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INTRODUCTION

During the past decade, improvements in the collection and assimilation of data required for more accurate
representations of the atmosphere have resulted in data sets useful for developing a more definitive climatology of
the global atmosphere. Such a climatology has uses in aircraft operations and planning, indirect assessments of
atmospheric transport as weil as a standard state from which atmospheric anomalies can be analyzed.

Prior climatologies, U.S. Navy (1959), U.S. Navy (1966), Naval Weather Service Command (1969), and Naval
Weather Service Command (1970), were produced from individual station data with varying periods of record, and the
resulting summarized data were analyzed. A serious deficiency was the lack of reporting locations in the major
scean basins. Analyses over the oceans were derived by extrapolating from known analyses over coastal regions as
well as the few island or ocean vessels available. An additional complication was the manually intensive effort
required to ensure horizontal and vertical consistency of the data.

With the advent, in the 1970s, of more powerful computers and data collection and assimilation systems, the
initial analyses used for inpuf into forecast models had a three-fold advantage over the station analyses utilized
in the prior climatologies. First, the data assimilation system utilized a greater variety of information for
production of an analysis. The normal array of land-based upper air reporting stations was supplemented by ship-
based reporting stations, cloud reports, pilot reports and, most importantly, satellite-derived temperature,
moisture and wind data. Consequent analyses more accurately represented the state of the atmosphere at a given
observation time. Second, the assimilation system quality-controlled all incoming data and ensured the horizontal
and vertical consistency of the resulting analyses. Finally, through the computer-based system, global data were
available and archived in grid-point form.

A number of analysis sets produced by various national and international meteorological services were
jnvestigated. It is recognized that improvements to the data assimilation and analysis systems occurred within any
analysis set produced, and that current analyses more accurately reflect the atmosphere’s state than do the earlier
analyses. It is also recognized that specific parameter or geographic-based deficiencies exist in all analysis
sets. However, the intent of this upper-air climatology effort is the production of analyses to serve the needs of
the operational meteorologist. A climatology derived from global analyses achieves this goal. Based on known
capabilities and technical reviews of the various systems, as well as recommendations from the professional
numerical modeling community, the analyses produced by the European Centre for Medium-range Forecasts were selected
for processing.

ECHMHE _DATA

The European Centre for Medium-range Weather Forecasts (ECMWF) is an international organization established in
1973 and supported by 17 member states. It is responsible for providing global forecasts to the European
community. Their data assimilation system consists of multivariate optimal interpolation analysis allowing the
incorporation of a variety of observations with differing error characteristics and spatial distributions. A
relatively comprehensive coverage of global data is ensured through the data collection schedule. A unique feature
of the [CMWF system is the method of grid point analysis. Rather than analyzing individual grid points, varying
sized boxes (depending on data density) are created containing groups of grid points. Grid point analysis uses
data from within the box as well as adjacent boxes, thereby assuring a consistent analysis between all the grid
points.

The system also includes internal quality control which examines the climatological reasonability of incoming
data as well as the internal consistency of the data.

In addition, the system utilizes a model initialization process which ensures that harmful gravity waves,
caused by imbalances in the analysis, with the potential to create problems in subsequent forecast fields, are
suppressed. Through the initialization process, the atmosphere’s mass and wind fields are adjusted so that only a
portion of the gravity wave balanced by dynamic and physical processes is retained. Further information on the
ECHMWF system is available in lLorenc (1981), Shaw, et al. (1984), Lonnberg, et al. (1986), and ECMWF (1988).

The resulting initialized analyses are vertically interpolated to these 13 standard pressure levels: 1000,

850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, and 30 mb, and include the geopotential height, temperature,
and wind for all levels with moisture included for the 1000 through 300 mb levels.

iv




Six years (1980-1985) of individuai analysis were obtained from ECMWF on a 2.5° global grid. Although the
analyses were permanently archived as spherical harmonic coefficients, ECMWF reconstituted the analyses for use in
the data processing. Synoptic analyses at six-hour intervals were received for the six-year period, but only the
00 and 127 analyses were re-sorted into a grid point sort. Given the quality control performed by ECMWF on
collected data and the requirements for horizontal and vertical data consistency imposed by the assimilation
system, minimal quality control was performed prior to summarization. Primary quality control was limited to
comparison of level data against known/estimated climatological extremes.

