hemisphere (concluded) 

Wo  N 

h ,  
km 

Annual  

e', 
mbar 

7,85 

5,29 

3 3  

2,09 
1,24 

0,75 

0,44 
0,27 

0,15 

0,12 

0809 

Ju ly 

mbar 

13,62 

9,19 

6, 15 

3,97 

2,46 

1,52 

1,Ol 
0,57 

0,31 

0,16 

0,08 

e',  

January 

mbar 

e',  tdi 
O C  

tdf 
O C  

tdf 

O C  

r,  
d k g  

4,84 
3,69 

2,67 

1,86 

1,25 

0, 87 

O,% 
0,41 

0, 27 

0,23 

0.20 

r,  
9/k9  

8,47 

6,41 

4, 82 

3,51 

2, 47 

1,72 

1,30 

0184 

0,52 

0, 29 

0.16 

3,5 
-  2,o 
-  7,8 
-  13.9 
-  20,l 
-  25,8 
-31, 5 

-  36, 5 
-  42,2 
-  44, 7 
-  46,8 

O 

1  
2  

3  

4  

5  

6  

7  

8  

9  

10 

1,97 

1,64 
1.23 

o,= 
0,42 

0 3  
0,20 

0,16 

0,16 

0.23 

3.22 
2,36 

0,99 

O,% 
0,36 

0 2  
0,13 

0809 

0,08 

0,lO 

-  8,5 

-  12,4 
-  17,4 
-  22,7 
-  28,6 
-  33,6 
-  38,5 
-  43,5 
-  46, 9 
-  47,8 
-  45,6 

11,5 

5 8  

o. 1  
-  5,8 
-11, 9 

-  17,7 
-  22,5 
-  28,8 
-  35,l 
-41, 6 

-48, O 

70° N 

January July Annual  

e',  
mbar 

h ,  
km 

O 
1  

2  

3  

4  

5  

6  

7  

8  

9 

10 

e' I 
mbar 

tdr 

O C  

e', 
mbar 

tdf 
O C  

r,  
g/kg  

0.67 

0,80 

0.59 
0,41 

0,25 

0,12 

0.09 
0.11 

0,16 

0,21 

0,28 

1  ,09 
1,14 

0,72 

O r 4 4  

0, 24 

0,lO 

0.06 
0.07 

0 , a  
0,09 

0,lO 

-  21,6 
-21,l 

-  27,2 
-  31.5 
-  37.7 
-  46,0 
-  50,5 
-  48,8 
-  47.6 
-  46,5 
-  45,6 

5,24 

4,72 

3,51 

2,23 

1854 
1  , O7 

0,71 

0,48 
0,34 

0.23 

0, 16 

8,45 

6, 73 

4.42 

2r48 
1.50 

0,91 

0.53 
0,31 

0.19 

0,11 

0, 07 

4,6 

-  4,4 
-11, 8 

-  17.9 
-  23,7 
-  29,8 
-35.1 

-  40,O 
-  45,4 
-  50,6 

1,3 

2,18 

1,97 

1 9  
0,93 

0,63 

0,44 
0.29 

0,18 

0,21 

022  
0 22  

3,55 

2,81 

1.80 

1  ,o2 
0.60 

0,37 

0,21 

0,11 

0,11 

0,lO 

0,08 

-  7, 2 
-  10,2 
-  15,7 
-  22,4 
-  28.2 
-  33,3 
-  39,O 
-  45,l 
-  42,7 
-  46,0 
-48, 1  

5 



I S 0  5878-1 982/Add. 2-1 983 (E )  

Table 2 -  Median  values of the mixing ratio (in  grams per ki logram),  for January and  July along  Oo,  80° E 
and 1 80°. 80° W 

h,  
km 

Januarv July 

70° N loo N 30° N 50' N 70° N loo N 30° N 50° N 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9 

10 

7.06 
5,43 

4.07 

2.90 

1.59 

1,25 

0.91 

0.57 

0,29 

0,21 

0.19 

3,60 

2.53 

1,76 

1.28 

0,92 

O. 68 
0.50 

0.33 

0.23 

0.18 

0,16 

3.43 

2.34 

1,67 

0,94 

0,60 

0.37 

0.27 

0822 
0, 20 

0,16 

0, 15 

1  , a 
1,26 

0.79 

0.54 

0, 33 

0, 26 

0.23 

0.20 

0,18 

0, 19 

0, 20 

15,85 

9, 70 

6, 24 

4.77 

3.46 

1.88 
1.37 

0.90 

0, 52 

0.29 

0, 09 

7.67 

5, 62 

4, 02 

3, 34 

2,37 

1,69 

1, 15 

0, 74 

0.40 

0,24 

0,09 

8.36 

6,31 

4.42 

2.84 

1.87 

1.22 
0, 73 

0, 43 

0, 28 

0, 20 

0.07 

5,39 

3, 73 

2,71 

2,02 

1,s 
0,85 

0,57 

0, 35 

0,18 

0,15 

ao0 E 
h,  
krn 

January J I  

10' N  30° N Wo  N 70° N loo N 30° N 50° N 70° N 

O 
1  

2  

3  

4  

5 

6 

7  

8  

9  

10 

12.09 

9,54 

6.65 

3,85 

2.77 

2.32 

1.90 

1  ,= 
0,98 

0.57 

0.52 

-  
-  

2,32 

1,75 

1.26 

0,80 

O,& 
0.30 

0.22 
0.16 

0.15 

-  
-  

1,82 

0.81 

O,  69 
0.56 

0.43 

0.25 

0,16 

0,16 

0.16 

0.42 

0,52 

0.53 

0,31 

0,20 

0.11 

0.07 

0.08 

0, 14 

0.15 

0,15 

18,47 

13.20 

10,20 

7,64 

4,95 

3.67 

2,67 

1,96 

1  , a 
1  ,O6 

0.96 

-  
-  

9,44 
8.17 

6.70 

5,12 

3.75 

2.61 

1, 73 

1  , O8 

0.60 

-  
-  

4,97 

4,21 

3, 26 

2.20 

1,55 

1,16 

0,81 

0.38 

0.17 

7,40 

4,58 
3, 46 

2,59 

1,90 

1,41 

0, 95 

0, 59 

0, 32 

0,1 5 

0,15 

6 
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Table 2 -  Median  values of the mixing  ratio (in  grams per ki logram),  for January and  July along OO.  80° E 
and  180°, 80° W (concluded) 

180° 

h,  
km 

Januarv Ju lv 

loo  N 30° N 50° N loo  N 30° N 70° N 50° N 70° N 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

13,45 

10,45 

6,91  

4,02 

2,43  

2,09 

1 ,73  

1  ,o1  

0,67 

0,33  

-  

6,05  

5,70 

3,53  

1 ,90 

1 ,30 

0,83  

0,59 

0,37 

029  
0,20 

-  

2.52 

1 ,99 

1 ,14 

0,71  

0,33  

0,29 

0.21 

0,16 

0,16 

-  

0 , s  
0,71  

0,66 

0,41  

0,26 

0,1 7  

0,17 

0,16 

0,17 

0,17 

0,16 

15,85 

11 ,94 

8 , s  

5,64 

3,65  

2 9  

1 ,78  

1 ,16 

0,75  

0,53  

0,26 

14,24 

9,50 

6,55  

4,Ol 

2,64 
1 ,73  

1 ,20 

0,78 

0.52 

0,28 

0.09 

8,26 

5,81  

4,32 

3,34 

2,27 

1  , a 
1 ,27 

0,78 

0.43 

022  
0,09 

5,lO 

4,14 

3,31  

234  
1 ,77 

0,75 

0,43  

0,28 

0,16 

0,09 

80° W 

h ,  
km 

January July 

loo  N 30° N 50° N 70° N loo  N 30° N 50° N 70° N 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

12,42 

10,45 

6,83  

3 ,85  

2,69 

2,@3 
1 ,57 

1 ,15 

0,66 

0,31  

0,08 

4,78 

4,97 

3,27 

2 3 3  

1.76 

1 ,33  

0,91  

0 , s  
0,35 

0,20 

0,@3 

0.50 

o,= 
O,@ 

0,42 

0,32 

0,17 

0 , l l  

0,16 

0,16 

0,@3 

0,25  

0,27 

0,30 

0,33  

0,23  

o,  12 
0,07 

0,06 

0,09 
0.15 

0,20 

17,46 

12,63 

8,83  

6,30 

4,39 

3,Ol 

1 ,95  

1 ,39 

0,95 

0,64 

0 3 %  

15,25 

11 ,19 

7,76 

5,59 

3,96 

2,66 

1 ,66 

1  , o9 

0,73  

0.54 

0,51  

7,07 

5,52 

4,32 

3,14 

2,37 

1 ,59 

O,@ 
0,61  

0,37 

0,15  

0,14 

4,16 

3 3 4  

2.40 

1 ,77  

1 ,23  

0,81  

0 , s  
0,31  

0,16 

0,11  

0,lO 

7 
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Table 3 -  Percentiles of  humidity in  extremely dry and moist areas and seasons 

Low percenti les in  extremely dry regimes 

1  % I  5 Ya 1 0 % I  20 Ya h ,  
km 

-  
O 
1  
2  
4  
6  
8  

e‘,  
mbar 

td i  
O C  

-  55 
-40 
-  42 
-53  

-  63 
-  74 

r,  

g/kg  

0, 018 9  
0, 179 O 
0, 165 O 
0, 052 2  
0, 020 1  
0,006 o 

r ,  

g/kg  

0,012 9 
0, 132 O 
0,121 o 
0,046 4  
0, 017 7  
0, 005 2  

rr  

g/kg  

0,005 9  
0.044 2  
0,045 4  
0, 032 1  
0, 013 6  
0.003 9 

O C  

-58 

-  42 
-  45 
-54  

-  64 
-  75 

0, 020 9  
0, 188 9 
0, 153 O 
0, 045 8  
0, 013 4  
0, 003 O 

0,030 7  
0,256 7  

0,051 3 

0, 008 2  

0, 032 1  

I  High  percenti les in  extremely moist regimes 

I  10 ?Lo 20 Ya I  1  Ya 5 Ya h ,  

km r,  e’,  td*  r,  e ’ ,  
g/kg  mbar O C  g/kg  mbar 

O %,O 44,8 31 27,3 42, 3 
1  27,4 37,8 28 25,8 355  
2  223  28,l 23 21,5 26,3 
4  17,7 17,O 15 15,5 14,9 
6  8,8 656  1  8,18 6,09 
8  5,92 3.35 -8  4,66 2.63 

e’ ,  
mbar 

tdi 

O C  

29 
26 
20 
1 1  

- 1  
-  12 

O C  

28 
25 
18 
9 

- 2  
-  13 

39,9 
33,5 
23,3 
13,l 
5,67 
2,43 

24, 3 
18,9 

13 13,6 
7.59 

-  1 1  4.30 

16,6 20,6 
11,8 11,5 
7,05 5, 27 
3.90 2,25 

Table 4 -  Mean  values of atmospheric humidity in  dry and  moist stations 
of the Northern Hemisphere 

e‘,  td 1 
OC  

Isobaric 

levels,  
mbar 

r,  
g /kg  mbar 

Station  Mon th  

Dry areas 

Tamanrasset January -  
850 
700 
500 
300 
200 

-  
0.81 

0 . 3  
0,28 
0,08 
-  

-  
1 , 11  
0.38 
0,23 

0.04 
-  

-  
-21.4 
-  33,O 
-  38,l 
-  54,0 
-  

a, 

2 2 O  47’  N 

Zhigansk y 1000 
850 
700 
500 
300 
200 

0.07 
0,35 
0.29 
0.09 
0,02 
0.02 

0.11 

0.48 
0.33 
0.07 
0,Ol 
0.01 

-  42,7 
-  30,5 
-  3 , 5  
-  49,2 
-  64,9 
-  64,9 

January 

a, 

6 6 0 WN  

Moist  areas 

Calcutta 

i 2qGkpF  

I  07O28”  151°51’ E 

1  O00 
850 
700 
500 

300 
200 

19.78 30, 83 24,5 
14.44 19.29 16,9 
9, 70 10.74 8.0 
2.52 2.01 -  14,4 
0.09 0,04 -  54,0 
0.09 0,03 -  56.3 

15.36 24.01 20,5 
9,96 13.39 11.3 
4,61 5.15 -  2,3 
1.73 1,39 -  18,8 
0,16 0.08 -  48.0 
-  -  -  

July 

January 1  O00 
850 
700 
500 
300 
200 

8 
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Reference atmospheres 
ADDENDUM  1  :  Wind  supplement 

O Introduction  

A speci fication  summarizing  the  characteristics  o f  the  wi n d  is 
requ i red  for many practical  problems,  such  as ai rcraft  design,  
the  plann ing  and  operation  o f  air routes  and  airfields,  estimates 
o f  the  g lobal  transport  of  atmospheric  contaminants,  etc. ,  i n  
wh i ch  the  wi n d  is  one  o f  the  primary factors.  

Ai r motions  i n  th e  atmosphere occu r as a resu l t  o f  phenomena 
related  t o  air temperatu re  and  atmospheric  pressure,  the  nature  
o f  the  surface  over wh i ch  the  air is moving,  the  rotation  o f  the  
earth,  etc.  Such  a complex relationsh ip  leads to  large wi n d  
variations i n  time  and  space,  i nclud ing  the  seasonal  variation  o f  
the  general  ci rcu lation  of  the  atmosphere and  the  formation  o f  
d i sturbances  on  a wide  range of  scales f rom  that  o f  cyclones 
and  anticyclones  t o  that  o f  smal l -scale tu rbu lence.  

The observed  features  o f  the  wind  d istribu tion  i n  the  merid ional  
plane are as fo l l ows  :  

a) a predominan tly  easterly componen t  i n  the  ai rflow of  
the  l ower and  m idd le  troposphere  o f  tropical  lati tudes,  and  
i n  the  whole  of  the  atmosphere i n  equatorial  lati tudes;  

b )  the  existence o f  systematic merid ional  components  i n  
the  zone O t o  30° N -  a northerly componen t  i n  the  lower 
troposphere  and  a southerly component  i n  the  m idd le  
troposphere;  

c)  a  predominantly  westerly f l ow i n  sub-tropical  lati tudes  
(30 t o  40'); the  wi nd  speed increases sharply w i th  al ti tude,  
reach ing  a maximum  at al ti tudes  o f  10 t o  13 km  i n  the  sub-  
tropical  jet  stream;  

I t  seems reasonable,  therefore,  the  present wi nd  data,  aver- 
aged over major regions,  i n  the  fo rm  of  th i s  addendum  to  
I S0  5878.  

1  Scope and field  of application  

The  addendum  presents data on  spatial  d istribution  of  wi n d  
characteristics,  fo r  use i n  estimating  the  performance  o f  ai rcraft  
i n  the  design  stage or o f  ai rcraft  al ready i n  service,  for  plann ing  
air rou tes  and  fo r  estimating  the  g lobal  transport  o f  atmospheric  
contaminants.  

2 Methodological  aspects and analysis of 
the data 

The tables  and  graphs g iven  are based  on  a comprehensive 
study and  stati stical  analysis o f  wi n d  data for  the  earth 's  sur-  
face and  eight  i sobaric surfaces over the  northern  hemisphere.  

The  analysis is  based on  a large and  un i form  statisti cal  sample,  
the  major part  o f  wh i ch  has been  publ ished[3.41 .  Abou t  two 
mi l l ion  observations f rom  369 aerological  stations  for the  n ine-  
year period  1957 t o  1965 were  processed.  I n  add i tion ,  statistical  
data f rom  50 fu rther stations[5,  61 were  i ncluded  i n  the  analyses.  
Other works [L  21 were  also used.  

The  fo l l owing  maps were  compi led  on  th e  basis o f  th e  average 
mon th l y  wi n d  characteristi cs  at  the  main  isobaric surfaces :  

a)  mean  scalar wi n d  speed,  E; 

d)  in temperate  lati tudes  (40 t o  60°),  a general ly westerly 
f l ow  having  a wave-l ike form;  j et  streams wi th  axes at 
al ti tudes  o f  abou t  8 t o  9 km  are associated  wi th  systems of  
mobi le  cyclones and  are therefore  more  variable  than  th e  
sub-tropical  jet  stream and  much  of  the  detai l  o f  thei r 
structure  and  location  is  lost  in the  averaging  process;  

e)  i n  the  stratosphere,  the  air f l ow is  characterized  by  a 
seasonal  o f  monsoon-type  o f  d i rection  change;  t o  the  north  
o f  30° N, westerly winds  occur i n  win ter,  chang ing  t o  
easterly i n  summer,  wi th  negative  wi n d  shears (wi nd  speed 
decreasing  w i th  height)  prevai l ing  i n  the  al ti tude  range 9 t o  
20 km; t o  the  n orth  of  60 t o  65O N, abrupt posi tive  wi nd  
shears prevai l  i n  win ter,  and  there  i s  a  strong  westerly j et  
stream i n  the  polar stratosphere.  

The  Worl d  Meteorolog ical  Organization  (WMO)  and  several  
countries  have publ i shed  detai led  tables and  atlases o f  the  wi n d  
characteristics[l ,  2.71 , and  these can  be used  t o  provide  i n for-  
mation  in  the  fo rm  requ ired  for  a g iven  purpose.  However,  i t 
wou ld  probably be wrong  to  expect  the  special ist  user,  who  
may no t  be a meteorolog ist,  t o  extract the  requ ired  i n formation  
from  the  huge  store  o f  cl imatolog ical  material  available.  

b )  mean  zonal  component  (zonal  componen t  o f  the  vector 
mean  wind) ,  v,; -  

c i  mean  merid ional  component  (merid ional  componen t  o f  
the  vector mean  wind) ,  6;  

d)  standard  deviation  o f  the  zonal  component  o f  the  wind,  
a,; 

e)  standard  deviation  o f  the  merid ional  component  of  the  
wind ,  au.  

The  seasonal  changes o f  th e  wi n d  characteristics  at the  d i f-  
ferent isobaric surfaces and  the  effects  o f  topography and  sur-  
face roughness were  taken  i n to  account  i n  the  analysis o f  the  
maps and  i n  d rawing  isotachs.  

The i n formati on  read  o ff  at the  g ri d  poin ts  at  i n tervals  o f  loo of  
l ong i tude  and  IOo of  lati tude  for  th e  earth 's  surface and  for  the  
850,  700,  500,300,  200,  100,  50 and  30 mbar i sobaric surfaces 
served  as a basis fo r  the  calcu lation  of the  average wind  
characteristics  wi th i n  each  o f  the  lati tude zones.  

3  
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Thus the  mean  value for  a zone,  v,  of a characteristic is g iven  
by the  equation  :  

n 
- 1  

n 
v = -  c v;  

i =  1  

and the  corresponding  standard deviation,  o, by 

where 

.  .  ( 1 )  

.  .  (2)  

-  

V,  i s  the  mon th ly  mean  value o f  the  characteristic at the  
i - th  g rid  point;  

o;  is the  standard  deviation  a t  the  i - th  g ri d  point;  

n is the  number o f  g ri d  points  wi th i n  the  region  of averag-  
ing;  for  each  l ati tude  circle,  n = 36.  

For each  isobaric surface the  mean  values of the  zonal  and  
meridional  components o f  the  wi nd  and  the values o f  the  scalar 
mean wi n d  speed were calcu lated  from  equation  (1 1 , and the  
standard deviations o f  the  components from  equation  (2) .  Then  
each o f  the  wind  characteristics was plotted  as a funct i on  o f  
the geopotential  al t i tude  H, using  the  mean  value o f  H f o r  each  
isobaric surface.  The values interpolated  from  these plots  for 
the  requ ired  values o f  H were used  in  constructi ng  the  tables.  

3 Wind  models 

Taking  i n to  account  the  features o f  the  atmospheric ci rcu lation  
over the  northern  hemisphere,  namely the  presence of l ong  
waves wi th i n  certain  lati tude zones and  the  existence of jet  
streams in certain  locations,  the  wi n d  fields  may be represented 
by  the  fo l l owing  models  :  

a)  For l ati tude  zones;  i n  addi tion,  wi th i n  each  lati tude zone 
data derived  f rom  actual  observations are g iven  for  two  
selected stations,  one wi th  very strong  winds  and  the  other 
wi th  very l i gh t  winds  (tables 1 ,  2, 3; figures 1  t o  4) .  

4 

b)  For meridional  cross-sections (tables 4, 5; figures 5 to  8)  
supplement the  models and  i l lustrate the  g lobal  ci rcu lation  
over the  northern  hemisphere.  

Specifical ly,  models are presented  for the  fo l l owing  l ati tude  
zones and  meridians :  

1 )  tropical  zone,  O -  20' N (zone of the  trade-wind  ci r-  
cu lation  and  easterly jet  streams i n  the  near-equatorial  
upper troposphere and  stratosphere) ;  

2)  sub-tropical  zone,  20 -  4 0 O  N (reg ion  o f  the  strong  
westerly sub-tropical  jet  stream (at  al ti tudes o f  1 0 to  
1 3 km) ;  

3 )  temperate zone,  40 -  60' N (zone  o f  s trong  cyc-  
lon ic acti vi ty  and  maximum horizontal  tu rbu len t  
exchange);  

5 6 7 8 - 8 2  I 4B51 703  0 0 4 3 4 7 7  ar  

4)  polar zone,  60 -  80° N (zone o f  the  polar-n igh t  
stratospheric westerly jet  stream of  win ter) ;  

5) meridional  cross-section  along  1 40° E :  th i s  i l lustra-  
tes the  ci rcu lation  near the  east Asian  coastl ine of the  
Pacific Ocean,  where the  sub-tropical  j et  stream  reaches 
i ts  maximum intensi ty;  

6)  meridional  cross-section  along  80° E :  th i s  i l lustrates 
the  ci rcu lation  over the  Siberian  anticyclone i n  winter,  
the  jet  streams over Tibet,  th e  monsoon  circu lation  over 
India and  the  easterly jet  stream over the  northern  parts  
o f  the  I ndian  Ocean;  

7)  meridional  cross-section  along  20° E :  th e  meridian  
crosses eastern  Europe and  central  Africa,  and  the  cross-  
section  is characteristic o f  the  area o f  cyclonic acti vi ty  
over Europe and  the  Medi terranean  and  o f  th e  sub-  
tropical  j et  stream over northern  Africa;  

8)  meridional  cross-section  along  80° W :  the  meridian  
crosses the  eastern  regions of North  America and  the  
Caribbean  Sea,  and  the  profi l e  i l lustrates the  j e t  streams 
over the  western  Atlan ti c.  

The values o f  the  quanti ties describing  the  wi n d  fields,  ob-  
tained  for the  al ti tude range O to  25 km  f rom  actual  observa-  
t i ons  and  by  estimation  using  the  circular normal  d istribution,  
are presented for  the  above models  for January and  Ju ly.  

The fo l l owing  quanti ties were obtained  f rom  the  actual  obser-  
vations :  

-  mean  zonal  componen t  o f  the  wind,  v,, and  mean  
meridional  componen t  o f  the  wind ,  vy;  

vector mean  wind,  Vr, magn i tude  o f  the  vector mean  
wind,  vr, and  d i rection  o f  the  vector mean  wind, O;  
the  scalar mean  wi n d  speed,  v,,;  

-  
-  

-  standard  deviation  of the  vector mean  wind, a,; 

-  maximum wi n d  speed observed  once in ten  years,  vmaX.  

The speeds equal led  or  exceeded on  1 , 1 0,20,80,90 and  99 % 
of  occasions were calcu lated  using  th e  ci rcu lar normal  d istribu-  
t i on .  The scalar mean  wi n d  speed,  E, fo r  each  zone was bo th  
obtained  f rom  the  actual  observations,  Ea, -and calcu lated  
using  the  l aw of  circular normal  d istribution,  QC.  

For fou r  meridional  sections the  mean  speed E is given  on l y  
based  on  actual  observations -  Ea.  

4 Calculation  of wind  characteristics by use 
of the circular normal  distribution  

Wind  is a vector.  I n  a sample o f  a large number o f  winds  
observed over a l ong  period  o f  time,  each  individual  vector is a 
stochastic,  or random,  value,  and  for  estimating  wi n d  d istribu-  
tions,  probabi l i ty  theory  may be  used.  For the  calcu lation  o f  the  
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characteristics,  the  ci rcu lar normal  d istribution  may be used,  
the  probabi l i ty  densi ty,  f ( v l ,  being  g iven  by  the  equation  :  

characteristics  for lati tude  zones above 20° N, where  vy does 
no t  exceed  6 % of  v,, and  the  absolu te  value ¡%not more  than  

1  m/s,  it is assumed that  vu = O, so that  = I FI = I v,i. This  
al lows the  basic parameters o f  th e  d i stribu tion  for  zones 20 -  
40°, 40 -  60 O  and  60 -  No N t o  be  determ ined  by  v, and  ar 
on ly.  

-  (31 2 v  -  
f ( v )  = -e  -  ív’+   fi /+ x 1, 

0: 

where  :  

v is  the  wi n d  speed;  

V,  is  the  magn i tude  o f  the  vector mean  wind;  
-  

or is  the  standard  deviation  o f  the  vector mean  wind;  

Zo(x) 
ment.  

i s  the  zero-order Bessel  funct i on  o f  imaginary argu-  

The  ci rcu lar normal  d istribution  l aw may be  regarded  as val id  

fo r  the  fou r  lati tude  zones,  since a, = ay = ar/&,  taking  i n to  

account  that  ar = d-, wi th  an accuracy acceptable fo r  
most  practical  purposes.  I n  add i tion ,  fo r  calcu lating  the  mean  

The  values o f  wi n d  speed  wh i ch  are l i kely t o  be  equal led  or 
exceeded  on  1 , 10, 20, 80,  90 and  99 % of  occasions may be 
estimated  -  from  equation  (3) .  The  expected  scalar mean  speed,  
V,, is  g iven  by  equation  (4)  (mathematical  expectation)  :  

.  .  .  (4)  

The analysis  of  the  scalar mean  speed  derived  f rom  observa-  
tions,  and  calcu lated  f rom  the  ci rcu lar normal  d istribution  fo r  
each  zone confi rms  that  the  ci rcu lar normal  d istribution  may be  
used  t o  calcu late  the  values o f  wi n d  speed with an  accuracy 
su ffi cien t  fo r  most  practical  purposes.  
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Table 1  -  Parameters of the observed wind  distribution in  selected latitude zones, and calculated values of the scalar 
mean  wind  speed and of high and  l ow percentile values of wind  speed,  i n  metres per second  

O -  20° N, January 

Geopotential  

al ti tude H,  
km 

O 

1  

2 

3  

4 

5  

6 

7 

8 

9 

10 

11 

12 

13 

1 4 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

-  
v.  

-  2,9 

-  3,9 

-  2,7 

-  1 .6 

-  0.7 

0 2  

1 2  

2,9 

4 3  

6.8  

8,9 

10.5 

11 .5 

11 ,2 

9,7  

8,O 

6 1  

4.6 

3 ,3  

1 3  

0,7 

-  0,4 

-  1 ,3  

-2, l  

-  2.9 

-  3,5  

Actual  observations 

-  
VY 

-1 .6 

-  1 .2 

-  0,7 

-  0,3  

-  0.2 

- 0 , l  

-0, l  

0,o 

0.2 

0,4 

1  ,o 

2 2  

2.9 

2.8 

2,3  

1,s 

0 3  

0.4 

0,3  

0 2  

o. 1  

0.0 

- 0 , l  

-  0,2 

-  0,2 

-  0,2 

-  

VSa  

5.5 

7.6 

7 2  

7.2 

7.7 

8.5  

9,6 

10.9 

12.3  

13,7 

15,4 

17,2 

18.8 

18.6 

1 6,9 

15,l 

13,6 

1 2,l  

10.8 

9.7 

8.7 

8.4 

8,6 

9 2  

9.9 

10.9 

=r 

3.0 

5,9 

6.4 

7.0 

7,7  

8.5  

9,4 

10,5 

1 1 ,6 

12,7 

13,7 

14,9 

15,9 

15.7 

14,5  

13,4 

12,4 

11 .5 

10,8 

10.1  

9.7 

9.4 

9,4 

9,7 

10,3  

11 ,4 

"ma,  

-  

-  

-  

60 

59 

59 

61 

67 

76 

80 

78 

73  

70 

73 

85 

94 

1  O0 

96 

82 

65 

54 

48  

44 

42 

39 

38 

-  
-  
VSC  -  
3.1  

6.0 

6 2  

6 3  

7.0 

7.6 

8.5  

9.7 

11.0 

12.6 

14,3  

15,9 

16,9 

16.5 

15.0 

13.7 

12.2 

10.9 

10,o 

913 

8,7  

8.5  

8 ,6  

8.7 

9.5 

10,7  

Based on  circular normal  l aw  of distribution  

1 %  

high  -  
-  

14.7 

15.2 

16.0 

17.0 

1 8,5  

20,7 

23.5 

26,5  

30,3  

34.5 

38.2 

40.5 

402  

37,7 

34,O 

29,8 

25,6 

23,2 

22.0 

21 .3  

21 ,o  

21,o 

21 ,5 

E r 3  

23.3 

10 % 

high  

-  

11 .0 

10,7 

l l , o  

11 ,6 

12,7  

14.3  

16.4 

18,8 

21.7 

25,O 

27,5  

29,5  

28,7 

26,O 

23,5  

21 ,2 

19,0 

17.4 

16.2 

15,4 

15,O 

1 5,2 

15.6 

1 6,3  

17.0 

20 % 

high  -  
-  

9,0 

8.8 

9.0 

9.7 

10,8  

12,2 

13,8  

15,8 

18,0 

20,8  

23,2 

25,8 

25.0 

22,5  

20.3 

18,0 

16.0 

14,3  

13.0 

12.3 

12.0 

12,2 

12,6 

13,3  

1 4,2 
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Table 1  -  Parameters of the observed wind  distribution  in  selected  latitude zones,  and  calculated values of the scalar 
mean  wind  speed and  of high  and  l ow percenti le values of wind  speed,  in metres per second (continued) 

O -  20' N, July 

Geopotential  

al t i tude H,  
km 

Actual  observations 
~~  ______ 

Based on  circular normal  law of  distribution  

1 %  10 % 20 % 
Vrnax 

low low high  high  

-  

12.0 

12.0 

12,o 

12.7 

13.3 

14,O 

14,l 

14,4 

14,5 

15,8 

19,0 

22,3 

23.5 

24,O 

24.0 

24.0 

23,8 

23,4 

23,O 

22,8 

23.5 

25.0 

27.0 

29, O 

31.5 

low 

-  

4,o 

4,o 

4,o 

4,O 

4,o 

4,O 

4,O 

4.2 

4.5 

5 2  

6.0 

6.7 

7.4 

7,8 

8,O 

8.2 

8.2 

8,5 

9.0 

9.5 

10,5 

11,3 

12.2 

13,O 

14,O 

high  

-  

10, 0  

10, 0  

10, 0  

10.2 

10,5 

ll,o 

11,2 

11,7 

12,5 

14.0 

17.0 

19.5 

20,2 

20, 1  

20.0 

20,0 

20,0 

20.0 

20,3 

20,6 

21.3 

22,7 

24.3 

27.3 

28.3 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

-  0,6 

-  1,4 

-  2,2 

-  2,8 

-  3,2 

-  3,6 

-  3,9 

-  4,l 

-  4,3 

-  4,4 

-  4,5 

-  4.8 

-  5,4 

-  6,5 

-  7,6 

-  8,8 

-  9,9 

-  10,8 

-11.6 

-  12,3 

-13,l 

-  14,l 

-  15.2 

-  16,5 

-  17,8 

-  19.2 

5 2  

7,8 

7,9 

8,O 

7 3  

7,8 

7,8 

8,O 

8.3 

8,8 

10,2 

12,4 

13,6 

13.8 

13,7 

13,6 

13,4 

13,2 

14,O 

14,8 

15,7 

16,7 

17,9 

19,2 

20,5 

21,9 

3,4 

7, o 

7, 4 

7,6 

7.6 

7.4 

7,4 

7,6 

7,9 

8, 4 

9, 4 

12,4 

14,O 

14.3 

14,O 

13,5 

12,8 

11,9 

10,8 

10,o 

9,6 

9, 4 

9 3  

10,5 

11 , l  

11,9 

-  

-  

-  

60 

61 

61 

60 

58 

58 

59 

61 

65 

69 

73 

76 

79 

80 

78 

70 

61 

53 

51 

51 

63 

70 

n 

3.0 

6, 4 

633 

7.2 

7.4 

7,3 

7,4 

7.5 

8,1 

8.4 

9 2  

i i,s 

13,4 

14,2 

13,7 

15,O 

15.5 

16,3 

15,4 

14,2 

13,7 

13,8 

14,7 

16,O 

17,4 

18,7 

-  

15,8 

16,4 

16,8 

17,5 

18.3 

19,0 

19,5 

20.0 

20.5 

26,8 

31,2 

33.5 

33,5 

33.2 

32.5 

31,5 

30,7 

30,O 

30,5 

32,4 

34, 7 

37,3 

402  
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Table 1  -  Parameters of  the observed wind  distribution i n  selected lati tude zones, and calculated values of the  scalar 
mean wind  speed and of high and  low percentile values of wind  speed, i n  metres  per second  (continued)  

20 -  4ûo N,  January 

Geopotentiai  

alti tude H,  
km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

8 

1  ,o 

13 

4,7 

8.0 

10,5 

13,2 

16.0 

18.8 

21.5 

24.3 

26.8 

28.7 

29,7 

28.5 

26.5 

24.3 

21.8 

18,l 

14.2 

10.4 

7,o 

5.3 

4,4 

3,5 

2.9 

2,3 

Actual  observations 

6.4 

8.5 

10,o 

11,8 

14,2 

17,O 

20,6 

24.2 

27.0 

29.5 

31.6 

332  

%,O 

3 . 0  

31.1 

28.4 

25.0 

21 , o 

17,2 

13,6 

11. 1  

10.0 

9.6 

9.4 

9.6 

9.8 

5,5 

9, 4 

10,4 

11.5 

13,l 

15,O 

17,O 

19.2 

21.3 

22.7 

23.4 

23.4 

22.8 

21,5 

19.9 

17.8 

15.7 

14,O 

12,8 

11.6 

10.9 

10.6 

10,8 

11 . 1  

11.6 

12, 4 

“max 

-  

-  

-  

70 

72 

76 

84 

1  02 

124 

140 

1  42 

132 

124 

118 

112 

107 

102 

96 

88 

80 

73 

68 

65 

62 

60 

60 

5,1 

8 3  

10,3 

12.6 

15,8 

17.3 

21, 8 

24.7 

28,l 

31,6 

34,6 

35,6 

36,l 

32.9 

29,6 

26,6 

24.7 

21,4 

18.0 

14.7 

11,9 

10,8 

10,6 

10.5 

10.8 

11,3 

Based on circular normal  l aw of distribution  

1 %  

l ow high  

-  

20.0 

24,4 

29.2 

3 . 0  

39,5 

46.0 

53.5 

62.5 

70.0 

72.5 

72.2 

70,O 

W O  

58.5 

53.0 

48.3 

432  

38.5 

33,8 

29.4 

26.2 

25,4 

25,O 

25.0 

25.0 

10 % 

low 

-  

2.5 

3,5 

4,5 

6.0 

7.0 

8,5 

10,2 

12.2 

13.8 

15,O 

15.7 

16,O 

15.5 

14,7 

13.4 

11.5 

9.3 

7,3 

5.6 

4.5 

4,o 

3 3  

3,8 

4,1 

4.5 

high  

-  

15,o 

17,5 

20.8 

24.5 

28, 8 

33, 7 

39.5 

47,O 

538  

55,7 

55,5 

%,O 

51.3 

47.7 

43.5 

38,7 

33,5 

28,O 

23, 5 

20,3 

18,6 

18.2 

18,O 

18.0 

18.3 

20 % 

l ow 

-  

4, 5 

5,5 

6 7  

8.1 

9, 8 

12.0 

14,7 

17,5 

19,7 

21,o 

21, 7 

22.0 

21.2 

20,o 

18.2 

15,7 

12.8 

10, 2 

8,O 

6 2  

5,4 

5, 4 

5 3  

6.1 

6 7  

high  

-  

11,7 

14,5 

17,5 

21 ,o 

25,O 

29,5 

35.0 

41 , O 

45,5 

48.0 

@,O 

47,O 

44, 7 

41,6 

W O  

33.5 

29,O 

24,5 

20, 6 

17,3 

15,7 

15, 2 

15,O 

15,O 

15,O 
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Table 1  -  Parameters of the observed wind  distribution in  selected lati tude zones,  and  calculated values of the scalar 
mean  wind  speed and  of high  and  l ow percenti le values of wind  speed,  in metres per second (continued) 

20 -  40' N, July 

Geopotential  

al ti tude H,  
km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

13 

1 4 

1 5 

1 6 

1 7 

1 8 

19 

20 

21  

22 

23 

24 

25 

9 



4 A5 Lï O3  0 0 4 3 4 8 5  3  

IS0 5878-1 982/Add.l-1 983 (E)  

Table 1  -  Parameters of the observed wind  distribution in  selected lati tude zones, and calculated values of the  scalar 
mean  wind  speed and of high and  l ow percenti le values of wind  speed, in  metres per second  (continued) 

40 -  60° N, January 

Geopotential  

al ti tude H,  
km 

Actual  observations Based on  circular normal  l aw of distribution  

1 %  10 % 20 Yo 
Vrnax l ow low high  h igh  high  

-  

15,2 

1 7,2 

19,5  

22,3  

25,5  

29,5  

32,5  

35,0 

36,0 

35,3  

34,5  

33,5  

32,5  

31.3 

30,1  

28,7 

27,7 

27,0 

26,8 

27,0 

27,5  

29,0 

31 ,O  

%,O 

35,5  

l ow 

O 

1  

2 

3  

4 

5  

6 

7 

8 

9 

10 

1 1  

12 

13  

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

6 2  

1 0,2 

11 .5 

13.2 

15.1  

1 7,2 

1 9,5  

21.8 

23.7 

24,8  

24,5  

23,9 

23,l 

22.3 

21 ,4 

20,6 

19.9 

19.4 

19,o 

18.9 

19.0 

1 9,5  

20,3  

21 ,4 

23.0 

24.8 

8 3  

1 1 ,8  

12,7  

13.8 

15.4 

17,2 

19,3  

21.2 

23.0 

23,8  

22.2 

20,7 

19,4 

18.1 

17,O 

16.1  

1 5,3  

14,8  

14.6 

14,9 

15.5 

16,5  

17,5  

18,9 

20.4 

222  

-  

-  

-  

77 

88 

97 

101 

102 

101 

99 

98 

1  O0 

99 

96 

93 

91 

89 

88 

89 

90 

91 

93 

96 

99 

103 

107 

8.2 

10.8 

12.5 

1 4,2 

16.0 

1 8 ,O 

20.2 

22.2 

24,l  

25,2 

24,O 

23.9 

23,9 

23,8  

23.5 

23,4 

22,1  

20,7 

20,l  

19.7 

1 7.6.  

