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ABSTRACT 

The first orderly, calibrated radiances from the V AS-D instrument on the GOES-4 atellite 
(launched 9SEP80) were received at GSFC on 7NOV80, 1900-210OGMT. These VAS radiances arc 
examined for: (a) image quality; (b) radiometric preci ion ; (c) radiation transfer verification at 
clear air radio onde sites; (d) regression retrieval accuracy: and (e) mesoscale analysi feature. 
Several figures and tables of general interest are included in this paper for reference by future VAS 
users. Also. postlaunch problems involving calibration and cI '. processing irregularities of scientific 
or operationa; significance are outlined for historical pUrpl ' . 

The image and radiometric ~uality of the 7NOV80 VAS data meets the prelaunch specifi­

cations that were tested, although systematic bia.es comparable to the single sample detector 
noise were discovered. Calculated radiances. based upon line-by-line radiation transfer models for 

the conditions observed at 19 radiosonde sites in the clear air of the southea tern Un ited States, 
disagree by several OK in brightness temperature in most channels. Some of the radiance discrep­

ancy can be attributed to the normal mismall.:he in the nature of satellite a!1d radiosonde data. 

However. the mid- and upper-tropospheric temperature sounding channels appear to be about 
40 K "older than calculated with no plausible model adjustment to account for the disagreement. 
In order to remove unaccountable biases clear air retrievals were made by empirical regression 
between VAS radiances and radiosondes taken 3 hours later. These empirical temperature and 

moisture retrievals, compared to the original radiosonde data, have the RMS residuals expected 
befor launch (roughly L 0 C in temperature and ±25 percent in moisture). Temperature and 

moisture fields, an?lysed from a regular grid of VAS retrievals over the entire Southea~t. show 
detailed spatial fea t.:ies that are not available in the conventional radiosonde analyses. (' pccially 

in the data-void areas like the Gulf of Mexico. Thl: lack of other "ground truth" data. Lolo(ated 
in pace and time with the satellite radiances, makes it impossible to havl' a truly independent 
veril lcation of these first V AS soundings. 

Consequently. the first VAS radiances provide good visual and relative radiometric data for 
empirir:ally conditioned retrievals of mesoscale temperature and mr)lsture fidds in clear air. Physi­

cally based retrieval models must await the resolution of the biasl' between calculated and obser/ed 
V AS brightnesses. Retrievals in more interesting meteorological condit ion :nust be demonstrated 
from other V AS observation". 
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ASSESSMENT OF THE FIRST RADIANCES RECEIVED FROM THE 
VISSR ATMOSPHERIC SOUNDER (VAS) INSTRUMENT 

SECTION 1 
OBJECTIVES AND OUTLINE 

This section justifies and outlines this status report on the first month of experience with the 

VISSR Atmospheric Sounder (VAS) sounding data at NASA/GSFC. This period culuminated with 

a slJccessful dwell sounding. 

1.1 OBJECTIVES 

The V AS-D instrument is carried on GOESA, which was launched on 9SEPSO. After a month 

of checkout and software adjustments in the data processing chain, dwell sounding radiances suit-

able for processing were captured at the NASA/GSFC VAS Processor (VASP) on 7NOV80. The 

data frame covered North America during 1900-210OGMT. 

These radiances are analyzed for internal quality and their consistency with radiosonde data 

taken from the southeastern (SE) United States a few hours later (OOOOGMT 8NOV80). These 

first VAS radiances are examined by the scientific users for: 

1. Image quality. 

2. Radiometric precision. 

3. Radiation transfer verification. 

4. Regression retrieval accuracy. 

5. Mesoscale analysis features. 

The initial data are compared to prelaunch spe..:ifications and to each other to establish confidence 

in their sowlding quality. 

In the absence of a "VAS Users Guide," this review will present technical detail., that are 

otherwise unpublished. As an initial status report, it is frank about operational problems and un-

completed work. Hopefully. the attempt to be comprehensive has not produt;ed any oversimpli-

fications or errors . 

... ______ ,~_ .......... ~_~ ______ ·_._ttIII. ________ ... _ ...... n ... c ......... _n ___________ -:. ___ -'-_ 
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I. ~ OlTTliN.: 

nUl rtrorl II oI'JlInl/td In chronolOllc.1 ordtr with individu.1 ~cliunl lradn, rrtl.unch. 1'011-

IlIun~h lind l't"lu~rnlum .n IYetl of VAS d.l. Chllrl~ltriltiCL 

• St~'''on I 11.ltl Iht n·porf. objt~'I'vtl .nd oullintl ill ~onlen". 

• St'~tion ~ il II l'rotflll1"'""~ lind It~' hn'nl oullint of VAS. f~ulin. uron ie. roll' ,1 • 

soundin, inllrument 

• St~llon:' rtvitwi (is'''(''1 pl"tiliunch IlItlllntnl of Iht inllrumtnl·llOundin. nr.hUllitl. 

• St~lion" rt"vitwi Iht poltllun~h ilctivity rtquirtd 10 dtbu.lh,,· VAS d.11I pr~tl m, ch.in 

and tmph .. iul Iht IdtnliO~ implic.lionl of Iht I,robltml tncounlt~d bdo~ tht f'ro· 

du~lion of Iht IIr I o".Ierly dwdllOundin. r;adl.n~tl. which wert" I."tn III I CX)().~ I ()()(iMT 

on 7NOVKO. 

• Stdion ~ ;anilly l"'1 imilll~'11 I' Will thil d.tll frame for their k:itn ·. jfi", qu.lity . 

• St~lion h comp.u\'1 rildiilnc\,1 to prtlaunch srcdfj~ationl of noitt Ind ~Ilihfllion IllIhUlly . 

• S"'ction 7 showl th\' cakulltion of' rildian~·tl for cleilr lir rldioaonde aittl in tht SE USA. 

which rCl'orl,,'d 3 houri IlIt,,'r. Th,,' Iynlhtliud "dilnl'tl ,m coml'lrtd tu tht V AS ob~rvl· 

lionl. 

• S,,'~tion H d"'ll:rihl'l how I\,m!"tr;alurt ilnd "twpoint lIOundin.1 art mId\' from a limph.' 

rlld,an~t 10 radiolOnde rtlrtlsion Ichtme. which il then u~d all "radiOlond,,' inttrrollllor" 

to makt II rtllular ,rid of retritvall ovtr Iht SI: USA. 

• Sedion Q analyul th\' V AS lOundh,,1 and tht oriainal radiolOndt rerorh 1&1 ttm~rature 

lind mix in, ratio contours 0.1 varioul rrtUUI"t '''vtla. then ~omrartl thtm to tIIeh olhtr. 

• Stction 10 summariltl what hal been lurned from the nrst VAS radi.n~el at GSFC and 

asst_1 their silnif;clInct for fulurt work with the VAS inltrument 

This report cln be "lkimmtd" by rudin. the abstract. summary lC~tion. and rllUrt"I, Optr. 

tional difficultiel art lal'lely found in Iht footnottl, 
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I .J SUMMARY 01: OBJHilVES AND OUTLINE 

l'h~ flrll onll"rl), VAS dWl"1I soundint radi.nctl .~ u.minl"d b), Iht Idl"nU(k; ute" (or: 

I. Im .. tqualil)' . 

, .. R.dioml"lrk rrtcillon. 

3. RiidiaUon Ir.nlf~r vtriflcation. 

4. Rtl~uion r~lri~Vlll4:curac)' . 

~ . MtlOlCalt .nal),lil fnlUrtl. 
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I. Ohjtctivtl ilnd outlint. 
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. l. Prtl.undl :nltlllntn'" al (iSH'. 

4. VAS-D operationl 10 7NOV80. 

~. V AS-D IIna,r quallt)' . 

b . VAS·D radiom~tric qualit)' . 

7. Radililion lransfer noriticalion. 

H. \' ~S-D soundin, qualit)' . 

~.iL'IOIClIlL' anlll),k'5 frCl'" tmririclll rtlril"v.ll. 

10. VAS-D lIlleUIlll"nl lumrnllry. 



SECTION 2 
DESCRIPTION OF VAS 

VAS i!> described in this section with increasing focus upon its role as a sounding instrument. 

This description proceeds from a programmatic view of the VAS Demonstration to a description 

of the VAS instrument's key features. 

2.1 BACKGROUND 

P~~e~t atmospheric soundings from operational satellites are designed to collect tempera-
~ 

ture and humidity'data for global analysis and input to numerical models which simulate the large-

scale general circulation. The soundings are performed from sun-synchronous polar orbiting satel-

lites, which provide complete coverage of the globe with a spatial scale of several hundred kilo-

meters twice per day per satellite. The enti:p system consists of the sounders on the satellites, the 

algorithms for reducing the data and retrieving the desired atmospheric variables, and the gene)"::!l 

circulation models and is aimed at improving the intermediate to long-range forecasts of the large-

scale cb".jation patterns. 

The need for uaderstanding short-livld weather phenomena, such as severe local storms, and 

the growing requirements for more accurate local weather forecasts that require atmospheric data 

with a fmer spatial scale and more frequent observations, points toward a different satellite sys-

tern: one centered around soundings from a geosynchronous platform (Soumi, et al., 1971). 

