
_ _  
_ DII

W~I1I i~~~e



7c
~~~~~~~~~~~~~~~~

~‘ • RESEARCH AND DEVELOPMENT TECHNICAL REPORT
C’\L : ECOM-5800

S

: STRATOSPHERIC WIND SHEAR COMPUTED FROM
• SATELLITE THERMAL SOUNDER MEASUREMENTS

D D C
: By

: Louis 0. Duncan IU~ oc i 26 1976

~~~~jin~Uc~f
: Atmospheric Sciences Laboratory
• US Army Electronics Command
• WMe Sands Missile Range. New Mexico 88002
S
.: September 1976

: Approved for public release ; distribution unlimited.

ECOM
UNITED STATES ARMY ELECTRONICS COMMAND - FORT MONMOUTH , NEW JERSEY 07703

____ iii



— — -—-~~----—-—- -~~~-- - .--— -.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NOTICES

Disclaimers

The flndings in this report are not to be construed as an of-
ficial Department of the Arms position , unless so des ignated
by ot her authoriied documents .

The citation of trade names and names of manufacturers in
this report i~. not to he construed as official Government in-
dorsement or approval of commercial products or serv ices
referenced herein .

Disposition

Destory this report when it is no longer needed. Do not
return it to the originator.

_ _ _ _ _ _  _______  .-— - -~~~~~~~~~ -~~-—- -—-~~~~~~~~



SE CURITY CLASSIF ICATION OF THIS PAGE fI+?i.n Dee. Enter.d)

DED,
~
DT E~TAru1 ’~U DA~~E READ !NSTRUC TI ONS

I~ I ~~ I’.t ~~~~~~~~im I” ‘~~~ I I~~ 1”~~ ~~ BEFORE COMPLET tN G FORM
F_REPORTKIJM.BER 2. GOVT ACCEsSIoN No. 3. R E C I P I E N T S  C A T A L O G  NUMBER

~~~~ EC~ 1- 5a~~~ 
/ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i I IT L E (.nd bIllS.) 5. TYPE QF REPORT & PERIOD COVERED

~ ~STRATO SPHERIC ~4IND SHEAR COMPUTED FROM / ________________________________

SATELLITE THER~1AL SOUNDER MEASUREME NTS~~ 
V 6. PERFORMING ORG. REPORT NUMBER

7. AUIR ~~R~•) 
8. C O NT R A C T O R GRANT P4UMBER(.)

/ , Louis 0. Duncan
9. PE RFORMING O R G A N I Z A T I O N  NAM E AN D ADDRESS ~O. PROGRAM ELEMENT . PROJECT , TASK

AWe *~b WORN UNIT P1UM~ f~~S

A~~ospheric Sciences Laboratory / ~~~~~ ~
;_ i~ :~

‘
~~~

- ~~~ H -
4hite Sands Miss i le  Range , ~ew Mexico 88002 DA Task No. 1T162111AH7 1A2
II . CONTROLLIN G OF F I C E  NAME AND ADDRESS .~ ~I2-. RE~~~IDAT~~
US Army Electronics C ommand // ~~~~~~~~~~~~—

~~~ 1 3. N UM B E R O F PA G C S
Fort Monmouth , New Jersey 07703 17 ~ ~~~. 7~-. -
f4. MONITORING AGENCY NAME & AODRESS(iI different from Controlling Office) 15. SECURITY CL . (ørfflt..$epórti

UNCLASSIFIED
I5~ . DE C L A S S I F I CA T I O N / O O W N G R A D I N G

SCHEDULE

16. DISTRIBUTION STATEMENT (of thle Report) ~~~~~~~ 
- * ~~~~~~~~~~~~~~~~~

(
~
2) - ‘

~ 

~~~~~~~~ 

?
/

‘~~~~~~

Approved for pulbic release; distributid~i.i ~TiniiTëd~

Il DISTRIBUTION S T A T EMENT (of the abstract entered in Block 20, if diflerenl from Report)

Ii S U P P L E M E N T A R Y  NOT ES

19. K E Y  WORDS (Continue on reverse aide if neceaaary and identify by bloc k number)

Thermal winds Wind shear
VTPR Stratosphere
leteorology Satellite/radios onde comparison

~O. A B S T R A C T  (Continue on rev ers e aide if necee.ary and identify by block number)

The successfu l operation of thermal sounders on meteorological satellites has
provided the atmospheri c scientist with a new tool for observing atmospheric
structures. This report discusses the applicati on of these measurements to de-
termi nation of wind shears in the alti tude range of 15 to 30 km.

Duri ng calenda r year 1975 an experiment was conducted at White Sands Missile

~ange (WSMR), ~lM , to determi ne the feasibility of usin g thermal sounder data
to compute stratospheri c wind shear. Radios onde observations were taken — -

‘
~ ~v’

DD j A N 13 1473 EDITION OF I NOV 65 Is OBSOLETE ()27 ~~~~~
‘.

SE CURITY  C L A S S I F I C A T I O N  OF THIS PAGE (W~ .n Data Ent.r.d)

_ _ _ _ _ _ _ _ _  
_ _ _ __ _ _



.-~~ --~~~~~~~ *~~— - -—_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- -

S E C U R I T Y  CLA SSIFICATION OF THIS PAGE(Wh .a Data Ent.r.d)

20. ABSTRACT (cont)

— ‘nearly simu l taneously with the overpass of the NOAA-4 satellite. Observations
from three radiosonde releases were averaged to provide the in situ data .
These results were compared to therma l winds computed from the satellite
mea sure .~ents . Resu l t s  of th is ex periment are p resented and dis cussed .

-
i

SECURITY CLASSIFICATION OF THIS PAGE (W7ie n Data Enlered)

p -. — - ~~~~~~~~~~~~~~~~~~~~~~~~~ —- .-- . -~~-—‘- -~~~~



—*~~
- -

~~~~~~~~~~~ . —* —. - ,~~~~ .- -

CON TENTS

Pa ge

INTRODUCTION 1

DATA 1

DISCUSSION 1

RESULTS 2

CUNCLUSLUNS 2

L - .  .~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ -——~~ -~~~~-—  - - - ‘.