20,o 

20,7 

22.0 

23.0 

24.0 

-  

26.0 

28.8 

32.3  

36.5 

41 .5 

47,4 

%,O 

57.5 

59.0 

57.5 

55,3  

52,7 

50.3 

4 . 0  

45.7 

44,O 

43,O 

42,5  

42.5 

42,8  

44,4 

46.7 

49.5 

52,5  

55,5 

-  

18.5 

20.5 

23,O 

26,4 

30,4 

34.5 

38,O 

40,8  

42,O 

41 ,2 

39.7 

38.0 

37,l 

35.2 

34.0 

3 . 0  

32,3  

31.8 

31 ,5 

32,O 

32.7 

34.4 

36,2 

38,3  

40,5  

-  

6,O 

6 5  

7 2  

8,1  

9,5  

10.8 

12,3  

13,5 

14,O 

14.0 

13,5 

12,7 

12,5  

12.4 

12.3  

12,o 

11 ,5 

11 ,2 

11 ,o 

11 ,o 

11 ,o 

1 1 ,2 

11 .6 

12,2 

12,8 

1 2  

3,4 

5,3  

7,1  

8 3  

10.2 

11 ,5 

12,7 

14,O 

15,l 

16.2 

17,O 

17,4 

17.6 

17.6 

17.3  

16,7 

16.0 

15.5 

15.0 

14.6 

14,5 

14,7  

1 5,l 

15,6 

16,l 

10 
c 
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Table 1  -  Parameters of the  observed wind  distribution in  selected latitude zones, and  calculated  values of the scalar 
mean  wind  speed and  of high and  l ow percenti le values of wind  speed,  in  metres per second (continued) 

40 -  60' N, July 

Geopotential  

al ti tude  H,  
km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

0 3  

1,8 

2,9 

4.1 

5,3 

6 5  

7,8 

9,o 

10,5 

11,5 

12,7 

13,6 

14,3 

14,O 

12.0 

9,o 

6,O 

4.0 

2 2  

o, 1  

-  1,8 

-3.1 

-  4,5 

-  5,5 

-  6,5 

-  7,2 

Actual  observations 

4'5 

7,5 

8,O 

8,9 

10,o 

11,4 

13.1 

15,4 

17,5 

19,0 

20,o 

20,3 

20,3 

18,O 

15,O 

12,o 

9.8 

8,4 

7,8 

7 2  

6,s 

6,s 

7 2  

7 3  

8,9 

10.4 

6,O 

8,4 

8 3  

9,5 

10, 2 

11 , l  

12,6 

14,4 

16,2 

17.9 

18,8 

18,8 

18,l 

16,5 

14,2 

12,o 

10,2 

9.0 

8 2  

7, 6 

7 2  

7 2  

7,3 

7,4 

7,4 

7,5 

"rnax 

-  

-  

-  

70 

69 

69 

70 

73 

76 

79 

82 

83 

81 

80 

83 

86 

89 

88 

79 

70 

63 

60 

62 

66 

68 

72 

5,5 

7,6 

8,4 

9,3 

10,4 

11, 5 

13,3 

15.0 

16,8 

18,9 

20,6 

2i,3 

20,9 

21.4 

18.9 

14,8 

ll,o 

8,9 

7,6 

6.8 

6 7  

7 2  

7.9 

8,6 

8,9 

8,6 

Based on  circular normal  l aw  of distribution  

1 %  

l ow high  

-  

18,5 

19,5 

20.8 

23,2 

26,5 

31,5 

36,7 

41, 3 

45, O 

47,O 

47,5 

47,O 

43,5 

37.2 

31 , O 

25,5 

21,5 

19,2 

17,6 

16,8 

16,8 

17,5 

18,5 

19,6 

21 , o 

10 % 

high  

-  

13.5 

14.5 

15,9 

17,5 

19,5 

21.8 

25,O 

28.5 

31,5 

33.8 

34,5 

33,8 

31,5 

27,O 

22, O 

18,5 

16,O 

14.4 

13,3 

12,5 

12,o 

12,5 

13,5 

14,5 

15,8 

20 % 

l ow 

-  

3,6 

4 2  

5.0 

5,7 

6 5  

7,3 

8 2  

9,3 

10,4 

11,5 

12,o 

11,9 

10.5 

8,8 

7.2 

5 8  

4,7 

4,3 

4,O 

4,o 

4,o 

4.3 

4.5 

4.9 

5,5 

high  

-  

10.5 

11.4 

12,7 

14,4 

16.4 

18.5 

21,2 

24, 0  

26,6 

28,5 

29,4 

29.0 

27.0 

22.8 

18.5 

15,5 

13,2 

11,8 

10.7 

10, 1  

1 0,0 

10.7 

11,5 

12,5 

14, 0  



-  

5 8 7 8 - 8 2  

I S 0  5878-1 9821 Add.l-1 983 (E )  

Table 1  -  Parameters of the  observed wind  distribution i n  selected lati tude zones, and calculated  values of the  scalar 
mean  wind  speed and  of high and  low percenti le values of wind  speed, i n  metres per second  (continued)  

60 -  80° N, January 

Geopotential  

al ti tude H,  
km 

Actual  observations Based on circular normal  l aw of distribution  

1 %  10 % 20 Ya 
Vmax 

l ow low l ow high  high  high  

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

0.0 

1,6 

2, 5 

3.5 

4.8 

5.7 

6.3 

6.9 

7.5 

8.0 

8, 7 

9.4 

10,l 

10,9 

11,9 

12,9 

14.0 

15.5 

17.0 

18.7 

20.5 

22,5 

24,4 

26,O 

27.5 

28,8 

5.3 

8,8 

10.6 

12.2 

13,8 

15,2 

16,6 

17.8 

19,0 

19.0 

17,8 

17,O 

17,O 

17,2 

17,8 

18.6 

19,6 

21 ,o 

22,6 

24.4 

26.4 

28.6 

31.0 

%,O 

37,O 

40.4 

7.3 

10.3 

11.4 

12.6 

14.3 

16.4 

18.1 

19.6 

20.5 

20.0 

18,7 

17,6 

16,9 

16,5 

16,3 

16.4 

16,7 

17,3 

18.0 

19.0 

20.3 

22.2 

24.0 

26,O 

28.0 

30,O 

-  

-  

-  

84 

93 

1  O0 

102 

101 

1  O0 

99 

98 

1  O0 

102 

1  02 

1  02 

101 

98 

94 

91 

90 

94 

99 

106 

112 

119 

126 

6.8 

9.4 

10,4 

11,6 

13,5 

15,5 

17,O 

18,5 

19.4 

19.3 

18.5 

18.1 

17,7 

18.0 

18.4 

18.7 

19.4 

20,9 

22.2 

23,8 

25.8 

28.8 

31,l 

32,6 

3 . 0  

35,O 

-  

22,5 

24.5 

27.5 

31, 4 

36.0 

39.8 

4 . 0  

45.3 

45, 4 

43,5 

42,4 

41,8 

41.7 

41.8 

42.5 

4 . 0  

46,O 

48.8 

52.4 

56.5 

61,3 

67,O 

72.8 

79.4 

86,O 

-  

3,O 

3.5 

4.2 

5.0 

5 8  

6.5 

6.8 

7.0 

7,o 

7.0 

7,O 

6 9  

6 3  

6 9  

7,o 

7.3 

8 8  

8,6 

9,5 

10.4 

11,3 

12,2 

13,3 

14,3 

15,5 

-  

15.5 

17,2 

19,5 

23,O 

26,5 

29.0 

31 , O 

32.6 

32, 3 

31 , O 

30.2 

30.0 

30.3 

30.8 

31,5 

32,7 

34.3 

36,5 

39,O 

42.0 

46,O 

W O  

54.5 

59,5 

65.0 

-  

5,o 

5,3 

6,O 

7,O 

7, 8 

8 2  

9, 4 

9 3  

10.0 

9,7 

9,o 

9 2  

9,7 

10,2 

10.6 

11.3 

12,o 

13,O 

14,O 

15,4 

16.5 

18.0 

19,5 

21 , o 

22, 5 

-  

13,8 

14,6 

16.5 

19.0 

21,6 

24.0 

26, 0  

27,5 

27,3 

26, 0  

25, 1  

25, 0  

25, 1  

25,5 

26, 5 

27, 5 

28,8 

30,5 

33, 0  

36, 0  

39,2 

43, 0  

47.5 

52, 0  

57, 0  

12 
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Table 1  -  Parameters of the observed wind  distribution in  selected lati tude zones,  and  calculated values of the  scalar 
mean  wind  speed and  of high  and  l ow percenti le values of wind  speed,  in metres  per second  (concloúeú) 

60 -  80' N, July 

Geopotential  

al t i tude H,  
km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Actual  observations 

-  
Vsa 

4,4 

6 3  

7,5 

8,4 

9,5 

10,8 

12,3 

14,O 

15,9 

17,l 

16,7 

14,9 

12,3 

10,3 

8,7 

7,3 

6 3  

5,6 

5 2  

4,9 

4 3  

4,8 

5,1 

5.5 

6,1 

6.9 

'Jr 

5,o 

7,6 

8.4 

9,3 

10,5 

11,6 

13,7 

15,9 

17,7 

18,6 

17,9 

15,6 

12,5 

10,5 

8,9 

7.8 

7,o 

6.4 

5.9 

5,6 

5,3 

5 2  

5,O 

5,O 

5,O 

51 

Vrnàx 

-  

-  

-  

61 

64 

67 

74 

85 

99 

1  o9 

1  07 

96 

83 

76 

71 

65 

61 

59 

58 

60 

60 

60 

57 

54 

50 

47 

-  

5,  

4 6  

7,1 

7,6 

8,6 

9, 8 

11. 1 

12,9 

15,O 

16,7 

17,6 

17,O 

15.2 

12.4 

10,5 

8,9 

7,7 

6,8 

5,9 

5,3 

5,1 

4,9 

5 2  

5,3 

5.6 

5,9 

6,O -  

Based on  circular normal  l aw of distribution  

1 %  

high  

-  

16.0 

18,5 

21,o 

23,5 

26.0 

28.5 

32,5 

37,5 

41 , O 

39.6 

35,5 

29,2 

25,O 

21,5 

18,5 

15,8 

14,l 

13.0 

12,4 

12,o 

12.0 

12.3 

12.9 

13,6 

14,5 -  

10 Yo 

high  

-  

11,3 

13,l 

15,O 

17,O 

19.0 

21,5 

24.4 

27,9 

30.0 

27.5 

23,6 

20.6 

18.0 

15,5 

13,5 

11,7 

10,4 

985 

9.1 

9,o 

9,o 

9.1 

9, 4 

9, 6 

10.0 

20% 

high  

-  

9.5 

10,6 

12,l 

14.0 

16,O 

18.5 

21.5 

24.0 

25.0 

23.2 

20,2 

17.5 

15,2 

13,O 

11.3 

9,6 

8,5 

7,6 

7,l 

6 9  

7,o 

7.4 

7,9 

8, 5 

9.3 
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Table 2 -  Parameters of the observed wind  distributions at  four stations wi th  strong winds,  m/s  

Station  

E 
O 

II  

-s! 

w 

F3 

z E %  
ö " ?  
rn II m 
Y- i  

Z 

R 
i? 
II 

9 

H,  
krn 

Surface 

2  

4  

6  

8  

10 

12 

14 

16 

18 

20 

22 

24 

25 

Surface 

2  

4  

6  

8  

10 

12 

14 

16 

18 

20 

22 

24 

25 

3 2  

5, 7 

7.0 

10.5 

17.9 

25.3 

33.0 

28.3 

20,7 

14,2 

9 3  

9 2  

10.7 

11.6 

6 5  

13.4 

23.6 

35, 5 

57,4 

70.0 

67.4 

59,6 

47.2 

29.0 

13,6 

10,5 

9,3 

9,o 

January 

-  l,o 

-  1,5 

2.3 

7.4 

15.2 

22, 8 

30.4 

26.0 

18.5 

10,9 

3 2  

-  l, o 

-  2.0 

-  2.2 

0.5 

11,2 

22.4 

33,6 

53.6 

68 2  

65.2 

57, 2 

45.6 

26.0 

11.0 

3,6 

-  0,8 

-  2,4 

Vmax 

-  

48 

50 

30 

52 

72 

72 

67 

58 

45 

31 

22 

20 

19 

-  

31 

52 

72 

113 

1  24 

99 

104 

102 

84 

62 

52 

48 

46 

-  

5,8 

6 3  

6.3 

7.6 

9, 8 

12.4 

11,7 

10,o 

9,5 

9,4 

9, 6 

10,3 

10,8 

-  

6,4 

8,3 

10,9 

13.5 

15,5 

16.6 

15,3 

13,3 

11.0 

9, 4 

10,o 

11, 4 

12,4 

-  

6 7  

7,4 

9.1 

12, 8 

15,2 

14,3 

11,6 

8 2  

6,9 

6 4  

5,8 

5,1 

4.8 

14 
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Table 2 -  Parameters of the  observed  wind  distributions a t  four stations wi th  strong winds,  m/s (concluded) 

January 

Station  H,  
km 

Surface 

2  

4  

6  

8  

10 

12 

14 

16 

18 

20 

22 

24 

25 

Surface 

2  

4  

6  

8  

10 

12 

14 

16 

18 

20 

22 

24 

25 

3, 7 

15.8 

23.3 

31 , O 

341  

42,8 

39,8 

33,5 

27,4 

21 ,2 

14,8 

13,l 

13,3 

13,7 

8, 5 

12.1 

14,6 

19,2 

24,O 

23, 5 

22,8 

24,2 

25,8 

26,8 

27,2 

-  

-  

-  

3,3 

12,o 

19.5 

26,5 

32,8 

38,3 

36.2 

32,l 

26,O 

20,4 

14,4 

12,3 

12,5 

12,8 

182 

4 2  

7.1 

9,9 

13,2 

14,3 

15,6 

18.5 

19,8 

19.5 

18,3 

-  

-  

-  

-2,o 

-0,l 

-  1.0 

-  2,8 

-  4,7 

-4.6 

-  4,2 

-4, 7 

-  5,2 

-  4,O 

-  2,o 

-  

-  

-  

"ma, 

-  

44 

55 

74 

8 9 '  

92 

82 

69 

55 

42 

37 

37 

40 

41 

-  

48 

76 

94 

94 

95 

95 

94 

87 

74 

69 

-  

-  

-  

-  

8,4 

11.4 

15,2 

18.8 

19.2' 

16.4 

12,9 

9,5 

7,5 

6.7 

7,1 

8,1 

8.8 

-  

9,1 

11,3 

14,O 

17.2 

18.3 

16,4 

15.6 

16.1 

18.4 

21.3 

-  

-  

-  

=Y 

-  

9,5 

12.0 

15.6 

18.5 

18.8 

16.3 

12,5 

8.6 

5,3 

3.7 

3,6 

4, 8 

5,6 

-  

10.3 

11,7 

14, 7 

17.9 

17.9 

16.5 

15,6 

14,4 

12,3 

9, 5 

-  

-  

-  

15 
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Table 3 -  Parameters of the observed wind  distributions at four stations wi th  l ight  winds,  m/s (concluded) 

July 

Station  H,  
km 

Surface 

2 

4  

6  

8  

10 

12 

14 

16 

18 

20 

22 

24 

25 

Surface 

2  

4  

6  

8  

10 

12 

14 

16 

18 

20 

22 

24 

25 

-  

9.2 

6 8  

6 8  

7 2  

8,1 

9 3  

13,O 

16,5 

18,2 

18,3 

18,8 

20,3 

21,l 

-  

2,8 

-  0,7 

-  3,4 

-  4,6 

-  5,9 

-  7.7 

-  10,9 

-  14,9 

-  16,4 

-  16.4 

-  16,9 

-  18,9 

-  19,9 

Vrnax 

-  

30 

33 

31 

4 0 '  

46 

47 

49 

53 

57 

58 

51 

32 

26 

-  

31 

43 

47 

46 

37 

25 

18 

12 

9  

9  

1 1  

15 

17 

-  

4.8 

5.3 

5.3 

5.5 

6.1' 

6,6 

7.2 

7.6 

7,5 

6.6 

6.1 

6.1 

6,1 

-  

5.8 

5,6 

5.5 

4.8 

4.5 

4,9 

5.6 

6.4 

7, 0  

714 

6,9 

5.7 

5.0 

-  

5,3 

7, 0  

8,3 

987 

9, 0  

5.9 

4.3 

3,4 

3,1 

2.9 

2.9 

3, 0  

3.0 

17 
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I S 0  5878-1 982/Add.l-1 983 (E)  

Geopotential  

altitude H,  
krn 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

Table 4 -  Parameters of the observed wind  distributions at  selected meridians 

1 40° E,  January 

a, = O0 

- -  
v,," v," O"* or*  

30 1 8 351  -  

57 1 5 53 74 

73 24 83 70 

8 0 3 2 9 0 6 6  

80 38 92 66 

78 45 93 66 

80 52 93 66 

89 67 95 65 

98 81  96 65 

1 08 95 96 65 

1 1 8 1 06 98 68 

1 30 1 07 1 04 79 

1 41  1 08 1 09 90 

1 50 1 1 1  1 08 94 

1 55 1 1 3 1 04 95 

1 60 1 1 5 1 01  95 

1 58 1 1 9 97 95 

1 50 1 1 1  95 97 

1 38 89 95 1 00 

1 27 68 96 1 04 

1 1 6 47 96 1 07 

1 08 42 95 1 1 1  

1 08 58 94 1 15 

1 1 4 74 94 1 1 9 

1 22 90 93 1 24 

1 34 1 06 93 1 28 

a, = 1 00 

- -  
Vsa" V,* O*" a; 

5 5 3 7 5 9 -  

87 65 79 62 

1 00 75 84 64 

98 64 86 67 

97 66 89 72 

95 71  93 77 

92 74 96 81  

92 72 99 81  

90 68 1 02 80 

88 65 1 04 80 

88 63 1 09 81  

88 66 1 1 8 85 

90 71  1 25 90 

92 78 1 25 91  

100 86 121  90 

110 95 1 1 8 88 

125 1 03 1 1 5 86 

130 99 1 1 3 86 

120 77 1 1 4 86 

98 55 1 1 3 86 

85 34 1 1 4 86 

82 28 1 07 88 

84 47 97 94 

92 66 93 1 00 

102 86 92 1 06 

116 1 05 90 1 1 2 

a, = 200 

- -  
v,,* v; O*" o; 

67 53 50 -  

70 32 49 64 

73 12 340 70 

80 44 274 76 

1 1 0 80 266 91  

1 42 1 1 6 263 1 08 

1 77 1 49 261  1 23 

201  1 66 261  1 26 

227 1 83 260 1 29 

252 200 260 1 31  

280 21 9 259 1 34 

300 240 259 1 37 

306 261  259 1 40 

285 256 258 1 37 

256 231  256 1 29 

228 208 255 1 22 

200 1 83 252 1 1 4 

1 70 1 53 250 1 08 

1 38 1 1 6 249 1 04 

1 08 78 246 1 00 

78 40 237 96 

56 1 6 200 93 

50 16 1 34 89 

52 30 1 05 86 

58 46 95 82 

68 63 91  79 

9 = 30' 

- -  
Vsa* V," O"" a: 

80 37 305 -  

1 07 75 278 84 

141  1 20 271  92 

1 85 1 70 269 1 00 

255 238 267 1 1 3 

322 309 266 1 25 

396 374 265 1 39 

464 434 264 1 56 

530 495 263 1 74 

600 555 262 1 91  

640 586 262 205 

650 600 262 218 

638 616 262 231  

588 572 262 21 4 

540 524 262 1 94 

490 475 261  1 75 

440 427 261  1 55 

380 363 261  1 43 

310 291  260 1 33 

243 219 259 1 24 

1 75 1 46 257 1 1 5 

1 23 91  252 1 08 

1 06 56 247 1 05 

95 24 225 1 01  

90 21  1 24 97 

90 52 97 94 

a, = 400 

- -  
Vsa* v," O"' a: 

-  36 304 -  

1 00 73 285 93 

1 35 1 08 281  1 07 

1 70 1 37 280 1 21  

210 1 73 275 1 41  

248 209 272 1 61  

282 246 270 1 77 

31 0 283 268 1 91  

343 322 266 205 

375 354 265 214 

396 366 264 208 

404 378 263 202 

390 374 263 1 92 

372 359 263 1 79 

354 343 263 1 66 

336 328 263 1 53 

317 31 0 263 1 41  

278 265 261  1 39 

240 222 259 1 37 

200 1 78 256 1 36 

1 62 1 35 251  1 34 

1 33 1 06 246 1 33 

1 21  85 240 1 33 

1 1 1  66 232 1 34 

1 07 48 21 7 1 34 

1 05 38 1 90 1 34 

The Vsa, 

**  The O values are given in degrees.  

and or,  in metres per second, are multiplied by  1 0. 
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Table 4 -  Parameters of the observed wind  distribution$ at  selected meridians (continued) 

Geopotential  
al ti tude H,  

km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

1 3  

14 

15  

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

= 50' 

-  
V," V," O"" o: 

_ _ - -  

93  47 329 84 

104 58 324 97 

109 55 311 110 

120 56 300 124 

135 61 290 138 

149 68 283 146 

160 75 277 153  

167 83 272 160 

167 93  269 158 

160 103 267 147 

153 114 265 136 

154 121 262 135 

1 58 128 260 135 

167 134 258 134 

174 141 256 134 

179 143  253 136 

178 140 249 139 

175 137 244 142 

170 135 240 146 

168 134 235 149 

163  133 231 151 

162 132 226 153 

165 133 221 154 

170 134 216 155 

178 136 211 157 

lao E, January 

v,  = 60' 

V," V," O"" o: 
- -  

_ _ _ _  

57 11 5 61 

72 29 15 71 

80 24 19 84 

93 15 37 106 

113 10 84 127 

123 9 126 134 

125 11 158 139 

122 15 177 145 

112 23  189 138 

105 36 197 123 

102 48  202,  108 

110 60 212 111 

120 72 218 114 

132 85  223 117 

149 99 227 120 

164 115 227 129 

176 134 226 141 

188 152 225 153 

200 170 224 166 

213 189 224 177 

227 203 223 166 

242 219 223 156 

257 234 222 1 46 

279 246 222 136 

286 264 222 126 

The Ga, 
**  The O values are given in degrees. 

and or,  in metres per second, are multiplied by 10.  

9 = 70' 

- -  
V," V," O"* o,' 

_ - - -  

72 8 230 84 

82 17 200 95  

91 23 187 ID7 

105 36 193 122 

127 49 196 138 

142 57 194 148 

1 53  64 191 158 

160 73  188 167 

160 79 192 162 

151 86 200 147 

140 93  206 132 

140 110 212 135 

149 127 217 139 

165 145 221 143 

190 163 224 146 

225 189 225 159 

257 217 226 176 

280 246 226 193 

300 274 226 211 

311  291 226 229 

313 279 222 251 

313 268 218 272 

312 259 213 294 

308 251 208 316 

310 246 203 337 

(0 = 800 

-  
V," v," O"' 

45 11 225 

73  22 n 

91 23 165 

105 32 192 

117 38 208 

130 48 217 

140 50 216 

148 50 212 

155 51 210 

160 '  59 211 

162 73  213 

162 86 215 

158 87 216 

155 88 218 

153 90 219 

153 90 221 

159 101 225 

170 116 2% 

194 131 233 

215 147 235 

250 157 231 

273 166 21s 

295 181  2E  

318 202 2oC 

343 225 19: 

359 252 18E 
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Table 4 -  Parameters of the observed wind distributions a t  selected meridians (continued) 

lao E, July 

Geopotential  

altitude H,  
km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

a, = O0 

- -  
Ca* y* O*" or*  

35 9 238 -  

50 6 21 1  56 

60 8 145 65 

65 18 1 06 74 

72 26 1 01  75 

8 0 3 3 9 9 7 4  

84 40 97 73 

85 49 96 74 

85 58 95 74 

86 66 94 75 

90 74 92 79 

1 00 78 89 88 

1 1 0 82 84 98 

1 18 78 83 98 

9 9 6 5 8 4 9 2  

76 53 85 85 

68 41  86 79 

73 35 87 79 

82 36 88 85 

90 36 90 92 

1 00 37 92 98 

1 10 49 93 106 

120 84 93 1 15 

132 1 19 92 1 24 

149 1 48 92 1 33 

172 1 71  92 1 41  

a, = 1 00 

- -  
Qa* v," O"' or" 
~ ~~  

43 6 218 -  

60 10 1 1 4 75 

70 20 101  74 

73 29 1 00 72 

77 36 101  74 

80 42 1 01  77 

86 47 1 02 79 

83 50 1 00 77 

81  52 98 75 

79 54 96 73 

81  56 93 76 

9 0 5 8 8 5 8 9  

1 00 60 78 1 01  

1 05 66 77 1 02 

1 04 73 77 94 

1 03 81  78 87 

1 02 88 78 79 

1 00 98 80 75 

1 1 9 1 1 5 82 77 

1 36 1 32 85 79 

1 54 1 48 86 81  

1 70 1 65 88 85 

1 86 1 83 89 95 

202 201  90 105 

220 219 90 1 1 5 

240 238 91  1 26 

The Ga, 
* *  The O values are given in degrees. 

and or,  in metres per second, are multiplied by 1 0. 