The summarized grid point data were objectively analyzed, machine-contoured by parameter and level on polar
stereographic (0°-90°N and S) and cylindrical equidistant (0°-60°N and S) projections with resulting contours
machine-labeled. In addition, individual wind observations were consolidated into eight 45° segments centered on
directions north, northeast, .... through northwest for display as wind roses on a series of cylindrical
equidistant projections.

Since the ECMWF analyses were archived as spectral harmonic coefficients, the grid point reconstitution
process provides data for all global 2.5° grid points. This naturally includes (for the 1000 through 700 mb
levels) selected grid points at which the land elevations exceed the height of the pressure surface. For these
grid points, a blanking program was used to eliminate both contours and grid point wind roses.

ANALYSES

1. Pressure-Height

Grid point geopotential neight values (in dekameters) are summarized by month for 13 levels from }000 mb to 30
mb with solid and dashed contours of mean values presented on pressure height charts. Standard deviation of height
is calculated from the individual daily values with contours presented on a separate chart series including the
standard deviation of vector mean wind. Local points of highest and lowest pressure are designated with H's and
L’s on the analyzed charts. Not all pressure centers are enclosed by closed contours. Vector mean wind in 5-knot
increments are calculated for selected grid points considered adequate to depict flow for the hemisphere with wind
shaft orientation related to specific latitude/longitude Tines. Vector mean winds less than 2.5 knots are depicted
as a shaft with no barbs. Contours of mean geopotential height and vector mean wind barbs are presented for the
northern/southern hemispheres on polar stereographic projection and for 0° to 60° north and south on cylindrical
equidistant projections with blanking for appropriate high elevation land areas on the 1000 through 700 mb charts.

2. NWind Roses

Wind roses for 10° grid points from 5° to 85° north and south are presented by month for all levels from 1000
mb to 30 mb. Each hemisphere is divided into three longitudinal zones: 60°W to 60°E, 60°E to 180°E, and 180°% to
60°W. Each rose presents:

a) Scalar mean speed

b) Percent frequency of occurrence from each of 8 cardinal point wind directions proportional to shaft length
with dots on the shafts representing 5 percentile intervals.

¢) Mean speed for each of the 8 cardinal wind directions rounded to the nearest 5 knots.

Roses for grid points on the 1000 mb through 700 mb level charts are blanked whenever the land elevation exceeds
the mean geopotential height of the specified level.

3. Temperature

Grid point temperature data (in °C) are summarized by month for 13 levels from 1000 mb to 30 mb with solid
and dashed contours of mean values presented on pressure height charts. Temperature standard deviation derived
from the individual observations are shown on the same charts with dotted contours. Contours are presented for
both the northern and southern hemispheres on a polar stereographic projection and for the zone from 0° to 60°

north and south on cylindrical equidistant projections with blanking for appropriate high elevation land areas on
the 1000 through 700 mb charts.

4. Dew_Point

_ Grid point moisture data were received as mixing ratios for the period through April 19, 1982 and as relative
humidity thereafter for the 1000 through 300 mb levels. A1l moisture data were converted to dew point values.
These are summarized by month with solid and dashed contours of mean values presented on pressure height charts.
Dew point standard deviation derived from the individual observations are shown on the same charts with dotted
contours.  Contours are presented for bolh the northern and southern hemispheres on a polar stereographic
projection and for the zone from 0° to 60° north and south on cylindrical equidistani projections with bianking for
appropriate high elevation land areas on the 1000 through 706 mb charts.