Severe local storm research and prediction n~quire frequent observations at sub!oynoptic to meso-

scale resolution to capture the relevant changes in the atmospheric mass and wind fields. The 

incorporation of ancillary data (e.g., conventional surface and radiosonde reports) from the meteor-

ologicaIly active areas is expectl!d to become an important aid to the satellite sounding process. 

Likewise, an understandL'lg of the physics of the phenomenon under observation should be helpful 

in modeling the radiation transfer for the retrieval algorithms. 
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Thc VISSR Atmosllhcrk Soundt'r (VAS), whidl is now operating us an inttgmlllllrt of thl' 

t;l'oslutlonury Opcrlltionlll Environmtntlll SuldHte (GOES) systcm, wus designtd to mcttthc rc-

quiremenls of obSO!rving subsynolltk to mcsoscalc tCllllll"ruture and moisture distributions. Ulli-

mately, ttlt goru is to observe, lllldentind .and predict the devdopml'nt of S\'vere stonns. 

The 8t'osynchronous VAS will wllh:h th,,' d,,'wlupm,,'nt of ml'sllscnl,' wl.'utlll'r systt'ms. IYl'i-

cully surVl.'yin~ thc lInitl.'ll Stalt's with I ~ spl.'l'lml bunds l)nc,' I'cr hour at 15 km (mldir vil.'w) 

reslilution, Satellitc soundings deriVl.'ll from such mullispl.'drlll SCCIl«:S will hllvc JO h.l ')0 km I.'!'fc,,'-

live f\'solutilln, sinc,' S\'v,,'cul pixds musl he u!\"\.·d tll UVl'ragt' rlllliOlm:lrk noisl' and dl.'al with broken 

cloud Clwer in till.' n,,·t sounding fidd of ""'W (SFOV), 

AI this tim\.·. Ih,,' pular llrbiling S<lldlile sounllt'rs are opeHllil1llally u!\"\.'fulllvl.·r tht' dahl-spllrS«.' 

~ln' imporlunl dat'l pruc\.·ssillg aids fur synoptk s,,'ak f\'trkv~lls. Thl·s\.· suundin~s shuw soml' SY:. ... 

in parliy duudy .1I\·as, ;md luw s\.'nsiti\·ity III Illlfllllnl.ll ~radknls (Phillips, c'{ "I,. t1l71l), Op,,'ra-

lil\!lal saldlik sllundin~s UWI' hmd haw similar \.·nufS: thl' subsynoptil' ~nldll'lIls ~lf\.· ulldl'r,,'sll· 

mal\.'d, ;lIlJ thl'rl' an.' sigllifkanl \.'ffllfS wh\.·r,,' Ih,,' undl'rlying topogmphy is unusuulur p\.'rsisll·lllly 

Op\.'mliunul suldlik suullllin~s .In.' uSll:llly 19non.'d in f.lvor of Ihl' l'onVl'nliulHll r<LdiusllIlJl' 

Ill'lwllrk dcspih.' Ihl' illuJL.~Uuh.· spacl'-lim,,· n.'solulion of Ihl' CllllVl'llliullUI synuplil' duln for lIIeso-
t 

sl::llc Jl'wlupml'nls, ellSl' sludks uwr !l\l'SllS\.'uk networks willi sulcUill' radiulh:l'S from Illl' 

Vl'I'R mliian,,'l' l'orrdalllllls OVl'r thl' NalilllHll Sl'vl'r\.' Sloi'lIIs lahonllory (NSSl) I\l'twor~ SIWWl'" 

a SpUIi.11 slru .. :lur,,· ~olllJlarahk III lilt' lII('(l'urlllogi~all'llrn.'laliolls in Ihl' NSSL 1l1lalyS\'s, allhou)th 

I Ill' l\.'Iril'\'cd mOislllr,,' infofllHlliulI Was tllll wdl dl'll'wlincd (thlll'l'r alld VOlldl'r ll;lar, I ')7~). 

--------------- --" 
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I'olar orhitin!t sounJer studies are ha1Ullercd by the la~k of unambiguous. inderendent. ~() .. 

lll~ilt~'d "llround tnllh" data taken with spa~e .. time rtsolution as llood as the satellite observations. 

A prl'launt:h VAS simulation study (Chesters, ~t ai" I Q81) avoided these I'robl~'ms by dednrin!t 

that sd~'ded meStlSclile prome analyses art "!tround Irulh," and then rttrievil\lt profiles from 

~orl"\.'spondinll synlh~'li~ ntdian~e fil.'lds, Sll that unambi!tullUs l'stimates of I\·trievru a~t:una~y ~~lulll 

bl' Iml,k Thl' lluantitatin' I\'sulls, whidl will be de~ribed in a followil\lt S\'~tilln, pl\wiM a bendl­

m:trk fur n",'sosl.:~lle l\'Iri!:val al.:l.:Uml'Y aVililabk from the V AS soundl.'r, for llJltim~1I soullllil\lt I.:ondi­

lions wHhmlt hdp from andllary data or fl\lm physkally mOlil'll.'d rctrievd allturithms. 

TIlF \' AS INSTIHIMFNT 

l>urinll Ihl' I Q70s, lhl' Visihh.,' Infmn'J Spin-Sl.:an RaJioml.'ter \ VISSR) was l.:arril'J on the 

SMS!l;OFS serks uf Sl'osyndmllillus Siltdlit,'s. VlSSR infmrl.'J imillles in Ih,' II mkron window 

~Ir,' t'orlll,'d by sI"l'l'in~ Ihl' s~an lilll' ,'a~h spin by its l'wn width ( -: km I\'solulion at nadirl. Duril\lt 

lh,' 1')~Os, Ih,'\. :OFS s~Itellit,'s willl.:~Irry an uPsradelt inslrulll"lItl'alled lhe VISSR Atm,lsl'h,'rk 

Sllumkr. The VAS inslrument has pr,lllr:llnmahle fl'ulures \, .. ;lkh all'lw a swund-haSl',I,lperal,lr 

III inll-rad Wilh Ih,' saldlik hy usinll IIll' most n'l.:enlllbs,'rvalillns ttl ~omman" wh,'n, wh,'rc mit! 

Illlw VAS will ~h"'quir,' dala. Th,' us,'r will hc limil"d only hy Ihe aHliI'lhk tim,,, filh'r/t1,'h.'<.'tllr 

I.:llmhinalilllls .lIld m"i"llll.'lrk nlllslmints \s,,~, Tabk I l. Thl' lll'llsyndlwnous Ill~"til'n I.:~II\ Il,' 

l'xl'lllit,'" Illllbscrn' lhl' lk\'dlll'm,'nt "I' meSllSl"~Ik wealher SYStl'IlIS. hu' ,'xampk, VAS ,",III tJk,' 

sllundint: quality (Illw-nllisd mdian~l's at 15 km (n .. ldir "i,'w) rcslliuliun allln~ il full ,'arlh ,'asl' 

wl'sl swath wHh a "orth to slluth l'xl,'nl l;lrs" "'''Hlllh tll ~ovl.'r Oklahllma l"'l'ry ~O minUh,'s "lr 

with ;\ nOl'th to south l'xtl'nt larse l"lllllllh to I.:O\'l'r thc ,'ontenninolls tlllHl'll Stall's l'wry hour. 

VAS IHIS I':: tlll'ramll infnll"l'o dHll'nds hl'twl'l'n 4 and 15 mkrons. TI\l' dlannl'is ~II"l' dlos,'n 

III distinguish thl' l'fll'l.:ls uf tHll'osl'hl'rk tl'mperaHm." llI11istUfl' and ,,'Ioud I.:OVl'r ul'on tl\l' upwdlinll 

r;ldhllll"CS. All I ~ dlannl'ls 1.:.111 hc llpcfated at 15 kill l\'sllluti'lIl (inslantanl'ous ll,'ollll'lril'all"kid ,l" 

\'kw at nadir). and dlalllwls, 4.5. 7,~. Q and to t:'~n ill' uper.lled at 7 kill n'slliutilln (the ,-,Ihcr 

dlannds arc too noi:.,,'· or "iii fral.:tion-limited to be opemted at It\SIt,,, n.'slliutiun), 

o 
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Consid~rabk .:ffort has ~on~ into I'l\'tt\un~h development of VAS rndiol1\~try (Malinowski und 

Ruil. Il)KO; M~nl~l. 1980). Th~ VIS~R radiollll:ter hus b~en ul'ltmded to yidd high pn'dsion 

valu~s ( 10 bits) from six \Mectors. and has been ~arcfully ~alibrat~d with outer sp"~e ,3°K) ,mI.l an 

inh,'mul hot targd (3~OOK). Radiometrk noi~ is rcdu~~d by "dw~1I u\'~r~in~" sevl.'ral spins on 

th~ same line and dmnnel; the number of spins allo~llte\t to th~ dumnds is h,'nned the "spin bml-

~~t." Noise ~an also b~ re\lu~~d ufter data ~olkdion by judidous averatting of the dear ad.i"~ent 

t1dJs of view, 

T~,hlc t sunUluirizes kcy dl.·~n fc;.\turcs uf thl.' I':: VAS dumnds: ~entral wavckn8th. W'I"C-

numbcr and bandpass: pUrp\lS\' 1'01' sllul\llin~: muin absorbingll;.lssCS and othl.'r import;.mt int1ul.'n~I.'s; 

sl'cl'd and latitude -:llVl'r~l', In that l','Sl·. pi\.d ;'I\'l'ra~in~ of thl' 1 S km tnlldir view) inst~lIlt'lI\t'OUs 

8l'ometrkal fields uf vkw (l(iFOVs) intll. say. a tlO kill soundin~ rid" of ,'iew tSFOV) .tn.' pussibk 

~.3 VAS CIlANNFL CIiARAcn~RIS nt's 

N!, N! 0, NO. ('II .. , 0:, plus II: 0, usin~ !im ... by-lil\l' 'Ibsorl'tillll l'ul'l'fi-:il'nts (~h:('I;1 tdlCY, ,', til .• 

11.)7.n alid imp\)rtant lIlok-:ular -:ontinuum absorptiun ~I'oss se~lillllS (liurdl, ('( til., 1 47ll- '71; 

Rohl'rts. 11.)7(1). 