20 

a, = 200 

- -  
Qa" v," O"" o; 

52 28 1 32 -  

80 26 1 29 77 

87 26 1 1 8 74 

73 31  1 03 71  

77 33 1 01  74 

78 34 98 77 

82 35 98 80 

80 32 94 80 

78 30 88 80 

77 28 84 79 

79 31  75 83 

97 47 69 96 

1 1 7 64 65 1 09 

1 30 81  66 1 1 0 

1 36 99 69 101  

145 1 1 6 70 92 

1 52 1 34 72 83 

158 1 47 74 76 

1 69 153 78 73 

1 77 1 61  82 69 

188 1 68 86 65 

1 96 1 78 89 63 

203 1 92 90 69 

210 205 91  75 

220 219 91  81  

235 233 92 88 

a, = 30' 

- -  
Vsa" v," O"" or" 

40 22 193 -  

64 18 270 86 

76 26 286 84' 

78 28 270 82 

80 29 272 83 

81  29 278 85 

84 30 285 88 

85 27 298 94 

88 27 31 5 99 

91  28 330 1 05 

96 30 345 1 1 3 

1 07 31  360 1 27 

1 1 6 35 1 3 1 40 

1 20 42 28 1 41  

1 1 9 55 41  1 28 

1 1 7 69 47 1 1 6 

1 1 6 85 52 1 04 

1 1 4 96 51  92 

1 1 4 1 00 66 81  

1 1 4 1 06 74 69 

120 1 1 3 81  58 

1 30 1 23 86 48 

1 47 1 33 88 49 

162 1 44 89 51  

1 78 1 54 90 53 

195 1 65 91  55 

a, = 400 

- -  
Vsa" v," O"" o; 

_ - - _  

65 38 235 76 

86 60 255 79 

98 74 269 83 

1 15 89 273 88 

1 32 1 05 274 93 

1 48 1 22 276 1 01  

1 70 1 39 276 1 21  

1 94 1 55 277 1 40 

216 1 71  277 160 

240 1 89 278 1 79 

264 207 281  1 99 

278 225 283 21 9 

264 212 285 21 1  

234 1 80 286 1 86 

1 98 1 49 289 1 62 

1 60 1 1 9 293 1 37 

1 23 87 300 1 1 6 

1 02 55 31 2 1 03 

86 32 349 90 

7 7 3 8 5 0 7 7  

80 66 74 64 

9 6 8 0 8 0 6 6  

1 1 4 93 85 68 

1 30 1 08 88 70 

1 48 1 22 90 72 
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Table 4 -  Parameters of the  observed wind  distributions at  selected meridians (continued) 

Geopotential  

al t i tude H,  
km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

a, = 5oo 

- -  
V," v," O"" o; 

_ _ _ _  

66 10 233 71 

77 21 253 82 

86 31 272 92 

96 41 276 100 

109 52 279 107 

122 63 281 119 

140 75 283 138 

159 88 285 158 

i80 100 286 178 

207 115 285 190 

220 133 284 196 

218 150 282 202 

193 136 284 183 

164 115 286 159 

135 96 289 136 

109 77 293 112 

86 58 300 96 

75 37 311 90 

71 21 344 85 

71 23 45 79 

72 41 72 74 

82 53 78 76 

120 90 84 84 

14ûo E, July 

a, = 600 

V," v," O"" o; 
- -  

_ _ _ _  

_ 4  315 73 

64 7  304 79 

75 17 287 85 

88 24 289 99 

100 32 288 113 

112 40 289 128 

130 50 290 145 

149 59 290 163 

164 69 290 ia0 

171 74 290 179 

168 77 289.  167 

155 80 288 156 

135 68 290 136 

115 56 291 116 

95 44 294 97 

76 32 298 77 

59 21 311 64 

49 14 348 61 

47 17 31 58 

51 26 55 55 

5 6 3 6 6 6 5 2  

67 46 72 53 

75 57 75 55 

a, = 70° 

- -  
V,," -v,*  O"" o; 

_ _ _ -  

60 7  286 70 

72 20 288 80 

81  31  285 89 

92 45 282 io7 

108 58 280 125 

129 70 279 145 

151 80 280 169 

167 91  281 192 

172 io1 281 216 

168 95 283 195 

155 87 284 161 

125 77 287 130 

io3 66 290 118 

89 55 292 106 

69 3 4 3 0 6  83 

63 26 320 74 

60 2 1 3 4 4  68 

60 22 13 63 

60 26 36 57 

62 33 51 51 

66 41 62 52 

7 0 4 8 6 9 5 3  

76 56 74 53 

8 3 6 5 7 8 5 4  

55 1 1  235 

73 20 260 

76 31 268 

79 43 271 

105 58 270 

132 73 269 

165 80 269 

183 79 269 

185 79 269 

177 78 269 

150 67 268 

119 55 268 

92 44 267 

74 39 267 

60 35 267 

50 30 266 

42 25 265 

39 20 267 

39 13 274 

40 7  286 

40 4  360 

40 9 4 9  

43 14 58 

46 19 61 

48 24 63 

51 29 64 

The v,, 
**  The O values are given in degrees. 

and or,  in metres per second, are multiplied by 1 0. 
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Geopotential  

al ti tude H,  
km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Table 4 -  Parameters of the  observed wind  distributions at  selected meridians (continued) 

80° E,  January 

a, = O0 

- -  
Ga* y* O** o; 

42 6  239 -  

55 35 301 51 

61 47 298 53 

64 42 284 54 

66 24 289 57 

69 8 3 4 6 5 9  

73 18 68 62 

80 33 92 64 

86 49 102 66 

93 66 106 68 

103 77 108 75 

117 75 1 1 1  89 

130 73 115 103 

131 65 115 106 

126 54 112 102 

120 43 108 98 

114 33 101 94 

118 23 95 93 

124 13 99 98 

129 4  135 103 

134 7  248 107 

137 8  245 107 

138 10 114 98 

140 25 100 89 

140 41 97 80 

141 56 96 71 

a, = 100 

- -  
Ga* v," O'* o; 

43 19 90 -  

61 48 72 38 

65 52 70 45 

50 33 72 52 

55 28 71 60 

64 25 66 68 

72 22 66 77 

81 1 1  90 88 

91 8  173 99 

100 19 205 110 

110 32 210 120 

121 49 205 127 

133 65 203 135 

134 63 201 135 

128 49 199 130 

123 34 193 125 

117 21 180 120 

113 12 176 115 

108 13 208 110 

105 16 235 106 

100 22 248 101 

97 21 255 99 

98 6 256 103 

105 9 72 107 

118 25 73 1 1 1  

131 40 74 115 

(o = 200 

- -  
Qat  y* O'' o; 

_ _ _ -  

50 12 9 57 

61 14 278 60 

78 42 280 63 

107 72 276 72 

137 103 274 83 

166 134 273 94 

193 160 269 108 

219 188 266 121 

245 214 264 135 

270 236 261 , 146 

287 245 258 152 

294 255 256 158 

279 246 256 157 

260 225 257 151 

242 204 258 146 

223 184 260 140 

203 159 261 135 

186 127 261 130 

168 97 260 126 

150 67 259 122 

132 42 259 116 

114 25 267 109 

96 1 1  300 101 

78 14 24 94 

60 29 47 86 

a, = 30' 

- -  
Ga* v," O"'  o; 

_ _ - -  

3 

80 39 270 37 

141 81 270 76 

195 128 270 1 1 1  

239 186 271 134 

283 244 272 157 

328 302 272 180 

373 340 271 189 

413 368 271 191 

430 396 270 193 

393 360 270 179 

355 323 269 165 

320 286 268 151 

282 249 267 137 

251 213 266 125 

225 177 265 114 

200 140 265 103 

174 104 263 92 

150 79 264 88 

128 67 268 93 

107 55 275 97 

85 45 285 102 

64 37 300 106 

- _ _  

The Fs,  
**  The 0 values are given in degrees. 

and or, in metres per second, are multiplied by  10.  

22 

p = 40° 

- -  
Qa' v," O"" o; 

50 29 272 52 

76 52 272 63 

100 76 272 73 

128 lo0 274 88 

158 125 277 110 

188 150 279 131 

217 175 281 153 

244 203 281 145 

260 231 280 135 

258 248 280 127 

250 240 280 123 

241 230 280 119 

233 222 280 115 

226 213 280 1 1 1  

217 198 278 lia 

208 182 275 126 

198 165 271 134 

189 150 267 147 

182 140 266 147 

175 132 267 151 

170 125 268 155 

164 117 269- 159 

158 109 270 163 
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Table 4 -  Parameters of the  observed  wind  distributions a t  selected  meridians (continued) 

ûûo E, January 

Geopotential  
al t i tude H,  

km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

13 

1 4 

1 5 

1 6 

17 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

$7 = 500 

- -  
V,* V,* O** gr* 

_ - - _  

70 21  221  65 

89 43 249 91  

1 01  60 266 1 1 7 

1 1 8 68 271  1 28 

1 40 76 275 1 39 

1 53 88 280 1 50 

1 62 1 02 285 1 62 

1 67 1 1 7 290 1 74 

1 72 1 32 292 1 82 

1 84 1 45 290 1 71  

202 1 58 288 1 59 

21 2 1 66 286 1 50 

21 4 1 71  284 1 44 

21 4 1 77 281  1 38 

214 1 82 280 1 32 

214 1 88 277 1 30 

218 1 94 275 1 39 

225 200 274 1 47 

235 207 272 1 56 

247 21 4 270 1 65 

254 216 269 1 83 

256 218 267 201  

247 220 265 219 

246 222 264 238 

246 224 262 256 

$7 = 600 

- -  
v,* v,. o** o; 

_ - _ _  

1 00 62 249 95 

1 29 92 261  1 06 

1 44 1 08 269 1 1 7 

1 58 1 1 8 273 1 29 

1 78 1 29 276 1 40 

1 97 1 37 279 1 54 

213 1 44 281  1 69 

224 1 50 283 1 84 

230 1 60 285 1 90 

230 1 71  285 1 80 

228 1 82 285 1 69 

230 1 89 284 1 66 

232 1 95 284 1 65 

238 200 283 1 63 

244 205 283 1 61  

256 21 4 280 1 63 

273 226 277 168 

295 239 275 1 72 

317 252 272 1 77 

331  260 270 1 84 

326 251  270 201  

31 3 242 270 217 

296 234 270 234 

273 224 270 250 

276 21 5 270 267 

$7 = 70° 

- -  
v,* v,* O** o; 

_ _ _ _  

80 21  259 97 

1 04 44 277 1 09 

1 22 62 280 1 23 

1 40 78 287 1 40 

1 60 95 291  1 57 

1 71  1 06 293 1 66 

1 78 1 1 6 294 1 75 

1 82 1 27 296 1 84 

1 80 1 29 294 1 76 

1 70 1 23 291  1 56 

1 60 1 1 8 287 1 37 

1 53 1 22 283 1 36 

1 48 1 26 280 1 36 

1 48 1 30 277 1 35 

1 50 1 34 274 1 35 

1 60 1 43 269 1 46 

1 78 1 54 264 1 60 

205 1 66 260 1 74 

234 1 78 256 1 89 

255 1 65 251  208 

263 1 33 241  230 

262 1 08 227 252 

249 93 205 274 

230 94 181  297 

21 5 1 1 1  1 60 31 9 

(p = 800 

I/sa* v,. O*” 
- -  

42 1 2 1 25 

78 17 79 

95 1 8 81  

1 05 1 2 51  

1 1 6 1 7 343 

1 29 33 320 

1 40 37 317 

1 48 42 31 4 

1 52 46 31 2 

1 50 44 31 4 

1 36 40 320 

1 1 2 36 324 

1 03 33 312 

1 00 33 297 

1 03 34 284 

1 1 0 37 272 

1 1 7 47 260 

1 20 58 253 

1 22 71  248 

1 28 83 245 

1 43 68 219 

1 91  74 176 

243 1 09 1 51  

292 1 54 1 39 

320 203 1 32 

335 253 129 

The v,, e and gr, in metres per second, are multiplied by 1 0. 
**  The 0 values are given in degrees. 
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Table 4 -  Parameters of the observed wind  distributions at  selected  meridians (continued) 

MIo E, July 

Geopotential  

al ti tude H,  
krn 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

q? = O0 

- -  
<a* v,' o**  ur* 

40 13 193 -  

73 25 254 46 

87 42 267 55 

81 56 273 63 

n 48 272 66 

72 37 270 68 

67 23 268 69 

75 12 66 72 

85 46 75 74 

101 80 77 77 

140 117 76 81 

186 160 73 87 

235 203 72 93 

232 202 73 98 

200  173 76 101 

169 146 80 105 

137 119 87 108 

119 108 91 109 

115 1 1 1  91 105 

114 113 90 101 

115 114 89 97 

120 119 89 94 

143 132 87 91 

168 142 88 89 

195 152 88 86 

224 160 88 84 

a, = 100 

- -  
Ga* y" o**  or*  

56 56 291 -  

109 93 290 66 

127 107 287 72 

115 99 281 78 

100 80 278 80 

83 59 272 82 

70 37 262 83 

70 4  243 82 

73 28 88 81 

84 61 86 80 

123 103 84 84 

181 1 60 80 97 

234 218 79 110 

280 248 80 120 

293 258 82 127 

299 267 84 134 

297 277 86 141 

284 276 87 143 

269 257 87 136 

252 238 87 130 

236 219 87 123 

224 209 87 116 

239 231 89 112 

253 252 90 107 

272 270 91 102 

290 289 92 98 

The Ka, 
**  The 0 values are given in degrees. 

and ur, in metres per second, are multiplied by 10. 

24 

a, = 200 

-  -  
Vea* v," o**  ur* 

62 40 241 -  

85 60 275 70 

91 72 284 71 

87 63 284 73 

n 40 2 n  72 

69 20 252 71 

61 14 168 70 

65 27 110 69 

74 47 95 68 

9 0 6 8 8 9 6 8  

115 93 86 70 

144 126 85 82 

175 158 83 93 

204 187 84 101 

233 213 84 107 

261 238 84 113 

290 264 85 120 

311 280 85 123 

293 264 85 116 

277 248 86 109 

260 231 86 102 

246 219 87 96 

264 237 89 92 

280 254 90 88 

295 272 92 84 

313 290 93 81 

a, = 30' 

- -  
Ga* y* o**  o; 

_ - _ _  

_ - _ _  

44 1  225 23 

55 4  236 49 

66 6 239 71 

74 15 262 74 

82 24 268 77 

91 33 268 81 

100 38 270 86 

113 31 270 94 

128 24 268 102 

133 13 279 105 

130 10 29 103 

127 27 54 101 

122 47 59 99 

122 64 63 96 

131 77 73 89 

139 93 79 82 

150 109 84,  75 

157 124 88 68 

168 142 90 69 

178 1 60 92 69 

189 178 93 70 

200 197 94 71 

a, = 400 

- -  
Ga* y* O"" u; 

_ _ _ _  

- - - -  

- _ _ -  

53 13 328 46 

ô9 35 286 56 

84 63 276 64 

105 94 273 73 

142 141 271 91 

197 171 271 109 

245 209 270 127 

288 244 270 140 

320 272 271 146 

344 300 272 152 

318 289 272 148 

277 255 271 139 

241 222 271 130 

203 188 271 121 

169 152 270 113 

153 107 271 114 

140 62 271 115 

131 17 275 115 

130 29 86 116 

137 59 89 116 

143 88 90 115 

152 117 90,  114 

161 146 91 114 
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Table 4 -  Parameters of the observed wind  distributions at  selected meridians (continued) 

80° E, July 

Geopotential  

al ti tude  H,  
km 

~ 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13  

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

58 1 1  292 55 

72 26 268 70 

83 40 267 84 

94 50 264 93  

106 61 262 102 

117 71  262 111 

127 80 263 124 

139 89 264 137 

148 98 264 150 

160 112 265 168 

172 130 267 190 

180 149 268 213 

177 140 269 190 

167 129 270 163 

150 118 270 136 

132 107 272 109 

115 90 273 91 

102 64 273 91 

95  37 273 90 

91  10 277 90 

9 0 1 6 9 0 8 9  

98 37 91 90 

108 57 92 90 

119 77 92 91  

130 92 93  91 

64 12 24 81 

78 10 355 87 

83 19 302 93 

90 20 301  105 

101 21 299 118 

122 23 299 130 

140 29 299 141 

153 35  297 153 

154 41 298 165 

146 42 294 161 

134 41 290.  150 

120 40 284 139 

109 34 285 129 

101 29 286 119 

91 24 287 110 

82 18 289 100 

79 12 294 93 

80 5 3 0 7 8 9  

82 4 5 6 8 5  

83 11 83 82 

84 18 89 78 

8 5 3 2 8 9 8 0  

8 5 4 7 8 8 8 4  

8 6 6 3 8 8 8 8  

86 78 88 91 

-  

71 

85  

97 

1 1 0 

121 

133 

156 

180 

188 

175 

1  52 

130 

1  07 

89 

76 

64 

55 

52 

51 

52 

55 

60 

65  

71 

78 

- - _  

4 206 a3 

13  257 92 

28 291 101 

31 289 117 

34 287 133  

40 288 151 

48 292 171 

58 294 

67 296 

64 295 

56 293 

49 291 

41 292 

33 293 

24 294 

16 297 

8 320 

6 31 

1 3  72 

20 81  

2 8 8 6  

36 07 

44 87  

52 88 

60 88 

190 

21 o 

195 

168 

142 

125 

109 

92 

75 

65 

63 

60 

58 

56 

55 

54 

53 

52 

60 5 14 

76 20 227 

88 32 244 

91  41 270 

104 49 270 

125 57 270 

157 66 271 

190 77 271 

203 88 272 

196 99 273 

169 83 273 

147 62 275 

128 46 276 

111 44 275 

96 43 275 

84 42 274 

70 41 273 

63 36 272 

56 29 270 

51 22 265 

47 15  258 

43 9 2 3 8  

39 4 159 

37 11 102 

35  21 93 

3 3 3 0 8 9  

The vm, 
**  The O values are given in degrees. 

and or,  in metres per second, are multiplied by 10.  

.  - -  25 
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Table 4 -  Parameters of the observed wind  distributions at  selected meridians (continued) 

20' E, January 

Geopotential  
al ti tude H,  

km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

9 = O0 

- -  
Vsa" V,' O"" or" 

_ _ _ _  

40 4 3 3 5 0  

61 30 42 49 

82 70 54 47 

8 2 6 4 6 3 5 0  

82 51 77 54 

82 45 93 57 

87 42 97 63 

93 41 101 69 

98 39 105 74 

105 42 112 81 

118 54 122 88 

128 68 127 95 

121 69 125 97 

107 63 116 96 

94 60 107 95 

88 57 96 94 

93 50 88 93 

104 32 83 94 

114 16 68 94 

125 7  333 94 

136 12 322 97 

150 14 51 105 

168 30 75 112 

187 48 82 120 

210 66 85 127 

rp = 100 

- -  
Vsa* y" O"" o,' 

_ _ _ -  

60 37 51 41 

80 44 62 45 

78 27 84 50 

70 26 90 59 

6 3 2 7 8 8 6 8  

64 24 70 n 

76 6  211 83 

88 32 252 89 

100 50 255 94 

115 81 251 102 

136 95 239 114 

150 114 230 126 

139 108 227 126 

125 86 227 120 

112 64 227 113 

103 41 227 107 

100 27 231 104 

100 26 240 105 

100 27 250 107 

100 27 260 109 

100 22 271 112 

101 9  319 117 

104 17 33 121 

110 33 50 126 

120 50 55 131 

"  The vs,  
*"  The O values are given in degrees. 

and or,  in metres per second, are multiplied by 10.  

26 

(0 = 200 

- -  
Vsa" y* O'" o; 

_ _ _ _  

55 12 31 46 

71 1 1  338 65 

85 34 284 84 

118 64 274 95 

152 95 270 104 

185 128 268 114 

218 169 268 124 

250 211 267 134 

282 252 267 144 

314 282 266 154 

338 298 263 164 

342 315 261 174 

319 297 261 166 

294 267 262 151 

268 237 263 136 

243 207 264 121 

213 175 264 114 

181 140 263 114 

148 105 262 115 

115 70 259 115 

91 36 251 115 

80 29 169 114 

68 13 96 113 

58 1  90 1 1 1  

48 1  88 110 

v> = 30' 

- -  
Vsa* v," O"' o,' 

- - _ _  

77 39 276 77 

98 61  279 si 

126 81 280 104 

156 1 1 1  275 117 

184 142 272 130 

214 176 270 144 

249 216 271 162 

284 256 271 179 

319 296 272 196 

355 325 271 207 

382 348 271 216 

395 368 270 224 

379 348 270 209 

358 328 270 195 

330 307 269 181 

300 287 269 167 

250 246 269 150 

204 199 269 133 

158 152 268 117 

110 105 268 100 

85 76 268 90 

80 6 3 2 6 8  88 

76 49 268 85 

75 36 269 83 

74 22 270 80 

- _ - -  

75 18 313 77 

88 29 282 93 

100 42 277 108 

123 58 277 128 

146 75 276 147 

169 92 276 167 

192 108 276 187 

215 124 276 206 

238 140 276 226 

254 166 277 218 

258 192 277 209 

241 206 278 198 

223 194 278 183 

206 182 278 168 

188 160 277 152 

170 157 277 137 

158 146 277 128 

147 136 277 120 

140 125 276 114 

142 114 276 112 

143 1 1 1  276 114 

146 1 1 1  277 120 

150 1 1 1  278 126 

153 1 1 1  278- 132 

157 1 1 1  278 138 
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Table 4 -  Parameters of the observed wind  distributions at  selected meridians (continued) 

2ûo E, January 

Geopotential  

al ti tude H,  
km 

O 

1  

2  

3  

4  

5  

6 

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

a, = 500 

- -  
V," y O""  or*  

- - - -  

98 32 292 94 

115 51 295 109 

123 60 292 125 

140 69 291 146 

156 77 291 167 

176 85 291 188 

196 94 291 209 

218 102 292 230 

235 110 292 248 

230 110 294 231 

206 109 296 215 

188 119 296 200 

182 116 295 187 

180 121 293 173 

180 126 292 160 

182 131 292 150 

188 140 290 153 

197 150 289 158 

207 159 288 165 

220 169 286 175 

229 179 288 193 

234 189 290 215 

237 201 292 236 

240 216 293 257 

240 223 295 278 

a, = 600 

V," y O"" Qy. 
- -  

64 15 274 -  

110 35 288 119 

126 50 295 127 

130 61 300 137 

146 75 300 155 

170 89 300 172 

188 100 302 190 

201 la9 302 208 

211 118 304 226 

217 126 304 236 

216 137 302 220 

210 147 300 .204 

205 155 299 193 

205 161 299 184 

208 168 298 175 

210 175- 297 167 

218 186 295 164 

231 200 295 170 

250 215 293 177 

273 230 292 183 

297 245 292 191 

308 251 291 210 

314 256 291 229 

314 261 290 249 

310 266 290 268 

298 272 290 287 

a, = 70" 

- -  
V," v," O"" o; 

71 15 320 -  

100 30 307 123 

116 46 311 128 

127 63 313 136 

142 77 313 150 

160 91 312 165 

178 105 312 181 

195 120 311 197 

209 135 312 214 

214 142 311 219 

206 136 310 209 

183 131 310 199 

180 137 307 194 

185 146 305 189 

194 155 303, 184 

210 165 301 179 

235 173 299 178 

254 180 297 178 

268 189 296 180 

278 196 294 181 

281 199 292 188 

280 190 291 204 

274 183 291 220 

261 176 290 236 

245 170 290 252 

220 164 290 268 

- -  
V," v," O""  

-  14 225 

80 14 298 

95 22 334 

106 36 321 

120 52.  317 

f38 69 315 

156 81 317 

172 91 319 

185 102 320 

190 106 318 

178 106 315 

164 106 311 

156 106 310 

1 54 106 309 

152 106 307 

149 106 306 

147 107 301 

143 110 295 

139 115 289 

136 120 284 

163 94 290 

205 54 324 

267 61 23 

306 106 50 

333 158 59 

350 213 64 

"  The v,, 
"* The 8 values are given in degrees. 

and or, in metres per second, are multiplied by 10. 
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Tab l e  4 -  Parameters  of the observed  wind d i str i bu t i ons  a t  se l ec ted  m er i d i an s  (continued) 

20° E,  July 

Geopotential  
al ti tude H,  

km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

v,  = O0 

- -  
Ka*  v,l. O""  or*  
- - _ _  

52 22 227 28 

66 23 1 89 39 

74 42 1 34 50 

67 36 1 24 53 

58 27 1 1 0 55 

5 8 2 2 9 0 5 8  

72 32 85 66 

86 43 82 74 

1 00 54 81  82 

1 1 4 a8 78 92 

1 26 93 74 1 06 

137 1 1 7 71  1 20 

1 36 1 1 8 72 1 24 

1 24 1 03 75 1 22 

1 1 4 89 80 1 20 

1 03 75 87 1 1 8 

93 69 92 1 1 9 

91  73 91  1 24 

92 76 90 1 29 

98 80 89 1 35 

1 12 87 89 1 37 

133 1 03 89 1 34 

156 1 20 89 1 32 

177 1 38 89 129 

180 1 53 89 1 26 

v,  = 100 

- -  
vsa* v,' O'" or" 

4 4 - - -  

48 18 248 51  

54 3 7 2 5 4  

62 41  64 56 

63 45 69 58 

6 3 4 3 7 5 6 0  

63 42 82 62 

75 54 87 63 

8 6 6 6 9 0 6 3  

1 00 77 92 64 

120 91  93 69 

1 49 1 1 1  92 86 

1 80 1 31  90 1 02 

204 1 45 91  1 09 

216 1 54 92 1 08 

220 1 64 93 1 07 

222 1 75 95 1 06 

21 6 1 79 95 1 07 

21 0 1 74 97 1 09 

203 1 70 98 1 1 2 

1 97 1 65 1 00 1 1 5 

1 90 1 66 1 00 1 1 7 

21 0 1 84 96 1 18 

230 203 92 1 1 9 

250 222 90 120 

273 242 87 1 21  

The Fsa,  
**  The O values are given in degrees. 

and or,  in metres per second, are multiplied by 1 0. 

v,  = 200 

- -  
Vsa* v,. O"' o; 

_ - _ _  

48 3 1 62 54 

59 17 69 62 

73 50 53 69 

76 50 55 71  

78 43 61  72 

80 38 67 73 

80 41  77 72 

82 44 85 71  

8 4 4 9 9 1 6 9  

92 59 98 72 

1 1 6 83 1 05 84 

1 40 1 07 1 09 96 

1 62 1 30 1 1 0 1 01  

1 76 1 50 1 1 0 1 01  

1 91  1 71  1 1 0 1 00 

206 1 91  1 1 0 1 00 

218 205 1 09 99 

212 1 97 1 05 96 

208 1 91  1 02 92 

203 1 84 97 89 

1 98 1 82 93 86 

214 1 94 92 86 

230 207 92 85 

244 219 91  84 

260 232 90 83 

p = 30' 

- -  
vsa* v,l. O"* or*  

_ _ _ _  

58 4 6 3 5 8  50 

63 56 347 66 

69 61  334 82 

72 60 327 85 

77 58 321  86 

81  57 31 4 87 

88 58 298 93 

94 62 284 99 

1 00 70 272 1 05 

1 08 79 261  1 1 0 

1 22 89 243 1 1 4 

1 38 1 05 230 1 1 7 

1 40 1 08 222 1 1 6 

1 32 96 21 3 1 1 1  

1 24 88 203 1 07 

1 1 6 82 1 91  1 03 

1 1 0 77 1 76 98 

1 1 8 69 1 55 90 

1 24 72 1 30 82 

1 30 86 1 1 1  74 

1 38 1 06 99 66 

1 57 1 20 96 61  

1 74 1 35 93 56 

193 1 51  91  50 

212 1 66 90 45 

v,  = 400 

- -  
Ka"  y O"* o; 

_ _ _ _  

47 26 339 54 

74 46 322 69 

86 60 31 2 83 

1 00 71  302 93 

1 1 5 85 296 1 04 

1 28 1 00 290 1 1 5 

1 50 1 1 6 285 1 31  

1 69 1 33 280 1 47 

1 90 1 51  277 1 63 

21 3 1 71  273 1 73 

243 1 95 269 1 78 

272 220 266 1 83 

254 21 0 263 1 74 

230 1 89 261  1 61  

205 1 68 258 1 48 

1 80 1 49 255 1 36 

1 59 1 21  251  1 24 

1 40 80 246 1 1 6 

1 1 5 41  232 1 07 

95 20 1 50 99 

80 52 1 01  90 

80 67 96 83 

9 0 8 3 9 4 7 6  

1 06 99 92 69 

1 1 6 1 1 5 90 62 
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Table 4 -  Parameters of the observed wind  distributions at  selected meridians (continued) 

20° E,  July 

Geopotential  
al ti tude H,  

krn  

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

13 

1 4 

1 5 

16 

17 

1 8 

19 

20 

21  

22 

23 

24 

25 

v> = 500  
- -  
Ga*  y* o**  o; 

- - _ -  

56 24 287 59 

79 39 285 73 

86 46 283 86 

93 55 273 97 

105 66 266 1 07 

1 22 76 262 1 1 9 

1 37 83 262 1 36 

155 91  262 1 53 

1 72 98 262 1 69 

1 85 1 04 263 1 74 

1 90 1 09 265 1 71  

1 86 1 1 4 267 1 68 

1 74 1 05 265 1 51  

1 52 95 262 1 33 

1 26 85 258 1 15 

1 02 74 253 98 

83 61  247 86 

70 41  239 84 

64 23 21 8 82 

61  17 1 54 80 

64 31  1 1 3 78 

70 45 1 08 75 

78 59 105 71  

85 72 1 04 67 

91  86 1 03 63 

v> = 60° 

- -  
Vsa* v,* o**  o; 

40 1 0 253 -  

69 1 9 235 82 

85 30 236 88 

93 41  238 95 

1 01  50 239 1 08 

1 1 5 58 239 1 21  

1 35 68 238 1 39 

1 64 79 237 1 65 

1 88 90 236 1 92 

202 1 01  235 219 

1 94 1 02 237 208 

1 79 101  241  1 82 

1 60 99 244 1 57 

1 42 85 242 1 39 

1 25 71  239 1 22 

1 07 57 235 1 04 

88 44 227 87 

70 34 21 6 75 

56 27 200 70 

49 23 1 78 65 

46 24 1 52 60 

50 29 1 31  55 

58 39 1 20 56 

66 51  1 1 4 5 ï  

75 63 1 1 0 58 

81  75 1 07 59 

íp = 70° 

- -  
Ga*  y* o**  o; 

48 5 281  -  

63 1 6 256 77 

74 24 240 84 

84 32 226 90 

98 41  229 1 05 

1 1 3 50 230 1 1 9 

1 30 58 229 1 36 

1 43 67 227 1 55 

1 50 75 226 1 75 

1 50 83 224 1 94 

1 43 80 224 1 77 

1 31  75 225 1 53 

1 1 8 70 224 1 30 

1 04 64 222 1 17 

94 58 218 1 04 

83 52 21 5 91  

75 47 21 1  78 

67 41  204 71  

60 36 196 71  

55 31  1 85 70 

54 29 1 72 69 

55 28 1 56 69 

56 34 1 37 65 

58 43 125 62 

60 53 1 17 58 

65 64 1 1 2 54 

67 7 225 

85 1 6 240 

91  22 238 

1 04 33 232 

1 20 43 231  

1 45 49 229 

1 75 51  225 

1 89 55 221  

1 80 57 21 8 

1 50 56 218 

1 1 9 54 219 

99 53 219 

88 47 215 

78 42 21 1  

72 38 205 

66 34 199 

60 31  1 91  

55 28 1 84 

50 26 1 73 

46 25 1 64 

45 24 1 52 

45 26 1 40 

45 30 128 

44 35 1 21  

44  40 115 

The Ca,  
**  The 0 values are given in degrees. 

and or,  in metres per second, are multiplied by 1 0. 
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Geopotential  
al ti tude H,  

km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

5 8 7 8 - 8 2  1 4 8 5 3 7 0 3  0 0 4 3 5 0 5  r 

Table 4 -  Parameters of  the  observed wind  distributions at  selected meridians (continued) 

80" W,  January 

fp = O0 

- -  
Vsa* y" O""  or*  

- _ _ -  

63 24 27 46 

75 39 21  45 

75 10 29 44 

83 1 0 90 51  

93 1 8 1 1 2 59 

96 24 1 20 68 

96 1 8 1 49 78 

96 18 1 92 89 

96 26 21 8 99 

too 37 225 1 1 0 

1 11  50 21 7 1 1 9 

122 64 21 4 1 29 

117 59 205 1 26 

105 44 1 85 1 1 5 

93 39 1 55 1 04 

81  46 1 25 93 

79 52 1 1 0 85 

74 48 1 02 81  

78 45 93 77 

85 42 82 72 

95 44 77 70 

110 50 81  71  

130 54 84 72 

154 60 87 73 

180 65 89 74 

fp = 100 

-  -  
Vsa* y" O""  or*  

3 8 2 2 0 -  

66 47 29 53 

72 54 40 52 

60 43 58 51  

6 4 4 3 7 4 5 9  

71  47 86 67 

78 46 97 76 

88 19 1 22 87 

98 21  223 99 

1 08 48 247 1 1 0 

1 1 8 74 249 1 1 9 

1 38 96 244 1 23 

1 74 1 1 9 241  1 27 

1 63 1 14 241  1 23 

1 45 93 244 1 1 5 

1 26 73 251  1 07 

1 07 52 253 1 00 

88 36 260 93 

76 20 264 89 

70 5 281  85 

67 1 1  64 81  

73 22 71  79 

82 28 72 80 

90 34 73 81  

98 40 74 82 

1 08 46 74 83 

p = 200 

- -  
Vsa* y* O""  o; 

60 33 55 -  

66 36 77 76 

68 33 90 77 

68 18 1 03 79 

78 9 206 87 

90 29 243 96 

1 02 51  252 1 04 

1 20 73 258 1 1 3 

1 40 97 261  1 22 

1 58 1 1 9 263 1 31  

1 80 1 44 264 -1 38 

203 1 66 263 1 43 

226 1 90 262 1 47 

220 1 86 262 1 42 

1 98 1 68 263 1 33 

1 76 1 51  264 1 24 

1 55 1 34 265 1 1 5 

1 33 1 1 1  265 1 05 

1 1 3 83 266 95 

93 55 267 84 

73 27 270 74 

54 1 0 287 69 

54 1 0 307 70 

56 10 327 72 

58 1 2 343 74 

62 1 5 355 76 

p = 30' 

- -  
Ga*  y* O""  o; 

68 14 339 -  

91  94 266 94 

1 20 83 261  1 02 

1 58 1 1 9 263 1 1 0 

1 90 1 53 264 1 21  

220 1 87 264 1 33 

255 222 264 1 45 

290 263 265 1 60 

330 304 265 1 75 

367 344 266 1 90 

400 373 266 1 97 

424 392 265 1 97 

442 41 3 265 1 98 

408 385 265 1 81  

373 353 265 1 63 

340 322 266 1 45 

305 290 267 1 27 

260 245 267 1 1 2 

214 1 94 268 99 

1 65 1 43 269 85 

1 1 8 92 272 72 

86 61  275 63 

79 53 273 60 

76 45 271  56 

74 38 269 53  

74 30 265 50 

$9 = 400  

- -  
Ga*  y* O""  o; 

_ _ _ _  

1 1 0 66 275 1 0- 

1 55 1 25 275 1 21  

1 88 1 63 274 137 

225 1 93 273 1% 

260 225 273 179 

294 253 272 200 

324 279 270 22a 

354 304 269 24a 

384 329 268 26a 

398 344 269 244 

400 359 269 237 

382 360 269 222 

358 338 269 200 

333 31 5 269 179 

307 293 269 1 58 

280 271  269 1 37 

253 241  270 1 25 

226 21 1  272 1 1 4 

1 95 1 82 275 1 03 

1 67 1 53 279 92 

1 55 1 50 280 84 

1 50 1 45 280 76 

1 50 1 41  280 69 

1 49 1 39 290 61  

1 49 1 37 31 0 54 

'  The vsa,  
**  The O values are given in degrees. 

and or,  in metres per second, are multiplied by 1 0. 
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Table 4 -  Parameters of the observed wind  distributions at  selected  meridians (continued) 

80° W, January 

Geopotential  

al ti tude  H,  
km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

- -  - -  
Ga* y* o** or* Ga* y* o** o; 

_ - _ _  60 1 0 264 -  

94 54 284 87 88 23 270 88 

122 80 287 1 03 1 02 31  270 1 02 

1 44 98 287 1 1 9 1 1 0 37 270 1 1 5 

1 62 1 1 1  286 1 39 1 1 9 42 270 1 29 

1 76 1 25 286 1 58 

202 1 32 282 1 75 

233 1 37 277 1 91  

265 1 43 273 206 

278 1 52 270 212 

264 1 63 272 1 98 

242 1 75 273 1 84 

236 1 80 273 1 76 

232 1 82 273 1 72 

228 1 84 273 1 68 

226 1 86 273 1 63 

225 1 89 274 1 58 

224 1 95 277 1 51  

223 200 280 1 44 

222 206 282 1 37 

222 214 280 1 30 

224 216 281  1 25 

228 218 280 1 21  

231  220 280 1 1 6 

240 221  285 1 1 2 

254 224 290 107 

1 30 47 270 1 42 

1 44 48 266 1 50 

1 61  48 263 1 58 

1 77 49 259 1 65 

1 80 52 261  1 62 

1 57 60 266 1 51  

1 31  68 270 1 39 

1 27 78 272 1 42 

1 31  88 275 1 46 

1 44 1 00 276 1 50 

1 61  1 1 0 227 1 53 

1 85 1 30 281  1 56 

210 1 60 285 1 57 

238 1 91  288 1 58 

273 221  290 1 59 

300 252 292 1 61  

324 278 296 1 65 

342 306 298 1 68 

358 334 301  1 72 

370 347 303 1 76 

377 360 305 1 80 

* 

**  The 0 values are given in degrees. 

The Ea, E and or,  in metres per second, are multiplied by 1 0. 