5. Density

Grid point density data were computed from the daily values of temperature and pressure from the equation of
state in the form

where P is the density, P is the pressure, T is the temperature, and R is the gas constant. Density was computed
for moist air through 300 mb and for dry air from 250 mb to 30 mb. Density data (in Kg/m’) are summarized by month
for all 13 levels with solid and dashed contours of mean values presented on pressure height charts. Density
standard deviation derived from individual observations are shown on the same charts with dotted contours.
Contours are presented for both the northern and southern hemispheres on a polar stereographic projection and for
the zone from 0° to 60° north and south on cylindrical equidistant projections with blanking for appropriate high
elevation land areas on the 1000 ihrough 700 mb charts.

6. Standard Deviation of Height and Vector Mean Wind

Standard deviation of the height and vector mean wind data presented on the pressure height charts are
presented on monthly charts for the 1000 through 30 mb levels. Height standard deviations (in dekameters) are
presented as solid contours and vector wind standard deviations {in knots) as dashed contours. Contours are
presented for both the northern and southern hemispheres on a polar stereographic projection and for the zone from
0° to 60° north and south on cylindrical equidistant projections with blanking for appropriate high elevation land
areas on the 1000 through 700 mb charts.

7. dJet Stream

Grid point scalar mean wind speed (in knots), as presented by the value in the center of the wind rose
octagons, are summarized by month and analyzed for 500 through 30 mb. All speeds exceeding 50 knots are shaded
with shading intensity increasing by 25-knot increments. Contours are presented for both the northern and southern
hemispheres on a polar stereographic projection and for the zone from 0° to 60° north and south on cylindrical
equidistant projections.

DATA_AVAILABILITY

Monthly summarized grid point data for the period of record for all levels from 1000 through 30 mb have been
retained on magnetic tape. Data availablie, per level, include:

Number of observations

Mean zonal wind component and standard deviation

Mean meridional wind component and standard deviation

Vector mean wind and standard deviation

Mean temperature and standard deviation

Mean dew point (through 300 mb) and standard deviation

Mean geopotential height and standard deviation

Mean density and standard deviation

Mean scalar wind speed and percentage of observations for each designated direction

' Similarly summarized data for each half-month of the 1980-85 period are also available on magnetic tape. Summari2s
can be provided on magnetic media or in listing form by the National Climatic Data Center.
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PRESSURE - HEIGHT
(13 LEVELS, 1000 TO 30 MB)

Contours of mean height (solid and dashed lines) 1in geopotential dekameters;
example: 580 is 5800 geopotential meters; solids labeled, dashed intermediates

unlabeled
Height 1abeled interval:
6 dekameters ( 60 meters) - 1000 MB to 400 MB

12 dekameters (120 meters) - 300 MB to 200 MB
8 dekameters ( 80 meters) - 150 MB to 30 MB

Vector mean wind in Knots

Contours blanked for geographic areas with elevations exceeding specified
geopotential heights
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WIND ROSES
(13 LEVELS, 1000 TO 30 MB)

Wind roses at 10 degree latitude/longitude grid points
Directional mean wind speed in 5 knot increments

Frequency proportional to barb length with individual dots representing 5%
increments. Values greater than 30% are plotted directly on the barb.

Roses blanked at grid points with elevations exceeding specified geopotential
heights.

Sample rose explanation:

70% of winds from the west

ﬁ—_mean scalar speed (knots)
h—‘IQ approximately 1% of winds from the
/ \ ¢ east with a mean speed of 15 knots

LN 17% of winds from the southwest with
a mean speed of 55 knots

ELEVATION SCALE

% 500 MB [~18,300 F7)
700 MB (~9,900 FT)

850 MB (~ 5,000 FT)

1,000 MB {~400 FT)

s Nl e el

<400 FT
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JET STREAM
{10 LEVELS, 500 TO 30 MB)

Contours of mean scalar wind speed in knots

Minimum mean scalar speed: 50 knots

Contour interval of mean scaiar speed: 25 knots

ELEVATION SCALE

500 MB (~18,300 FT}

700 MB (~9,900 FT)

850 MB (~ 5,000 FT)

1,000 MB (~400 FT}

T s Sl et ISt el

<400 FT
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Upper Air Climatology

Jet Stream
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Jet Stream
50kt + 25K¢ amc