.. 
i 
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dlannds. Thl: short W,IV\.' dlunncls an.' indkat~d with dush~d tin~s. Th~ redundancy between Ull' 

lon~ ami short wav~ channels will b~ used to dl.'t~d doud contamination by exploiting thl.' diff~r­

ential s~nsitivity of th~ Ilia nell. fundion to doud top t~mperature. The sharp p~aks of th~ moisture 

channels in Fi~ufe J are reluted to the exponential uver~e distribution of water vapor, ulthou~h 

thl'ir "Ititude is not vl:ry predktable for individual SHlVs, hecausl.' they rel'resen: th~ radiance 

accumulation from the top few millimeters of the tot~II water burden. 

Fi~ures ~ ,Ind J alsll show thaI the h.lwl.'r tropl1sl'hl.'rl.' (500 to 1000 mb) is not well resolved 

by ,lilY one llf the VAS dmnnels. The radi,H\On frum thl.' tl'mperature ami moisture structures 

just ahove the hound"ry layer (700 tll qOO mb) is mixed with both surface 'l\ll.l mid-tropospherk 

radiances in all key VAS dumnds (5, tl, 7,8 and I ~). The "man in the loop" concept will be an 

impllrhml facto~ to succl.'ssful sounding with VAS (Smith, l't ,,/ .. 1l)78) in cases where I".ldiances 

will he confused by low doulis, topogmphy ,md irregul"r surfacl.' emissilHl. :\lsl..1, the indusion 

of surfacl.' tl.'lllperatun.' and moistun.' information into the rl.'lril'vul scheme cun be of great value 

ill prupl.'rly dl.'ll.'nnining thl' atmospheric boundary conditions (Il"Ylkn, ll)Sm, 

'::.4 SUMMARY DESCRIPTION OF VAS 

Thl.' VAS instrument is an improved versilln of the VISSR dl.'vicl.' uSl'd opl.'ralionally '.\1\ till' 

tlOES soltellites. It was dcsigl\l.'d tll pwvide multispedml infrared sllllllding data ,\Ild eXi'll\\ts thl.' 

gcosynchwnllus station tn gin' frc4\',l'nt 1.·I..Wl'n~e llf ml'soscak wl.'ather dl'\'l'Iopml'nls, VAS has 

1 ~ c"Hhratl'll thl.'rm,,1 infr"rl'd I.:hat'nds bd\w~i\ 4 and 15 lIlicrons, which arl' dlOSl'1l tn distin­

guish till' l'ffects \11' tropospherk tl'llll'eralufl', moistufl' and dllUd cover Upllil the upwl'lling radi­

an~I..'S, The VAS channds cuver the tr(}pospherc with fllughly 5 kIll \'crti~a\ and 1:\ kill Illlri/lllll,,1 

resolutiun, alld thl'Y suffl.'r thl' usual pas. .. i\,e infran.'d Iimitallolls un determining thl' st .. tl' of thl' 

lowes I atnll.)sphcric layers without andllary surf.lce dat ... 
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SECTION 3 
PRELAUNCH ASSESSMENTS AT GSFC 

This se.:tion summarizes some of the prelaunch sdentitk studies of the radiation transfer and 

mesoscale retri~val .:apabilities of the VAS instrument. These studies were done at GSFC. 

3.1 VAS FILTER f. ~SESSMENT 

Th~ prelaund\ measurements of VAS-D tilter/detector spl'dral responses wen: convolved with 

thl' foreoptks spectral characteristics. and the resultant spectral sensitivity at scores of points with­

in l'ach bandpass were reported to GSFC 1 Figurl' I shows ~hese measured bandpasscs and com-

pares them to the central and half-width wavenumbers in the IH '!Iaunch spedfications of Tahle 1. 

These measured bandpasses allow one to compute mean wavenwnhers. listed in Tahle ), whkh 

differ from the spl'dfkations listed in Tabk 1 by less than I percent for all dlannels. Compared 

to the specified hanJpasscs, thl' manufactured bandpasses result in cnly sl~ht differl'nces in the 

channl'ls' line-by-Iine transmission functions (gl'nerally <I percent) ,md the simulated br~l\lnl'ss 

temperatufl's (generally < 10 K) done with ead\ set. 

The wdghting functions showll in Figures 1 and 3 arc based upon the mcasured bandpassl's. 

Notkeable disagreement with l'orresl'onding we~hting functions for the spedfkations (not shown) 

occur only for the watcr vapor chanlll'ls \) and 10 where the actual bandpas. .. es result in standard 

weighting functions that peak slightly deeper in the atmosphere (about 50 mb at 500 mh, a more 

desir"blc situation for severe weather analysis). 

Tahk' 4 lists Planck radiances calculated for l'wry significant degree of brightness temperatufl' 

using thl.' \!fI~(tive VAS wavcnumbl.'rs listl'd in Table 3. This radiance table is vcry convenient for 

qukk verification of the magnitude and mutual consistency of adual VAS radiances from a sound-

ing field of view (SFOV). Section 7 desaibes the t.SFC method USt.-1i for (omputing brightness 

tl.'mpt'ralun' T- (",R) for thc effe~tive wavcnul'lIb~r" and observcd radian('l' R. 

I Personal ~oll\l1\unkation. P. MClIl.d, Uni,'ersity vI "' L'<~,msill. August 1980. 
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3.2 VAS CHANNEL SENSITIVITY ESTIMATES 

Table 2 summarizes some calculated responses of the VAS channels to the dear atmosphere: 

the pressure level of the peak of each standard weighting function; the pressure range over which 

the middle 80 petcent of the radiance accumulates; the net sensitivity of the brightness tempera-

ture to a 10 C increase in the entire air temperature profile or in the dewpoint profile or in the 

surface temperature alone; mean and standard deviations of VAS-simulated brightntss tempera- .. 

tures for a set of 32 radiosondes distributed over North America; and "signal"/noise estimates 

made by comparing these variances to the single sample noise listed in Table 1. Roughly speaking, 

the "signal" (variance) in the tropospheric channels is 5 percent of the total brightness, and the 

noise is 0.5 percent, giving a "signal" / noise of about 1 0/ 1. 

The net sensitivity estimates in Table 2 suggest simple chil.nnel combinations for special envi-

ronments. One promising combination is VAS channels 7 and 8. These form a "split window" 

for water vapor determination in the lower troposphere, since the two chi1~nels have different 

sensitivity to moisture variations at nearly the same wavelength (Prabhakara, e/ al., 1974). For 

instance, a SFOV with 50 C higher dewpoint than the U.S. Standard will appear 1.80 K colder at 

12 microns, due to the increased absorption by water vapor, but only 1.00 K colder at 11 microns . 

. Consequently, this "split window" should be able to directly aisplay horizontal moisture gradients, 

such as pre-thunderstolm "dryline" environments with warm dry air next to cool moist air. Such 

interesting speculations have been examined more thoroughly by GSFC in prelaunch sounding 

studies of simulated VAS retrievals for realistic mesoscale situations, and the results are summarized 

in the following paragraph. 

3.3 SIMULATED SOUNDING STUDIES 

To prepare the GSFC personnel and computers for VAS data, radiances wtre synthesized and 

scundings were made and analyzed for severe storm conditions (Chesters, et al., 1981). This report 

Jescribes a prelaunch sounding simulation experiment to demonstrate: 

10 
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1. The visibility of lower tropospheric moisture gradients in the VAS radiances. 

2. The detectability of a potential convective instability in a pre-thunderstorm environment. 

using optimal soundings from the VAS channels. 

3. The sensitivity of residual errors in VAS regression retrievals to "local" statistical condi­

tioning for the kind of mesoscale phenomenon under investigation. 

In order to estimate the accuracy of the three-dimensional VAS soundings within severe local 

storm systems, 11 channel radiance fields are simulated for thunderstorm environments observed 

in Oklahoma. Temperature and moisture profiies for 10 time frames (Mostele. et al .• 1980) are 

drawn from the radiosonde network operated by the NSSL in 1976. The profiles «,:e gridded using 

a Barnes analysis (Barnes. el al .• 1981). covering Oklahoma with a grid at 20 km horizontal resolu­

tion and the troposphere at 1 kh~ vertical resolution. Radiances are simulated for SFOVs in each 

frame, using line-by-line transmissioh functions for the temperature and moisture profiles. 