0, = 70' 

- -  
Ga* y* o**  o; 

40 38 329 -  

72 19 345 90 

90 9 o 1 04 

1 04 1  45 1 38 

1 1 4 7 1 80 1 31  

1 26 1 5 1 80 1 44 

1 34 20 1 83 1 50 

1 38 25 1 84 1 54 

1 38 30 1 87 1 59 

1 29 28 1 98 1 55 

1 1 8 25 225 1 45 

1 1 0 29 250 1 35 

1 1 1  35 270 1 35 

1 1 6 44 282 136 

1 22 53 290 1 36 

1 30 64 295 137 

1 46 86 300 147 

1 67 1 1 4 303 1 62 

1 95 1 42 305 1 78 

233 1 70 306 1 93 

300 21 1  307 207 

344 272 308 220 

373 333 309 233 

440 393 31 0 246 

500 454 31 0 259 

530 515 31 0 272 

40 21  -  

9 4 2 2 9 8  

1 1 2 20 1 23 

1 32 22 1 50 

1 49 26 1 69 

1 56 31  1 81  

1 51  38 1 92 

1 41  33 1 92 

1 25 20 1 85 

1 1 2 9 1 62 

1 04 4 315 

1 03 17 332 

1 05 30 335 

1 1 0 43 336 

1 20 66 332 

1 31  91  330 

1 45 1 1 6 330 

1 61  1 42 329 

201  1 72 328 

229 206 328 

255 247 327 

291  274 327 

320 309 327 

360 343 327 
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Table 4 -  Parameters of  the  observed wind  distributions at  selected meridians (continued) 

80° W,  July 

Geopotential  

al ti tude H,  
km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

a, = O0 

-  -  
Vsa* v; o** o; 

_ _ _ -  

56 10 336 27 

76 18 41 31 

78 35 85 36 

80 45 36 44 

84 57 118 51 

88 66 125 59 

92 56 118 63 

94 48 loa 68 

97 41 94 72 

98 39 73 75 

95 43 51 75 

9 0 5 3 3 3 7 4  

86 53 30 72 

82 46 33 71 

76 39 36 69 

70 32 41 67 

65 26 47 67 

5 8 2 3 5 0 6 9  

50 20 57 70 

44 18 64 72 

40 21 76 76 

5 5 3 7 8 4 8 5  

6 9 5 4 8 7 9 4  

83 73 88 103 

97 89 89 113 

a, = 100 

- -  
Ga* y* o** or* 

32 19 3  -  

85 48 70 43 

106 65 82 41 

102 57 93 40 

97 59 97 43 

92 64 98 47 

88 67 99 50 

89 55 98 52 

90 44 98 54 

92 33 97 55 

90 23 90 59 

85 15 67 67 

80 13 23 75 

77 16 40 76 

78 25 72 72 

78 39 84 68 

80 54 91 64 

85 64 91 62 

99 68 87 62 

114 72 84 62 

128 78 81 62 

144 87 81 64 

158 109 86 74 

172 132 89 85 

195 194 90 95 

223 222 91 105 

a, = 200 

-  -  
Qa* y* o** o; 

70 62 75 -  

73 69 93 43 

78 71 101 47 

80 64 100 51 

76 57 98 52 

70 52 94 51 

65 46 91 51 

70 41 91 61 

76 35 90 70 

82 29 90 79 

88 21 85 88 

92 13 42 97 

96 17 353 106 

98 19 12 102 

96 28 55 90 

94 44 72 78 

93 61 80 66 

101 83 83 58 

122 109 85 56 

143 137 86 54 

164 164 87 52 

185 184 88 52 

196 191 89 59 

207 195 90 67 

220 200 91 74 

232 205 91 81 

p = 30° 

- -  
Vsa* v; o** o; 

51 22 193 -  

56 21 217 60 

58 24 234 60 

57 23 239 60 

58 23 247 62 

60 23 255 65 

61 23 265 68 

62 21 278 78 

65 21 293 87 

70 21 309 97 

88 21 321 107 

108 20 336 116 

127 19 354 125 

130 21 19 119 

113 28 41 102 

97 36 54 85 

82 46 61 67 

78 58 70 56 

91 74 77 53 

104 91 83 51 

117 109 87 48 

133 126 89 46 

148 137 90 47 

164 148 90 48 

179 158 90 49 

194 165 90 49 

v,  = 400 

- -  
ha*  v,' o** or+ 

52 23 265 70 

79 55 278 72 

90 73 281 73 

107 86 281 81 

126 98 279 90 

144 1 1 1  279 100 

162 131 279 117 

182 150 280 134 

200 169 280 151 

220 185 280 167 

237 196 282 179 

242 207 283 192 

222 186 284 175 

184 153 286 148 

144 121 287 121 

1 1 1  88 291 94 

85 60 296 75 

76 35 309 67 

68 18 357 59 

65 29 61 51 

70 51 79 43 

80 62 82 43 

9 0 7 3 8 3 4 3  

1 00 82 84 43 

1 1 1  95 85 43 

**  The 0 values are given in  degrees. 

The vsa, vr and or,  in  metres per second, are multiplied by 10.  
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Table 4 -  Parameters of the observed wind  distributions at  selected meridians (concluded) 

Geopotential  

al ti tude H,  
km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

O, = 50' 

- -  
I/ca*  y* o** u r*  

_ _ _ -  

79 37 287 79 

97 63 287 87 

113 82 288 94 

126 91 289 105 

140 99 291 116 

156 110 291 130 

182 126 289 149 

205 140 287 169 

220 156 286 188 

224 166 287 190 

218 172 287 185 

200 179 288 179 

175 157 288 155 

152 135 289 131 

128 113 290 107 

106 92 291 83 

87 70 294 72 

72 49 301 74 

66 29 319 77 

60 18 9  79 

60 29 59 81 

62 41 69 80 

68 53 74 80 

73 66 78 79 

79 72 80 78 

80° W,  July 

O,  = 60' 

- -  
Vsa* y* o** u,' 

53 10 o -  

74 17 328 96 

86 27 315 97 

94 39 390 99 

104 46 312 109 

113 53 314 119 

124 59 313 130 

133 63 309 143 

140 69 306 156 

147 74 304 168 

145 73 302 157 

128 69 298.  140 

1 1 1  65 297 125 

98 57 299 110 

85 49 302 96 

73 42 305 82 

60 35 312 68 

50 27 321 59 

47 21 337 55 

45 16 7  51 

44 18 40 47 

46 25 61 43 

50 35 67 44 

56 45 70 46 

60 54 73 48 

65 64 74 49 

The Ea,  
**  The 0 values are given in degrees. 

and ur, in metres per second, are multiplied by 10. 

O,  = 70' 

- -  
Ga* V,* O** ar+ 

62 10 16 -  

70 7  297 77 

76 12 290 86 

85 16 308 96 

92 21 315 106 

98 27 318 116 

105 31 315 125 

117 35 311 133 

126 40 307 141 

129 46 303 149 

120 44 303 129 

97 41 302 107 

82 39 303 89 

70 33 305 81 

57 28 73 

48 23 317 65 

40 19 326 57 

36 15 340 52 

36 12 9  49 

36 14 39 45 

38 19 62 42 

41 25 74 39 

44 30 73 39 

48 36 71 38 

52 41 70 38 

55 45 72 37 

- -  
Vsa* V,* @**I  
1  

74 10 233 

88 14 245 

loo 19 254 

113 21 259 

134 24 263 

150 26 2681 
144 29 270 

110 29 274 

88 28 278 

70 27 283 

60 21 284 

52 15 290 

44 9  302 

38 5  346 

31 6  45 

31 9  63 

31 13 72 

32 16 75 

35 20 79 

38 23 78 

40 25 n 

45 26 76 

48 28 75 

t  33 



5 8 7 8 - 8 2  1 4 8 5 3 9 0 3  0 0 4 3 5 0 9  r 
I  SO 5878-1  982 / Add.  1 -1  983 ( E)  

Geopotential  

altitude  H,  
km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 
I I 

34 

Table 5 -  High  and  l ow percenti le values of wind  speed,  in metres per second, 
for selected meridians 

1 40° E,  January 

~ 1 %  I  1 0%  I  1 %  I  1 0%  

~- -  -  - I -  -  -  -  

1  1 6 2 1 1  1  1 9 5 16 

1  1 6 2 1 1  1  19 4 15 

1  16 2 1 1  1  18 3 1 4 

1  16 2 1 1  1  19 3 1 4 

1  1 6 2 1 1  1  21  4 1 5 

1 1 7  3 1 2  1 2 2  4 1 6  

1 1 8  4 1 3  1 2 2  4 1 6  

2 2 0  5 1 4 1 2 2  4 1 6  

2 21  6 1 6 1  21  3 1 5 

2 2 2  6 1 7  1 2 1  3 1 5  

2 2 5  6 1 9  1 2 2  3 1 6  

2 27 6 20 1  24 4 18 

2 2 8  6 2 2  

2 2 9  6 2 2  

2 2 9  6 2 2  

2 2 9  6 2 2  

2 2 9  6 2 2  

2 28 6 21  

1  27 5 1 9 

1  26 4 1 8 

1  26 4 1 8 

1  27 4 20 

1  24 4 1 9 

1  25 5 1 9 

2 27 5 20 

2 26 6 20 

2 26 6 20 

2 2 2  5 1 8  

1  20 4 1 6 

1  19 3 1 4 

1  20 3 1 4 

1 2 2  3 1 6  

1  29 5 21  1  24 4 1 8 

1  31  5 23 1  27 5 20 

2 3 3  6 2 5  2 3 0  5 2 2  

(p = 200 

1 %  I  1 0%  

qi-p--p - c - c  

_ _ _ _  

1  1 4 2 1 0 

1  1 6 2 1 2 

1  18 2 1 4 

1  24 4 1 8 

2 32 6 23 

2 36 8 28 

2 39 9 30 

3 41  10 32 

4 4 4 1 1 3 4  

4 47 12 36 

6 50 1 4 40 

7 52 1 6 41  

7 51  1 6 39 

6 48 14 36 

4 4 4 1 2 3 3  

4 40 1 1  30 

2 36 9 26 

2 32 7 23 

1  27 6 1 9 

1 2 2  4 1 6  

1  20 3 1 5 

1  1 9 3 1 4 

1  20 3 1 4 

1  20 3 1 5 

1  20 3 1 5 

~ (p = 30° 

~ 1 %  I  1 0%  

O 25 3 1 6 

2 28 5 21  

4 35 9 27 

8 4 3 1 4 3 4  

1 2 53 20 43 

16 62 27 51  

20 73 32 60 

23 83 37 68 

26 89 41  75 

28 93 42 81  

28 95 43 84 

27 95 43 85 

25 90 40 80 

24 84 37 73 

22 75 33 65 

20 68 30 59 

1 5 60 24 50 

1 1  53 19 40 

7 4 5 1 4 3 4  

3 3 8  8 2 6  

2 30 5 21  

1  25 4 18 

1 2 2  3 1 6  

1  21  3 15 

1  23 4 1 7 

(p = 40° 

1 %  I  1 0%  

1  25 5 1 9 

2 3 0  5 2 2  

2 3 4  7 2 6  

3 42 9 32 

4 50 1 1  38 

5 5 8 1 3 4 4  

6 65 1 5 49 

7 70 1 8 54 

8 73 20 58 

9 7 5 2 2 5 9  

1 0 75 24 58 

1 1  72 25 58 

1 2 68 24 55 

1 2 64 23 52 

1 2 60 22 48 

1 0 55 1 8 45 

8 51  1 5 40 

6 46 1 2 35 

5 42 1 0 32 

2 3 8  7 2 9  

2 3 4  6 2 6  

2 32 5 24 

1 3 2  5 2 3  

1 3 1  5 2 2  

1  30 5 21  

I  I  I  I I  
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1 2 3  3 1 7  

1  26 3  18 

IS0 5878-1 982/Add.l-1 983 (E)  

1 1 6  3 1 2  1 2 0  3 1 5  1 2 2 , 3 1 5  

1  20 3  1 4 1  23 3  17 1  24 3  1 6 

Table 5 -  High and  l ow percenti le values of wind  speed,  i n  metres per second,  
for selected meridians (continued) 

14ûo E, January 

Geopotential  
al t i tude H,  

km 

O 

1  

2 

3 

4  

5 

6 

7 

8  

9 

10 

1 1  

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

I  1 %  I  1 0%  I  1 %  I  1 0%  I  1 %  I  1 0 %  I  1 %  I  1 0%  I  

_ _ - _  

1  21  4 1 6 

- _ _ _  

1  15 2  1 0 

_ _ _ _  

1  18 3  1 3,  

1 2 9  4 2 0  

1 3 2  5 2 2  

1 3 4  5 2 5  

1  37 6  26 

2 3 8  6 2 8  

2 3 9  6 2 8  

2 3 8  6 2 7  

2  36 6  26 

2  36 6  24 

2 3 6  6 2 3  

2  36 7 21  

2 3 7  8 2 0  

2 3 8  8 2 0  

2 3 9  8 2 2  

2 4 0  8 2 5  

2 4 0  7 2 8  

2 4 0  7 3 0  

2 4 0  7 3 0  

2  41  7 31  

2  41  7 31  

2  42 7 31  

2  42 8  31  

1  24 3  1 6 

1  27 4  1 9 

1 2 9  4 2 1  

1 3 0  4 2 2  

1 3 1  5 2 2  

1  30 5  21  

1  26 4 1 9 

1  24 4 1 8 

1  25 4 1 9 

1  27 4  20 

2 2 9  5 2 2  

2  31  6  23 

2  34 6 26 

2 3 9  7 2 9  

2 4 3  8 3 2  

3 4 7  9 3 6  

3 5 0 1 0 3 8  

3 4 9 1 1 3 8  

4 5 0 1 2 3 9  

5 4 9 1 3 3 9  

6 4 8 1 5 3 9  

8 4 9 1 6 4 0  

1  27 3  18 

1  30 4  21  

1 3 4  5 2 4  

2  37 6 27 

2 3 9  6 2 7  

2 3 8  6 2 7  

2 36 6 24 

2 3 3  5 2 4  

2 3 3  6 2 6  

2 3 6  6 2 7  

3 3 9  7 3 0  

3 4 2  8 3 3  

3  48 1 0 36 

3  54 1 1  40 

4 6 0 1 3 4 4  

4  65 1 5 48 

5 72 1 6 54 

5 72 1 5 55 

4 76 1 4 57 

4 79 14 59 

4 82 1 4 61  

4 85 1 4 62 

1  27 4  19 

1 3 0  5 2 2  

2  32 5 23 

2 3 3  5 2 4  

2 3 4  5 2 5  

2 3 3  5 2 4  

1 3 1  5 2 3  

1 2 9  5 2 2  

1 2 9  5 2 2  

1 3 0  5 2 2  

1 3 0  5 2 2  

1 3 2  5 2 2  

1 3 3  5 2 4  

1 3 4  6 2 5  

1 3 6  6 2 6  

2 3 8  6 2 8  

2  41  7 31  

2 4 8  8 3 4  

3 5 2  9 3 8  

3 5 9 1 0 4 4  

4 6 5 1 2 5 0  

4 72 1 3 58 
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Table 5 -  High  and  l ow percenti le values of wind  speed,  in  metres per second,  
for selected meridians (continued) 

1 40° E,  July 

Geopotential  

alti tude H,  
km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

~ 25 

u, = O0 

Ti-TTx- 

1 1 2 2 8  

1  1 5 2 1 0 

1  1 7 2 1 2 

1  1 7 2 1 2 

1  17 3 13 

1  17 3 1 3 

1  18 4 1 3 

1  1 9 4 1 4 

1  20 5 1 5 

1 2 2  5 1 6  

1  24 6 1 7 

1  27 5 20 

1  26 5 20 

1  24 4 1 6 

1  23 4 1 4 

1  1 8 3 13 

1  1 7 3 1 3 

1  1 8 3 1 4 

1  1 9 3 1 5 

1 2 2  4 1 6  

1  25 4 1 8 

1  29 5 21  

2 3 4  6 2 6  

3 4 0  9 3 0  

3 43 1 0 33 

u, = 100 

TJTF  

- C - C  

1  16 2 1 2 

1  1 6 2 1 2 

1  17 3 1 2 

1  1 8 3 13 

1  19 3 1 4 

1  1 9 3 1 4 

1  1 8 3 14 

1  1 8 3 1 3 

1  1 8 3 1 4 

1  20 3 1 5 

1  25 3 17 

1  26 4 19 

1  26 4 1 9 

1  23 4 18 

1 2 2  5 1 7  

1 2 2  5 1 7  

2 23 5 1 8 

2 24 7 19 

4 27 8 21  

5 2 9  9 2 3  

4 31  10 25 

5 35 1 1  28 

5 38 12 31  

6 42 1 3 34 

6 44 14 35 

u, = 200 cp = 30° 

1 %  1 0 % 1 %  1 0 % 

- I -  -  -  -  
_ _ -  

1  17 3 1 2 I  1  1 9 3 1 3 

1  17 3 12 1  1 9 3 1 3 

1  1 7 3 1 2 1  1 9 3 1 3 

1  1 8 3 1 2 1  19 3 1 3 

1  19 3 13 1  20 3 1 4 

1  1 9 3 13 

1  20 3 1 3 
I  

1  19 3 1 2 

1  18 3 1 3 

1  1 8 3 1 4 

1 2 2  3 1 6  

1  27 4 1 9 

1  28 5 20 

1  28 6 21  

2 28 7 21  

2 2 8  8 2 2  

3 28 1 0 22 

4 27 1 1  23 

7 27 1 2 23 

1 0 28 1 3 24 

8 28 1 3 24 

9 31  1 4 26 

9 33 14 28 

1 0 36 1 5 30 

10 38 1 6 32 

1  20 3 1 4 

1  21  4 1 5 

1 2 2  4 1 5  

1  23 4 1 6 

1  25 4 1 7 

1  28 5 1 8 

1  30 5 20 

1  31  5 23 

1 3 0  4 2 2  

1 2 9  4 2 2  

1  28 5 21  

1  27 5 20 

2 25 6 1 8 

3 23 7 18 

4 21  8 17 

5 21  9 17 

7 23 1 0 1 6 

7 23 1 0 20 

7 24 1 1  21  

8 26 1 2 22 

u, = 40° 

'TJTi- 

'$I'-/BIB - c , c  

1  1 9 2 1 4 

1  21  3 1 5 

2 23 4 1 6 

2 25 5 1 8 

2 27 5 21  

2 30 6 23 

2 36 7 28 

3 42 8 31  

3 4 6  8 3 5  

4 52 1 0 39 

4 57 1 1  44 

4 6 3 1 2 4 8  

4 6 0  9 4 4  

3 52 9 36 

3 4 4  8 3 0  

2 3 3  6 2 5  

2 3 9  5 2 2  

2 27 4 20 

2 23 4 1 7 

2 21  3 1 6 

2 1 8 3 1 3 

2 20 4 1 5 

2 2 2  5 1 7  

2 23 6 1 8 

3 25 7 20 
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Table 5 

Geopotential  

al ti tude H,  
km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

.  High  and  l ow percenti le values of wind  speed,  in metres per second, 
for selected meridians (continued 

140° E, July 

$9 = 500  $9 = 60° $9 = 70° $9 = 800 

1 %  I  10%  I  1 %  1  10%  I  1 %  I  10%  I  1 %  I  10%  

- I -  -  -  -  - I -  -  -  - - _  -  -  - I -  
1  16 2  1 1  1  16 2  12 1  15 2  I O  1  16 3  1 1  

1 1 8  2  13 1 1 7  2  12 1 1 8  2  12 1 1 9 ,  3  13 

1 2 1  3 1 5  1 1 8  3 1 3  1 2 0  3 1 4  1 2 2  3 1 5  

1  23 3  16 1  22 3  15 1  26 4  18 1  25 4  18 

2 2 6  4 1 8  1 2 4  4 1 8  1 3 0  5 2 2  1 2 8  5 2 0  

2 2 9  4 2 0  1 2 8  4 2 1  1 3 6  6 2 6  1 3 2  5 2 3  

2 3 4  5 2 4  2 3 6  5 2 5  1 4 1  6 3 0  2 3 6  6 2 5  

2 4 0  6 2 7  2 4 0  6 2 7  1 4 6  7 3 4  2 3 9  6 2 8  

3 4 4  6 3 1  2 4 1  7 3 0  2 5 1  8 3 7  2 4 2  6 3 0  

3 4 9  7 3 5  2 4 1  7 3 0  2 4 5  7 3 2  2 3 6  5 2 5  

3 5 1  8 3 8  2 4 0  7 2 9  2 3 8  6 2 7  1 2 8  4 2 2  

3 5 2  9 3 9  2 3 7  6 2 6  1 3 2  5 2 2  1 2 5  4 1 9  

3 4 6  8 3 3  2 3 2  5 2 2  1 2 8  4 1 9  1 2 3  4 1 7  

2 3 8  7 2 8  2 2 6  4 1 8  1 2 5  4 1 7  1 2 0  4 1 5  

2 3 2  5 2 4  1 2 1  3 1 4  1 2 2  3 1 5  1 1 9  3 1 4  

2  27 4  20 1  17 2  12 1  19 3  13 1  17 3  12 

1 2 2  4 1 6  1 1 4  2 1 1  1 1 7  2 1 2  1 1 5  3 1 1  

1 2 0  3 1 5  1 1 3  2 1 0  1 1 6  2 1 1  1 1 3  2  9  

1 1 9  3 1 4  1 1 3  2 1 0  1 1 5  2 1 0  1 1 2  2  8  

1 1 8  3 1 4  1 1 3  2 1 0  1 1 4  2  9  1 1 0  2  7  

1 1 8 3 1 3  1 1 3  1 1 0  1 1 2 2 9  1 9 2 6  

1 1 9  3 1 4  1 1 4  3 1 1  1 1 3  2 1 0  1 1 0  2  6  

1 2 0  3 1 5  1 1 5  3 1 1  1 1 4  3 1 1  1 1 1  2  7  

1 2 3  4 1 7  1 1 7  4 1 3  1 1 5  3 1 2  1 1 2  2  9  

2  24 5  18 1  18 4  14 1  16 3  12 1  14 2  10 
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Table 5 -  High  and l ow percenti le values of  wind  speed, in metres per second, 
for selected meridians (continued) 

Wo  E,  January 

Geopotential 
al ti tude H,  

km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

I 

- _  

1  1 4 

1  1 4 

1  14 

1  1 4 

1  14 

1  1 4 

1  1 5 

1  17 

1  1 9 

1  21  

1  24 

1  27 

1  27 

1  26 

1  23 

1  20 

1  20 

1  21  

1  23 

1  24 

1  23 

1  21  

1  20 

1  1 9 

1  18 

- -  

3 1 1  

2 1 1  

2 10 

2 1 0 

2 1 0 

2 1 0 

2 11  

3 13 

4 1 4 

4 1 7 

4 19 

4 20 

4 1 9 

4 1 8 

3 1 5 

3 1 4 

3 1 4 

3 16 

4 1 7 

4 17 

4 16 

3 1 5 

3 1 4 

3 1 4 

3 1 4 

38 x 

p = 100 

- 7 q - TF  

- _  

1  1 4 

1  1 4 

1  13 

1  1 4 

1  1 6 

1  1 7 

1  20 

1 2 2  

1  24 

1  26 

2 2 9  

2 32 

2 3 3  

2 31  

1  28 

1  26 

1  24 

1  24 

1 2 3  

1 2 2  

1 2 2  

1 2 2  

1  23 

1  24 

1  26 

_ _  

3 1 1  

2 1 0 

2 9  

2 1 0 

3 1 1  

3 1 2 

3 14 

4 1 5 

4 17 

4 19 

5 2 2  

5 24 

5 23 

5 2 2  

4 20 

4 1 8 

4 17 

3 1 6 

3 1 6 

3 1 5 

3 1 5 

3 16 

4 1 6 

4 17 

4 1 9 

p = 200 

1 %  I  1 0 %  

1 1 2 2 8  

1  14 2 1 0 

1  16 3 1 2 

2 20 4 1 5 

2 24 6 1 9 

2 30 7 23 

3 36 9 28 

4 41  1 0 32 

5 46 12 36 

5 49 14 39 

6 52 1 5 41  

6 54 15 42 

6 53 15 41  

5 50 13 39 

4 47 1 1  36 

3 4 2  9 3 3  

2 3 9  8 3 0  

2 35 7 26 

2 3 2  5 2 2  

1  29 4 20 

1  27 4 1 9 

1  24 4 1 7 

1 2 2  3 1 5  

1  21  3 1 5 

1  1 9 3 1 4 

p = 30° 

1 %  I  1 0%  

1  1 8 3 1 4 

2 23 5 1 8 

3 3 3  7 2 5  

4 4 5 1 2 3 3  

6 55 1 5 43 

7 64 1 8 50 

1 0 67 23 54 

1 1  71  24 58 

12 73 25 59 

1 0 70 23 56 

8 65 21  49 

7 55 17 42 

6 47 15 38 

4 40 12 32 

3 3 5  9 2 6  

2 30 7 32 

2 25 5 1 8 

1  24 4 1 8 

1  23 4 1 7 

1  24 4 1 7 

1  23 4 1 7 

1  24 4 17 

(LJ = 40' 

1 %  I  1 0%  

_ _ _ _  

1 1 3 2 9  

1  1 7 3 1 2 

1  21  4 1 6 

1  26 5 20 

2 3 3  7 2 4  

2 39 8 30 

3 4 5  9 3 4  

5 46 1 1  36 

6 47 1 4 37 

7 47 1 6 38 

7 46 1 6 37 

7 44 1 5 35 

6 42 1 4 34 

6 41  1 3 33 

5 41  1 1  32 

4 41  1 0 32 

3 4 0  9 3 1  

2 40 8 30 

2 41  8 31  

2 40 7 30 

2 40 7 30 

2 40 7 29 

2 41  7 30 
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Table 5 -  High  and  l ow percenti le values of  wind  speed,  in  metres per second, 
for selected meridians (continued) 

8oo E, January 

Geopotential  
al t i tude H,  

krn 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9  

1 0 

1 1  

1 2 

13 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

(0 = 500 

TJ-TF 

1  1 6 3  1 1  

1 2 2  3 1 5  

1 2 8  4 2 0  

2 3 1  4 2 2  

2 3 4  5 2 4  

2 3 8  6 2 7  

2  42 6  31  

2 4 6  7 3 3  

2 4 7  8 3 4  

2 4 6  8 3 4  

3 4 4  8 3 4  

3 4 3  8 3 3  

3  42 8 32 

4  42 9 32 

4 41  9 32 

4 41  1 0 32 

4  43 10 33 

4 46 1 1  35 

4  48 1 1  37 

4 51  1 1  39 

4 55 1 2 42 

4 5 8 1 2 4 4  

4 61  1 1  46 

3 6 4 1 1 4 8  

4  69 1 2 51  

(0 = 60' 

Tq TE -  

1  25 5 1 8 

2 27 6 20 

2 3 3  6 2 3  

2  36 6 26 

2  39 7 27 

2  43 7 31  

3 4 6  7 3 4  

3 4 9  8 3 6  

3 5 0  9 3 6  

3  49 10 36 

3  47 10 35 

3  47 1 0 36 

3  47 1 0 37 

3  48 1 1  37 

3  49 1 1  37 

4 5 0 1 2 3 8  

4  53 13 40 

4 5 1 1 3 4 3  

4 57 14 44 

5 62 1 5 46 

4 60 13 46 

4 63 13 47 

4 65 1 2 49 

4  67 1 2 50 

3 69 1 2 51  

(0 = 70° 

-T-TTi- 

1  21  3  16, 

1  25 4  1 8 

1 3 0  4 2 2  

2 3 5  5 2 5  

2 3 8  6 2 7  

2 4 3  7 3 0  

2 4 5  7 3 3  

2 4 7  7 3 4  

2 4 5  6 3 3  

2 4 0  6 3 0  

2  37 6 27 

2  36 6 26 

2 3 6  6 2 6  

2  37 6 27 

2 37 6 28 

2 40 7 30 

3 4 4  7 3 3  

3 47 9 35 

3 5 3  9 3 8  

3 57 1 1  43 

3 5 6  9 4 1  

3 5 8  9 4 2  

3 6 1  9 4 4  

3  67 1 0 47 

4  73 1 1  53 

(0 = 800 

1 %  1 1 0 %  

1  21  3  1 6 

1  24 .  4 17 

1  27 4  19 

2 31  5 23 

2 3 4  5 2 5  

2 36 6 27 

2 3 8  6 2 8  

2 3 9  6 2 8  

2 3 8  6 2 7  

1  34 5 25 

1  32 5  24 

1  32 5  23 

1  31  5  23 

1 3 1  5 2 2  

1 3 1  5 2 2  

1  30 5  21  

1 2 9  5 2 1  

1  29 5 21  

1  29 5  21  

1 3 0  5 2 2  

1  35 6 24 

2 3 9  7 2 8  

2 4 3  8 3 2  

3 5 1  9 3 8  

3 5 1 0 4 4  
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5 8 7 8 - 8 2  

Geopotential  
al ti tude H,  

km 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Li 851 903  

Table 5 -  High and l ow percenti le values of wind  speed,  in metres per second, 
for selected meridians (continued) 

ûûo E,  July 

rp = O0 

TqTz- 

1 1 2 2 8  

1  14 3  10 

1  19 3  13 

1  19 3  13 

1  17 2  12 

1  17 2  1 1  

1  18 2  12 

1  19 3  14 

2  21 4  17 

3  25 7  20 

7  30 13 25 

8  38 16 30 

7  37 13 30 

5  35 1 1  28 

4 3 3  9 2 6  

2  31 7  24 

2 3 0  6 2 3  

2 3 0  6 2 2  

2 2 9  6 2 2  

2 2 9  6 2 2  

2 2 9  7 2 2  

2 2 9  7 2 2  

3  30 8  24 

4  31 9  25 

4  31 10 25 

u, = 100 

- 7 q - T c  

2 2 2  5 1 8  

2  24 5  18 

2  24 5  18 

2  23 4  17 

1 2 2  4 1 5  

1  20 3  14 

1  19 3  14 

1  19 3  14 

1  21 4  15 

1  24 4  18 

4  33 9  25 

7  41 14 33 

9 47 17 39 

9 5 0 1 9 4 3  

9 5 3 1 9 4 4  

8 5 4 1 9 4 4  

8  53 17 42 

7  50 15 39 

6  46 14 37 

5  42 12 34 

5 41 13 33 

8  43 15 35 

10 44 17 37 

12 45 19 38 

1 5 4 6 2 2 3 9  

u, = 200 

1 %  I  10%  

- _  

1  20 

1  20 

1  19 

1  18 

1  16 

1  15 

3  15 

1  16 

1  18 

1 2 2  

1  27 

2 3 3  

3 3 8  

5 4 3  

6 4 8  

8 5 3  

10 52 

10 47 

9 4 3  

8  40 

8 3 9  

10 40 

12 41 

14 42 

17 43 

_ _  

4  15 

4  15 

3  14 

3  13 

3  12 

3  1 1  

3 1 1  

3 12 

4  14 

4  17 

6  21 

9  25 

1 1  29 

15 34 

17 38 

19 41 

19 41 

17 38 

15 35 

14 32 

15 31 

17 33 

18 34 

20 36 

22 37 

= 30° 

1 %  I  10%  

- _  

- _  

- _  

- -  

1  15 

1  15 

1  15 

1  16 

1  17 

1  18 

1  19 

1  21 

1 2 2  

1  24 

1  25 

1  25 

1  25 

1  24 

1  23 

2  23 

2  23 

3  24 

5  27 

6  28 

7  30 

9 3 2  

- -  

- -  

- -  

- -  

2  lo 

2  1 1  

3 1 1  

2  12 

3  13 

3  13 

3  14 

3  15 

3  16 

3  16 

3  17 

3  17 

4  17 

4  17 

5  18 

6 18 

7  19 

7  19 

9 2 2  

1 1  22 

12 25 

14 27 

= 40° 

1 %  I  10%  

1 1 1  2 8  

1  14 3  10 

1  17 4  13 

1 2 2  5 1 7  

2  28 8  21 

3  34 10 27 

4 4 3 1 2 3 3  

6  49 16 39 

8 5 5 1 8 4 3  

9 58 20 47 

9 5 7 1 9 4 5  

7  53 17 41 

6  47 15 36 

4  41 12 32 

3 3 3  8 2 7  

2  31 6 23 

2  28 5  20 

1  26 4  18 

1  25 4  18 

1  27 4 .  20 

1 3 0  5 2 2  

2  32 6  24 

3  35 8  27 
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Table 5 -  High  and  l ow percenti le values of wind  speed, in metres per second,  
for selected meridians (continued) 

80° E, July 

Geopotential  

alti tude H,  
krn 

O 

1  

2  

3  

4  

5  

6  

7  

8  

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

1 %  I  10%  

_ _ - -  

1 1 2 2 8  

1  17 3  12 

1  20 3  14 

1  23 4  16 

1  25 4  18 

1  27 4  19 

1 3 1  5 2 2  

2 3 4  6 2 4  

2 3 8  7 2 7  

2  42 8  31 

2 4 8  9 3 5  

3 5 4  9 3 9  

3 5 3  7 3 7  

3 4 6  7 3 2  

2  37 6  27 

2 3 0  5 2 2  

2  24 4  19 

2 2 2  4 1 7  

2 2 0  3 1 5  

1  19 3  14 

1  19 3  14 

1  21 3  15 

1 2 2  3 1 6  

1  24 4  17 

1  25 5  19 

p = 60° 

1 %  I  10%  

1  18 3  13 

1  19 3  14 

1  20 3  14 

1 2 2  3 1 6  

1  25 4  18 

1  28 4  20 

2 3 1  5 2 2  

2 3 4  6 2 4  

2  37 6  26 

2  37 6  26 

1 3 4  6 2 4  

1 3 1  5 2 2  

1 2 9  4 2 0  

1  26 4  19 

1 2 3  3 1 7  

1  21 3  16 

1  19 3  15 

1  18 3  13 

1  17 3  13 

1  17 3  12 

1  17 3  12 

1  18 3  13 

1  21 3  15 

1 2 2  4 1 6  

1  24 4  18 

p = 70' 