September

Upper Alr Climatology
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Upper Air Climatology

Jet Stream

Northern Hemisphere

50kt + 25kt imc
September
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Upper Alr Climatology

Southern Hemisphere
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Upper Air Climatology

Jet Stream
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Upper Alr Climatology — Jet Stream
Southern Hemisphere \\\ 50kt + 25kt inc
September

300 Mb

60°s - : " :
160° W 90° W 0° 0° B 168° B

115




Upper Air Climatology
Northera Hemisphere
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Upper Alr Climatology

Jet Stream
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Upper Alr Clisaatology

T Jet Stream
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Upper Atr Climatology e Jet Stream
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Upper Air Climatology
Northern Hemisphere
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Upner Alr Climatology

Southera Hemisphere
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Upper Air Climatology
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Upper Air Climatology ‘ T Jet Stream
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Upper Air Climatology
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Jet Stream
50kt + 25kt ime
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- Upper Air Climatology
Northern Hemisphere
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— Jet Stream
In 50kt + 25kt ime
September
30 Mb

Upper Air Climatology
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TEMPERATURE
(13 LEVELS, 1000 TO 30 MB)

* Contours of mean temperature (solid and dashed lines) in °C; solids Tlabeled,
dashed intermediates unlabeled

° Temperature Tabeled interval: 5°C
* Contours of standard deviation of temperature (dotted lines) in °C
° Standard deviation of temperature labeled interval: 2.5°C

* Contours blanked for geographic areas with elevations exceeding specified
geopotential heights

ELEVATION SCALE

. i 500 MB (~18,300 FT}

I

700 MB (~9,900 FT)

iﬂlﬂ

; 850 MB {~ 5,000 FT)
; 1,000 MB (~400 FT)

<400 FT

131




Upper Air Climatology

Mean Temperature (c)
Std Dev <Dotted>

September
1000 Mb
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Upper Air Climatology

Southern Hemisphere
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Upper Air Climatology

Mean Temperature ()
Std Dev <Dotted>

September
850 RMb

Northern Hemisphere
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Upper Air Climatology

Mean Temperature ()
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Upper Air Climatology

Mean Temperature ()
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Upper Air Climatology

Mean Temperature ()
Std Dev <Dotted>

September
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Upper Air Climatology

Mean Temperature (c)
Std Dev <Dotted>
September
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DEW POINT
(6 LEVELS, 1000 TO 300 MB)

Contours of mean dew point (solid and dashed 1lines) in °C; solids Tlabeled,

dashed intermediates unlabeled.

Dew point labeled interval: 5°C

Contours of s£andard deviation of dew point (dotted lines) in °C
Standard deviation of dew point labeled interval: 2.5°C

Contours blanked for geographic areas with elevations exceeding
geopotential heights

ELEVATION SCALE

; 500 MB (~18,300 FT)

700 MB [~9,900 FT)

1,000 MB {~400 FT)

g 850 MB (~ 5,000 FT}

<400 FT
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DENSITY
(13 LEVELS, 1000 TO 30 MB)

Contours of mean density (solid and dashed Tines) in kilograms/cubic meter;
solids labeled, dashed intermediates unlabeled

Density labeled interval:

.02 kilograms/cubic meter - 1000 MB to 400 MB
.01 kilograms/cubic meter - 300 MB to 200 MB
.006 kilograms/cubic meter - 150 MB to 30 MB

Contours of standard deviation of density (dotted lines) in kilograms/cubic
meter
Standard deviation of density labeled interval:

.01 kilograms/cubic meter - 1000 MB to 400 MB

.005 kilograms/cubic meter - 300 MB to 200 MB
.003 kilograms/cubic meter - 150 MB to 30 MB

Contours blanked for geographic areas with elevations exceeding specified
geopotential heights

ELEVATION SCALE

; 500 MB (~18,300 FT)

700 MB (~9,900 FT)

||

i 850 MB (~ 5,000 FT)
( 1,000 MB {~400 FT)

<400 FT
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Std Dev <Dotted>
September

“

wa

LI me®

T

P
(=]