Simulated V AS images of partly cloudy pre-stoml conditions are shown for one of the NSSL 

frames where a corresponding SMS II micron picture is available. Radiances are computed at full 

VAS resolution (20 km projected view per SFOV). Grey level images in the "S[,lit window" chan­

nels at II and 12 microns show that realistic cloud cover does not seriously mask the underlying 

precursor stoml conditions. Moisture gr .. Jients are visible in the clear areas with contrast greater 

than the expected V AS noise levels. 

Temperature and moisture profile retrievals are done at the exptded SFOV resolution by 

using a coarser (50 km) SFOV subset drawn from the finer (20 knl) grid. These simulated radiances 

are separated into two sets: a "local" dependent training set used to determine clear air to radiance 

correlations and an indl'pendent tcst set used to detennine the retrievability of atmospheric infor­

mation from dear SFOVs. The impact of detailed statistical conditioning upon a regression r\!triev­

al scheme is demonstrated by comparing these "locally" conditioned retrievals to soundings done 
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with two other depl'ndent training sets: a "global" set derived from 32 North American radio-

sondes and a wet/dry subset of the "local" depl'ndcnt NSSL frames. For the latter comparison, 

the tidds are partitioned into a "wet set" and a "dry set," using a thres.'lOld mixing mtio of 8 gm 

kg-I at 850 mb. 

Results from the simulated retrievals include: 

1. Temperature prome residual errors in the troposphere are t 2° (' across a 3° C gradient, 

and corresponding mixing ratio residuals arc ±~ gm kg-I across an 3 gm kg-I gradient. 

~. Horizontal and vertical temperature and moisture structures are retrieved in the lower 

troposphere. and potentially unstable air is recovered from simulated VAS radiances 

having the resolution and noise limits expected from the instrument. The absolute magni-

tude of thl' retrieved potl'ntial instability is £igniticantly underestimated by the remote 

sounding process, which retlects the lack of vertical resolution in the I ~ VAS channds. 

Relative temperature and moisture pattems JCl' retrieved, although the magnitudes of the 

graoients are likewise underestimated. 

J. R~trievals done with regression matrices conditioned with "local" weather ~tatistks have 

smaller residual errors than those conditioned with "global" data. These results are due to 

the better resolution of ambigllities in vertical structure in favor of the most probable 

structure derived from a "local" statistical database. A further subdivision of the dc-

pendent NSSLb dataset into "wet" and "dry" subsets did not make any statistically 

signiticant improvement in the "local" retrievals. 

4. V AS should be capable of retrieving vertically integrated meteorological par,ulleters. The 

main moisture and aimlass features are captured in the fonn of retrieved fields of pn:dpi-

table water and geopotential thickness. These simulations had only ±0.2 gm em -1 error 

(less than 15 percent) in precipitable water and only ±3.3 nwter error in the 500 to 9~0 

ntb thickness, using "locally" conditioned regression coetlicients. The inadequacies of the 

"glohally" conditioned retrievals are most dramatically displayed in retrieved thickness 

fields. 

l~ 



This prelaunch study of VAS retrievability gives promising results for pr.:·thunderstonn 

environments. Prolile errors are comparable to those daimed for polar orbiting sounding instru-

ments. Strong gradients are dis(.'enlible in realistic partly cloudy conditions. although their magni-

tudes are underestimated like those observed with operational sound~rs. While not all of the com-

plex factors in satellite datu have been simulated in this study (such as multiple cloud structures. 

surface irregularities. renect~d s\lnlight. and radiometric errors). these results still imply that VAS 

radiances will produce th~ best sounding when a huntan being dassifi~s the scene. picks relatively 

dear areas for retrieval. and upplies ,\ "local" statistical database. The VAS simulated soundings 

show the same limitations in absolute accuracy and vertical resolution that are suffered by other 

passive infrared satellite instruments. espe':ially in the lower tropospheric moisture retrievals. This 

w(akness. even in these optimally SImulated soundings. indicates that timely incorporation of con-

ventional surface data will hav~ iv become part of VAS data processing to make the lower tropo-

spheric retrievals more aCl.'urate. N~vertheless. VAS' spatial and temporal r~solution should permit 

us to locate aud «::'fectively monitor the rdative changes within pot~ntially unstable mesoscale 

structures, and thus signiticantly improve upon the synoptic-scale. ground-based and polar orbiting 

data networks. The analysis of real VAS data will determin~ if this pot~ntial for monitoring meso-

scale atmospheric changes can be realized with geosynchronous satellite sounding data. 

Th~ m~asur~d sp~ctral r~sponsivity of the VAS-D channels m~ets prelaunch specifications. 

The cakulat~d sensitivity of the brightness temperature (OK) to the VAS channels' variations in 

temperature and moisture (0e) indicat~ a typical"variance/noise" ratio of 10° C/lo K over North 

• Amerka throughout the year. A sounding study of thunderstonn ~nvironments. using V AS radi-

ances synthesized from NSSL radiosond.:s, yklded pronk and gradient retrievals with a..:ceptable 

error levels. provided that the algorithm was statistically conditioned to resolve ambiguitks il: favor 

of thl.' most probable local conditions. However. there was a serious underestimate or lhe moisture 

content of th~ lower tropospher~. which sugg~sts that ancillary data is needed in ord~r to retrieve 

this param~ter accurately. 
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SECTION 4 
VAS-DOPERATlONS TO 7NOV80 

This section describes some of the problems with V AS-D which affected thl': acquisition of the 

first good dwell radiances or which I.:ould affect future users . 

4.1 THE VAS DATA TEAM 

Responsibility for the prelaunl.:h I.:heckout of VAS is given to the builder, Santa Barbara 

Researl.:h Center (SBRC) (Malinowski and Ruiz. 1980). and to the operational developer. the 

University of Wisl.:onsin (UW) (Menzel. 1980). General management is by NASA's Operational 

Satellite Improvement Program (OStP) via the VAS Demonstration Experiment at Goddard Spal.:e 

Flight Center (GSFC) (Montgomery, 1980). 

GSFC also maintains a computer system I.:apable of handling VAS data. This system. known 

as the VAS Prol.:essor (VASP). is expected to perform detailed sounding and mesoscale' weather 

research on I.:ase studies. in contra~t to the development of a prototype operational system at llW. 

Before the GSFC VASP receives the VAS data. it is processed by three other programmable com-

puters: one on the GOES spacecraft. one at the central gwund station at Wallops, Virginia. and one 

at GFSC. 

The GSFC VASP has a front-end computer called the VAS PreProcessor (VASPP). which per-

forms archiving. zero point calibration. dwell averaging. data unpacking and some documentation 

functions. The computer at the front end of the UW and.GSFC computers is the Synchronizer/ 

OataBuffer (S/OB), located at the ground station run by NOAA at Wallops. Virginia. Both the 

S/OB and the VASPP are being developed under contract by the Westinghouse Corporation (W). 

The computer on board the GOES satellite. which performs the initial sampling and calibration 

steps. was developed by SBRC. It requires considerable technical coordination and software 

debugging to manage this data chain well enough to deliver orderly V AS radiances to the sdentific 

user. 
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4.::! PRELAUNCH PROblEMS 

Before launch on 9SEP80, one of VAS-D's two large (15 km subsatellite resolution), long 

wavl.' (6 to 15 micron sensitivity) detectors was unusable, probably due to a loose wire attached to 

the ~~tector. The impo:ct of this on sounding is to reduce the latitude coverage rates from design' 

specifications by a factor of::!. In order to recover reasonable latitude coverage, the spin budrd 

for dwell sounding was drastically reduced in the fainter stratospheric .:.hannels (see Table 1). 

GOES-D was launched despite this loss, because this detector is not used for operational VISSR 

data, and the VAS instrument is still only an experiment with VISSR compatibility. 

In the testing prior to launch. SBRC accideni.ally fouled and then cleaned the primary tele-

scope mirror, leaving :.~ noticeable film known as the "green haze." Analysis of the residue deter-

mined that the "green haze" did I j t signil1cantl, degrade infrared performance of the optics 

(less than 10 percent absorption at VAS wavelengths. and GOES-4 was permitted to launch.
2 

4.3 POSTLAUNCH CHECKOUT 

In any large project. the operational methodology is forged in the first days when procedures 

arc adjusted to make the data chain actually work. For historical purposes, some of the important 

decisions that led to calibrated. documented, orderly VAS radiances suitable for dwell sounding 

are reviewed here. 3 

4.3.1 Calibration Irregularities 

One adjustment of potential scientifk importance involved the preliminary calibration step. 

an analog-ta-digital (A/D) conversion of the detedocs' raw positive voltage to a binary number 

for transmission tll earth. V AS-D now uses a "constant" lookup table with enough leeway in each 

lTh~' situation is dt·s •. :ribl'J in a memo for th~' recorJ. Jated Septembt'r :4. I qSO, and titled 
GOFS.D V AS Contamination." by Dr. Harry Montgomery, VAS Demonstration Manager, NASAl 
GSFC. Greenbelt. MD ~0771 , 

3 A more detaikd record can bl.' found in thl' minutes of the meetings held by Dr. Harry Mont­
gomel),. V AS Demonstration Manager, NASA/GSFC, Gn:enbdt. MD :077l. 
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channel for the larg~st cOllce;Vtlble observation4 to fit into 10 bits, rather than by using the origi-

nally planned "dynamic" scaling of ~ach line of data with leeway for the largest a(.'tual observa-

lion Within each line. 