1 %  I  10%  

1  18 3  11 

1  20 3  14 

1 2 2  3 1 6  

1  25 4  19 

1 2 9  4 2 1  

1 3 3  6 2 4  

1 3 8  7 2 8  

2 4 3  7 3 2  

2 4 7  7 3 4  

2 4 6  7 3 2  

I  39 6  26 

1 3 0  5 2 2  

1  25 4  19 

1  21 3  16 

1  18 3  13 

1  15 2  1 1  

1  13 2  10 

1  12 2  10 

1  12 2  10 

1  12 2  10 

1  13 2  10 

1  13 2  10 

1  14 3  1 1  

1  15 3  1 1  

1  15 3  12 

p = 800 

1  18 3  13 

1  21 .  4  15 

1  24 4  17 

1  27 4  20 

1 3 0  5 2 2  

1  33 5  25 

1 3 6 6 2 9  

2 4 3  7 3 3  

2 4 9  8 3 5  

2 4 8  8 3 3  

1 3 9  7 2 6  

1 3 0  5 2 2  

1 2 6  4 1 9  

1 2 2  3 1 7  

1  19 3  14 

1  16 2  12 

1  14 2  1 1  

1 1 3 2 9  

1 1 2 2 8  

1 1 1  2 7  

1 1 0 2 7  

1 1 0 2 7  

1 1 0 2 7  

1 1 1  2 7  

1 1 1  2 8  
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Table 5 -  High  and  l ow percenti le values of wi nd  speed, in metres per second, 
for selected meridians (continued) 

ZOO E,  January 

Geopotential  
al ti tude H,  

km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

1 2 

13 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

u, = O0 

1 0 % 

O 9 0 6  

2 1 3 3 1 0 

2 1 6 4 13 

2 1 6 3 1 2 

1  1 5 2 1 1  

1  15 2 1 1  

1  1 6 2 1 2 

1  1 6 3 1 2 

1  17 3 1 3 

1  1 9 3 13 

1 2 3  4 1 4  

1  25 4 17 

1  25 4 1 8 

1  25 4 18 

1  24 4 18 

1  24 4 1 8 

1 2 2  4 1 7  

1  21  3 1 6 

1  20 3 1 5 

1  20 3 1 5 

1  21  3 1 5 

1  23 3 1 6 

1  25 4 1 8 

1  28 4 20 

1 3 0  4 2 2  

(0 = 100 

7 q T F  

1  13 4 10 

1 1 2 3 9  

1 1 2 2 9  

1  13 2 1 0 

1  1 4 2 1 1  

1  16 2 12 

1  20 3 1 4 

1 2 2  3 1 6  

1  26 4 1 8 

1  30 4 20 

1 3 4  5 2 4  

1  36 6 26 

1 3 5  5 2 5  

1 3 2  5 2 2  

1  28 4 1 8 

1  24 3 16 

1 2 3  3 1 6  

1  23 3 1 6 

1  23 4 1 6 

1  24 4 1 7 

1  25 4 1 7 

1  25 4 1 8 

1  26 4 1 9 

1  28 4 20 

1 3 0  5 2 2  

fp = 200 

-7-qTF 

1 1 2 2 6  

1  20 2 1 1  

1  24 3 1 4 

1  28 4 1 8 

2 3 2  6 2 2  

2 36 8 24 

4 40 1 0 30 

5 4 6 1 4 3 4  

6 52 1 6 40 

8 5 6 1 8 4 6  

8 61  1 9 50 

8 63 19 50 

8 60 18 46 

6 52 1 5 42 

6 46 14 37 

4 40 1 2 33 

4 36 1 0 28 

3 3 3  8 2 5  

2 3 0  6 2 2  

1  28 4 20 

1  26 4 1 8 

1  25 4 1 8 

1  24 4 17 

1  24 4 1 7 

1  24 4 1 7 

~ u, = 30° 

-T-l-TF 

_ _ _ _  

1  1 8 3 1 3 

1  23 4 1 6 

1  27 5 20 

2 33 6 25 

3 3 8  8 2 9  

3 45 1 0 34 

4 5 5 1 2 4 0  

5 62 1 5 45 

6 6 6 1 7 5 0  

7 72 18 56 

8 75 20 58 

9 76 21  60 

1 0 74 21  57 

9 70 21  55 

8 6 5 1 9 5 0  

7 60 1 8 45 

6 50 1 4 37 

5 43 10 32 

3 35 8 25 

1  27 5 20 

1  23 4 1 7 

1 2 2  4 1 6  

1  21  3 1 5 

1  1 9 3 1 4 

1  1 8 3 1 3 

u, = 40° 

1 %  I  1 0%  

1  16 3 1 1  

1  20 4 1 6 

1  26 4 18 

2 31  5 23 

2 36 6 26 

2 40 7 30 

3 4 6  8 3 4  

3 52 8 37 

3 5 6  9 4 0  

3 58 1 0 42 

3 5 8 1 0 4 3  

4 56 1 1  43 

4 52 1 0 40 

3 4 8  9 3 6  

3 4 4  8 3 4  

3 40 8 30 

3 3 %  7 2 6  

3 35 6 24 

2 3 3  6 2 3  

2 31  6 23 

2 32 6 24 

2 32 6 24 

2 34 6 25 

2 3 4  6 2 5  

2 36 6 26 
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Table 5 -  High and  low percenti le values of wind  speed, i n  metres  per second,  
for selected meridians (continued) 

20° E, January 
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Table 5 -  High  and  l ow percenti le values of  wind  speed,  in metres per second, 
for selected meridians (continued) 

Geopotential  
al ti tude H,  

km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

ZOO  E,  July  

(0 = O0 9 = 100 9 = 200 

1 %  1 0 % 1 %  1 0 % 1 %  10 % 

- I -  -  -  -  - - -  -  -  - I -  
1 8 2 6  1 1 1  1 7  1 1 2 3 8  

1 1 0  2 8 1 1 3  2 9 1 1 4  3 1 0  

1  1 4 2 1 0 1  1 5 3 1 1  1  1 8 3 1 3 

1  1 4 2 1 0 1  1 6 3 1 1  1  1 8 3 1 3 

1 1 3  2 9 1 1 6  2 1 1  1 1 8  3 1 2  

1 1 3  2 9 1 1 6  2 1 1  1 1 7  3 1 2  

1  1 4 2 10 1  1 6 2 1 2 1  1 7 3 1 2 

1  1 6 3 1 2 1  1 8 3 1 2 1  1 7 3 1 2 

1  20 4 1 4 1  1 9 4 1 4 1  17 3 12 

1  23 4 1 7 1  21  5 1 6 1  1 9 3 14 

1  28 5 21  1  24 6 1 8 1  24 4 18 

2 3 2  6 2 4  2 3 1  7 2 3  2 2 9  5 2 1  

2 35 7 26 2 35 8 27 2 32 7 24 

2 3 3  7 2 4  3 3 6  8 2 9  4 3 4  9 2 7  

1  31  6 22 4 37 9 30 5 36 1 1  29 

1  28 5 20 4 37 10 30 6 38 1 2 31  

1 2 9  4 2 0  4 3 7 1 1 2 9  6 3 8 1 3 3 1  

1  30 4 21  4 36 1 0 28 6 37 13 30 

2 32 5 22 3 36 1 0 28 6 36 13 29 

2 3 3  5 2 3  3 3 6  9 2 8  6 3 4 1 2 2 7  

2 33 5 24 3 37 9 29 6 33 1 2 27 

2 35 6 26 4 40 1 1  32 7 35 13 28 

2 35 6 26 5 41  1 2 33 8 35 1 4 29 

2 3 7  7 2 8  5 4 3 1 3 3 4  9 3 6 1 5 3 1  

3 38 8 29 7 45 1 5 37 1 1  37 17 32 

9 = 30' 

- _ - -  

1  15 3 1 1  

1  1 8 3 1 3 

1 2 2  4 1 6  

1 2 2  4 1 6  

1 2 2  3 1 6  

1  22 3 1 6 

1 2 3  3 1 7  

1  25 4 1 8 

1  27 5 1 9 

1  29 5 20 

1 3 0  6 2 2  

2 32 6 24 

2 3 3  6 2 4  

2 32 5 24 

2 3 0  5 2 2  

1  28 4 20 

1  26 4 1 9 

1  24 4 1 8 

1  23 4 1 7 

1 2 2  5 1 7  

3 2 3  7 1 8  

4 23 8 1 9 

5 23 9 1 9 

8 24 1 1  20 

1 0 24 13 21  

9 = 40' 

-1%)109/a 

I  I  I  

1  1 4 2 1 0 

1  17 3 1 3 

1 2 2  4 1 6  

1  24 4 1 8 

2 27 5 21  

2 3 1  5 2 3  

2 36 6 26 

3 4 0  6 3 0  

3 4 5  7 3 4  

3 4 9  9 3 7  

4 5 3 1 1 4 0  

4 55 1 2 42 

4 55 1 2 42 

4 51  1 1  39 

3 4 6  9 3 5  

2 4 0  8 3 0  

2 35 6 26 

1 3 0  5 2 2  

1  27 5 1 9 

1  24 4 1 7 

1  22 3 1 6 

1  21  3 .  1 6 

1 2 2  4 1 7  

2 2 2  5 1 7  

3 2 2  7 1 8  
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Table 5 -  High and  low percenti le values of wind  speed,  in metres per second, 
for selected  meridians (continued) 

20° E, July 
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1 4 8 5 3 9 0 3  0 0 4 3 5 2 3  3 r 

Table 5 -  High  and  l ow percenti le values of wind  speed,  in  metres per second,  
for selected meridians (continued) 

80° W, January 

Geopotential  

al ti tude H,  
km  

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2 

13 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 

lp = O0 

-7qTT 

1  13 3 1 0 

2 1 1  2 9 

1 1 0 2 7  

1 1 2 2 8  

1  14 2 1 0 

1  1 6 2 1 2 

1  1 8 3 1 4 

1  21  3 1 5 

1  23 4 17 

1  26 4 1 8 

1 2 9  5 2 0  

1  32 5 23 

1 3 0  5 2 2  

1  28 4 20 

1  25 4 18 

1 2 2  3 1 6  

1  20 3 14 

1  1 9 3 14 

1  1 8 3 1 3 

1  17 3 12 

1  1 5 2 11  

1  1 5 2 1 1  

1  17 3 1 2 

1  18 3 13 

1  19 3 1 4 

9 = 1 00 

'Tq-TF 

1  16 3 1 2 

1  15 3 1 0 

1  14 2 10 

1  16 2 12 

1  18 3 1 3 

1  20 3 1 5 

1  23 3 16 

1  26 3 18 

1  28 3 19 

1  31  4 21  

2 3 5  5 2 3  

2 36 6 25 

2 3 5  6 2 4  

2 3 3  5 2 2  

1  28 5 20 

1  23 3 1 8 

1  20 3 1 5 

1  19 3 1 4 

1  18 3 1 2 

1  17 3 12 

1  18 3 1 3 

1  1 7 3 1 2 

1  1 8 3 12 

1  1 8 3 13 

1  20 3 14 

9 = 200 

-EJTz- 

1  1 8 3 13 

1  1 8 3 12 

1  17 3 1 2 

1  1 9 3 1 4 

1 2 2  4 1 6  

1  25 4 1 8 

2 29 5 21  

2 3 3  6 2 4  

2 37 7 27 

3 40 8 30 

4 4 3  9 3 2  

4 4 6 1 0 3 4  

4 4 4 1 0 3 3  

3 41  9 31  

3 36 8 28 

6 3 3  7 2 5  

2 2 9  6 2 2  

2 25 5 18 

1  20 4 1 4 

1  1 6 2 1 0 

1  17 3 1 2 

1  16 2 1 2 

1  16 2 1 1  

1  16 3 1 2 

1  17 3 13 

lp = 30' 

-TqTT 

1  25 4 1 8 

2 27 4 20 

3 32 6 24 

3 37 7 28 

4 4 4 1 0 3 3  

5 49 13 37 

7 55 1 6 44 

8 62 1 8 49 

9 68 21  55 

1 0 73 23 59 

12 77 24 62 

1 3 76 26 61  

1 4 72 26 57 

1 4 65 25 54 

1 3 57 23 47 

1 0 52 20 42 

7 48 14 33 

5 37 1 0 24 

3 27 7 1 9 

2 21  4 1 4 

1  19 4 1 4 

1  1 7 3 13 

1  1 6 3 1 2 

1  14 2 1 0 

1 1 3 2 9  

lp = 400  

1 %  I  1 0%  

2 27 5 20 

3 3 4  6 2 5  

3 40 8 31  

3 48 10 36 

4 55 1 3 43 

4 64 14 47 

5 71  1 5 53 

5 76 1 6 58 

6 79 1 7 61  

7 80 1 8 63 

8 78 20 61  

8 74 21  57 

9 67 20 53 

9 62 1 9 48 

8 5 7 1 8 4 4  

7 52 1 7 40 

6 46 14 35 

5 42 1 2 31  

4 36 9 27 

3 31  7 23 

3 29 8 23 

3 26 8 21  

3 25 7 20 

3 2 2  7 1 8  

3 20 7 1 6 
I  
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Table 5 -  High  and  l ow percenti le values of wind  speed,  in  metres per second,  
for selected meridians (continued) 

N o W .  January 

Geopotential  
alti tude H,  

km 

= 50° 

1 %  I  1 0%  

_ _ _ -  

I  24 4  17 

2  27 5  19 

2  31 6  23 

2  36 6  27 

2  42 7  31 

3 4 6  8 3 5  

3 5 0  8 3 7  

3 5 3  9 3 9  

3 5 4  9 3 9  

3 5 2  9 3 8  

3 5 0  9 3 7  

3 4 9  9 3 6  

3 4 8  9 3 6  

3  47 9  36 

3  47 10 36 

3  46 10 35 

4  45 1 1  35 

4  45 1 1  35 

5  44 12 35 

5  44 12 35 

5  43 13 35 

5  43 13 35 

6  42 14 34 

7  42 14 34 

7  41 13 34 

1  20 3  14 

1 2 3  4 1 6  

1  26 4  19 

1  29 5  21 

1  31 5  23 

2  33 5  24 

2  35 6  26 

2 3 6  6 2 7  

2 3 4  6 2 6  

1  32 6  24 

1  32 5  23 

1 3 4  5 2 4  

1  36 6  25 

2 3 8  6 2 7  

2 4 0  7 2 9  

3  42 8  31 

4 4 5  9 3 4  

4  48 1 1  37 

5  52 13 39 

6 54 15 41 

5  54 14 42 

4  53 13 42 

4  55 13 42 

4  54 12 42 

4  54 12 41 

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

25 

47 

= 70° 

1 %  10 % 

1 2 0  3 1 4  

1 2 3  4 1 6  

1  26 4  18 

1  28 5  20 

1 3 1  5 2 3  

2 3 3  5 2 4  

2 3 4  5 2 4  

2  35 5  25 

1 3 4  4 2 5  

1  32 4  24 

1 2 9  4 2 1  

1  29 4  20 

1  29 4  20 

1 3 0  4 2 2  

1 3 2  5 2 3  

1  36 6  26 

2  42 7  30 

2 4 7  8 3 4  

3 5 3 1 0 3 9  

3  57 1 1  43 

3 5 4  8 3 9  

3 5 5  8 4 0  

3 5 7  9 4 1  

3 6 0  9 4 3  

3  63 10 45 

a, = 800 

_ _ _ -  

I  2 3 ,  4  16 

1  25 4  20 

1 2 9  5 2 1  

1  32 5  24 

2 3 4  5 2 5  

2 3 6  6 2 6  

2  37 6  27 

2  37 6  27 

2  36 6  26 

2 3 4  6 2 5  

2 3 3  6 2 4  

2 3 3  6 2 4  

~ 2  34 6  25 

2 3 6  6 2 6  

2 3 9  7 2 8  

3 4 3  8 3 2  

1 3  47 9  34 

4 5 0 1 1 3 8  

5  53 12 41 

5 5 4 1 2 4 0  



I S0  5878-1 982/Add.1 -1 983 (E)  

Table 5 -  High  and l ow percenti le values of wind  speed, in metres per second, 
for selected meridians (continued) 

80° W,  July 

Geopotential  

al ti tude H,  
krn  

O 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

48 

a, = O0 

1 %  I  10%  

- -  

1 6  

1 8  

1  1 1  

1  13 

1  15 

1  17 

1  18 

1  18 

1  18 

1  18 

1  18 

1  19 

1  19 

1  18 

1  17 

1  16 

1  15 

1  14 

1  14 

1  15 

1  17 

1  20 

1  23 

1  26 

1  29 

- -  

2 4  

2 6  

3 8  

3  10 

4  12 

4  13 

4  13 

4  13 

3  13 

3  13 

3  14 

3  14 

3  14 

3  13 

3  12 

2  1 1  

2  1 1  

2  10 

2  10 

2  1 1  

3 12 

3  14 

4  17 

4  19 

5 2 2  

v,  = 100 

1 %  I  10%  

-  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

2  

3  

5  

7  

9 

-  

6 

8  

1 1  

13 

15 

17 

18 

18 

18 

18 

18 

19 

19 

18 

17 

16 

15 

14 

14 

15 

20 

26 

32 

37 

42 

- -  

3 4  

3 6  

3 8  

3  10 

4  12 

4  13 

4  14 

3  13 

2  13 

2  13 

2  13 

3  14 

3  14 

3  13 

3  12 

3  12 

3  1 1  

3 1 1  

3 10 

4  10 

5  16 

7  20 

1 1  26 

14 31 

16 34 

rp = 20" 

1 %  I  10%  

- -  

3 16 

2  16 

1  16 

1  15 

1  15 

1  14 

1  15 

1  16 

1  17 

1  20 

1  21 

1  23 

1  24 

1  23 

1  20 

1  18 

1  19 

3  21 

5  23 

8  25 

1 1  27 

10 30 

9  31 

9 3 3  

8 3 4  

- -  

4  12 

4  12 

3  12 

3  12 

2  1 1  

2  10 

2  10 

2  1 1  

3 12 

3  13 

4  15 

4  17 

4  17 

4  16 

4  14 

4  13 

4  14 

6  16 

9  18 

12 21 

14 24 

14 25 

14 26 

14 28 

14 29 

= 30' 

1 %  I  10%  

- -  

1  14 

1  14 

1  14 

1  14 

1  14 

1  15 

1  17 

1  19 

1  21 

1  23 

1  25 

1  27 

1  28 

1  24 

1  19 

1  15 

1  16 

2  17 

3  18 

4  20 

6  20 

7 2 2  

8  23 

8  24 

9  25 

- -  

2  lo 

2  10 

2  10 

2  10 

2  10 

2  1 1  

2  12 

2  14 

3  15 

3  16 

4  18 

4  20 

4  20 

3  17 

3  14 

3  12 

4  12 

5  13 

7  14 

8  16 

9  17 

10 18 

1 1  20 

12 21 

13 21 

= 40' 

1 %  I  1 0 %  

1  18 3 12 

1  19 3  14 

1  21 4  16 

1  23 5  17 

2  26 5  19 

2 2 9  6 2 2  

2 3 4  7 2 5  

3  39 8  28 

3 4 4  9 3 2  

3 4 9  9 3 6  

3 5 4 1 0 4 0  

3  56 1 1  42 

3 54 1 1  41 

2  45 9  35 

2.  35 7  27 

1  26 5  19 

1  19 4  14 

1  16 3  12 

1  14 3  1 1  

1  13 3  10 

1  13 3  10 

1  14 3  1 1  

2  15 4  12 

2  16 5  13 

3  17 6  14 
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Table 5 -  High and  l ow percenti le values of wind  speed,  in metres per second, 
for selected meridians (concluded) 

ûûo W, July 

Geopotential  
al ti tude H,  

km 

O 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

1 2 

13 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

20 

21  

22 

23 

24 

25 
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H.  km  

-  20 -  1 5 -  1 0 - 5  O 5  1 0 1 5 

January July 

v,  1  vs 

2-v, 5-*- v x  

3- ar 6 -*--  or 

4  ----  

Figure 1  -  Mean  profiles of the wind  characteristics for the lati tude zone O -  20' N 
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H,  km 

-  1 5  - 5  O 5 10 1 5  2 0  25  30 V, o,  m/s 

January July 

VS 1  VS 

2-v, -5--v,  

4--- 

'r 
3- or 6-+-  

Figure 2 -  Mean  profiles of the wind  characteristics for the latitude zone 20 -  4ûo N 
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52 

H,  km  

I  

-  10 - 5  O 5  1 0 1 5 20 25 V,  o,  mls 

January July 

vs 1  vs 

2-v, 5-*v,  

4  ---  

3- ur 6 - * - u r  

Figure 3 -  Mean  profiles of the wind  characteristics for the lati tude zone 40 -  ûûo N 



i  

H,  krn 

. . I -  

- 5  O 5 10 1 5 20 25 30 

January July 

4 --  -  vs 
2-v, 5---vx 

. I  vs 

3  +ar 6 -*  -  ar 
Figure 4 -  Mean  profiles of the  wind  characteristics for the lati tude zone 60 -  80° N 

-  
V,  a,  m/s 
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Ti tle  

Tropical  

Subtropical  

INTERNATIONAL STANDARD I S 0  5878-1982 (E)  

Lati tude  Time  of  year 

15O Annual average 

30° N June-July and December-January 

Reference atmospheres for aerospace use 

1  Scope and  field  of application  

This  I n ternational  Standard  presents i n formation  on  the  
seasonal,  l ati tud inal ,  l ong i tud inal  and  day-to-day variabi l i ty  o f  
atmospheric  properties  a t  levels between  the  surface  and  
80 km.  

2 Basis 

The  systematic ( l ati tud inal  and  seasonal )  variation  o f  
atmospheric  properties  is shown  for  al ti tudes  up  t o  80 km  by  a 
fam i l y  of models,  compris i ng  th e  fo l l owi ng  reference  
atmospheres :  

I  Mid-latitude I  45O N I  June-July and December-January I  
I  Sub-Arctic I  ôOo N I  June-July and December-January I  

Cold and warm stratospheric- 
mesospheric regimes for 
December-January 

I  Arctic I  8oo N I  Same as sub-Arctic I  

Some  special  considerations  employed  i n  the  development  o f  
th is  fami ly o f  reference atmospheres are l i sted  below.  

a)  Wi th  the  exception  o f  the  1 5 O  lati tude  model ,  the  
reference atmospheres are considered  appl icable to  the  nor-  

thern  hemisphere on ly.  However,  it is bel ieved  that  they 
closely approximate  m id- lati tude  condi tions  i n  the  southern  
hemisphere.  

b )  The models  are defined  by temperatu real t i tude  profi les  
i n  wh i ch  the  vertical  g rad ients  o f  temperatu re  are constant  
w i th  respect t o  geopotential  al ti tude wi th i n  each  o f  a  
number o f  layers.  

c)  The  air is  assumed to  be a perfect gas, free  f rom  
moisture  and  dust.  

d )  The  molar mass o f  dry air,  M =  28,964 420 kg -kmo l - 1 ,  
i s  assumed t o  be  constant at al ti tudes  u p - to  80 km .  The  
speci fic  gas constant of dry  air R ,  is  equal  to  287,052 87 
J - K - l a k g - 1  (table  1 ) .  

e)  Characteristics such  as the  trade  inversion  i n  the  tropics  
and  the  wi n ter  surface i nversion  i n  Arcti c  and  sub-Arctic 
reg ions are included  i n  the  models.  

Table 1  -  Main  values used for the calculation 
of the reference atmospheres 

I  Symbol  I  Value I  SI  un i ts  of measurement 

gn 
M 

NA  

R* 

R 

9,806 65 
28,964 420 

602,257 x 1 024 

8 314,32 

287,052 87 

1  
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2.1  Basic  principles  

The numerical  values for the  various thermodynamic and  
physical  quanti ties used in  the  computations  o f  atmospheric 
properties  are the  same as those  used for  I S 0  2533, "Standard  
Atmosphere",  wi th  two  exceptions :  surface cond i ti ons  for  
each for the  reference atmospheres are based on  sea-level  
values o f  temperature,  pressure and  densi ty for  the  appropriate 
season and  lati tude,  and  the  values o f  the  acceleration  o f  free 
fal l  at  sea level  for  lati tudes other than  45O were obtained  f rom  
Lambert's  equation i i l ,  i n  wh i ch  gravi ty varies wi th  lati tude p:  

g% = 9,806 1 6 ( 1  -  0,002 637 3 COS 2~ + 0,000 005 9  COS^ 2 ~ )  
[m.s-21  

Values f rom  th i s  relationship,  along  wi th  surface temperatures 
and  pressures,  are g iven  i n  table  2. For 45' N, values o f  gov and  
rc0 are taken  f rom  I S 0  2533. 

2.2 The  hyd rostat i c  equat i on  and  t h e  perfect  

gas l aw  

Being  static w i th  respect t o  the  earth,  the  atmosphere is sub-  
ject t o  gravi tational  forces.  The cond i ti ons  o f  air i n  static 
equ i l ibrium  are speci fied  by  the  hydrostatic equation,  wh i ch  
relates air pressure p, densi ty e, acceleration  of free fal l  g and  
geometric al ti tude  h  as fo l l ows:  

- d p = e g d h  . . .  ( 1 )  

The perfect gas l aw relates air pressure t o  densi ty and  
temperature as fo l l ows:  

. . .  e R *  T 
p=-  

M 
(2 )  

R* 

M 
At  the  al ti tudes o f  interest,  -  = constant = R;  hence 

p = @ R T  .  .  .  (3)  

2.3 Geopoten t i a l  an d  g eometri c  al t i tudes;  
accel erat i on  o f  free  fa l l  

I n  considering  pressure d i stribu tion  i n  the  atmosphere,  it i s  con-  
venient to  i n troduce  the  gravi ty poten tial  or geopotential  @, 
wh ich  specifies th e  potential  energy o f  an  air particle  at  a g iven  
po i n t.  

Any  po i n t  having  coordinates x,  y,  z may be characterized  by a 
single value o f  the  geopotential  @íx,  y,  z ) .  The surface defined  
by  the  equation  @ (x,  y,  z )  = constan t  has the  same geopoten-  
tial  a t  al l  points  and  is cal led  a geopotential  surface.  When  mov-  
i ng  along  an  external  normal  f rom  any po i n t  on  the  surface @,, 
to  an  i n fi n i te ly  close po i n t  on  a second  surface where th e  
geopotential  is Q2 = @, + d@,  the  work performed  in  sh i ft i ng  
a u n i t  mass f rom  the  fi rst  surface t o  the  second  wi l l  be  

d@  = gíh ìdh  . . .  (4)  

hence 

By  d ivid ing  the  geopotential  @ by the  standard  acceleration  o f  
free fal l  gn, a quan ti ty  H w i t h  a d imension  of  l eng th  is obtained,  
where 

.  . .  (6)  

Expressed  in  metres,  the  value H is numerical ly equal  to the  
geopotential  al ti tude,  wh i ch  in  meteorology is measured  i n  so- 
cal led  standard  geopotential  metres;  hence th i s  value is cal led  
the  geopotential  al ti tude.  Mean  sea level  is taken  as a reference 
for  bo th  geopotential  and  geometric al ti tudes.  

From  equation  (6)  it can  be seen that  i n  order t o  relate 
geopotential  and  geometric al t i tude  it is necessary fi rst  t o  f i n d  a 
relation  between  the  acceleration  o f  free fal l  g,  and  th e  
geometric al ti tude  h. 

Table  2 -  Acce l era t i on  o f  f ree  fa l l  a t  sea  l evel  gow, nom i n a l  earth 's  rad ius  ru,  f rom  i11  and sea- l evel  t em pe ra t u re  

a n d  pressure  for  each  l at i tud i nal  a n d  seasonal  mode l  

Acceleration  Nomina!  earth's 
of free fal l  radius 

(o gow, m.s-2  r w I  km 

Lati tude 

15O 9,783 81  6 33734 

30° N 9,793 24 6 345,65 

45O N 9,806 65 6 356.77 

60° N 9,819 1 1  6 367.1 0 

80° N 9.830 51  6 376.56 

(5)  

Temperature T,  K Pressure p, kPa,  rnbar 

December-January June-Ju ly December-January June-Ju ly 

299,650 299,650 1 ,01 3250 x 1 8  1 ,01 3250 x 1 8  

283,1 50 297,1 50 1 ,020 500 1 ,014 O00  

272,650 291 ,1 50 1 ,01 8 O00 1 ,013 500 

256,1 50 282,1 50 1 ,01 3 000 1 ,01 0 200 

248,950 276,650 1 ,013 800 1 ,012 o00 

2 
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Gravi ty is  the  vector sum  of  the  gravi tational  attraction  and  the  
centri fugal  force  i nduced  by the  earth 's  rotation ;  it is therefore  
a  compl icated  funct i on  of  lati tude  and  the  radial  d istance  f rom  
the  centre  o f  the  earth,  and  the  expression  for  the  acceleration  
o f  free  fal l  is  general ly awkward  and  impractical .  However,  
al l owance  can  be  made for  the  centri fugal  forces,  wi th  su f-  
f i cien t  accuracy for  these reference atmospheres,  by  using  a 
fi cti t i ous  or nom inal  value o f  the  earth's radius,  rV,  a t  each  
lati tude.  The  acceleration  o f  free  fal l  g,(h) may be found  fo r  
each  height  and  lati tude  by  use o f  rlp wi th  Newton 's  l aw of  
gravi tation  :  

where  

rv 
and  is taken  f rom  table  2; 

is the  nom inal  radius of  the  earth  at  a  speci fic  lati tude  

is  the  acceleration  o f  free  fal l  a t  sea level  fo r  lati tude  p.  go, 

I n tegration  o f  equation  (61, after substi tu t i ng  fo r  g&h)  from  
equation  (71, gives the  fo l l owi ng  relationsh ip  between  
geopotential  and  geometric  al ti tudes:  

(8) 

- r , - H  
gn 

The  radius  ru,  is a  f i cti t i ous  quanti ty,  the  meaning  o f  wh i ch  may 
be explained  i n  the  fo l l owing  way:  gravi ty,  being  the  vector 
sum  of  the  gravi tational  attraction  and  the  centri fugal  force  in -  
duced  by  the  earth's rotation ,  has a certain  potential ,  the  
geopotential .  Th is  potential  may be replaced  by  the  potential  o f  
a  non-rotating  homogeneous  sphere i n  such  a way that the  
gravi tational  attraction  a t  the  surface of  the  sphere is equal  to  
that  at  the  earth 's  surface both  i n  magn i tude  and  d i rection .  

Th is  condi tion  is  satisfied  i f  the  partial  derivatives of  g, wi th  
respect t o  h for  h = O i n  equation  (7)  and  i n  the  more  precise 
equation  (IO)  from  reference [ I l  are equal .  

g,(h) = golp -  (3,085 462 x 10-6 + 2,27 x 
x 10-9 cos 2p)h + (7,254 x 10-13 + 1.0 x 
x 10-15 COS 2pìh2 -  (1 ,517 x 10-19 + 6,O x 

x 10-22 COS 2 p ~ 3 ,  . . .  ( IO )  

where  h is  expressed  i n  metres  and  g i n  metres per second  
squared.  

The  partial  derivatives of  glp wi th  respect t o  h for  h = O are,  f rom  
equation  (IO)  :  

= -3,085462 x 
x 10-6 -  2,27 x 10-9 COS 2p .  .  .  (11) 

and,  f rom  equation  (7)  :  

. . .  (12) 

Equating  the  ri gh t-hand  sides of  (11) and  (121, we  have 

. . .  (13) 2 

3,085 462 x 10-6 + 2,27 x 10-9 cos 2p ru, = gop 

where  ru,  is  expressed i n  metres  and  go, i n  metres per second  
squared.  

The  values of  r(.  for  the  lati tudes  of  the  reference atmospheres 
are g iven  i n  table  2.  

3 Atmospheric models to  80 km  alti tude 

The reference atmospheres are defined  by  the  vertical  
temperatu re  profi les  fo r  each  lati tude  and  season [see clause 2, 
paragraph  b) ] .  Vertical  pressure and  densi ty d i stribu tions  were  
calcu lated  f rom  the  temperature-al ti tude  profi les  using  the  
hydrostatic equation  (1 )  and  the  perfect gas l aw (3) from  
clause 2 and  the  appropriate  mean  sea-level  values o f  pressure.  
Tables 3-15 of  the  temperatu re  and  other properties  o f  the  
reference atmospheres are g iven  i n  clause 6.  Brief descriptions  
o f  seasonal,  l ati tud inal ,  l ong i tud inal  and  day-to-day variations 
o f  temperatu re  and  densi ty are included  i n  clause 4.  

3. 1  Annua l  mode l  fo r  15O l a t i tu de  

A mean  annual  atmosphere  was  adopted  for 15" lati tude  as 
avai lable  observations  i nd icate  that  the  seasonal  variabi l i ty  of  
verti cal  profi les  o f  temperatu re  i n  the  tropics  is  relatively small .  
A  mean  annual  temperatu re  profi le  ( f i gu re  1 )  is  based  on  obser-  
vations  taken  at  Ascension  (8" S, 14O W),  Natal  (6"  S, 35O W),  
Ft.  Sherman  (9" N, 80" W),  Kwajalein  (9" N, 168" E),  Antigua 
(17"  N, 62" W),  Guam (14",  145O E) ,  Grand Tu rk (21"  N, 
71° W) and  research  vessels Voyeikov and  Shokalsky (20"  SI. 