Upwper Air Climatology
Southern Hemisphere

¥

Terenw
=may

182° 3

”
.
”~ .0....} X “.
72 ..'\. B
V) G RS .
p [ N A .
] " ' o "o
2ol 5 -
" X -
|, {< € g Ymva
- v % M .
5N I
o q - * 2
«J\\\u..a 7l W s f s
o s Bl N
MW-\. b uw. ) s
- .:m.nou . ¥
KRN N B
=~ Pl Syl
I3 M . 3 u . "
o . H HHHHE.
X wa - Kt" uﬂ - l.—« \“A v"tﬂlo
ERR R A HHHE=
251 K R
il B R
4 L3 « * . 1]
R et
v HES P YA E
: . =313 H
1 H uo.-l; »
R B Rt B
A 1LY . " +
by pa M ¥ el
» t = » . .
"y /.. ﬁ IR I B
R H
K -] 1
e, | 2318100 | 1]
H
: XA
Py Ao ) B -
= e~ NHH AT
e IR AR
i ) I B " sl
7 : H
r g BN ERE
Wﬂﬂ 5D o f m H R
Wc) A N H
o N R RN
: HELHH
wxxwemfe - B~ KN SO
S ra:0: T Te
: Nl B )
' HATAnd i I
M o . M . '
. AR BN B
o ! R R
ct s .
-1 n~ -3 B W
-t MR R
[ il SE W
* = rs
/) AR
L T
. n *
R T
H
RN
L] r L
* = ¥
A
A U
3 *

: %
i H [
3 ‘ H :
SN I B B I
: H
R Bt L .3- .l.-;.i. NY
M H B EEEE R =
x 13 ® . . . o
y “ u f : 4
A * " i s :
R T : [
M
M RO L ]
& M " » 1 N
: ‘
HI BV [
M RO H
L] - .
P I H
1 IR '
. il * » M
TP I
: ] iot o i H
o !
L R -
N oiji®@; @
\ PR IR
nx L . ) L]
By 1 B " *
* v fon x *
\ o) H "
A * v * 1’
* . 4 » "
\ M H x
. [ T H
H B B I H &
H R A
R H >3
N I ) H
[ - I o
I Yo H (=3
ks 2 : s
o 2] (%]
° °
[~ L]
<~ o

177




Upper Air Climatology
Northern Hemisphere

%,
(-4
¢
N
8 A
g 3
<=2
g7 2
=)
a 5 &8 2
MDMM
=8
ewew
== 7R

180° =

90° B

92° W

3

L

188

178




Mecan Density (kg/m3)

September

\/
o
&

v
’
09

J_

Std Dev <Dotted>

A\

Upper Air Climatology

Souther

Hemisphere

£

O
A ) . J
i >~
. \;
H
:
)
:
H
-] H
-3 .
2 R
gD mm n&n..x
H
. A
H ;
'
12
-3+
HER-
i o
[3d ‘e
K >
;

0010

-t

0920

-
o

P T Y s

)
"
v
J
P 1
d e
fonl
S STR
=1 x 0y
= CR 4
.
. g
»
© g
=] 54
bl H
H
% ~
n
i

1
LCTTY caxmuEARACERRE
Rl L T ®

— e 0900

1
Tuna

LERFP ety

oyl
axmanE kRt

hihNemmeeerriuia gy

0320

hELTT P I

»

>
o 0.000 — e
- 0.900

Sl

.
o
1

- wnaxwmaxnee
e B it
.= M

90° W

[%3

32°

180° w

180° B

90° B

179




Upper Alr Climatology

Mean Density (kg/m3)
Std Dev <Dotted>

September

Northern Hemisphere

180° B

90

W

o)

90

180

et




Mean Density (kg/m3)

Std Dev <Dotted”

September

Upper Air Climatology

Southern Hemisphere

\ }
\
m i
H Jt
H !
[N U EUEUUPROUNG AN |
H I
' H
y !
H 'Y
5 ._ i
X \
H ° \
! < VY
. ‘N -
H o \
[
H
H

160° B

90° B

hieameemASRESEARua Y

0.560

A
nen ; /
*Em s mxwmnxdaanan

"*—-—- " a --':..‘:y.
AL o —0.500
—_— 0700

SR mmnan,

0580 —

it

[T
B

-

P Lt
anaw
e L

9
y

90° W

rnn @ emannee

e 0700 e

h=sanune

180° W

60°s

181




Upper Air Climatology

Mean Density (kg/m3)
Std Dev <Dotted?