The original scheme provided a minimum of digital truncation errors, but the "dynamic 

jitter" in the data by factors of 2 from spin to spin was not manageable by the "dwell averaging" 

algorithms in the minicomputers at UW and GSFC These minicomputers arc not fast enough to 

do this m\;·,il arithmetic with the VAS data streaming in at I. 75 megabits per second. ('onse-

quently. the adopted scheme. with I to 2 bits of leeway in the IO-bit word, yield') roughly 8 signit:' 

kant bits of radiance infonnation for a typical earth scene, making truncation noise comparable 

to radiometer noise in the brighter channels. For instance. if 8 significant bits (.:!8=256) represents 

100 ergs/etc in the II micron window (VAS channel 8), then the truncation error is 100/256=.4 

ergs/etc. which is larger than the single sample radiometric noise (±.':! ergs/etc) specified in Table I. 

This small errol' is not serious for bask sounding wor1-.• :.md the '\:onstant" lookup tables on the 

satellite can be reprogrammed if neccssary. 

Most of the other problems in the first months' testing involved software details and convcn-

tions. In fad. V AS produced recognizable pictures of the earth in all I 2 channels by 9OCT80. 

However. the lack of dump and dl'bug facilities in the S/DB at the Wallops. Virginia ground station 

prewnts th~ rapid analysis and repair of thdr problems. ('onSl'quently. UW and GSF(' have devel-

oped front-end software to do quality assurance of the incoming raw V AS radiances. 

The scicntifil:ally important problems involvcd establishing zero raJiancl' for outcr ~pacc. 

sin!:e algorithms must !:orrcct for: voltage biases on the detectors. radi<illce from the telescope 

foreoptics. and accidental views of the mo )11 ,',r stars during the zero point "spa;:e look." The 

VAS calibration chain is outlined in more detail in a subseqiJcnt section on quantitative radiometric 

quality. 

4The largest conceivable radiance corresponds to a scene tempera!ure of 3400 K. 
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4.3.2 Miscellaneous Postlaunch Irregularities 

A few minor data processi,1g anomalies 8tm remain, such as confu!lion over the logical bit used 

to indicate either north-to-south or south-to-north sc .. nning of the mirror. (Current operations 

ignore it by :!ssuming "II scans are done north to south.) Perhaps only 30 percent of the telemetry 

documentation associated with each spin scan of radiar.ce data is used regularly enough to insure 

th.·! it is completely "debugged." 

Postlaunch checkout of VAS-O occurred during the equinoctal "eclipse season," when the 

satellite is thermally shocked by passing through the earth's shadow each night. The only notice-

able effect upon regular (daytime) sounding operations W1S the inability of the local radio reception 

to function for an hour at midday when the satellite appeared nearly aligned with the sun. 

Operations with V AS-O on GOES-4 were regularly plagued with sudden stoppages ill the flow 

of data. The majority of the cases clearly arise in the SlOBS and not in the VAS instrument or in 

the local computers. In November 1980, the mean time \') failure was a few hours. ~ 'lis ca~sed 

roughly half of the attempted dwell soundings to fail, especially those in the morning corresponding 

to the 120QGMT radiosonde launches. 1n fact, the radiosondes themselvt~s can occasionally inter-

fere with the reception of VAS data at the SlOB in Wa'.lops, Virginia, since the backup frequency 

for local RAOB broadcasts is within the bandwidth of the GOES 28 Mbit sec-1 telemetry downlink. 

Other data ,*'Icessing problems are noted in the following sections. 

4.4 UNITED STATES APPEARANCE ON 7NOV80 

Quick-look, wide-angle visible images were available a~ WEFAX pictures6 from the GOES· 

EAST VISSR operatlon~. Figure 4 shows the VISSR picture of the United States taken at 2000GMT 

SSuhsequent analysis indicates that ~he cause is in the SlOB hardware where sevenl hundred inte­
grakd circuits have silver coated leads. which have bef'n gradually corroding and causing un­
interpretable voltage levels. These chips have since been r!!furbished. 

6No GSFC '.iSSR pidure was available from GOES-4 itsdf at 98°W, because the Laser Beam 
Recorder (LBR) attached to tile VASPP system for the production of full earth. full n:solution 
VISSR pictures was inoperative. The cost of maintaining the LBR is deemed to be too great to 
risk its operation a~ a routine aid to the V AS data users at GSFC. 
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7NOV80 from GOES-EAST, at 750 W. Most of North America was quite clear, and the SE United 

States was experiencing unseasonab!y wann weather. 

The GSFC V ASP data handling capacity was desi~ncu for mesoscale field analysis, so that 

sounding experiments can encounter software and hardware bottlenecks 7 for areas larger than a 

subsynoptic region. Consequently, the SE United States was selected for the first VAS soundings at 

GSFC, since the area was seen at a good aspect angle, tho! air was clear, and there w~s "ground 

truth" availab~e from the radiosonde stations there, as well as "satellite truth" from the afternoon 

pass of TlROS-N. 

4 . .1 SE UNITED STATES RADIOSONDES ON 7NOV80 

The afternoon radiosonde releases in the SE United States started about 233OGMT, roughly 

3 hours after the VAS dwell radiances were observed in that area. There are 19 sites in the are.! of 

interest, from Oklahoma to North Carolina and down to the Gulf of Mexico. Table 5 lists the }9 

site l('cations, and the secant of the zenith angle from the site to GOES-4 at 980 W. Figure 20 

shows the locations of the 19 radiosonde sites projected on an image of the SE United States pro-

duced from the VAS 3.9 micron window radiances. Zenith angles with sccO>2.0 (8)600
), as 

would be viewed in New England or the Pacific Northwest, are too large to produce accurate 

re~rievals reliably. 

Tables 6, 7 and 8 list the 19 radiosonde measurements of temperature, dewp,.)ing and dew-

point depression (all 0 K). The tables were interpolated onto the 40 levels used for tr;;nsmission 

function and radiation transfer calculations to be described in section 7.1. These lists were derived 

7The GSFC VASP is a minicomputer (a PDP 11/70 under RSX II M) with sufficient CPU, meniory, 
bandwidth and mass storage capacity for the flow of VAS data, but the \6-bit address word size 
limits each task to 64 kbytes. This has pro .cd to be undersized for general purpose scientific 
programming. even with overlays. subtasking and memory paging. The worst VASP bottlertecks 
arc being reprogrammed by striking a new balance among factors of CPU speed, memory avaU­
ability. data management delays, overlay complexity, software flexibility, programmerskiUs, 
and user convenience. 
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from printouts of the entire radiosonde reports mailed from the National Climate Center (NCC) 

in Asheville. NC Tropospherk radiosonde reports are more direl~tly available from the National 

Weather Service (NWS) ub04line" attached to the AOIPS computer at GSFC'. 

Figure 11 shows plots of temperature and dewpoint pronks for three sites within the region 

of interest (Amarilh. Texas. J ac!<son. Mississippi and Tampa Bay. Florida). The temperatun' pro-

tiles resemble the subtropical mean far more than the U.S. Standard Atmosphere (not shown) with 

:l sharp. cold tropopause and unseasomlbly wann air at the surface. The 'lir is very stable.tI1:th a 

noticeable gradient toward .he cookr air in the cast. The moisture protiles are substantially drier 

than tilt,· subtropical default with large mid tropospheric variations. No site n:ports moisture abow 

300 mb. and many cast em stations reported only a few of thl' lowest mandatory levels with a 

nominal (i.e .• too dry to measure-) dewpoint depres.. .. ion of "30° c." Considerable moisture layering 

can be seen in many of the dew point depression profiles of Table 8. 

4.b Ol'FRA nONS ON 7NOV80 

On Friday afternoon, 7NOV80 during 1401-205 2GMT, till' VAS data procl'ssing systl'ms 

executed the tirst saccessful dwell averaged observations. The VAS instrument was programmed 

with a Processor Oat" Load (PDL) with 54 spins per line over all 12 channels (see Tabk' I). survey-

ing sc"n lines 200 to 600'1 (roughly 50° to 20° N latitudes), Thl' southern United States, in lines 

400 to 5%, was observed .. t roughly 2030GMT, about 3 hours befoTl' the actual reka:.e of the 

"OOOOGMT" radiosondes at 2.HOGMT. The spin budget in the dim stratospheric channels was 

grl'atly rl'duced in order tu trade that loss in radiometric accuracy for inl:Tca~d speed and cover;age. 

Illlnfortunatc:ly. till' AOiPS proc~'ssing of t1w "604" prot1les n1utindy trulll'atl's thl' data abovl' 100 
IlIh, whidl is too low tll Vl'rify many llf thl' VAS r .. dianl,;cs, as one can sec from the verti~a! extent 
of thl' w:;ighting fundions ill Figure;; 2 and 3. 