~
- - . - -- ,

~ ~~~~~~~~~~~~~~~~~~~~~

IN TR OD UCT I O N

succ essful operation of vertical temperature sounders onboard polar
orbiti n j  it ll ite s has provided the atmospheric scientist with a new
tu~l f~ r ~j~~t~i obse. vationa l and inferential analysis of the atmosphere .
Seve ra l authors (c.f. Yates , [1]) have discussed the capabi lities of
J.-d.~~iny atr-o~pheric te’.~perature profiles from satellite observations
~f t’~ t’~~rraJ radiation n~n i tted by gases of the atmosphere .

..~ 1l - krio ~i n rHu tionships between atmospheric therma l and dynami c
St r ~~~t ur ’~ le d Elsberrj et al. [2] and Alexander [3] to investi gate
the p ossibi li tj of i nferring winds from the satellite radiance measure-

~~~~ -.r ~r y  app liLa tion of these principles has been discussed by
t~~ d u t ) J r  L

This r-~port invLst i~ dt~
) the use of the ~uAA- 4 Vert ica l Tem pera ture

run le -~ad iui e t f r VT P R)  data to infer wind shear in the 15 to 30 km
altitude reg ion. Toer ra l winds computed from the VTPR measurements are
coi j~ared to wind shears obtained from radiosonde soundings .

A special data collection was conducted at White Sands ~1issi le Range
(WS IR), ~~

“
. during 1975 for sate l l i te/ radiosonde comparisons. Radio—

sonde bal ~ns wer e l aun che d s i m u l t a n e o u s l y  from three s i t es a pproxi-
mately 1 hL ‘ prior to the predicted satellite passover time . (This
rele ase time ~s chosen to m initi l ize the errors due to temporal wind
var iabi lity.j The average of the radiosonde measurements was used as
in situ data f ~

- comparison with the satellite observations. Thirty —
three cases were btained between 12 February and 18 December 1975.

DISCUSS IUN

If one assumes geostr ~iic flow , then the wind shea r throug h a pressure
layer (P1, P2), P1 < ~~,, is gi ven by the thermal wind equati ons

- 
R ~T l n ( P l /P2)

v = ~~~~~ l n ( P 1 /P)

where R is the gas constant , f the Cor i o l i s  parameter , and T the average
temperature through the pressure layer.
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The VTPR on .uAA- 4 scans pe r pen di cul a r to the subsat el l i t e  pa th to
ob tain 23 observations along a scan line extending approximate ly 1000 kin
to each side. Scan lines are repeated at 73 km i ntervals. This rather
dense grid of observations provides sufficient data for estimation of
the horizontal temperature gradients . However , as is typical with
n umerical di fferentiation p roblems , considerable care must be taken in
the estimation of the gradients . After a considerable amount of trial
and error experim enting, it was conclu ded that sufficient accuracy could
be obtained from a least squares planar fit to a 7 by 7 rectangular array

• of observati ons.

Eleven abutting pressures defined by the sequence of pressure 125, 100 ,
80, 70 , 60, 50, 40, 30 , 25, 20, 15 , and 10 mb were chosen for thermal
wind computations. These correspond to altitudes extending from approxi-
niately 15 to 31 km. By using the (average) radiosonde measurement at
125 nb as a “ tie—on ,” the win d profile was extended to 30 km by the
therma l winds.

RESULTS

The total thermal wind from 15 to 30 kin is compared with the corre-
spondi ng ra d iosonde measure d w i nd shea r in Fi gure 1 . Dots re present the
east-wes t component, while crosses are for the north-south component.
Except for a few iso lated cases , generally good agreement is obtained.
Computed cor relation coefficients were 0 .786 for the east—wes t winds
and 0.743 for the north-south winds .

More ins i ght is available from Figure 2 which shows the east—west
component of the mean profi l es. The total shear for the average radio-
sonde wind s is 18.9, wh i ch compares wel l with the total thermal wind
of 16 .3. However , the therma l win d lags the typi cal large actual shear
in the 15 to 20 km region , is about the same as the actua l shear in the
20 to 2 5 km region , and exceeds the actua l shea r above 25 km. It should
also be noted that the thermal shea r for this average case is almost
constant with altitude . This is probably due to the limi ted vertical
resolut ion in the VTPR measurements .

CONCLUS IONS

Results of 33 satellite/radiosonde comparisons have demonstrated that
thermal winds computed from the NOAA—4 VTPR observations yiel d a usabl e
approximation of the actua l wind shear from 15 to 30 km alti tude. Also ,
if sma ll layers are cons idered , then the therma l shear is smaller than
the actual shear in the 15 to 20 km regi on and larger than the actual
shea r in the 25 to 30 km layer. This phenomenon may have been due to
limi ted verti cal resolution of the radiance measurements .

An inspection of the mean profi l es (Fi gure 2) and actua l profi l es (not
shown) suggests that a statisti cal modification of the computed thermal
winds would result in improved accuracies . This possibility is currently
being i nvesti gated and will be discussed in a subsequent report.
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