September

Northern Hemisphere

Ppy.1<10.010

=

=

\L_LAo

N

.t
IR AR,

180° B

182




S S et et ot e

Std Dev <Dotted>
September
400 Mb

(i

Mean Density (kg/m3)

YT CER

B

3 .
; A :
‘ 1 ¥ <
’ Hi ) H
i ch ; Y
U N mmmxdennns T S B e
: o H R S
H I i BN M
{ : 3 : o
H X + P
H X3 v
P S 7
. 4 7

Denmson

A
.
5
.
%&
\
]
)
P
I
'
II
p
R S

/]
I
<)
!
o
k2
[~d
\
\
X

o}
}
i
7
/
/
V
x
’
I
.
i
.
v
[
1
]
.
‘
x
4
dan se

Upper Air Climatology
Southern Hemisphere
)

/‘
¥

o

tA

\v]

9_01_6....‘...._,.”_“_ oL

2
.
]

o

.

*

*

- .
N 1
......... SIR P
2 .
® %
x [l
2 x
x .
* '
v "
. <
+ "
* .
] N
. [
1 ¢
N »
. x
N 1]
* “a
H ¥
% .
x

. .
x *
. *®
" x
. *
N ®
* I
' "

[ 03560

meemmey,

600

|~ ——0 500

e S,

:
R
i
O T
T

PR, 71 P, |

e n

32° s+t

1

-t n

——
T

]

160’ B

90° B

90° W

183




-

Upper Air Climatology

Mean Deasity (kg/m3)
Std Dev <Dotted>

September

Northera Hemisphere

180° B

99° B

90° W

184




Mean Deasity (kg/m3)

Std Dev <Deotted?

September
300 Mb

Upper Air Climatology

Southern Hemisphere

«
]
‘

F0.650

-
eammeactan.
- [l L T

0.6%0

I
Seaa

.
H
»
¥
H
H
*
]
H

[

L A T

emyamnby

|

Y

B T i

» }..

v>

e

IV
v

)

v oAz anwe

.--(:r'“;-

mm—

)

tazaen

—m().‘io

Prn

ofunnwa® LA T

1

s
. H T
u ¥ a
ZN HE B
- o B 4
e ! I 3]
. s . ’
...... i OIS
v S M

> 1

o ! o

a. : x

<! ..M.vn
r o
Nb.._..wmsus
LR A

* «

s o ! [ -

-‘ » o

K . 1

/ H H

- H ’

; .

- 7, Ao n "

= » »

e A

T 14

pylioc 2

H M ]

0 v
S

3

A AL T T TN SO,

0.440

L T Y 1 S ainb L L 1T T SRR,

YrersecmxzmammananmsT

———————— 0410

0.470

»
*
0

e T L L L L L L T
srssmsnnsmanen N A el YRV

180° 18

90° B

[
Y

0.4%0

TP L T AL LI L DT ¥ L P

~

0.470

cammsssmasume
amssmaussaxssENaxImAmERAn

X
0

g
14

90° W

185° W

185




Upper Air Climatology
Northern Hemisphere

.
’
:

Mean Density (kg/m3)
Std Dev <Dotted>

September

990° B

¥
1
i
|
1
.

180° B

190 W

186




Mean Deasity (kg/m3)
Std Dev <Dotted?
September

B Bitie bbbkt

o0
o3

]
¥
‘]
«
.

©.400.