"Only \ilil's ~OO to 5l)h "Wl' r~'cl'h'l'd; tl\l' loss of the end hnes from every PDL is a commoll fault 
sumewhcre in thl' data processing system. 
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4,1 SlJMMAR Y OF V AS-t) Olll~RATIONS TO 7NOVSO 

VAS-I) was laund}l'll on QSFPSO with Olll' uf a n'llundant pair of ll~te~tors broken, rt'dudnlt 

usdul data rat~s by a fa~tor of~, A mllnth lIf I'llstlaunch ~heckout was USll'd for dcbUtQtilllt soft­

ware throughout th~ V AS system. prindl'ally thl' Alll conversions on th~ satellite. the \':a1ihrJtilln 

in the: S/l>B .,t Wallops. and thl' l'alibration and quality assurance in the VASPP and VASP, The 

tirst llrderly, calibratl'd llwdl radiances w~re ~athercd u\'Cr Nutih America on th~ aft~nU..llll' llf 

7NOVSO, 1 \)OO-~ lOOC;MT, The: \\'Cather was remarkahly l'll-ar and wann o\'~r most of the Sl! 

United States. where radiosonde reports Wt~rc a\, .. ilable J hours ",ter from I ~ dear sites. 
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sour··ling data of 7NO\'SO is ,,'xamin~ll "isually for ~ontinuiIY. ~gislration. landlmll'k lo~utilln, and 

sllundin~s with th~ fust \'AS dwdl sllunJulg Jala, 

S.I IMAla:S IN AU I ~ \'AS ClIANNFlS 

l'n:ry Illth SJmpk fWIlI tlw ~'l'ntwl I 'll ~ ~lIl\pks ,lll l'\'l'ry ~lh.l hill', III TIlls rl'salllplill~ lIIakl'S 

tllThl' \'ASP SllnWJrl' f", 1II.lkll'~ im.l):l's ffllm USA d,lt,lsl't:- h;ld ,11\ 1l1'1'l" limit,',!" :ll.llOll ll)t.11 
Pl\l'Is tbyl,'s) S,) IhJt pil·tllr,'S llf 11101,' th.1Il .:'00)" lOll SFO\'s Wl'n' lint pllSsibk. 
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Th~ "landmarks" in the VAS imag~s shown in Figure 5 ar~ found in the GOES-EAST VISSR 

pictur~ in Figure 4. Ther~ are characteristic doud formations ov~r Montan;~ and thl' Pacitic North-

wc!st. ov~r the upper Midwest and ,:entral Appalachians, ana across the southern tip of Florida. 

The United States seacoast from the Carolinas to Texas is dear, as is Botia, Mexico and southern 

California. Th~se features are all apparent in the VAS window and lower tropospheric sounding 

channels. Only th~ higher clouds appear in the mid-tropospheric channels. For instance, the low 

cloud band running from North Dakota to the Great Lak~s is visible in VAS channels 5 to 8 and 

12. but is indistinguishabl~ in VAS channels 4 and II. The mid-tropospheric douds over Montana 

and the Gr~at Lakl.'s can b~ ~~n in VAS channels 4 and 9 to II. but scarcely aff~ct th~ upper 

tropospheric T'.ldiances in VAS channel 3. Likewise. the highest level douds in the tlow across 

the tip of Florida appear in all of the images in Figure 5 except for the two stratospheric bands. 

VAS dlannels 1 ~lI1d 2. The only "landmarks" in th~ stratospheric channl.'ls ar~ the edges of th~ 

earth in th~ upper corneTS of the pictures. Th~ mid-tropospheric water vapor bands, VAS channels 

9 and 10. haw very similar images in Figure 5. although the wille what greater p~n~tration of 

channel q manifests itsdf as sharp~r contrast for thl' mid-level douds. These watl'r vapor images 

also display a r~markably complicated pattern of dear air dry "slots" (dark str~aks of maximum 

upw~lIing radiance in the contrast-rewrsed images of Figure 5), such as tIll' conwx and concav~ 

pair aaoss Oklahoma and Arkansas and along thl.' Gulf Coast. In dlannel 12. the 3.9 micron VAS 

window channd, there ar~ loc:~1 surfac~ warm features (dark~r areas) in southern TeX(lS (lnd in the 

central dear ar~as of the (,ulf of Mexico. Thl.' autumnally chilled shallow waters just off of th~ 

Gulf and Atlantic coasts makt.' the sunlit land and the warmer deep waters stand out in greater con-

trast in VAS channel 12. with the Gulf Stream quite visible. Finally. there (lrl.' noticeahle limb 

gradients in all of thl.' channds except channel I. which presents an almost tlat, grl.'Y appl.'arance of 

low intensity at all viewing angies. The blank appearance of the earth in channel I has not yet 

been explained. 

" --

1 

1 
1 

i 
! 

j 

... 



~""~'."'~-

s.~ IMAtiE QUALITY DISCUSSION 

Imagl's for sounding purposes were designed to hav\.' rather coafS\.' I\'solution (15 to 60 km) to 

average out radiometric noi~ in a SFOV. Conscquently, infrared imaging errors arc not rigorously 

testcd hcre, but are only noted where they obviously affect soun •. 1ing. 

5.~.1 Continuity 

These images have been correctly dc-interleaved from t:le original multipk'Xt'd tdemetry 

stream of samples, channl.'ls. Ij·:.!s, ~Uld intemal documentation. This is worthy of mention he-

cause V AS I.:hannd images taken t'lefOI\' and aftcr 7NOV80 soml'times sllOW N-S dis,ontinuities 

whl.'re one channe:'s inHlge suddl.'nly jumps to another dlannel. ll 

Thl'six in!'rared dl'lectors on VAS han' :;ubstantial E-W and N-S on'sets from cadl other, so 

that software must carefully remove thl'SI.' fixl.'d din'crl'lh:~S to tI\~lkl.' landmarks in different chan-

nels c~)inddl.' in a multispl.'I.'tral image. Also, till' slarting point and spin rail.' of thl.' VAS sampling 

is irrl.'gular r: nough that lhl' S:DB musl resampk (','cry spin to makl.' till' edges of thl.' l'arth look 

drl.'ular and regisll.'rl·d, 80th of thesc oper'ltions c.1Il bl' lested by lookit~ at thc lliffl.'rclh:l' ill.'-

lwel.'n two similar dl'lIl1lds. 

I'igure h sl\llwS Ihl' dinl'rl'IKl' llf briF,htncss tl.'mpl'raIUrl.' hl'l\\'l'I.'/l thl.' VAS "split windl)w" 

h:hannds S-7, 'It 11 ;lUd ! 2 mil-wlls, rl'spl'l.'tiVl'ly) owr all im~l' of thl' SE Unill'd Shltl.'S. Thl.' raw 

d~lta W,IS n.'s'lInp1cd to dl.'I.'I\'aSl' radiollll'tl'r noisl' hy :Iwraging i 0 pixl'ls alld ~ linl's inlo I.'adl SFOV 

at 30 kill IIl)minal rcsulution, yic.'ldin.1! a sl..'l.'nl.' of 34 linl's wilh 7.l pixels l'ad\. Both channl'ls used 

tlw SUllll' ,klcctor at Iwarly 1Ill' S;IIIlI.' wawknglh, and lIll'rl' is no hint of mis-registralion {whkh 

lind. Fi~url' 7 is ;1 similar illlagl' uf Ihl' hri1-!llllll.'ss tl.'mlll'ralun' Jiffl'rCllI'I.' bl'twcl.'n Ihl' two VAS 

/I This I'rnhkm was laiN tra~'l'd to Ih,' SinH wlll'rl' \llll' I.'nlif,' spill'S worth of dala rail hl' IllSl, 
l'llllfusillg tI\l' lhl\lil\slr~';lIl1 dl'-in(l'rlc.'avill~ algorithms, This probkm hl'caml' al.'ull' hy mid 
D,'l'l'mhl'r Il)XO alld sl'rilHlsly hlh'rfl.'rl'd with 1Ill' \.'olll'I.'lioll ,If sdl'nlilk data. I twas cvcntu.llly 
tral..'ed 10 cllrrodillg k"ds on somc of thl.' inll'gratcd cirl..'uits ill tlll.' S/DB. 
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windows (channels 12-8 at 4 and II microns), which use different detectors. The image shown in 

Figure 7 has been contrasi-enhanced to make the coastline more apparent and arhficially empha-

sizes the internal features, such as the Mississippi valley. Figure 7 shows no "double imaging" due 

to the offset between the longwave and shortwave detecturs. 

This simple multispectral testing indicates that the registration algorithms in the SlOB and the 

V ASP are correct for the large (IS km) lower detectors. The registration with the large upper 

detectors must await testing with V AS-E, since the large longwave upper detector is inoperative on 

VAS-D. Registration with the small :ongwave detectors has not yet been rigorously tested at 

GSFC. 

5.2.3 Navigation 

At this time,12 there are no automated transfonnations on V ASP to convert infrared line and 

pixel locations at some time to or from latitude and longitude locations on the earth. Consequent-

ly, convenient grid lines and gea-political boundaries cannot be supplied to the VAS images. F .;>rtu-

nately, by working on a clear day, one can roughly identify locations in an image from major land-

, marks and from cloud masses seen in the navigated VISSR pictures from the opera[ional GOES-

EAST satellite .. 

5.2.4 Single Sample Noise. 

Since the radiances in Figure 5 were "contrast-stretched," the channels with less intrinsic 

dynamic range (such as the stratospheric channels) shuw their noise plainly. Although we only 

12 VASP navigation software has been developed and tested on VAS data from 13 to 14NOV80, 
butihe navigation parameters must still be manually developed for each frame, and there are 
stit! some bug:; in the VASPP/V ASP wftware conventions. Development of infrared transfor­
ma';ion software is underway, but it has heen hampered in the incomplete £tate of VASPP soft­
ware for replaying archived raw VAS data. 