Features typical  o f  the  thermal  structure  o f  the  tropical  atmo-  
sphere are shown  i n  f i gu re  1  and  i n  table  3. For example,  
routine  averaging  o f  mon th l y  temperature-al ti tude  data in -  
d icates as i sothermal  layer abou t  2 km  th i ck f rom  16 to  18 km.  
An  examination  o f  dai ly  observations,  however,  reveals a  sharp 
i nversion  a t  the  tropopause.  The  sharp inversion,  a  feature  
typical  o f  the  tropical  atmosphere,  has been  retained  and  ap- 
pears at  16,5  km,  the  mean  annual  al ti tude  o f  the  tropopause  a t  
15O lati tude.  

The  average al ti tude  and  magn i tude  of  the  trade  wi nd  inver-  
sion,  a  characteristic  o f  the  temperatu re  structure  between  
2 and  3 km,  over tropical  ocean  areas,  have also been  i ncluded  
i n  the  15" lati tude  temperature-al ti tude  profi le.  

3.2  Seasonal  models  fo r  3 0 , 45 , 6 0  and  80° N 

Temperature-al ti tude profi les  for  the  mean  December-January 
and  J une-Ju l y  atmospheres for 30, 45, 60 and  80° N  are 
presented  i n  f i gu re  1  and  table  16.  They are based  on  the  
temperatu re -a l t i tu d e  cross-sect i ons  i n  f i g u re  2.  The  
temperature  d istribu tions  shown  i n  f i gu re  2 for  levels below 

3 



I S 0  5878-1 982 (E)  

30 km  were derived  from  rou tine  radiosonde observations.  
Mean  northern  hemisphere values were computed  a t  various 
lati tudes  from  avai lable  summaries[21  by g iving  equal  weigh t  t o  
observed  and in terpolated  temperatu re  data at  each  1 0 degrees 
of  long i tude.  The  in i tial  pressures (sea-level  values for each 
atmosphere)  were obtained  f rom  month ly  normal  sea-level  
chartsl3.41  of the  northern  hemisphere.  

The temperature fi eld  between  30 and  50 km  is based  on  
meteorolog ical  rocket  measurements taken  at locations  shown  
i n  table  1 7. I nstrumentation  consists  primari ly of  parachute-  
borne telemetering  sets wi th  temperature-sensing  elements 
(bead  th e rm i s to rs  or  res i stance  w i res ) .  Therm i s to r  
measurements are subject to  large corrections and  uncertain-  
ties above 50 km.  Consequently the  thermistor data are used  
on ly for  al ti tudes up  t o  50 km.  The  temperature d istribu tions  
between  50 and  80 km  are based  primari ly  on  grenade,  fal l i ng  
sphere and  pressure gauge experiments taken  a t  locations  
shown  i n  table  1 8.  

Median  rather than  mean  values are  used since bimodal  
d istribu tions  of  temperature occur a t  h i gh  lati tudes  in  win ter i n  
the  upper stratosphere  and  mesosphere.  At  other times 
d istributions are nearly normal .  Dates of  observation  for the  
southern  hemisphere were adjusted  by six months  to  con form  
to  northern  hemisphere seasons.  

3.3 
mesospheri c  reg imes  for  60 and  80° N i n  
D ecem  ber-  J anuary  

Cold  and  wa rm  stratospheric  and  

In  Arctic  and  sub-Arctic regions,  sudden  warm ings  and  cool -  
ings of  the  win ter stratosphere and  mesosphere produce  large 
changes i n  the  vertical  structure  of  the  atmosphere.  The 
magn i tude  and  al ti tude  of  maximum  temperature change dur-  
ing  major warm ings  and  cool ings  vary considerably.  Some of  
the  largest changes have been observed  i n  the  upper 
stratosphere.  The  winter temperatu re  d istribu tions  i n  th is  
region  are bimodal  and  temperatures are normal ly much  lower 
or much  h igher than  the  seasonal  mean.  Observed  35 km  
temperatures,  for example,  have a range of  rough ly 75 K i n  
win ter compared  wi th  20 K i n  summer.  Consequently,  mean  
month ly  or seasonal  atmospheric models  for the  win ter months  
are of  l im i ted  value for  speci fiyng  the  temperature  i n  Arctic  and  
sub-Arctic reg ions as the  day-to-day variations  i n  temperature 
at many levels i n  the  stratosphere are as great as or greater than  
seasonal  or lati tud inal  changes.  

Vertical  temperatu re  profi les  representative  of  the  cold  and  
warm  stratospheric regimes that occur at  60 and  80° N in  
December and  January are shown  in  fi gure  3  and  table  1 9.  The  
profi les  for  the  warm  and  cold  models  a t  60 O  N were con-  
structed  from  temperatures derived  f rom  radiosonde,  rocket-  
sonde and  grenade observations taken  a t  Ft.  Greely,  Alaska 
(Mo  N, 146O W) ,  Ft.  Churchi l l ,  Canada (59O  N, 9 4 O  W)  and 
West  Geirin ish,  Scotland  (57O N, 7O W) .  The  80° N models are  
based on  observations taken  a t  Heiss I sland  (81O N, 5 8 O  E) .  

The warm  regimes are  arbi trari ly  defined  as periods when  the  
observed  temperature at  45 km  is wi th i n  k 2  K of  267 K, a 
value wh i ch  is equal led  or exceeded i n  1 ,  5, 20 and  30% of the  
observations a t  Ft .  Greely,  Ft.  Churchi l l ,  West  Geirin ish  and  
Heiss Island,  respectively.  
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The cold  reg imes are defined  as periods  when  the  observed  
temperature.at  45 km  at  60 O  N is wi th i n  k 2 K of  223 K, and  
that  a t  80° N is wi th i n  f 2 K of  232 K.  The temperatu re  of 
223 K is  equal led  or exceeded i n  98, 95, and  93% of  the  obser-  
vations  a t  West  Geirinish,  Ft.  Church i l l  and  Ft.  Greely respec- 
tively,  and  232 K is exceeded i n  80% of  the  observations f rom  
Heiss I sland  (223 K is equal led  or exceeded 90% of  the  time  at  
Heiss I sland) .  

I nd ividual  temperature sound ings  taken  a t  Ft .  Churchi l l ,  
Ft.  Greely,  West  Geirin ish  and  Heiss I sland  wh i ch  satisfied  the  
temperatu re  requ irements  for a particu lar model  a t  45 km  were 
averaged together to  obtain  a mean  temperature-al ti tude profi le  
between  8  and  80 km.  Mean  seasonal  condi tions  were  assumed 
below 9  km  as the  vertical  temperature  profi les  that  emerged at  
these levels were not  s ign i ficantly d i fferent from  those for the  
mean  seasonal  condi tions  at  60 and  80' N. Locations  and  dates 
of  sound ings  used  i n  the  construction  o f  the  warm  and  co l d  
models  are g iven  in  table  20.  Due to  the  sparsi ty o f  data above 
30 km  in  Arctic and  sub-Arctic regions,  the frequencies of  oc-  
currence of  the  warm  and  cold  models  a t  the  various locations 
are rough estimates. 

4 Tem po ra l  a n d  sp a t i a l  va r i a t i o n s  

4.1  Seasonal  and  l at i tud inal  variations  

Maximum  and m in imum  mean month ly  temperatures between  
the  surface and  80 km  do  not  occur at al l  lati tudes  and  levels i n  
the  same mon th  or season.  Consequently,  the  tabu lated  
temperatures for the  December-January and  J une-Ju l y  
reference atmospheres fo r  30, 45, 60 and  80° N (table  21 ) do  
not  represent extreme seasonal  temperatures a t  al l  al ti tudes.  
Nevertheless,  they do  provide  a  good  i nd ication  o f  the  
magn i tude  of  the  seasonal  and  lati tud inal  temperatu re  varia- 
b i l i ty  that  can  be expected  a t  levels between  the  surface and  
80 km .  

The maximum  and  m in imum  mean  seasonal  densi ties  and  
pressures between  the  surface and  80 km,  however,  normal ly 
occu r in  the  June-Ju ly  and  December-January periods  respec- 
t ively between  lati tudes  30 and  80° N  (table  22).  

At  locations  between  30 and  80° N, maximum  mean  month ly  
temperatures at levels below 25 km  usual ly occur i n  June  or 
Ju ly,  and  the  m in ima in  December or January.  I n  the  upper 
stratosphere,  however,  semi-annual  and  biennial  cycles com-  
pl i cate  the  annual  temperatu re  cycle.  The  magn i tude  of  tbe  
annual  cycle  is largest near the  poles,  decreasing  toward  the  
equator.  The  semi-annual  and  biennial  cycles are greatest near 
the  equator,  decreasing  toward  the  poles.  The  phases as wel l  
as the  ampl i tudes o f  these temperatu re  osci l lations  change w i th  
lati tude  and  al ti tude.  A t  m idd le  and  h i gh  lati tudes,  the  annual  
and  semi-annual  cycles tend  to  obscure  the  bienn ial  osci l la-  
tions.  

Observations show that  the  semi-annual  osci l lation  produces 
two  pronounced  maxima and  min ima wi th i n  the  annual  
stratospheric temperatu re  cycle  i n  tropical  and  sub-tropical  
reg ions.  North  o f  25O lati tude,  the  combined  annual  and  semi-  
annual  components  occasional ly sh i ft  the  t ime  o f  maximum  
temperature i n  the  upper stratosphere to  early J une  or May,  
and  the  m in imum  temperature  to  early December or November.  



However,  in  cases where  the  maximum  mean mon th l y  
stratospheric temperatures occu r i n  May rather than  J une  or 
J u l y  and  the  m in imum  i n  November rather than  December or 
January,  the  d i fferences  between  May and  J une  and  
November and  December values are on ly a few  degrees.  I n  the  
mesosphere,  above  60 -65  km,  the  maximum  mean month ly  
temperatures general ly occu r i n  December or January,  and  the  
m in imum  i n  J une  or Ju ly.  An  exception  occurs  at  Heiss Island,  
where  maximum  temperatures are observed  i n  late  November 
and  early December.  

The  vertical  d istribu tion  of  densi ty is  shown  for  the  1 5" lati tude 
mean  annual  atmosphere  and  the  December-January and  
J une-Ju l y  atmospheres fo r  30, 45, 60 and  80" N  i n  figure  4  as 
percentage departures f rom  the  I S 0  standard  densi ties.  The  
maximum  mean  month ly  densi ties at levels between  10 and  
80 km  and  lati tudes  30 to  80" N  occur i n  J une  or Ju ly,  and  
m in imum  values i n  December or January.  Near the  surface,  
pressures are usual ly h ighest i n  winter and  lowest i n  summer.  

main  small  at  low lati tudes  bu t  become as important  as those 
wi th  lati tude  and  season i n  Arct i c  and  sub-Arctic regions[lJ1 .  

A t  lati tudes  between  60 and  80" N, long i tud inal  variations i n  
the  mean  mon th l y  al ti tudes  o f  pressure su i faces  i n  the  lower 
mesosphere are greater than  2  500 m,  mean  month ly  
temperatu res  vary by 1 5 t o  20 K at  levels between  20 and  
35 km,  and  mean  mon th l y  densi ties  change by  1 5 to  20% at  
levels between  40 and  60 kmL141 . These d i fferences  reflect  the  
long i tud inal  asymmetry  i n  the  winter ci rcu lation  pattern  at h igh  
lati tudes.  The  Aleu tian  anticyclone and  the  d isplacement o f  the  
polar l ow  toward  the  Eurasian  continent are important  features 
o f  the  mean  mon th l y  ci rcu lation  patterns  up  t o  at  least 80 km  
during  the  northern  hemisphere winter[1 5l .  

5 Frequency distributions of observed 
temperatures and  densities 

The  level  o f  m in imum  seasonal  variabi l i ty  of  densi ty near 8 km  
represents the  f i rst  i sopycnic level  where  densi ty remains 
relatively constant th roughou t  the  year regardless o f  
geograph ic  location .  The  levels of  maximum  seasonal  and  
lati tud inal  variabi l i ty  i n  densi ty and  pressure are between  65 and  
75 km,  and  the  variabi l i ty  is greatest at  h i gh  lati tudes.  

4.2  Long i tud inal  vari at i ons  

I n  summer,  long i tudinal  variations  i n  the  structure  o f  the  at-  
mosphere are relatively smal l  a t  al l  lati tudes  compared  wi th  
seasonal  and  lati tud inal  changes for  levels u p  t o  80 km.  
I sotherms and  contour l ines o f  constant-pressure  charts  i n  the  
stratosphere  and  mesosphere paral lel  the  lati tude  circles,  and  
the  associated  ci rcu lation  pattern  is  symmetrical  abou t  the  
poles.  During  the  win ter season,  changes w i th  long i tude re- 

The  d istribu tions  of  observed  temperatures and  densi ties 
around  median')  values for  December-January and  June-Ju ly  
for  30, 45, 60 and  80O  N  and  annual  medians at 1 5" are shown  
i n  tables 21  and  22 respectively,  fo r  levels up  to  80 km .  Medians 
and  h i gh  and  l ow  values wh i ch  are equal led  or exceeded i n  1, 1 0 
and  20% of  cases are g iven  at  5  km  al ti tude  increments.  Den-  
si ties are g iven  as percentage departures f rom  the  I S 0  standard  
densi ties.  Distribu tions  fo r  levels be low 30 km  are based  on  
radiosonde observations  taken  i n  the  northern  hemisphere,  and  
those  above on  meteorolog ical  and  experimental  rocket obser-  
vations  f rom  locations  shown  i n  tables 1 7 and  1 8.  

Data are on ly provided  fo r  levels  u p  to  50 km  a t  1 5" as there  are 
insu fficient  observations on  wh ich  to  base temperature  and  
densi ty d istribu tions  above 50 km  i n  tropical  areas.  Confidence 
i n  the  d istributions decreases rapid ly above 50 km,  where  data 
are relatively sparse and  i nstrumentation  errors relatively large.  

" 1  The median is the percentile of 50% .  
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6 Tables of properties of the reference atmospheres 

NOTE -  A one- or two-digit number preceded by a plus of minus sign following each of  pressure and density indicates the power of ten by which that 
entry should be multiplied.  

Table 3 -  Mean  annual  values of characteristics at  1 5 O  
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Table 4 -  Mean  values of characteristics during December-January a t  30° N 
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Table 5 -  Mean  values of characteristics during June-July at  30° N 
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Table 6 -  Mean  values of characteristics during December-January a t  &O N 
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212,536 

208,438 

t 

OC 

-  0,50 
-  4.50 
-  8,50 
-  1 2,49 
-  1 8,48 

-24,48 
-  30,47 
-36,45 
-42.44 
-48,42 

-  54,41  
-  55,29 
-  56,09 
-  56,m 
-  57,68 

-  57,70 
-  57,70 
-  57,70 
-  57,70 
-  57,70 

-  53,42 
-  48,87 
-  M,32 
-  3933 
-  34,39 

-  29,25 
-24.1 2 
-  18,99 
-  13,86 
-  10,40 

-  10,40 
-1 1 ,32 
-  14.47 
-  17,62 
-  20,76 

-23,90 
-27,74 
-  31 ,86 
-3538 
-  40,09 

-  44,20 
-  48,31  
-  52,41  
-56,51  
-60,61  

-  64,71  

P 

hPa,  rnbar 

1 ,018 000 
8,972 965 
7,894 410 
6,932 257 
6,072 291  

5,302 482 
4,615 1 85 
4,003 243 
3,459 967 
2,979 1 1 7 

2,554 879 
1 ,870 1 75 
1 ,367 674 
9,992 378 
7,293 541  

5,321  437 
3,883 336 
2,834 438 
2,069 257 
1 ,510 942 

1 ,106 675 
8,159 1 76 
6,053 61  1  
4,518 989 
3,395 1 00 

2,566 753 
1 ,952 1 86 
1 ,493 329 
1 ,1 48 646 
8,879 803 

6,873 676 
5,320 918 
4,1 10 013 
3,1 65 1 79 
2,430 079 

1 ,859 846 
1 ,41 8 451  
1 ,077 o94 
8,1 41  625 
6,125 1 79 

4,585 691  
3,415 81 0 
2,531  o81  
1 ,865 337 
1 ,366 971  

03 
02 
02 
02 
02 

02 

02- 

02 
02 
02 

02 
02 
02 
o1  
o1  

o1  
o1  
o1  
o1  
o1  

o1  
O0 

O0 

O0 

00 

O0 

00 

O0 

O0 

-  o1  

-  o1  
-  o1  
-  o1  
-  o1  
-  o1  

-  o1  
-  o1  
-  o1  
-  02 
-  02 

-  02 
-  02 
-  02 
-  02 
-  02 

9,959 045 -03 

e 

1 ,30071 0 O0 

1 ,163 553 00 
1 ,039 1 58 00 
9,265 002 -01  
8,306 561  -01  

7,428 269 -01  
6,625 005 ,  -01  
5,891  946 
5,224 480 
4,618 1 88 

4,068 852 
2,990 506 
2,195 008 
1 .609 602 
1 ,179 204 

8,604 398 
6,279 O89 
4,583 o91  
3,345 847 
2,443 o89 

1 ,754 596 
1 ,267 334 
9,215 780 
6,738 51 2 
4,953 632 

3,666 1 57 
2,730 876 
2,046 823 
1 ,543 253 
1 ,177 331  

9,1 1 3 484 
7,079 676 
5,535 059 
4,315 095 
3,354 1 93 

2,599 465 
2,013 559 
1 ,555 o81  
1 ,195 864 
9,155 594 

6,977 505 
5,292 389 

3,994 538 
2,999 616 
2,240 608 

1 ,664 481  

-  o1  
-  o1  
-  o1  

-  o1  
’  -01  
-01  
-  o1  
-01  

-  02 
-  02 
-  02 
-  02 
-  02 

-  02 
-  02 
-03 

-  03 
-03 

-  03 
-  03 
-  03 
-  03 
-  03 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-  05 

-  05 
-  05 
-  05 
-  05 
-  05 

-  05 
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h 

m 

O 

1 000  

2000 
3000 
4000 

5000 
6000 
7000 
8000  
go00  

1 0 o00 

1 2 000 
1 4 000 
1 6 o00 
1 8 000 

20 o00 
22000 
24 O00 
26 000 
28 000 

30 000 
32 o00 
34000 
36 o00 
38 000 

40 000 
42 000 
44000 
46 000 
48000 

50 000 
52 000 
54000 
56 000 
58 000 

60 o00 
62 000 
64000 

66 000 
68000 

70 000 
72 000 
74 000 
76 000 
78 000 

80 000 

Table 7 -  Mean  values of characteristics during June-July at  4 5 O  N 

H 

m 

O 

1  000 

1  999 
2 999 
3 997 

4 996 
5 994 
6 992 
7 990 
8 987 

9 984 
1 1  977 
1 3 969 
1 5 960 
1 7 949 

1 9 937 
21  924 
23 91 0 
25 894 
27 877 

29 859 
31  840 
33 81 9 
35 797 
37 774 

39 750 
41  724 
43 698 
45 670 
47 640 

49 61 0 
51  578 
53 545 
55 51 1  
57 476 

59 439 
61  401  
63 362 
65 322 
67 280 

69 238 
71  1 94 
73 1 48 
75 1 02 
77 055 

79 006 

T 

K 

291 ,1 50 

286,651  

282,1 53 
276,1 58 
270,1 65 

264,174 
258,1 84 
252,1 96 
246,21 0 
240,226 

234,244 
222,286 
21 6,1 50 
21 6,1 50 
217,289 

21 9,675 
222,059 
224,442 
227,538 
231 ,504 

235,468 
240,1 65 
244,91 6 
249,663 
254,408 

259,1 50 
263,888 
268,624 
273,357 
276,550 

276,550 
275,047 
269,933 
264,821  
259,71 3 

254,609 
246,985 
238,357 
229,734 
221 ,1 1 7 

212,505 
205,569 
1 99,705 
1 93,844 
1 87,986 

1 82,1 33 

t 

O C  

18,OO 
1 3,50 

9,m 
3.01  
-  2.98 

-  8.98 
-  14,97 
-  20.95 
-  26.94 
-  32.92 

-  38.91  
-  50.86 
-  57.00 
-  57,oo 
-  55,86 

-  53,47 
-  51  ,O9 
-48,71  
-45,61  
-  41 ,65 

-  37/58 
-  32.98 
-  28.23 
-  23.49 
-  18,74 

-  14,oO 
-  9.26 
-  4,53 
0,21  

3.40 

3.40 
1 .90 
-  3.22 

-  1 3.44 

-  1 8 , s  
-26,1 6 
-  34.79 
-  43,42 
-  52,03 

-  60.64 
-  67, s  
-  73.44 
-  79,31  
-85.1 6 

-91 .02 

-  8.33 

P 

hPa,  mbar 

1 ,013 500 
9,004 805 

7,985 996 
7,066 750 
6,236 801  

5,489 1 41  
4,817 1 78 
4,214 71 4 
3,675 938 
3,195 402 

2,768 01 2 
2,053 950 
1 ,502 602 
1 ,096 999 
8,01 3 558 

5,872 381  
4,318 617 
3,1 87 O07 
2,360 41 6 
i  ,757 078 

1 ,31 4 769 

9,891  545 
7,484 71  1  
5,694 896 
4,356 1 68 

3,349 228 
2,587 762 
2,008 934 
1 ,566 736 
1 ,227 01 5 

9,620 223 
7,542 266 
5,893 773 
4,584 636 
3,549 443 

2,734 507 
2,093 902 
1 ,588 737 
1 ,1 93 453 
8,869 240 

6,51 5 1 94 
4,730 01 2 
3,401  890 
2,423 285 
1 ,708 683 

1 ,1 91  828 

03 
02 

02 
02 
02 

02 
02 
02 
02 
02 

02 
02 
02 
02 
o1  

o1  
o1  
o1  

o1  

o1  

o1  
O0 
O0 

O0 
O0 

O0 

O0 

O0 

O0 

O0 

-  o1  
-  o1  
-  o1  
-  o1  
-  o1  

-  o1  
-  o1  
-  o1  
-  o1  
-  02 

-  02 
-  02 
-  02 
-  02 
-  02 

-  02 

e 

kg .m-3  

1 ,212 677 

1 ,094 357 

9,860 1 33 
8,914 549 
8,042 1 24 

7,238 575 
6,499 823 
5,821  939 
5,201  1 58 
4,633 881  

4,1 16 585 
3,218 967 
2,421  737 
1 ,768 028 
1 ,284 771  

9,312 628 
6,775 082 
4,946 723 
3,613 868 
2,644 051  

1 ,945 1 61  
1 ,434 802 
1 ,064 624 
7,946 373 
5,965 020 

4,502 277 
3,416 1 91  
2.605 307 
1 ,996 659 
1 ,545 661  

1 .21  1  852 
9,552 852 
7,606 347 
6,031  006 
4,761  061  

3,741  485 
2,953 41  1  
2,322 O01 
1 ,809 747 

1 ,397 343 

1 .068 063 
8,01 5 71 9 
5,934 31  1  
4,355 028 
3,1 66 453 

2,279 625 

00 

00 

-  o1  
-  o1  
-  o1  

-  o1  
-  o1  
-  o1  
-  o1  
-  o1  

-  o1  
-  o1  
-  o1  
-  o1  
-  o1  

-  02 
-  02 
-  02 
-  02 
-  02 

-  02 

-  02 
-  02 

-  03 
-  03 

-  03 
-  03 
-  03 
-  03 
-  03 

-  03 
-04 
-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 
-  05 
-  05 
-  05 
-  05 

-  05 
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h 

m 
s_l 

O 

1000 

2  o00 

3000 

4000 

5000 

6000 

7000  

8  O00  

9 o00 

10 000 

12 000 

14 000 

16 000 

18 000 

20 000 

22 000 

24 000 

26 O00  

28 O00  

30 000 

32 o00 

34 o00 
36 000 

38 000 

40 O00  

42 000 

44000 

46000 

48000 

50 000 

52 000 

54 O00 

56 000 

58 O00  

60 O00  

62 000 

64 O00 

66 o00 

68000 

70 000 

72 000 

74 o00 

76 o00 

78 o00 

80 o00 

-  

5 8 7 8 - 8 2  3 4853903  0 0 4 354 8  3  I- 

Table 8 -  Mean  values of characteristics during  December-Januar 

H 

rn 

O 

1  O01 

2  002 

3  002 

4  003 

5  002 

6  002 

7  O01 

8  000 
8  999 

9 997 

1 1  993 

13 987 

15 980 

17 972 

19 963 

21 952 

23 940 

25 927 

27 913 

29 897 

31 880 
33 862 

35 843 

37 823 

39 801 

41 778 

43 754 

45 728 

47 701 

49 673 

51 644 

53 614 

55 582 

57 549 

59 515 

61 480 

63444 

65 406 

67 367 

69 327 

71 285 

73 243 

75 199 

77 154 

79 108 

T 

K 

256,150 

258,146 

254,142 

250,137 

244,636 

239,137 

233,639 

228, 143 

222,649 

217, 157 

217,150 

217, 150 

217, 150 

216,660 

215,664 

21 4, 669 

213,674 

212,680 

212, 799 

214, 189 

215,578 

216,966 

218,354 
221.089 

225,642 

230,192 

234,739 

239,283 

243,825 

248,363 

251,350 

250, 706 

248, 736 

246, 768 

244,801 

242, 835 

240,870 

238,906 

236,944 

234,983 

233,023 

231,065 

229,107 

227,151 

225,196 

223, 242 

t 

O C  

-  17.00 

-  15.00 

-  19,Ol 

-23, Ol 

-  28.51 

-  34.01 

-39,51 

-  45.01 
-  %,50 

-  55.99 

-  56.00 

-  56.00 

-  56,00 

-  56.49 

-  57.49 

-  58.48 
-  59.48 

-  60,47 

-60.37 

-  58,96 

-  57.57 

-56.18 

-  54.80 
-  52,06 

-  47,51 

-  42.96 

-  38,41 

-  33,87 

-29, 32 

-  24,79 

-  21,80 

-  22.44 
-24,41 

-26, 38 

-  28,35 

-  30.31 

-  32,28 

-  32,24 
-  36,21 

-38, 17 

-40, 13 

-  42,08 
-44, 04 

-  46,m 
-  47.95 

-  49.91 

I S 0  5878-1982 (E)  

a t  Wo  N 

P 

hPa, mbar 

1,013 o00 

8,868 449 

7, 760 259 

6, 776 458 

5,902 222 

5, 124 874 

4, 435 517 

3,825 879 

3,288 318 

2, 815 750 

2, 406 499 

1,758 055 

1,284 591 

9,386 566 

6,851 527 

4, 994 837 

3, 636 671 

2, 644 420 

1,921 169 

1,398 203 

1,019 889 

7, 455 902 

5, 462 602 
4, 012 477 

2, 964 307 

2, 203 638 

1,647 996 

1,239 565 

9, 375 287 

7, 128 723 

5, 446 827 

4, 166 374 

3, 182 256 

2, 425 802 

1.845 465 

1,401 113 

1,061 557 

8, 026 052 

6, 055 290 

4,558 557 

3, 424 239 

2, 566 429 

1,919 143 

1,431 797 

1,065 701 

7,913 192 

03 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

o1 
o1 

o1 
o1 
o1 

o1 

o1 

o1 

O0 

O0 

O0 

O0 

O0 

O0 

O0 

-  o1 

-  o1 

-  o1 
-  o1 
-  o1 
-  o1 
-  o1 

-  o1 
-  o1 
-  02 

-  02 
-  02 

-  02 
-  02 

-  02 

-  02 

-  02 

-  03 

e 

kg. rn-3 

1,377 695 

1,196 798 

1,063 744 

9, 437 636 

8, 404 919 

7, 465 779 

6,613 581 

5.841 997 

5, 145 059 

4,517 O84  

3, 860 682 

2,820 401 

2,060 834 

1,509 268 

1,106 746 

8, 105 706 

5,929 124 

4,331 538 

3, 145 098 

2, 274 108 

1,648 110 

1,197 143 

8, 715 197 

6, 322 421 

4, 576 586 

3, 334 944 

2,445 733 

1,804 660 

1,339 508 

9, 999 140 

7,549 232 

5,789 381 

4,456 916 

3, 424 563 

2,626 223 

2, 010 021 

1,535 319 

1,170 341 

8, 902 81 1  

6,758 167 

5,119 209 

3,869 314 

2,918 143 

2,195 861 

1,648 590 

1,234 847 

00 

00 

00 

-  o1 
-  o1 

-  o1 
-  o1 
-  o1 
-  o1 
-  o1 

-  o1 

-  o1 
-  o1 
-  o1 
-01 

-  02 
-  02 
-  02 
-  02 
-  02 

-  02 
-  02 
-  03 
-03 

-  03 

-  03 
-  03 
-  03 
-  03 
-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-  05 
-  05 

-  05 
-  05 
-  05 
-  05 
-  05 

-  05 
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Table 9 -  Values of charac 

h 

rn 

O 

1 000  

2000  

3000  

4000 

5000 

6000 

7000  

8000  

9000 

10 000 

12 000 

14 000 

16 000 

18 000 

20 000 

22000 

24 000 

26 000 

28 000 

30 000 

32 000 

34000 

36 000 

38000 

40000 

42 000 

44000 

46000 

48000 

50000 

52 000 

54000 

56000 

58000 

60000 

62 000 

64000 

so00 

68000 

70 000 

72 000 

74 000 

76 000 

78 000 

80 000 

eristics for cold  stra osph 

O 

1  O01 

2 002 

3  002 

4 003 

5  002 

6 002 

7 O01 

8000  

8 999 

9 997 

11 993 

1 3  987 

1 5  980 

17 972 

19 963 

21 952 

23  940 

25  927 

27 913 

29 897 

31 880 

33 862 

35  843 

37 823 

39 801 

41 778 

43 754 

45 728 

47 701 

49 673 

51 644 

53 614 

55 582 

57 549 

59 515 

61 480 
63  444 

65 406 

67 367 

69 327 

71 285 

73  243 

75 199 

77 154 

79 108 

256,150 

258,146 

254,142 

250,137 

244,636 

239,137 

233,639 

228,143 

222,649 

21 7,157 

218,147 

220,143 

222,137 

223,150 

223,150 

223,150 

222,174 

221,180 

220,186 

219,194 

218,201  

217,210 

216,219 

216,887 

217,679 

218,470 

219,261  

220,051  

228,099 

237,176 

243,150 

243,150 

243,150 

243,150 

243,150 

243,150 

243,150 

243,150 

245,962 

249,884 

253,804 

252,965 

249,637 

246,312 

242,988 

239,667 

ri  and m sosph 
~ 

t 

O C  

-  17,W 

-  15,00 
-  19,Ol 
-23,Ol 

-28,51  

-  34,Ol 

-  39,51  
-  45,Ol 
-50, 50 

-  5539  

-  55,00 
-  53,Ol 

-  51 ,O1 

-  50,00 
-  50,00 

-  50,00 
-  %,98 

-  51,97 
-  52,96 
-  53,96 

-  54,95 
-  55,94 

-  56,93 

-  56,26 
-  55,47 

-  54,68 
-  53,89 

-53.10 

-  45.05 
-  35,97 

-30,00 

-  30,oO 
-  30,Oo 
-  30,OO 

-  30,Oo 

-  30,00 

-  30,00 

-  30,Oo 
-27,19 

-  23,27 

-  19,35 
-20,18  

-  23,51  

-  26,84 
-30,16 

-  33,48 

ric regime i n  Decemb r- J nuary a ôûo N 

P 

hPa, mbar 

1 ,013  O00 

8,868 449 

7,760 259 

6,776 458 

5,902 222 

5,124 874 

4,435 517 

3,825 879 

3,288 318 

2,815 750 

2,407 363 

1 ,763 716 

1 ,296 o41 

9,548 707 

7,038 933  

5,189 817 

3,824 683 

2,815 320 

2,069 876 

1 ,519 991 

1 ,1 14842 

8,166 893 

5,975 400 

4,371  443 
3,202 279 

2,348 920 

-1 ,725 232 

1 ,268 798 

9,383  599 

7,022 675 

5,311  O22 

4,026 413 

3,053 046 

2,315 385 

1,756 256 

1 ,332 378 

1 ,010 977 

7,672 377 

5,830 224 

4,449 631  

3,410 843 

2,621  460 
2,008 982 

1 ,534 373 

1 ,167 802 

8,856 248 

03  

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

o1 

o1  

o1 

o1 

o1 

o1 

o1 

o1 

O0 
00 

O0 
O0 

O0 

00 

00 

-  o1 

-01  

-  o1 

-  o1 
-  o1 
-  o1 

-  o1 

-  O1  

-  o1 
-  02 
-  02 
-  02 

-  02 
-  02 
-  02 

-  02 
-  02 

-  03 

e 

kg - tw3  

1 ,377 695 

1,196 798 

1 ,063 744 

9,437 636 

8,404 919 

7,465 779 

6,613 581 

5,841  997 

5,145 059 

4,517 O84 

3,844 417 

2,791  018 

2,032 524 

1.490 685 

1 ,098 874 

8,102 020 

5,997 o89 

4,434 251 

3,274 854 

2,415 746 

1 ,779 894 

1 ,309 832 

9,627 457 

7,021 484 
5,124 845 

3,745 536 

2,741  095 

2,008 660 

1 ,433 124 

1 ,031  500 

7,609 252 

5,768 755 

4,374 185 

3,317 318 

2,516 238 

1 ,908 935 

1 ,448 456 

1 ,099 243 

8,257 637 

.6,203  316 

4,681  685 

3,610 115 

2,803 526 

2,170 121 

1 ,674 257 

00 

00 

00 
-  o1 

-  o1 

-01 

-  o1  
-  o1 

-  o1 

-  o1 

-  o1 
-  o1 
-  o1 
-  o1 
-  o1 

-  02 
-  02 
-  02 
-  02 
-  02 

-  02 

-  02 

-  03 
-  03 
-  03  

-03 

-  03 

-  03 
-  03 

-  03  

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-  05 
-  05 

-  05 
-  05 
-  05 

-  05 
-  05 

1 ,287 300 -05  

c 
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5 8 7 8 - 8 2  

I S 0  5878-1 982 (E)  