-
[l 3N

M
M
"

Upper Air Climatology
Southern Hemisphere

=
~ay
“nay

.

rErxcaaxsmaa

EELA T
P

>
\

Y
A Y

pY

IR
=

0,390

®
*
»
’
treaaa

P
cxnunmEmcvusncmmarhiasenan

)
:._.*;
3

[ 1T P S——— ]

0.065

B T Ty L T LT OUPELL

0.4d0

~

M L
a
L] §
.
»
»
T
.
»
MNSORERe L + |
1

A
o005 0390

0.400

'
e
»

B L i ainiiiniaiia kel D TN P L B T P TR DL i deeted

0.400

F..
¢ R armsEasawEErENANay

r

0.400

AausmmEEARVEERIasskummwomEENET
cesmamsmmmEo SRS sL L

Y'Y
.

x
T

90° B

160° B

-

cveremmvEB RS

pmcmmaNEmEm e

90° W

180° W

)
35° Gofermrer

§9°s

187




Upper Air Climatology

Mean Density (kg/m3)
Std Dev <Dotted>

September

Northern Hemisphere

188




Mean Deansity (kg/m3)

Std Dev “Dotted”

September

200 Mb

Upper Air Climatology

Southe

ro Hemisphere

"~

H
Y mane””
RETN

1

pasmmsuko
AT eI Ra,

RS
s
il

.-..-.,-..--ia--.-i
30° B

0.32§

|||||||||||||||||||||

0.005

0320 —

180° B

e e rsnsamsasessxsamsmwesIREEARE=Srsoue

5.
=
Q.
ol
'
v I3
»: ”
LN o
D T )
v 2
=% ° |
H
t [
V
¢ ]
‘
'
V
v
‘
:
¥
H
H
1
H I
kol it
!
H o

AAAAA

AemEAA— AKX SRR R EANE 0_320-.

.
.

TP C

30° 5~

| 0320
180° W

60°s

_189




Upper Air Climatology

Mean Deasity (kg/m3)
Std Dev <Dotted>

September
150 Mb

Northern Hemisphere

Lo
*
I

0.245

Cammm e — =

o

90° W

FEAG
Mresena

i

Al

PP
.

180° E

90° E

190




Mean Deasity (kg/m3)

Std Dev <Dotted>

September

150 Mb

Upper Air Climatology

Southern Hemisphere

7
Y, e

P

Bawa

hat=]

0006

wammehan

THexavaadufaie

'
1
'

—0.252

<o.24$

160° B

90° B

191

90° W

,
H
.
. =3
. *
- .
e et
)
wlt - - 4
-cm.\ Lo -.n. »
o5 e e
4 :
: :
: H
: H
: . :
P
AT
S T
" 4 " *
8 SPSLA
st v -t l:le
) a
(%} (%
-] o
[ [
-3 0




Upper Air Climatology
Northern Hemisphere

&
e
A
[
%
N
& A
g %
<
m{.
e 5
MD
S ®
= »

September
100 Mb

160° B

50° B

v - [0
S (=)
.

:

'
:
: !
:
:

==
. -,
/Wt =

Y 4 2\ ¢ Yo -

P 3 °

£ [
o T o

ot ;

N,

T
=t

e

;
\ :
:

i 1
(>
8= H
s 9

L. < !

Ry :

R ~l.
LR 5 £
* ) [ °
N . ) 2

= . =

o <>

€3

192




Mean Density (kg/m3)

Std Dev ‘Dotted

September

e T LY LT LY

Upper Air Climatology

Southera Hemisphere

0480

———
sdaxwmeEY

¥

{

ST

denuseas
<

~a

0,003

dososarrrrrkds

1
i
[]
T
I
x

0.160
0162
0.003

ik

s
s

.

i

0

2

s

s

]

I

0.162

cpemmemANR LA

¥
.
1
»

A
¥ nnnmnay

Prcans

180° B

90° B

90° W

180° W

183




Upper Air Climatology

Mean Density (kg/m3)
Std Dev <Dotted>

September

Northers Hemisphere

180° E

90° B

90° W

120° W

194




Mean Density (kg/m3)

Std Dev <Dotted”