Usinc thl: GSFC VASP computer to ddemline the orbit and attituJ;: \O/A) for the GOES 
satellite has exposed a ~otential opo:rational problem. The 01 A determination requires much 
of the VASP hardware capability for 8 hours of each observing day in parallel with tlte 8 hours 
of sounding detenninations. Consequently, two shifts of data processing may be required for 
C;!ach shift of VAS data taking: one for sounding and on~ for navigation. 
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~d..:cted every lOth sample along every other line, there is no sign of organized single sample noise, 

.. uch as "hen'jng bone" patterns. There is. however. considerable line-ta-line variation in the average 

brightness. which is dis.;usscll in the next paragraph. 

Occasional "wild radiance" points arc obserwd in the dataset that produ..:cd Figure 5. The 

grey images photographed to make Figure 5 have been edited to remove these "blemishes." so 

that an exad count of wild radiance points is not ,waHable (one such unedited point is visible in 

the douds o\'cr Montana in VAS channel 10). A rou:~h estimatl' of the significant bit error rate 

\8ER)isaft'wSFOVsner 19) X 9) SFOVpicture.orroughly 10-4. Since thesc errors are obvious 

only in thc most significant of 8 bits. the inferred bit error rate must be dose to 10-3 • which is 

considerably larger13 than the expected rate of about 10-6 • 

5.2.5 Linl'-by-Line Variation 

Lint' intensity variations are a qualitatiVl.' indicator of the: relative calibration instability. The 

variation in thl' awrage brightness of the lines in Figure 5 is wry noticeable in the contrast-en-

hanced stratospheric ch:mnels. Also. groups of lines with slightly offsl't average brightness arc 

noticeable \n some of till' dlannels in Figure 5 and as a broad dark band across the center of the 

"split window" in Figure b. These line-la-line vwiations are but the visible result of variations in 

thl' rt"lative stability of the lint.'-by-line calil,\rJtion procedure uSt~d on VAS. as discussed quantita-

lively in the following section on radiometric quality. 

5.3 IMAGE QUALITY SUMMARY 

Images of the 7NOV80 VAS dwell sounding radiances are wl'll registered multispcctr.ll views 

of the North American atmosphere and are suitable for sounding. SIJme problems l'xist with a 

hi.r~h bit error ratl' and with liM-ta-line rdative calibration stability. The upper stratospheric chan-

nd shows no sit,lificant brightn~ss variation across tJle earth. Navigation of VAS line and pixel to 

IlTh~ htrg~' BER in thl' infrarl,(l vidl'o data probably r~t1ects the aforl'll1~ntioned hardware problems 
with the curroding lcad~ on the inl~gratcd circuits in the SlOB. 
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or from latitude and longitude coordinates is not available. This dwell sounding dataset is not a 

high resolution test of VAS imagery. since it has been resarnpled to 30 km SFOV resolution. 
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SECTION 6 
VAS-O RADIOMETRIC QUALITY 

This section summarizes some of the quantitative radiometric studies done in the VASP in 

the process of analyzing the VAS calibration of dwell data from 7NOV80. 

6.1 PRELAUNCH RADIOMETRIC SPECIFICATIONS 

Prelaunch radiometric specifications for the VAS channels are listed in Table 3, using both 

radiance R (erg/etc) and brightness temperature T* (Kelvin) units. The wavenumbers are the mean 

of the measured spectral response, and the typical scenes are from radiance simulations for the 

tropical mean atmosphere (see section 7.1). The noise equivalent delta radiance (NEAR) single 

sample noise is from prelaunch tests (Malinowski and Ruiz, 1980) and has been converted to 

noise equivalent delta brightness temperature (NE~T) for the typical scene radiances. The SFOV 

noise requirements are design specifications (Arking, 1977) again converted to T* for the scene. 

The absolute (± 1.5° K) and relative (±O.5° K) T* calibration values are drawn from a general state-

ment about testing (Malinowski apd Ruiz, 1980) over the range of terrestrial brightness (200° to 

300° K) and are converted to R for the typical scene. 

Since there is no "VAS Users Guide" with official radiometric specifications, Table 3 was 

constructed to provide radiance benchmarks. Minor discrepancies in scene temperatures and noise 

estimates exist between Tables 3 and I, because Table I was based upon the original specifications 

(Arking, 1977) and the U.S. Standard Atmosphere. The large measured noise values for the upper-

air sounding channels listed in Table 3 seem much too conservative (VAS channel I would be use-

less with a NE~ T of ± II ° K), so that the specified noise values in Table I are used for radiometric 

quality assurance in this section. 

6.2 OlITLlNE Of' THE VAS (' ALlBRA T10N CHAIN 

VAS radiometric calibration is wmplicated by the lack of external references (cxl:ept for 

outer space) and by the fact that the VAS instrument itself glows. Ciilibration algorithms arc 
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defined by VW, developed by SBRC, and cod~d by Westinghouse Corp. in the SlOB and the 

VASPP. As was described in section 4.1. calibration calculations are executed throughout the entire 

VAS data processing chain: in the GOES satellite, in the SlOB, and in the VASPP and VASP. 

When mis-calibrated radiances initially arrived for dwell soundings, quality assurance software was 

developed in the GSFC V ASP in order to help debug the upstream errors. 

6.2.1 Calibration on GOES 

In the VAS instrument, each scan line is calibrated by viewing an internal hot body (nominally 

at 320
0 

K) and outer space (nominally at 30 K, but effectively at zero radiance for VAS noise 

levels). The glowing foreoptics, which view outer space and the earth but not the internal hot 

standard, introduce radiance that is removed by monitoring the temperature of many parts of the 

VAS instrument. The raw positive voltage from the flux falling on a detector through one of the 

infrared filters is converted to a 100bit "count" for every one of the 3822 samples on the scan line. 

As mentioned in Paragraph 4.3.1, the positive bias and the leeway allowed in this conversion leaves 

no more than 8 significant bits (roughly 0.4 percent truncation error) of useful signal. Slow changes 

in the detector bias during a scan line is termed "droop," since a steady discharge in the elec-

tronics will appear as a downward drift in the zero-level radiance. 

6.2.2 Calibration in the S/DB 

At the SlOB, the 2-point (3
0 

K to 3200 K) calibration curve is determined, and the 100bit 

counts are converted to positive (i.e., still offset) values proportional to radiance. The propor-

tionality factor for each scan line is passed as a single number representing the "binary point" 

position for the 100bit samples. The S/DB redefines the zero-point SP<l~~ values from 34 samples 

at the east and west ends of the 3822 sample scan line, choosing the end with the smallest mean 

value to avoid confusion by some bright object, such as the moon or stars. The SlOB also edits 

out the highest and lowest values from the 34 samples at the bwcr end of the sl.:an line, leaving 

32 points to redefme a mean zero point. 
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6.2.3 Calibration in the VASPP 

At the VASPP, the IO-bit vall es are unpacked into 16-bit integer words, the offset removed, 

and dwell averaging over th,e "spin budget" of each channel performed. The removal of the offset 

produces some negative radiances. which arc often observed in the noise when viewing outer space. 

The user can also acquire unaveraged dwell sounding (DSU) radiances from tile VASPP. so that 

problems with the spin-by-spin data processing can be diagnosed. 

6.2.4 Calibration in the VASP 

At the VASP, the integer radiance counb arc converted into 32-bit tloating point numbers. 

using the "binary point," i.e., a fa~tor equal to the (k-lS)1II power of :! for dwell data and the 

(k-IQ)1h power of 2 for MSI data, which is supplied in the documentation of each scan line. The 

VASP user can choose to average lines and/or pixels together into larger, less noisy SFOVs. The 

V ASP can also re-interleave the samples, channels, lines and documentation into datasets more 

conveniently organized for }iounding or imaging. 

0.3 DISCUSSION OF UNAVERAGED VAS DWELL RADIANCES 

One of the clearest dh;plays of VAS I'adiolllc:tric quality which has been dc:vc:loped in GSFC's 

VA8f has bc:c:n plots of radiance versus sampk numbc:r. such as shown in figures 8. 9 and 10. 

Thc:se plots show sample-by-sample values of the observed radiance for the t1rst 700 samples in 

the west end of thl' scan line and a 32-point running mean. The running mean has been added to 

display average radian~e more dearly in the noisy ~hannds and explicitly demonstrate the ac~u-

racy of the lero point v;,lue of the 32-point "space look" at the end of the s~an line. Figure~ 8,9 

aud 10 all show data from s~an line number 390 (roughly 40° N latitude). with the limb of tlae 

':;l:h oc~urring at roughly sample number 500. 

Ullaveraged VAS raJian~es along cadI spin s~an line were taken on 7NOV~0 from the dwell 

frame at 100OGMT, a few hours before the successful,m:raged dwell sounding at 200OGMT. These 
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lmaveraged radiances arc displayed for a few channels in Figures 8 an'J 9, and statistics for unaver­

aged radiances are used in a subsequent section that discusses the fi~l.ues of merit (FOMs) in Figure 

II. 