Table 10 -  Values of characteristics for warm  stratospheric and mesospheric regime in  December-January at  60° N 

m 

O 

1  000 
2 O00 
3 O00 

4 O00 

5 O00 

6 000 

7 000 

8 000 

9 O00 

10 o00 

12 O00 

14 O00 

16 000 

18 O00 

20 000 

22 O00 

24 O00 
26 O00 
28 000 

30 O00  

32 O00 

34 O00 

36 O00 

38 000 

40 O00  

42 O00 

44 000 

46 o00 

48 000 

50 000 

52 O00 

No00  

56 O00 

58 o00 

60 O00  

62 o00 

64 O00  

66 O00 

68O00 

70 000 

72 o00 

74 o00 

76 O00  

78 o00 

80 O00  

m 

O 

1  O01 

2 002 

3  002 

4 003 

5  002 

6 002 

7 O01 

8 000 
8 999 

9 997 

1 1  993 

13 987 

15 980 

17 972 

19 963 

21 952 

23 940 

25 927 

27 913 

29 897 

31 880 

33 862 

35  843 

37 823 

39 801 

41 778 

43 754 

45 728 

47 701 

49 673 

51 644 

53 614 

55 582 

57 549 

59 515 

61 480 

63 444 

65 406 

67 367 

69 327 

71 285 

73 243 

75 199 

77 154 

79 108 

T 

K 

256,150 

258,146 

254,142 

250,137 

244,636 

239,137 

233,639 

228,143 

222,649 

217,157 

217,150 

217,150 

217,150 

21 6,170 

214,178 

213,150 

213,150 

213,150 

220,859 

228,801  

236,739 

244,672 

252,600 

260,522 

262,973 

264,951  

266,928 

267,150 

267,150 

267,150 

262,966 

258,039 

253,115 

248,194 

243,276 

238,362 

233,450 

228,541  

223,635 

218,733 

213,833 

208,937 

204,043 

199,153 

194,265 

189,381  

t 

O C  

-  17,00 
-  15.00 

-  34,Ol 

-  23.01 
-28,51  

-34,Ol 

-39.51  

-  45.01 

-  50.50 

-  55,99 

-  56,W 

-  56,W 

-  56.00 
-  56.98 

-  58.97 

-  60.W 

-  60.00 

-  60,O0 
-  52,29 

-  44.35 

-  36,41  

-  28.48 

-  20.55 

-  12.63 

-  10,18  

-  8,20 
-  6,22 

-  6,OO 
-  6.00 
-  6,OO 

-  10,18 

-15.11  

-  20,03 

-  24.96 

-  28.97 

-  34.79 

-  39.70 

-  44.61 

-49,51  

-  54.42 

-  59,32 

-  64.21  

- 69 , l l  

-  74.00 

-  78.88 

-  8 3 , n  

P 

hPa,  mbar 

1 ,013  O00 

8,868 449 

7,760 259 

6,776 458 

5,902 222 

5,124 874 

4,435 517 

3,825 879 

3,288 318 

2.81  5  750 

2,406 499 

1 ,758 055 

1 ,284 591 

9,384 925 

6,840 422 

4,973 827 

3,615 873  

2,629 192 

1 ,922 591 

1 ,421  792 

1 ,062 516 

8,018  305 

6,106 657 

4,690 837 

3,623 584 

2,805  074 

2,175 935 

1 ,690 o96 

1,312 957 

1 ,020 135 

7,914 038 

6,111  471 

4,696 791 

3,591  563 

2,732 166 

2,067 193 

1 ,555 282 

1 ,1 63  292 

8,647 901 

6,387 914 

4,687 159 

3,415 310 

2,470 465 
1 ,773  386 

1 ,262 818 

03 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

o1 

o1 

o1 

o1 

o1 

o1 

o1 

o1 

O0 

O0 

O0 

O0 

O0 

O0 

00 

O0 

O0 

-  o1 
-  o1 
-  o1 
-  o1 
-  o1 

-  o1 

-  o1 

-  o1 

-  02 
-  02 

-  02 
-  02 

-  02 

-  02 

-  02 

8,916 933 -03  

e 

kg . rn -3  

1 ,377 695 

1 ,196 798 

1 .063 744 

9,437 636 

8,404 919 

7,465 779 

6,613  581  

5,841  997 

5,145 059 

4,517 O84 

3.860 682 

2,820 401 

2,060 834 

1 ,512 425 

1 ,112 618 

8,129 118 

5,909 707 

4,297 097 

3,032 568 

2,164 789 

1 ,563 521 

1,141  660 

8,421  882 

6,272 541 

4,800 274 

3,688 223 

2,839 817 

2,203 913 

1 ,712 117 

1 ,330 273 

1 .048 422 

8,250 838 

6,464 293 

5,051  153 

3,912 419 

3,021  225 

2,320 886 

1 ,773 220 

1,347 127 

1 ,017 381 

7,636 122 

5,694 477 

4,217 887 

3,102 097 

2,264 560 

1 ,640 279 

00 

00 
00 

-  o1 

-  o1  

-  o1 
-  o1 
-  o1 
-  o1  
-  o1 

-  o1 
-  o1  
-  o1 
-  o1 
-  o1 

-  02 
-  02 
-  02 
-  02 
-  02 

-  02 
-  02 

-  03 
-  03 
-  03 
-  03 
-03  

-  03 
-03  

-  03 

-  03 
-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-  05 
-  05 
-  05 
-  05 
-  05 

-  05 

1 3 
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Table 11  -  

h 

m 

O 

1 000  

2000  

3000 

4000 

5000  

6000  

7000  

8000  

9000  

10 000 

12 000 

14 000 

16 000 

18 o00 

20 000 

22000 

24 000 

26 000 

28 000 

30 000 

32 o00 

34000 

36 000 

38000 

40000 
42 000 

44000 

46 000 

48000 

50000 

52 o00 

54000 

56000 

58000 

60000 

62 000 

64000 

66000 

68000 

70 000 

72 000 

74 000 

76 000 

78 000 

ao 000 

14 

H 

rn 

O 

1  001 

2 002 

3 002 

4 003 

5  002 

6 002 

7 001 

8000  

8999  

9 997 

11 993 

1 3  987 

1 5  980 

17 972 

1 9 963 
21 952 

23 940 
25  927 

27 913 

29 897 

31  880 

33 862 

35  843 

37 823 

39 801 

41 778 

43 754 

45 728 

47 701 

49 673 

51 644 

53 614 

55  582 

57 549 

59 515 

61  480 
63444 

65 406 
67 367 

69 327 

71 285 

73 243 

75 199 

77 154 

79 108 

5 8 7 0 - 8 2  p 4853703  0 0 43 553  1  r 

dean values of characteristics during June-,--iiy a t  60° N 

T 

K 
~~  

282,150 

277,945 

273,742 

269,540 

265,339 

261,133 

254,136 

247,142 

240,149 

233,159 

226,171  

226,150 

226,150 

226,150 

226,150 

226,150 

226,150 

227,560 

230,541  

233,519 

236,496 

239,471  

245,237 

251,179 

257,118 

263,052 

268,983 

274,911  

280,834 

281,650 

281,650 

280,168 

275,638 

271,111  

266,586 

262,065 

253,845 

244,421  

235,002 

225,589 

21 6,182 

206,780 

197,385 

187,995 

178,611  

169,233 

t 

O C  

9,00 

4,79 

0,59 

-3,61  

-7,81  

-  12,02 
-  19,Ol 

-  26,Ol 

-  33,oo 

-  39,99 

-46,98  

-  47,00 

-47,00 

-47,00 

-  47,00 

-  47,00 
-  47,00 

-  45,59 

-42,61  

-  39,63 

-  36,m 

-  33,68 

-  27.91 
-  21.97 
-  16,03  

-  10,lO 

-4,17  

1 ,76 

7,68 

8,50 

8,50 

7,02 

2,49 

-  2.04 
-  6,56 

-1 1 ,08 

-  19,30 
-  28,73 
-38,15  

-  4756  

-  56,97 
-  66,37 
-  75'77 

-85,15  

-94,54 

-  103,92 

P 

hPa,  rnbar 

1 ,010 200 

8,940 617 

7,898 345 

6,964 484 

6,129 159 

5,383 253 

4,714 969 
3,576 765 

3,576 768 

3,096 557 

2,669 209 

1 ,974 494 

1 ,460 868 
1,081  O56 

8,001  425 

5,923 363 

4,385 823 

3,249 429 

2,416 029 

1 ,803 554 

1 ,351  586 

1 ,016 721 

7,688 101 

5,853  488 

4,485 908 

3,459 350 

2,683 643 

2,093 759 

1 ,642 454 

1 ,292 772 

1 ,017 738 

8,011  716 

6,288 803 

4,917 392 

3,829 753 

2,970 419 

2,290 874 

1 ,750 061 

1 ,323  071 

9,890 623 

7,304 O09 

5,322 648 

3,822 869 

2,702 313 

1 ,876 990 

03  

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

o1 

o1 

o1 

o1 

o1 

o1 

o1 

o1 

00 

00 

00 

00 

00 

00 

00 

00 

00 

-  o1 
-  o1 
-  o1 

-  o1 

-  o1 
-  o1 
-  o1 

-  o1 
-  02 

-  02 

-  02 

-  02 
-  02 
-  02 

1 ,278648 -02 

e 

k g . r r 3  

1 ,247 284 

1 ,120 588 

1 ,005 155 

9,001  273 

8,047 065 

7,181  598 

6,463 242 

5,799 844 

5,188 570 

4,626 632 

4,111  344 

3,041  566 

2,250 363 

1 ,665 289 

1 ,232 562 

9,124 517 

6,756 O46 

4,974 490 

3,650 837 

2,690 572 

1 ,990 940 
1 ,479 066 

1,092 122 

8,118 375 

6,077 942 

4,581  318 

3,475 661 

2,653 219 

2,037 423 

1,599 006 

1 ,258 822 

9,961  963 

7,948 167 

6,318 678 

5,004 621 

3,948 639 

3,143 909 

2,494 327 

1,961  327 

1 ,527 370 

1 ,177 012 

8,967 201 

6,747 O54 

5,007 575 

3,660 932 

2,632 109 

00 

00 

M) 

-  o1 
-  o1 

-  o1 
-  o1 

-  o1 
-  o1 

-  o1 

-  o1 
-  o1 

-  o1 
-01  

-01  

-  02 
-  02 

-  02 

-  02 

-  02 

-  02 
-  02 

-  02 
-  03 
-  03 

-  03  
-  03  
-  03 
-  03 
-  03 

-  03 
-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-  05 

-  05 

-  05 
-  05 

-  05 



h 

rn 

O 

1 000  

2000  

3000  

4000 

5000 

6000 

7000  

8000  

9000  

10 000 

12 000 

14 000 

16 000 

18 000 

20 000 

22000 

24 000 

26 000 

28 000 

30 000 

32 o00 

34000 

36 000 

38000 

40 000 

42 000 

Moo0 

46000 

48000 

50000 

52 000 

54000 

56000 

58000 

60000 

62 000 

64000 

66000 

68000 

70 000 

72 000 

74 000 

76 000 

78  000 

80 000 

5 8 7 8 - 8 2  48 5 3 7 0 3  0 0 4 3 5 5 2  r 
I S 0  5878-1 982 (E)  

Table 12 -  Mean  values of characteristics during December-January a t  80° N 

H 

m 

O 

1 002  

2004  

3006  

4 007 

5  008 

6009  

7 O09 

8009  

9 009 

10 009 

12 007 

14 003 

15  999 

17 993 

19 986 

21 978 

23 968 

25 957 

27 945 

29 932 

31  918 

33  902 

35  885 

37 867 

39 847 

41 827 

43 805 

45 782 

47 757 

49 732 

51 705 

53 677 

55 648 

57 617 

59 585 

61 552 

63  518 

65 483 

67 446 

69 408 

71  369 

73  329 

75 288 

77 245 

79 201 

T 

K 

248,950 

253,044 

250,238 

247,412 

240,903 

234,396 

227,892 

221,389 

214,940 

213,890 

212,841  

210,743 

208,647 

206,551  

204,457 

202,365 

202,350 

205,286 

209,265 

213,241  

217,214 

221,185 

224,593 

227,766 

230,937 

234,106 

237,273 

240,438 

243,601  

246,762 

247,150 

247,150 

246,405 

244,238 

242,07 1  

239,906 

237,742 

235,580 

233,419 

231,259 

229,101  

226,944 

224,788 

222,634 

220,481  

218,329 

t 

OC 

-  24,20 
-20, ll  

-22,91  

-  25,74 
-  32,95 

-  38,75 
-  45,26 
-  51,76 
-  58,21  
-  59,26 

-  60,31  
-  62.41  
-  64,50 
-  66,60 
-  68, 69 

-  70,78 
-  70,80 
-  67,86 
-  63,88 

-  59,91  

-  5 5 9  

-51 ,96 

-  48,56 
- 4 5 3  

-  42,21  

-  39,04 

-  35.88 
-  32,71  
-  29,55 

-  26,39 

-  26,m 

.  -26,OO 

-26,74 

-28,91  

-31 ,08 

-  33,24 
-  35,41  
-37.57 

-  39,73 
-  -41 ,89 

-  44,05 
-  46,21  
-  48,36 

-  m,52 

-  52,67 

-  54,82 

P 

hPa,  mbar 

e 

1 ,013 800 

8,845 174 

7,720 217 

6,728 301 

5,848 615 

5,064 699 

4,368 327 

3,751  780 

3,207 829 

.2,735  459 

2,330 938 

1 ,688 744 

1 ,219 791 

8,783  552 

6,305 O91 

4,511  508 

3,223  166 

2,307 322 

1 ,662 315 

1 ,205 276 

8,792 735 

6,452 494 

4,760 890 

3,528 605 

2,626 618 

1 ,963  440 

1 ,473  719 

1 ,110 555 

8,401  313 

6,379 577 

4,855 713 

3,696 574 

2,814 220 

2,138 795 

1 ,621  783 

1 ,226 907 

9,259 942 

6,972 114 

5,236 749 

3,923  568 

2,932 263 

2,185 783 

1 ,625  073 

1 ,204 978 

8,910 540 

6,570 902 

03 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

o1 

o1 

o1  

o1 

o1 

o1 

o1 

O0 

00 

O0 

00 

00 

O0 

O0 

O0 

-  o1 
-  o1 

-  o1 
-01  

-  o1 
-  o1 
-  o1 

-  o1 
-  02 
-  02 

-  02 
-  02 

-  02 

-  02 
-  02 
-  02 

-  03 

-  03 

15 

kg.m-3  

1,418 660 

1 ,217 724 

1 ,074 767 

9,473 777 

8,457 631 

7,527 325 

6,677 662 

5,903 625 

5,199 1 44  

4,455 302 

3,815 168 

2,791 571 

2,036 632 

1,481  428 

1 ,074 303 

7,766 495 

5,549 036 

3,915 492 

2,767 293 

1 ,969 039 

1 ,410 177 

1 ,016 271 

7,384 648 
5,396 998 

3,962 249 

2,921  754 

2,163 740 

1 ,609 072 

1 ,201  453 

9,006 423 

6,844 323 

5,210 470 

3,978 742 

3,050 666 

2,333 929 

1,781  593 

1 ,356 875 

1,031  013 

7,815 628 

5,910 446 

4,458 764 

3,355 266 

2,518 476 

1 ,885 500 

1 ,407 900 

1.048 460 

00 

00 

00 

-  o1 
-  o1 

-  o1 
-  o1 
-  o1 
-  o1 
-  o1 

-  o1 

-  o1 

-  o1 

-  o1 

-  o1 

-  02 
-  02 

-  02 

-  02 
-  02 

-  02 
-  02 
-  03 
-  03 
-  03 

-  03 
-  03 
-  03 

-  03 
-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-  05 

-  05 

-  05 
-  05 

-  05 

-  05 
-  05 

-  05 
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Table 13 -  Values of characteristics for cold  stratospheric and mesospheric regime in  December-January a t  80° N 

h 

rn 

O 

1000 

2000 

3000 

4  000 

5000 

6  O00 

7000 

8000 

9000 

10 O00 

12 000 

14 o00 

16 O00  

18 o00 

20 000 

22000 

24 000 

26 000 

28 O00 

30 O00 

32 o00 

34ooo 

36 000 

38 000 

40000 

42 000 

Mo00 

46 O00 

48000 

50 000 

52 000 

54O00 

56 O00 

58000 

60000 

62 000 

64000 

66 000 

Mo00  

70 000 

72 O00 

74 O00 

76 000 

78 000 

80 000 

H 

rn 

O 

1  002 

2  004 

3  O06 

4 007 

5  008 

6  O09 

7  O09 

8  O09 

9  O09 

1 0 009 

12 007 

14 003 

15 999 

17 993 

19 986 

21 978 

23 968 

25 957 

27 945 

29 932 

32 918 

33 902 

35 885 

37 867 

39 847 

41 827 

43 805 

45 782 

47 757 

49 732 

51 705 

53 677 

55 648 

57 617 

59 585 

61 552 

63 518 

65 483 
67 446 

69 408 

71 369 

73 329 

75 288 

77 245 

79 201 

7 

K 

248,950 

253,044 

250,238 

247,412 

240,903 

234,396 

227,892 

221,389 

214,949 

214,849 

214,749 

214.549 

214,350 

214,150 

213,951 

213,751 

215,134 

216,528 

217,920 

219,312 

220,703 

222,092 

223,481 

224,869 

226,257 

227,643 

229,029 

230,413 

232,360 

237,695 

243,026 

248,353 

249,150 

249,150 

249,150 

248,448 

246,087 

243,728 

241,371 

239,015 

236,660 

234,307 

231,955 

229,605 

227,256 

224,909 

t 

O C  

-  24,20 

-20,ll 

-22.91 

-  25.74 

-  32,95 

-  38.75 

-  45.26 

-51.76 

-  58.20 

-  %,30 

-  58,40 

-  58.60 

-  58.80 

-  59,OO 
-  59,20 

-  59,40 
-  58,02 
-  %,62 

-  55.23 
-  53.84 

-  52.45 

-  51 ,O6 

-  49.67 

-  48.28 
-  46.89 

-  45,51 

-44, 12 

-  42,74 

-  40,79 
-  35.45 

-30.12 

-  24,80 

-  24.00 

-  24.00 

-  24,OO 

-  24,70 
-  27.06 

-  29,42 

-  31,78 
-34, 13 

-  36,49 

-  38.84 

-41.19 

-  43.54 

-  45.89 

-  48,24 

P 

hPa,  rnbar 

1,013 800 

8, 845 174 

7, 720 217 

6, 728 301 

5,848 615 

5,064 699 

4, 368 327 

3,751 780 

3, 207 829 

2,736 448 

2,334 267 

1,698 431 

1,235 672 

8,989 100 

6, 538 634 

4,755 71 1  

3,462 642 

2,526 826 

1,848 014 

1,354 518 

9,949 498 

7,323 893 

5, 402 505 

3,993 455 

2,957 953 

2,195 386 

1,632 664 

1,216 572 

9,083 331 

6,815 869 

5,148 024 

3,912 713 

2,985 521 

2,278 576 

1,739 321 

1,327 760 

1  , O1 1  787 

7,691 214 

5,832 O01 

4, 410 993 

3, 327 592 

2,503 669 

1,878 687 

1,405 851 

1,049 079 

7,806 135 

03 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

o1 
o1 

o1 
o1 

o1 

o1 

o1  

00 

O0 

O0 
00 

O0 

00 

00 

00 

-  o1 
-  o1 

-  o1 
-  o1 
-  o1 
-  o1 

-  o1 

-  o1  
-  o1  

-  02 
-  02 

-  02 

-  02 

-  02 

-  02 

-  02 

-  02 

-  03 

e 

1,418 660 

1,217 724 

1,074 767 

9,473 777 

8,457 631 

7,527 325 

6,677 662 

5,903 625 

5,198 928 

4,437 023 

3,786 668 

2,757 775 

2,008 253 

1,462 298 

1,064 661 

7,750 765 

5,607 069 

4,065 368 

2,954 241 

2,151 597 

1,570 479 

1,148 805 

8,421 549 

6,186 662 

4,554 364 

3,359 654 

2,483 391 

1,838 367 

1,361 824 

9,989 41 1  

7,379 496 

5,488 409 

4,174 432 

3,185 963 

2,431 963 

1,861 757 

1,432 313 

1,099 328 

8,417 270 

6,429 O99 

4,898 278 

3, 722 460 

2,821 555 

2,133 027 

1,608 165 

1,209 115 

00 
00 
00 
-  o1  
-  o1  

-  o1 
-  o1 
-  o1 
-  o1 
-  o1  

-  o1  
-  o1 
-  o1 
-  o1  
-  o1  

-  02 
-  02 
-  02 
-  02 
-  02 

-  02 
-  02 

-03 

-  03 
-  03 

-  03 
-  03 
-  03 
-03 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-  05 
-  05 

-  05 
-  05 

-  05 

-  05 
-  05 

-  05 

16 
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Table 14 -  Values of characteristics for warm  stratospheric and mesospheric regime in  December-January at  80° N 

h 

m 

O 

1000 

2000 

3000 

4000 

5000 

6000  

7000  

8000 

9000  

10 000 

12 000 

14 000 

16 000 

18 000 

20 O00 

22000 

24 000 

26 000 

28 000 

30 000 

32 000 

34000 

36 000 

38 o00 

40 000 

42 000 

44000 

46 000 

48000 

50O00 

52 000 

54000 

So00 

s o o 0  

60000 

62 000 

MO00 

66000 

68000 

70 000 

72 O00 

74 000 

76 o00 

78 O00 

80 000 

H 

m 

O 

1002 

2004  

3  006 

4  007 

5  008 

6  O09 

7  009 

8  O09 

9  O09 

10 009 

12 007 

14 003 

15 999 

17 993 

19 986 

21 978 

23 968 

25 957 

27 945 

29 932 

31 918 

33 902 

35 885 

37 867 

39 847 

41 827 

43 805 

45 782 

47 757 

49 732 

51 705 

53 677 

55 648 

57 617 

59 585 

61 552 

63 518 

65 483 

67 446 

69 408 
71 369 

73 329 

75 288 

77 245 

79 201 

T 

U 

248,950 

253,044 

250,238 

247, 412 

240,903 

234,396 

227,892 

221,389 

214,940 

213,890 

212,640 

210,342 

208, 046 

205,751 

203,458 

201,166 

201,150 

201,150 

204,673 

208, 252 

223,807 

232,788 

241,519 

250,244 

258,964 

267,678 

268,350 

268,350 

267,223 

260,003 

257,337 

254,673 

252,011 

249,351 

246,692 

243,928 

238,814 

233,703 

228,595 

223,490 

218,388 

213,844 

21 1,688 

209,534 

207,381 

205,229 

t 

OC 

-  24,20 
-20,ll 

-  22,91 

-  25,74 
-32, 95 

-  38,75 
-45, 26 

-  51,76 
-  58,21 
-  59.26 

-  60,51 
-  62,81 

-65, lO 

-  67,40 

-  69,69 

-  71,98 

-  72,00 
-  72, m 

-  68,48 

-  M, 90  

- 4 9 3  

-40, 36 

-  31,63 
-22, 91 

-  14,19 

-  5,47 
-  4,80 

-  4.80 
-  5,93 

-  13,15 

-  15,81 
-  18,48 
-21, 14 

-  23,80 

-  26,46 

-  29.22 
-  34,34 
-  39,45 
-  44, 55 

-  49,66 

-  54,76 
-  59,31 

-  61,46 
-63x2 

-  65,77 

-  67,92 

P 

hPa,  mbar 

e 

1,013 800 

8,845 174 

7,720 217 

6, 728 301 

5, 848 615 

5,064 699 

4,368 327 

3,751 780 

3, 207 829 

2, 735 459 

2,330 586 

1,687 714 

1,218 098 

8,761 615 

6,280 179 

4,485 517 

3,198 174 

2,280 781 

1,631 573 

1, 174 197 

8,572 848 

6,369 991 

4,786 120 

3,633 383 

2,784 913 

2,153 803 

1,674 015 

1,301 343 

1,011 718 

7, 829 460 

6, 032 288 

4,635 800 

3,553 344 

2,716 415 

2,070 988 

1,574 547 

1,191 895 

8,969 743 

6, 709 207 

4, 986 471 

3,681 461 

2,699 293 

1,970 559 

1,434 221 

1,040 648 

7,527 O56 

03 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

o1 
o1 

o1 
o1 
o1 
o1 
o1 

O0 

O0 

O0 

O0 

O0 

O0 

O0 

O0 

O0 

-  o1 

-  o1 
-  o1 
-  o1 
-  o1 
-  o1 

-  o1 
-  o1 
-  02 
-  02 

-  02 

-  02 
-  02 
-  02 
-  02 
-  02 

-  03 

17 

1,418 660 

1,217 724 

1,074 767 

9, 473 777 

8,457 631 

7, 527 325 

6,677 662 

5,903 625 

5,199 144 

4,455 302 

3,818 195 

2,795 182 

2, 039 674 

1,483 472 

1, 075 314 

7, 767 759 

5,538 858 

3,950 041 

2,777 o48 

1,964 221 

1,334 409 

9, 532 717 

6,903 528 

5,058 O80 

3,746 368 

2, 803 O49 

2,173 181 

1,689 383 

1,318 934 

1,049 040 

8,166 154 

6,341 313 

4,911 965 

3,795 102 

2,924 561 

2,248 701 

1,738 667 

1,337 071 

1, 022 452 

7,772 729 

5,872 581 

4,397 355 

3,242 883 

2,384 518 

1,748 130 

1,277 688 

00 
00 

00 

-  o1 
-01 

-  o1 
-  o1 
-  o1 
-  o1 
-  o1 

-  o1 
-  o1 
-  o1 
-  o1 
-  o1 

-  02 
-  02 
-  02 
-  02 
-  02 

-  02 

-  03 
-  03 
-  03 
-  03 

-  03 

-  03 

-  03 
-  03 

-  03 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-04 

-  05 

-  05 
-  05 
-  05 
-  05 
-  05 

-  05 
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Table 15 -  Mean  values of characteristics during June-July at  80° N 

h 

rn 

O 

1000 

2000 

3000  

4000  

5000  

6000  

7000  

8000  

9000  

10 000 

12 o00 

14 000 

16 o00 

18 000 

20 o00 

22000 

24 000 

26 000 

28 000 

30 000 

32 000 

34000 

36 o00 

38000 

40 o00 

42 o00 

Mo00 

46000 

48000 

50000 

52 o00 

No00  
56 o00 

58o00 

60 o00 

62 o00 

64o00 

66 o00 

68000 

70 000 

72 000 

74 000 

76 o00 

78 o00 

80 000 

H T t P 

rn K O C  hPa,  rnbar 

e 

kg .m -3  

O 
1  002 

2  O04  

3 006 

4  007 

5  o08 

6 O09 

7  O09 

8  009 

9 009 

10 O09 

12 007 

14 003 

15 999 

17 993 

19 986 

21 978 

23 968 

25 957 

27 945 

29 932 

31 918 

33 902 

35 885 

37 867 

39 847 

41 827 

43 805 

45 782 

47 757 

49 732 

51 705 

53 677 

55 648 

57 617 

59 585 

61 552 

63 518 

65 483 

67 446 

69 408 

71 369 

73 329 

75 288 

77 245 

79 201 

276,650 

272,541 

268, 433 

264,326 

260, 204 

253,797 

247,393 

240,990 

234,590 

228, 255 

228, 754 

229, 753 

230, 752 

231,500 

231,998 

232,496 

232,994 

234,460 

236,947 

239,432 

241,915 

244,397 

249,635 

254,989 

260,340 

265,688 

271, 032 

276,373 

279,600 

279,600 

279,600 

279,600 

275, 775 

269,370 

262,970 

256,573 

248, 759 

239, 716 

230,679 

221,647 

212,622 

203,601 

195,113 

189,237 

183,365 

177, 497 

3 s  
-  0,61 
-  4.72 

-  8.82 

-  12,95 

-  19,35 
-  25,76 
-32, 16 

-  38,56 

-  44,89 

-44,40 

-  43,40 

-  42.40 
-  41,65 

-41, 15 

-  40.65 

-40, 16 

-  38,69 

-  36.20 

-  33.72 

-  31.23 

-  28.75 
-  23, W 
-  18.16 

-  12.81 

-  7,46 

-2, 12 

3.23 

6, 45 

6, 45 

6,45 

6.45 

2.62 

-3.78 

-  10.18 

-  16,58 

-  24,39 
-  33,43 

-42, 47 

-51.50 

-  60.53 

-  69.55 
-  78,04 
-  83.91 

-  89.78 

-  95,65 

1, 012 o00 03 

8.933 562 02 

7,871 607 02 

6, 922 646 02 

6,076 103 02 

5, 319 028 02 

4, 640 669 02 

4, 034 539 02 

3, 494 542 02 

3, 014 951 02 

2, 596 485 02 

1,927 883 02 

1,433 564 02 

1,067 467 02 

7,955 759 o1 

5, 934 204 o1 
4,429 914 o1 

3,310 591 o1 
2,481 345 o1 

I , 865 749 o1 

1,407 258 o1 
1,064 684 o1 
8,091 035 O0 

6,185 713 O0 

4,756 301 O0 

3, 677 391 O0 

2,858 277 O0 

2,232 914 O0 

1,752 271 O0 

1,376 464 O0 

1,081 418 O0 

8,497 426 -01 

6,671 375 -01 

5,211 209 -01 

4, 047 148 -01 

3, 124 100 -01 

2, 395 291 -01 

1, 819386 -01 

1,367 656 -01 

1, 016615 -01 

7,465 535 -02  

5,410 490 -02 

3, 865 461 -02 

2,728 861 -02 

1, 905855 -02 

1, 315907 -02 

1,274 348 00 
1,141 908 00 
1,021 565 00 

9, 123690 -01 

8, 134851 -01 

7,301 017 -01 

6, 534791 -01 

5, 832 202 -01 

5, 189427 -01 

4,601 494 -01 

3, 954 163'  -01 

2,923 190 -01 

2, 164265 -01 

1, 606357 -01 

1, 194634 -01 

8,891  688 -02 

6,623 505 -02 

4, 918973 -02 

3,648 166 -02 

2, 714623 -02 

2, 026510 -02 

1, 517619 -02 

1,129 110 -02 

8, 450 952 -03 

6,364 525 -03 

4,821 766 -03 

3,673 853 -03 

2,814 586 -03 

2, 183244 -03 

1, 715006 -03 

1,347 393 -03 

1, 058 738 -03 

8, 427 486 -04 

6,739 484 -04 

5,361 442 -04 

4,241 823 -04 

3,354 420 -04 

2,644 025 -04 

2. 065412 -04 

1, 597834 -04 

1, 223184 -04 

9, 257517 -05 

6,901 661 -05 

5,023 576 -05 

3,620 852 -05 

2, 582691 -05 
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Geopotential  al ti tude 

H,  km 

IS0 5878-1 982 (E)  1  

Temperature 

T,  K 

I  
~ 

i  

Tabl e  1 6 -  Temperatu re  s t ru c tu re  of mean seasonal  and m ean  annual  re fe ren ce  a tmospheres  

1 5 O  An n u a l  m e a n  

Gradient 

Kl km  

0,000 

2,250 

2,500 

1 6,500 

22,000 

30,000 

40,000 

51  ,000 

!m@J 
60,000 

66.000 

73,000 

80,000 

299,65 

286,15 

286,95 

1 93,1 5 

215,1 5 

231 ,1 5 

259,1 5 

272,35 

272,35 

265,1 5 

247.15 

226.1 5 

205,1 5 

198,15 

30° N 

-  6,O 

+ 3,2 
-  6,7 

+ 4,O 
+ 2,o 
+ 2,8 
+ 2,2 
oro 

-  2,4 

-  3,O 

-  3,5 

-  3,O 

-  l , o  

December-January J u  ne-J  uly I  
Geopotential  al ti tude 

H,  km 

Temperature 

T , K  

Gradient Geopotential  al ti tude Temperature Gradient 

Kl km  I  H,  km I  T K  I  K l km  

0,000 

2,000 

1 2,000 

1 6,500 

1 8,000 

24,000 

3.000 

47,000 

=,000 

70,000 

80,000 

283,1 5 

280,1 5 

216,1 5 

207,15 

207,1 5 

219,1 5 

237,1 5 

269,65 

269,65 

217,65 

195,65 

297,1 5 

288,1 5 
-  1,5 
- 1  

- o p  

I - 7 n  
8,000 I  252,15 I  - o , *  

0.000 

3.000 

10.000 

18,000 

28,000 

35,000 

47,000 

51  ,000 

60,000 

8a000 

272,62 

260,65 

218,65 

215,45 

215,45 

231 ,55 

262,75 

262,75 

248,35 

206,35 

-  4,O 

-  6,O 

-0,4 

o r o  

+ 2,3 
+ 2,6 
oto 
-  1,6 

-2.1  

0.000 

2,000 

13,000 

17,000 

25,000 

30,000 

47,000 

51 ,000 

60,000 

70,000 

80.000 

291 ,1 5 

282,1 5 

216,15 

21 6,1 5 

225,75 

235,75 

276,55 

276,55 

253,15 

209,1 5 

1 79.1 5 

-  4,5 

-  6,O 

0.0 

+ 1 .2 
t 2 . 0  

+ 2,4 
oro 
-  2,6 

-  4'4 

-  3,O 

1 9 
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Tabl e  16 -  Temperatu re  s t ru c tu re  o f  m e a n  seasonal  a n d  m e a n  an nu a l  re fe rence  a tmospheres  Iconchded) 