September

Upper Air Climatology

Southers Hemisphere

LT
s

.~

Std.Dev. < 0.003

P R L L T L L L L L b T O

wrssranmanne ey

—
180° B

-0.003

I
: ©
H =N
.
:
:
:
-
o
hid
©
)
1
!
;
;
;
;
.
i
- \ :
B
) .
: ‘
P ' :
; : :
; H
......... m....}lv:..l.-!..M....‘ 3
: ~ = 1%
: 13 s | @
. |
H
L]
p
d
.
H
'
H
2

90° W

180° W

60° s

195




here

Fe
=p

Northern Hemi

Upper Air Climatelogy

BtdlDdy X plop M
‘\

Mean Density (kg/m3)
Std Dev <Dotted>

September

196




Upper Atr Climatology

~ A = A 3
2B I = ! 1%
R | i 8
Z 8 o ; ‘.
W 8 & & ! :
&4 a < , :
A v B, '
1) O "
s B n :
a 2 :
g =] i
8 :
& u
= ; .
& : !
W ' . i
L il | lebald : :
3 - - ' :
" :
[T ; ..
) - i il m
0 s vun: st | S v S N hmwmn amwammmen » ba
\\ w - M?/( ) - \\\ m" : 00
; - 7 o M " IS
/- \! S i “
N P : :
7 u- :
\ <. \.\ % .m m
/ N7 H H
/. =X ; :
/ =50 : ;
f = 3 ¥ .
[ = ] ’ :
I e o Pt 7 H
= —is i
..._- N d .
'] 3
; L]
2 ; } s
L K ™ v
! & by :
ST ST SRR - i .0
i ot SRR oo S S T B Einmramnsannscornraonnnns | JRLY - R
: K v- » -
. H Ll b L] b
P m o bia
H
Lo : R S
[ | H A Faci /
WY \ ; ;
LR % / i
L .. 7 ;.
EY ’ g
L\ \ ;
/. / P
X A
N A
N // 4 ’
» 4 Y
\ // s
la N ’ \\ -
~ N ‘
AN s
. d ’
TN o
s Pid
\\\\\x
= P
ﬁh \l\\l L]
N - * ¥
o ) o B
5 / .
=== :
£l = i H
= n " 4
2 , I :
¥ *
= - i :
i iy H
& H H
_ H '
€] i :
' 1
gl .. H H
: N H
3 I ;
2 P 3
i !
3 , i g
. ite
i 48
. P =
©

197




Upper Air Climatology

Mean Deasity (kg/m3)

Std Dev <Dotted>
September

Northers Hemisphere

e

]

2

90° W

30 ¥Mb

[£2]
o
(2]
bl
=

198




Mean Density (kg/m3)

Std Dev “Dotted?>

Upper Adr Climatology

Southera Hemisphere

I
i
.
X
»
»
=3
H
H
Y
i
]
,
\
.

AL R Y
.

0%}

. gt
»

o

v
'
*
]

<

Std.Dev.;

x
. -
B e

*)

U S

o
4

30

0.048

.
:
;
!
:
:
:
:
:
:
:
;
:
:
:
:
!
:
:
:
:
;
o
-]
(=3
©>

60°S

I
180° B

90° B

90° W

159° W

199




STANDARD DEVIATION OF HEIGHT
STANDARD DEVIATION OF VECTOR MEAN WIND
(13 LEVELS, 1000 TO 30 MB)

Contours of standard deviation of height (solid Tlines) 1in geopotential
dekameters

Standard deviaticn of height labeled interval:
3 dekameters (30 meters) - 1000 MB to 400 MB

6 dekameters (60 meters) - 300 MB to 200 MB
4 dekameters (40 meters) - 150 MB to 30 MB

Contours of standard deviation of vector mean wind (dashed Tines) in knots
Standard deviation of vector mean wind labeled interval: 5 knots

Contours blanked for geographic areas with elevations exceeding specified
geopotential heights

ELEVATION SCALE

500 MB {~18,300 FT)

700 MB (~9,900 FT)

[

850 MB (~ 5,000 FT)

1,000 MB (~400 FT)
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