60° N 

December-January June-July 

Geopotential  al ti tude 

H,  km  

O. 000 

1.m 

3.000 

9.000 

15,000 

25,000 

35,000 

49,000 

51,000 

80,000 

0.000 

1  

3,000 

8.000 

20,000 

22,500 

32,500 

48,000 

80,000 

Temperature 

T , K  

256,15 

258.15 

250,15 

217.15 

217.15 

212.15 

219.15 

251.35 

251.35 

222,35 

Gradient 

K l k r n  

+ 2,o 
-  4,O 

-  5.5 

0.0 

-  0.5 

+ 0.7 
+ 2,3  
0.0 

-  1.0 

Geopotential  al ti tude 

H,  krn  

0 , m  

5,000 

10.000 

23,500 

32,000 

46,000 

51 ,000 

60,000 

80,000 

Temperature Gradient 

T , K  1  K / k m  

282, i 5 
-  4,2 

-  7,O 

0,o 

+ 1,5 
+ 3,O 
o. o 
-  2.3  

261,15 

226.15 

226.15 

239,65 

2 8 1 , ~ s  

281,65 

260.95 

164.95 
-  4,a 

248,95 

253.05 

247,45 

214,95 

202.35 

202.35 

222.35 

247,15 

247.15 

217.45 

80° N 

+4,1 0 

-  2.80 

-  6,543 

-  1 ,05 

0.00 

+ 2,00 
+1 ,60 

0,00 

-  1 ,lO 

0.000 

4. 000 

9,ooO 

15,000 

23,000 

32,000 

45,000 

52,500 

60,500 

73,000 

aomo  

276.65 

260,25 

228,25 

231,25 

233.25 

244.50 

279,60 

279,60 

253,60 

196.10 

175,lO 

-4,lO 

-  6,40 

+ 0.50 
+ 0,25 
+ 1 ,25 
+ 2,70 
0.00 

-  3.25 

-  4,60 

-  3.00 



Table 17 -  List of stations used for temperature analysis,  30 to  50 km  

Station  

Ascension  

Kwajalein  

Ft.  Sherman 

An tigua 

Grand  Turk 

Barking  Sands 

Cape Kennedy 

Wh i te  Sands 

Poin t  Mugu  

Wal lops I sland  

Volgograd  

Primrose Lake 

West Geirin ish  

Ft.  Churchi l l  

Ft.  Greely 

Thule 

Heiss I sland  

Lati tude 

70 59  s  
8O 44’ N 

9O 26‘ N 

17O 09’  N 

21° 26’  N 

21° 54’ N 

28O 27’  N 

32O 23’  N 

3 4 O  07’  N 

37O 50’ N 

4 8 O  41‘ N 

54 O  45’  N 

57O 21‘ N 

58O 44‘ N 

64 O  00’ N 

76O 33’ N 

80° 37’  N 

Long i tude  

14O 25’  W 

167O 44‘ E 

80° 00’ W 

61° 47’  W 

71° 09’  W 

159O 35’  W 

80° 32‘ W 

1 0 6 O  29  N 

1190 07’  w 
750 29  w 
4 4 O  21‘ E 

1100 03’  w 
70 22‘ w 
930 49’  w 
145O 44’ W 

680  49’  w 
58O  03’  E 

Number of  
launchings 

(444)  

(17)  

40138 (245)  

48/44 (206)  

32/31 (168)  

73/86 (204)  

2021131 

1121127 

1231 145 

44/54 

55/59 

23/22 

7910 

157183 

60172 

18/71 

77/59 

References 

i51 i61 

i71 i81 

i51 

i51 

i51 

i51 

i51 

i51 

i51 

i51 i61 

i121 

i51 

i51 

151 i61 

i51 

i51 

i121 
I  

Table 18 -  List of stations used for temperature analysis,  50 to  80 km  

Station  

Natal  

Ascension  

Kwajalein  

Guam 

Egl in  

Woomera 

Wh i te  Sands 

Wal lops I sland  

Volgograd  

Ft.  Churchi l l  

Pt.  Barrow 

Heiss I sland  

Lati tude 

50 55’  s  
70 59’ s  
8O 44’ N 

13O 30’  N 

30° 23’  N 

30° 57’  S 

32O 23’  N 

37O 50’ N 

4 8 O  41’  N 

5 8 O  44’ N 

71° 21‘ N 

80° 37’  N 

Longi tude 

350 10’ w 
14O 25’  W 

167O 44’ E 

145O E 

86O 42’  W 

136O 31‘ E 

-1 600  29’  w 
750 29’  w 
4 4 O  21’  E 

930 4 9  w 
1560 59’  w 
58O  03’  E 

Number o f  
launchings 

313 (24) ” 

010 (9)  

115 (17)  

010 (5)  

(7)  

414 (42)  

410 

1319 (85)  

31 134 

914 (63)  

812 (19)  

43/40 

References 

i61 

i61 

i71 i81 

i61 

i91 

i101 L1 1 1  

i91 

i61 

i121 

i61 

i61 

r121 

in  brackets:  total  number of launchings.  
Numerator: number of launchings in  December-January; denominator:  number of launchings in  JunezJuly; 
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Table  19 -  Temperatu re  s t ru c tu re  of  wa rm  a n d  co l d  w i n te r  s tratospheri c  mode l s  fo r  60 and 80° l a t i tu d e  

60° N 

Warm  stratosphere 

Geopotential  al ti tude Temperature 

H,  k m  I  T K  

256,15 

258,15 

250.15 

217.15 

217,15 

213,15 

213,15 

261,15 

267,15 

267,15 

187.15 

0,OO 

1  .o0 

3,00 

8.00 

20,00 

24,00 

28.00 

30.00 

Q00 

45,50 

47.50 

59.50 

71.00 

woo 

248.95 

253.05 

247,45 

214,95 

201.15 

201,15 

208,35 

224,35 

268.35 

268.35 

260,35 

244.15 

214.25 

204,35 

Gradient 

K / km  

+ 2,o 
-  4.0 

-  5,5  

0 8  

-  1.0 

6 0  

+ 4.0 
+1 ,0  

oro  
-  2.5 

80° N 

+4,1 0 

-  2.80 

-  6.50 

-  1.15 

0.00 

+ 1,80 
+8,00 

+ 4.40 
0,00 

-  4,m 

-  1.35 

-  2.60 

-  1 ,lO 

Geopotential  al ti tude 

H,  km  

0,oo 

1  ,o0 

3,00 

9, 00 

15,00 

20.00 

WJJ 

49.00 

64.00 

70,00 

80.00 

0.00 

1  ,o0 

3,OO 

8.00 

20.00 

4 5 , s  

52.00 

59.00 

80,00 

Cold  stratosphere 

Temperature 

T , K  

256.15 

258.15 

250,15 

217,15 

223.15 

223.15 

216.15 

220,15 

243,15 

243,15 

255,15 

238,15 

248.95 

253.05 

247,45 

214.95 

213.75 

231,60 

249,15 

249.15 

223,95 

Gradient 

K / k m  

+ 2,o 
-  4,O 

-  5,5 

+ l , o  
0.0 

-  0,5  

+ 0,4 
+ 4,6 
oro  

+ 2,o 
-  1 ,7 

+4,1 0 

-  2,80 

-  6.50 

-0,lO 

+ 0,70 
+ 2.70 
0,W 

-  1,20 
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Table 20 -  Dates and  locations of soundings used 
to  prepare warm  and  cold  models for 60 and  Wo  N 

I  A)  Warm  and  cold  wi n ter  models,  60° N 

Cold  stratosphere Warm  stratosphere 

Ft.  Churchil l  

9 December 1968 

13 December 1968 

13 December 19M*  

17- 18- 19 January 1967 

27-28-29 December 1967 

20 January 1969 

10 February 1%6* 

Ft.  Greely 

5 February 1967 

17 January 1966 

5  February 1969 

West Geirinish  

12 January 1968 19 December 1967 

28 February 1968 

31 December 1968 

B I  Warm  and  cold  winter models,  Heiss Island,  ûOo N 

Cold  stratosphere Warm  stratosphere 

20 January 1968 

22-23 January 1969 

14-21-25 January 1970 

16 December 1967 

18 January 1966 

31 January 1966 

31 January 1968 

30-31 January 1969 

Grenade observations. 

Table 21  -  Median  and high and low percenti le vaiues of temperature for the year at  15O latitude 
and for December-January and June-July at  30, 45, 60 and Wo  N 

15O 

Percenti les,  K 
Geometric 

al ti tude 

h ,  km  

Med ian  

temperature,  

T . K  

1  Yo 10 Yo 20 Yo Season 

high  l ow  h igh  low high  l ow  

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

270 

237 

204 

207 

220 

23 1  

244 

258 

269 

272 

276 

244 

212 

21 5  

228 

243 

256 

270 

278 

285 

265 

230 

196 

199 

212 

226 

236 

251 

258 

263 

273 

241 

208 

212 

226 

239 

253 

265 

274 

277 

267 

233 

200 

202 

21 5  

229 

240 

254 

263 

267 

272 

239 

207 

210 

225 

236 

250 

263 

272 

275 

268 

235 

20 1  

204 

217 

230 

242 

256 

265 

269 

23 
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Table 21  -  Median  and  high and low percentile values of  temperature for the year at  1 5 O  lati tude 
and fo r  December-January and June-July a t  30, 45,  60 and No N (continued) 

30° N 

Percenti les,  K 
Geometric 

al ti tude 

h ,  krn  

Median  

temperature,  

T . K  

1  Yo 10 Yo 20 Ya Season 

high  l ow h igh  l ow h igh  l ow 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

261  

229 

210 

21  1  

221  

230 

239 

251  

264 

270 

258 

245 

233 

220 

209 

1 98 

27 1  

239 

221  

220 

23 1  

239 

253 

268 

283 

285 

272 

255 

254 

235 

253 

243 

252 

21 9 

1 99 

202 

21  1  

222 

231  

243 

254 

260 

23 1  

23 1  

21 8 

1 98 

1 97 

1 87 

267 

235 

21 6 

216 

226 

236 

248 

262 

277 

280 

267 

248 

242 

227 

237 

230 

256 

223 

203 

206 

21 6 

225 

235 

249 

26 1  

264 

243 

240 

226 

204 

203 

1 94 

265 

233 

21 4 

21 4 

224 

234 

245 

258 

274 

276 

263 

246 

238 

225 

227 

21 7 

258 

225 

203 

208 

21 7 

224 

237 

250 

263 

266 

248 

242 

228 

21 0 

208 

1  97 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

270 

238 

209 

214 

224 

232 

244 

256 

268 

273 

264 

251  

232 

212 

202 

1 93 

278 

21 8 

249 

223 

230 

240 

254 

267 

276 

282 

273 

265 

240 

222 

218 

207 

262 

227 

i  98 

204 

21  6 

227 

237 

250 

26 1  

262 

247 

235 

21 8 

1 86 

i  78 

1 82 

274 

246 

21 3 

21  9 

227 

237 

250 

263 

273 

278 

269 

257 

236 

21 8 

21 4 

200 

266 

232 

202 

207 

21 9 

230 

240 

253 

265 

266 

253 

243 

222 

1 94 

1 92 

1 89 

275 

242 

21 2 

21 7 

226 

235 

247 

26 1  

270 

276 

267 

254 

234 

21 4 

209 

1 98 

268 

234 

204 

208 

220 

23 1  

242 

254 

266 

268 

256 

245 

225 

1 99 

1 96 

1 91  

24 
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Percentiles, K 

20 Yo 
Geometric Median 

1  Yo 10 Yo 
altitude temperature, 

h ,  krn T,  K high l ow high l ow high l ow 

5 248 263 233 257 239 254 242 

1 0 21 9 232 206 226 21 2 224 21 4 

1 5 21 6 230 202 224 208 221  21  1  

20 21  5 227 203 222 208 220 21  o 
25 21  5 233 1 97 226 205 224 209 

30 220 235 21 4 230 217 226 219 

35 231  257 21 8 251  224 243 226 

40 244 270 232 263 238 256 240 

45 257 290 241  282 25 1  27 1  254 

50 263 284 250 275 256 270 258 

55 257 275 229 267 239 263 245 

60 249 266 220 263 230 257 241  

65 239 255 21 4 246 223 243 228 

70 229 246 206 238 21  1  234 217 

75 21  9 261  1 97 245 205 235 210 

80 208 248 1 85 237 1 97 228 202 

5 264 275 254 271  259 269 261  

1 0 234 246 222 240 228 238 230 

1 5 216 227 205 222 206 220 21 2 

20 220 233 207 227 21 3 225 21 5 

25 226 233 21 7 229 21 8 228 222 

30 235 246 23 1  243 233 240 234 

35 247 255 241  251  245 250 246 

40 259 270 253 267 257 264 258 

45 271  282 263 279 266 275 268 

50 277 288 268 283 272 281  274 

55 267 275 251  271  257 269 260 

60 255 270 233 265 240 260 244 

65 234 245 21 6 241  223 238 220 

70 213 226 1 88 219 1 96 21 6 202 

75 1  97 21  o 1 75 205 1 86 20 1  1 90 

80 1 82 203 1 54 1 95 1 63 1 91  1 70 

Table 21  -  Median  and  high  and  low percenti le values of temperature for the year a t  1 5 O  latitude 
and  for December-January and  June-July a t  30, 45,  60 and  80° N (continued) 

4 5O  N 

\ .  25 
-  
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Table 21  -  Median  and  high and low percentile values of temperature for the year at  1 5 O  latitude 
and for December-January and June-July at  30, 45,  60 and 80' N (continued) 

60° N 

26 

Geometric 

al ti tude 

h ,  krn 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

Median  

temperature,  

T , K  

239 

21 7 

217 

21 5 

21 3 

21 6 

219 

230 

242 

251  

248 

243 

238 

233 

228 

223 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

260 

226 

226 

226 

229 

238 

249 

263 

278 

282 

272 

262 

240 

21 6 

1 92 

1 69 

1  Yo 

high  

254 

23 1  

23 1  

236 

241  

253 

277 

300 

303 

289 

283 

27 1  

262 

264 

255 

248 

27 1  

238 

235 

233 

236 

245 

258 

272 

287 

290 

278 

273 

259 

239 

202 

1 80 

l ow 

223 

203 

203 

1 94 

1 85 

203 

204 

206 

21 9 

227 

225 

21 0 

208 

21 2 

1 80 

1 73 

250 

21 4 

21 7 

21 9 

222 

232 

243 

259 

27 1  

273 

257 

242 

225 

202 

1 78 

1 40 

Percenti les,  K 

10 Yo 

high  

248 

224 

225 

226 

229 

235 

259 

278 

282 

280 

275 

261  

258 

253 

249 

243 

266 

233 

231  

230 

233 

243 

256 

269 

283 

286 

275 

265 

253 

226 

1 96 

1 76 

l ow 

230 

209 

209 

204 

1 97 

203 

204 

21  1  

225 

240 

233 

224 

21 8 

21 9 

203 

1 95 

254 

21 9 

221  

222 

225 

234 

247 

26 1  

274 

277 

264 

250 

230 

208 

1 82 

1 53 

20 Yo 

high  

245 

222 

222 

222 

223 

225 

238 

246 

255 

27 1  

256 

253 

249 

249 

246 

239 

264 

23 1  

229 

229 

232 

24 1  

253 

268 

280 

284 

273 

263 

248 

222 

1 94 

1 74 

low 

233 

21  1  

21 2 

208 

203 

21 0 

21 4 

21 9 

23 1  

245 

238 

234 

222 

225 

21 3 

204 

256 

221  

223 

223 

226 

235 

248 

262 

275 

279 

266 

253 

233 

21  1  

1 86 

1 55 
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Table 21  -  Median  and  high and  low percenti le values of temperature for the year at  1 5 O  latitude 
and  for December-January and June-July at  30.45.60 and  80' N (concludedl 

ao0 N 

Percenti les,  K 

Geometric 

al ti tude 

h ,  km 

Med ian  

emperature,  

T , K  

1  Yo 10 % 20 Yo Season 

h igh  l ow high  l ow high  low 

246 

224 

21 9 

225 

233 

255 

256 

284 

281  

282 

29 1  

303 

21 0 

297 

289 

277 

222 

202 

1 95 

1 79 

1 81  

1 94 

1 99 

207 

203 

20 1  

208 

206 

1 86 

1 66 

1 83 

1 65 

241  

219 

213 

215 

221  

23 1  

244 

256 

264 

265 

262 

263 

277 

277 

259 

254 

227 

207 

20 1  

1 89 

1 93 

1 98 

21 0 

21  9 

224 

225 

221  

21 3 

202 

20 1  

20 1  

1 94 

238 

21 7 

21  1  

21 0 

21 6 

224 

236 

248 

260 

259 

253 

255 

263 

261  

251  

240 

230 

209 

203 

1 94 

1 98 

202 

213 

224 

233 

229 

226 

219 

209 

207 

207 

20 1  

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

234 

21 3 

207 

202 

207 

210 

223 

235 

250 

242 

241  

241  

233 

233 

233 

223 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

254 

229 

23 1  

232 

235 

242 

253 

265 

276 

277 

264 

244 

232 

202 

1  82 

1 81  

264 

238 

237 

237 

240 

252 

260 

275 

288 

31 2 

278 

259 

253 

241  

246 

239 

244 

21 9 

225 

227 

230 

233 

238 

243 

269 

252 

221  

208 

200 

1 75 

1 53 

1 28 

259 

234 

234 

235 

238 

246 

256 

272 

286 

293 

275 

255 

243 

220 

202 

21  9 

248 

223 

228 

229 

232 

234 

246 

261  

273 

266 

238 

21 9 

21 7 

1 84 

1 64 

1 40 

257 

232 

233 

234 

237 

244 

255 

270 

284 

288 

272 

253 

236 

21 2 

1 96 

1 97 

250 

225 

229 

230 

233 

236 

249 

263 

275 

272 

249 

228 

21 9 

189 

1 71  

1 54 
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Table 22 -  Median  and high and low percentile values of density,  given as percentage departures from I S0  standard density,  
for the year at  1 5 O  latitude and for December-January and June-July at  30. 45, ôû and Wo  N 

-  

ieason 

-  
m 

C 

á 

Geometric 

al ti tude 

h ,  km 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

28 

Med ian  

density 
b departure 

from 
standard 

- 3  

+ 1  

+ 19 
+ 7  

+ 1  

- 1  

+ 1  

+ 4  

+ 6  

+ 9  

1 5' 

Percenti les,  YO departure from  standard  

1  Yo 

high  

- 1  

+ 2  

+22  

+ 1 0 
+ 5  

+ 4  

+ 7  

+ 1 0 
+ 1 3 
+ 17 

l ow 

- 5  

- 1  

+ 1 5 
+ 3  

- 3  

- 6  

- 4  

- 2  

+ 1  

+ 4  

1 0 Yo 

high  

- 2  

+ 2  

+ 21  
+ 9  

+ 4  

+ 1  

+ 5  

+ 7  

+ 1 0 
+ 15 

low 

- 4  

O 

+ 1 7 
+ 5  

- 1  

- 3  

- 1  

+ 1  

+ 4  

+ 6  

20 % 

high  

- 2  

+ 2  

+ 20 
+ 8  

+ 3  

O 

+ 3  

+ 6  

+ 8  

+ 1 2 

low 

- 4  

O 

+ 1 7 
+ 6  

O 

- 2  

O 

+ 3  

+ 5  

+ 7  

I S 0  2533 
density 

kg-m-3 

7,3643 x 1 0-1  

4,1 35 1  x 1 0-1  

1 ,9476 x 1 0-1  

8,891  O x 1 0-2 

4,0084  x 1 0-2 

1 ,841  o1  x 1 0-2 

8,4634 x 1 0-3 

3,9957 x 1 0-3 

1 .~1 663 x 10-3 

1 ,026 9 x 1 0-4 
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Table 22 -  Median  and high and low percentile values of density,  given as percentage departures from IS0 standard density,  
for the year at  1 5 O  latitude and for December-January and June-July a t  30, 45, 60 and 80° N (continued) 

29 
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Table 22 -  Medían  and high and low percentile values of density,  given as percentage departures from I S 0  standard density,  
for the year at  1 5 O  latitude and for December-January and June-July at  30.45.60 and 80° N (continued) 

eo N 

Median 
density 

% departure 
from 

standard 

Percentiles, YO departure from standard 
Geometric 
altitude 
h,  km 

I S 0  2533 
density 
kgm-3  

~ 

10 Yo 20 Yo 1  Yo 

low high  high  l ow low 

- 2  

- 6  

- 8  

- 6  

- 6  

-  1 1  

-  1 2 

-  1 2 

-  16 

-  1 8 

-  26 

-  25 

-34  

-  30 

-  30 

-31  

high  

+ 4  

+ 6  

+ 2  

+ 1  

O 

+ 5  

+ 7  

+ 6  

+1 1  

+ 9  

+ 6  

+ 5  

- 3  

+ 1  

- 3  

- 2  

+ 2  

+ 1  

- 2  

- 2  

- 3  

- 1  

- 2  

- 2  

- 1  

- 2  

- 6  

- 8  

-  1 2 

-  1 2 

-  1 2 

- 9  

O 

- 4  

- 7  

- 5  

- 5  

- 9  

-  1 0 

-  1 0 

-  1 4 

-  1 6 

-22  

-22  

-  28 

-  26 

-  26 

-  26 

7,3643 x 1 0-1  

4,1 35 1  x 1 0-1  

1 ,947 6 x 1 0-1  

8,891  O x 1 0-2 

4,0084 x 1 0-2 

1 ,841  o x 1 0-2 
8.4634 x 1 0-3 

3,995 7 x 1 0-3 

1 ,9663 x 1 0-3 

1 ,0269 x 1 0-3 

5,681  O x 1 0-4 

3,0968 x 1 0-4 

1 ,632 i  x 1 0-4 

8,2828 x 1 0-5 

3,992 1  x 1 0-5 

1 ,8458 x 1 0-5 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

+ 1  

- 2  

- 5  

- 3  

- 4  

- 5  

- 6  

- 8  

- 8  

-  12 

-  1 5 

-  15 

-  1 8 

-  1 4 

-  16 

-  12 

- 2  

-  1 0 

-  12 

- 8  

- 8  

-  14 

-  17 

-  17 

-  20 

-  24 

-  31  

-  28 

-  38 

-  38 

-  37 

-  37 

+ 3  

+ 3  

- 1  

- 1  

- 2  

+ 2  

+ 2  

+ 2  

+ 6  

+ 4  

- 1  

- 4  

- 8  

-  1 0 

- 8  

- 8  

- 4  

- 1  

+ 4  

O 

+ 4  

- 1  

+ 4  

+ 6  

+ 9  

+ 12 
+ 1 0 
+ 4  

+ 7  

+ 1  

+ 1  

- 1  

- 1  

+ 2  

+ 15 
+ 7  

+ 8  

+ 8  

+ 12 
+ 1 5 
+ 19 
+22 

+ 24 
+ 35 
+ 39 
+ 32 
+ 30 
+ 30 

- 4  

- 2  

+ 7  

+ 2  

+ 5  

+ 2  

+ 6  

+ 1 0 
+ 1 3 
+ 16 
+ 14 
+ 1 0 
+ 12 
+ 12 
+ 9  

+ 7  

- 1  

+ 1  

+ 1 3 
+ 6  

+ 7  

+ 7  

+ 1 1  
+ 1 4 
+ 1 8 
+ 21  
+22 

+ 30 
+34  

+ 30 
+ 28 
+ 26 

- 3  

- 1  

+ 8  

+ 3  

+ 5  

+ 3  

+ 7  

+ 1 2 
+ 14 
+ 1 7 
+ 1 5 
+ 1 3 
+ 1 7 
+ 1 6 
+ 1 5 
+ 1 2 

7,364 3 x 1 0-1  

4,1 35 1  x 1 0-1  

1 ,947 6 x 1 0-1  

8,891  O x 1 0-2 

4,0084 x 1 0-2 

1 ,841  o x 1 0-2 
8,4634 x 1 0-3 

3,9957 x 1 0-3 

1 .9663 x 1 0-3 

5,mi  o x 1 0-4 
1 ,026 9 x 1 0-3 

3,096 8 x 

1 ,632 1  x 1 0-4 

8,2828 x 1 0-5 

3,992 1  x 1 0-5 

1 ,8458 x 1 0-5 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

- 2  

O 

+ 1 1  
+ 5  

+ 6  

+ 5  

+ 9  

+ 1 3 
+ 16 
+ 1 9 
+ 18 
+ 20 
+ 24 
+ 26 
+ 25 
+22  

+ 1  

+ 3  

+ 18 
+ 9  

+ 9  

+ 1 0 
+ 14 
+ 1 8 
+22 

+ 25 
+ 28 
+ 42 
+ 45 
+ 37 
+ 40 
+ 32 

30 
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Table 22 -  Median  and high and low percentile values of density,  given as percentage departures from I S 0  standard density,  
for the year at  1 5 O  latitude and for December-January and June-July at  30, 45, 60 and 80° N (continued) 

60' N 
~~  ~  ~ ~~~  

Percenti les,  YO departure from  standard  Med ian  

density 

6 departure 
from 

standard 

Geometric 

al ti tude 

h ,  km 

IS0 2533 
density 
kg.m-3 

1  Yo 10 Yo 20 % ieason  

t  

? 
E 
n 

m 

C 

5  
o 
m 
ci 

high  high  h igh  low l ow low 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

+ 2  

- 7  

- 9  

- 9  

- 4  

- 9  

-  1 2 

-  1 6 

-  20 

-  24 

-  28 

-  34 

-  37 

-  37 

-  36 

-  31  

+ 6  

+ 3  

- 2  

- 1  

+ 3  

+ 7  

+ 8  

+ 1 0 
+ 1 2 
+ 1 5 
+ 9  

- 1  

- 4  

-  17 

-  1 7 

-1 1  

- 2  

-  17 

-  15 

-  15 

-1 1  

-  32 

-  35 

-  36 

-  39 

-  42 

-48 

-54 

-  50 

-  51  

-  49 

-50  

+ 4  

+ 2  

- 5  

- 8  

O 

+ 2  

+ 3  

+ 7  

+ 5  

+ 2  

- 4  

-  1 7 

-  1 5 

-  26 

-  19 

-  17 

O 

-  1 4 

-  12 

-1 1  

- 7  

-  25 

-  32 

-  32 

-34  

-  36 

-  40 

-  39 

-  45 

-  47 

-  41  

-44 

+ 3  

- 3  

- 6  

- 9  

- 1  

- 2  

- 3  

- 4  

-  1 0 

-  1 4 

-  1 9 

-  24 

-  24 

-  30 

-  25 

-  21  

+ 1  

-  10 

-  1 1  

-  1 0 

- 6  

-1 5 

-  1 9 

-  20 

-  24 

-  28 

-  38 

-  38 

-  43 

-43  

-  39 

-  38 

7,3643 x IO-' 

4,135 1  x 1 0-1  

1 ,9476 x 1 0-1  

8,891  O x 1 0-2 

4,0084 x 1 0-2 

1 ,841  o x 1 0-2 
8,4634 x 10-3 

3,9957 x 1 0-3 

1 ,9663 x 1 0-3 

5,681  o x 1 0-4 

1 ,632 i  x 1 0-4 

1 ,026 9 x 1 0-3 

3,0968 x 1 0-4 

8,2828 x 10-5 

3,992 1  x 1 0-5 

1 ,8458 x 10-5 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

- 1  

- 1  

- 2  

+ 3  

+ 7  

+ 7  

+ 1 0 
+ 1 4 
+ 19 
+ 24 
+22  

+ 26 
+ 31  
+38 

+43  

+ 39 

+ 3  

+ 7  

t 3  

+ 7  

+ 1 0 
+ 1 2 
+ 17 
+ 23 
+33 

+ 37 
+ 34 
+ 36 
+46  

+ 55 
+ 65 
+ 56 

- 3  

- 8  

- 7  

- 2  

+ 4  

- 1  

+ 1  

+ 5  

+ 6  

+ 9  

+ 8  

+ 9  

+ 12 
+ 14 
+ 20 
+ 1 4 

+ 2  

+ 4  

+ I  

+ 5  

+ 9  

+ 9  

+ 1 4 
+ 18 
+ 25 
+33 

+ 30 
+ 32 
+ 40 
+46 

+ 52 
+50  

- 2  

- 5  

- 5  

O 

+ 5  

+ 2  

+ 6  

+ 1 0 
+1 1  

+ 17 
+ 17 
+ 1 4 
+ 1 8 
+22 

+ 29 
+ 23 

+ I  

+ 2  

O 

+ 4  

+ 8  

+ 8  

+ 1 2 
+ 1 6 
+ 23 
+ 30 
+ 24 
+ 28 
+ 35 
+ 42 
+48 

+43 

- 2  

- 3  

- 4  

+ 1  

+ 6  

+ 4  

+ 7  

+ I 1  

+ 1 4 
+22 

+ 1 8 
+ 1 7 
+ 21  
+ 29 
+39 

+ 25 

7,3643 x 1 0-1  

4,1 35 1  x 1 0-1  

1 ,947 6 X-1 0-1  

8,891  O x 1 0-2 

4,0084 x 1 0-2 

1 ,841  o x 1 0-2 
8,4634 x 1 0-3 

3,9957 x 1 0-3 

1 ,966 3 x 1 0-3 

5,681  o x 1 0-4 
1 ,0269 x 1 0-3 

3,096 8 x 1 0-4 

1 ,632 1  x 1 0-4 

8,2828 x 1 0-5 

3,992 1  x 1 0-5 

1 ,8458 x 1 0-5 

>. 
a 
-  
3 
a 
-J 
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Table 22 -  Median  and high and low percentile values of density,  given as percentage departures from I S 0  standard density,  
for the year at  1 5 O  latitude and for December-January and June-July at  30.45.60 and 80° N (concluded) 

80° N 

Percenti les,  YO departure from  standard  Med ian  

density 

Vb departure 
from  

standard 

Geometric 

al ti tude 

h ,  km 

IS0 2533 
density 

kg.rn-3 
1  Yo 10 Yo Season 20 Yo 

high  low high  high  low low 

+ 2  

-  1 0 

-  12 

-  17 

-  17 

-  31  

-  35 

-  40 

-  45 

-  47 

-54  

-  60 

-64 

-  63 

-  65 

-  68 

- 1  

- 5  

- 4  

O 

+ 3  

+ 6  

+ 1 0 
+ 1 3 
+ 17 
+ 16 
+ 17 
+ 20 
+ 18 
+ 17 
+ 3  

+ 3  

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

+ 4  

- 5  

- 8  

-  12 

- 4  

-  23 

-  25 

-  27 

-  27 

-  31  

-  37 

-  42 

-  47 

-  50 

-  47 

-  46 

+ 8  

+ 5  

- 1  

- 1  

+ 19 
- 8  

+ 1  

+ 4  

+ 9  

O 

+ 4  

- 7  

+ 1  

+ 5  

- 2  

+ 18 

+ 1  

-  14 

-  16 

-22  

-  28 

-  39 

-44  

-  50 

-  51  

-  55 

-59  

-  66 

-  69 

-  69 

-  72 

-  78 

+ 7  

O 

- 4  

- 6  

+ 9  

-  12 

-  12 

-  1 0 

- 8  

-  15 

-22 

-  21  

-  27 

-  24 

-  27 

-  19 

+ 6  

- 2  

- 6  

- 8  

+ 4  

-  17 

-  17 

-  15 

-  14 

-  21  

-  26 

-  31  

-  36 

-  34 

-  35 

-  30 

+ 3  

- 8  

-1 1  

-  1 5 

-  1 3 

-  1 8 

-  32 

-  38 

-  39 

-44  

-  52 

-  56 

-  60 

-  60 

-  60 

-  62 

7,3643 x 1 0-1  

4,135 1  x 1 0-1  

1 ,9476 x 1 0-1  

8,891  O x 1 0-2 

4,0084 x 1 0-2 

1 ,841  o x 1 0-2 
8,463 4 x 1 0-3 

3,9957 x 1 0-3 

1 ,9663 x 1 0-3 

1 ,0269 x 1 0-3 

5,681  O x 1 0-4 

3,0968 x 1 0-4 

1 ,632 1  x 1 0-4 

8,2828 x 1 0-5 

3,992 1  x 1 0-5 

1 ,8458 x 1 0-5 

5 

1 0 

1 5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

- 2  

- 9  

- 6  

- 2  

- 2  

+ 5  

+ 3  

+ 6  

+ 7  

+ 2  

O 

+ 8  

+ 1 0 
+ 7  

-  12 

-  13 

+ 2  

+ 2  

+ 1  

+ 5  

+1 1  

+ 1 3 
+ 18 
+ 24 
+ 30 
+ 39 
+ 46 
+ 51  
+ 56 
+ 62 
+48  

+ 40 

- 0  

- 4  

- 3  

+ 1  

+ 4  

+ 7  

+1 1  

+ 15 
+ 1 8 
+22 

+ 25 
+ 26 
+ 23 
+ 23 
+ 8  

+ 8  

7,3643 x 1 0-1  

4,1 35 1  x 1 0-1  

1 ,947 6 x 1 0-1  

8,891  O x 1 0-2 

4,0084 x 1 0-2 

1 ,841  o x 1 0-2 
8,4634 x 1 0-3 

3,995 7 x 1 0-3 

1 ,9663 x 1 0-3 

+ 4  

+ 7  

+ 5  

+ 8  

+ 16 
+ 1 8 
+ 30 
+ 32 
+ 41  
+ 47 
+ 51  
+58  

+68  

+ 81  
+ 80 
+ 57 

+ 3  

+ 3  

+ 3  

+ 6  

+ 12 
+ 15 
+ 20 
+ 26 
+ 33 
+ 42 
+ 49 
+ 56 
+63 

+ 71  
+ 60 
+ 45 

+ 1  

- 1  

- 1  

+ 3  

+ 7  

+ 8  

+ 1 3 
+ 20 
+ 25 
+ 30 
+ 36 
+ 38 
+ 39 
+ 35 
+ 28 
+ 24 

1 ,0269 x 1 0-3 

5,681  o x 1 0-4 

1 ,632 i  x 1 0-4 

3,0968 x 1 0-4 

8,282 8 x 1 0-5 

3,992 1  x 1 0-5 

1 ,8458 x 1 0-5 
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Figure 1  -  Temperature-al tihde profiles for the mean annual  atmosphere for 1 5 O  latitude and  for mean  December-January 
and  June-July atmospheres for 30, 45.  60 and ûûo N 
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Figure 1  -  Temperature-altitude profi les for  the mean annual  atmosphere for 1 5 O  lati tude and  for mean December-January 
and  June-July atmospheres for  30,  45,  60 and 8oo N (concluded) 
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Figure 4 -  Departures of reference atmosphere densities (mean  values from tables 3-1 5) from  standard 
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