The following subsections are a semi-quantitative discussion of scattered light, noise, and cali­

bration errors, as found by the scientific users in the radiance sampling plots. Quantitative FOMs 

are presented in yet another subsection. 

6.3.1 Scattered Light 

The ideal test for scattered light would be the shape of a radiance scan linc passing through a 

bright point source. The anilable test is restricted to the shape of the scan line in outer space on 

either side of the earth. The broad bandpass of the II micron window gives VAS channel 8 the best 

singk sample signal/noise. Consequently, this window i' used to study scattered light in th~ sound-

ing instrument. 

Figure 8 shows one spin of unaveraged radiances for VAS channel 8 (II micron window) with 

a 32-point running mean drawn through it. Light scattering appears in Figure 8 as a 1.0 erg/etc 

increase in the brightness of the scan line from distant outer space up to the limb of the earth 

(samples I to 500). This slope is not drift in the electronics, because there is a mirror image slope 

away from the earth on the other end of the scan line (not shown). Hem:e, the scattered light at 

11 microns amounts to about 1 percent of the average earth intensity with a roughly linear decrease 

of 1.0 erg/etc over 500 samples of outer space. 

It is not dear how to relat~ this observation to prelaunch performance specifications. The 

impact on normal VAS imaging and sounding is not expected to be significant. since the loss of con-

trast on the face of the earth will be comparable to noise and calibration errors. 

6.3.2 Noise 

The radiometer noise is independent of calibration along each Sl:an line, if the detection system 

is stable and fast enough.14 

141n reality . VAS samples have very high correlations for a few samples. and noticeable corrt'­
lations over hundreds of samples (Menzel. 1980). Nevertheless. this initial analysis will treat 
noise as the variance ab\)ut the mean of a line of samples. 
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Due to the 8-bit digitization limit discussed in section 4.3.1, truncation noise can be observed 

in Figure 8 as a quantized step size in the noise seen in outer space. For this case (VAS channel 8), 

the quantization is comparable to the detector noise (iO.2S erg/etc). For the noisier channels (such 

as VAS channel II in Figure 9), the truncation is less noticeable, and it should be maskt..d by dwell 

averaging for most sounding purposes. 

Indeed, detector noise dominates single radiance samples in most VAS channels, either because 

of a narrow bandpass filter (e.g., VAS channels I to S) or because the earth is relatively faint at 

shorter infrared wavelengths (e.g., VAS channels 6 and II). For ~xample, Figure 9 shows one spin 

of unaveraged radiances for V AS channel II (4.4 micron sounding), with a 32-point running mean 

drawn through it. The earth's limb (samples 500 to 700) is scarcely brighter than the noi~e in outer 

space (samples I to 500), so that no sounding could possibly be done with a single scan line of VAS 

channel II. Signal averaging and quantitative t10ise estimates are discussed in subsequent sub-

sections. 

6.3.3 Relative Calibration 

Relative calibration refers to the independent repro~ucibility of a radiance measurement of 

the same object. For VAS, each scan line of data is independen t1y recalibrated, except for some of 

the foreoptics temperature monitoring, which takes 20 sp.'ns (at 100 rpm) to be completely docu-

mented. Relative calibration is tested by examining repeated observations of spin scans of the same 

line and channel (i.e., unaveraged dwell data), by looking at the variance of the mean of a line of 

samples. R'!lative stability along a line ("droop"} is tested by comparing tht: ::;. i.ghtness of outer 

space at the ends of a scan line. 

6.3.4 Absolute Calibration 

Absolute calibration refers to the ability to correctly measure external radiances. Unfortu-

natdy, outer space is the only external reference, and the V f.S radiances have already been fon.:cd 
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to zero at the low end of the 3822 samples. Absolute zero can be tested by examinin!' outer spr.ce 

elsewhere on the line of samples, even though this is also a i'elative test of stability and sl~attered 

light. 

The "spuce loc':" zero point at the end of the scan line in Figure 8 is notic'!ably negative 

(roughly -0.25 erg/( tc). Most other channels arc likewise negative (not shown), although the scan 

line plotted in Figure 9 is not. Since the size of the negative bias in the zero point is comparable to 

the digitization error. it . _ nrobbly caused by truncation within the integer arithmetic used through-

. most of the VAS c.", or;·tj;· ~ chain, since truncation acts to "round down" calculated values. 

More quantitative FO~b of this effect are shown in a subseqt'cnt :-.ubseCtlvn. 

6.4 A VERAGING VAS RADIANCES 

VAS' low signal/noise is imposed by the attempt to do high resolution, narrow band multi-

channel radiometry with a small telescope at geosynchronous altitude. Obviously, considerable 

signal averaging must be done Without averaging together data with uncorrectable biases, data proc-

essing errors, or unexpected noise characteristics. The averaging steps designed into the VAS data 

processing system for the production of the signal/noise required in a SFOV (see Table I) arc: 

I. Dwell averaging several successive stlin scans of the same line with the same channel, as 

assigned by the "spin budget" sent to the satellite. 

2. Averaging the adjacent (overlupping E-W) samples along a scan line. 

3. Averaging data for the same location, whenever the redundant (upper/lower) detectors 

have vkwed the same spot through the same filter at different positions of the scan mirror. 

4. Averaging data from adjacent (N-S) lines. 

Obviously, the improvement in signal/noise that comes from thes~ averaging techniques is at the 

expense of coverage andior resolution in space and/or time. Because the first VAS radiance;i were 

taken for sounding purposes rather than error analysis purposes, it is not possible to carry out a 

dctailed quantitativc analysis of the error budget associated with each averaging technique. The 

following sections discuss the expected subtleties of averaging VAS data where correlation!> and 
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biaSl'S prl'\'cnt Olll' f~'om obtainin~ optilllalllllisl' rcdu~tilln (i.~ .. without a IlIl'an .:rr\lr ;utd with the 

noise rl'du~cd hy thl' slIuan' rool of thc numbcr of samples averagcd tllsctilcr, yIN), 

bA.1 l>wdl AVl'r:ijtin~ 

Fi!:.url' III SllllWS llltC lilll' llf Jwl'll ;\\'l'r:ijtcd l"7 spins) radialll'l's fnlll\ VAS ,:hannd II (4.4 

mkwn SlllUlllill~l '\'ilh a J ~·pl)inl runnin~ mcan drawn throu~h it. l'oll\parm~ Fi~lIrc 10 tll 'I, 

whll.·h was thl' UIHI\'l'ra~l'd radiall('l' Ihlll\ jllsllllll' spin s('an. it ('an h", Sl"l'n that dwcll aVl'r~il~ n," 

ha\'l's ltkl' NF..lR\,'N, lInfllrlllllaldy. thl' spin blldgl'l uSl'd fllr thl' first VAS radiam'l's is lllllllll'a· 

hl~hly ,,'utrdall'd ;lklll!-!.1 hill'. thl' SFO\' Illlisl' is Ilhlfl' Ihan NLlR;./N. AI lhis tilll"'. IHII l'I\llU~h 

analYSIS nf Ih,' ,:rl'ln hud):.;,'1 fur ,I\'~'r;\~in~ sampks '1Iun~ ,I linl' hils hel'll dlllW wilh thl' fil~1 \'AS 

0..) .1IId lll. 
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whellever \:Olltiguous dwdl soundings in all 12 ~hannds arc made with the smaller ( 7 km nominal 

resolution) longwave dde~tors, sin\:e the shorlwa·.e detectors only come in the la~e size ( 15 km 

nominal resolution). Comparison of the uPPl'r/lo\wr ddector radian\:es would !est the relative 

~alibration and pointing al'~ura~y of VAS, Unfortllna!dy, the VAS-D instrument was launched 

with the longwaw uppl'r ddector broken, and the tirst V AS rJdianccs on 7NOV80 ~Io not usc the 

small detectors in the dwell mool',lS It appl'ars that any i.horough examination of the rdative 

a('cura~'y of the uPPl'r,lower ddector error budget will haH~ to bc done with VAS-E data. lb 

bA.4 Av\.'raging Lines 

The VASP user can average adjaCl'nt N-S lines of data into la~er SFOVs. Likl' dwell averaging, 

Iinl' averaging should reduce noise by a fa~tor of I r"IN, H:!1ited by the stability of thl' rdativl' 

calibration. QuantitatiVl' Il'StS of thl' line aVl'r~ing error budget have not yet been made with the 

first VAS radi:lnces. QualitatiVl' examinatioll of thl' VAS images in Figurl' S indicated some Iinl'-

tll-line corrdation in thl' rdati'''"' calibration of tii .. , 54 spin dwdl 3\'eraged data, so that this test of 

thl' ;!clual error budgl'l for lilll' averaging sel'lllS worthwhile. NeVl'rthcless, 2 line awrages (30 kill 

nominal fl'solution) werl' uSl'd to make SFOVs for thl' soundings discussed in later sections of this 

repurl, bl'cause there did seem to bl' ks. ... noise in SUdl images. 

n.S QUALITY ASSllRANCE FOMS FOR VAS-D RADIOMETRY 

Thl' tlll'an, RMS and standard deviations of V AS radiances from su~cessi\'l' scan lines arc l'om-

p;m'd to till' pn:launl"ll radioml'lri ... ' specifications in Tabks 1 and 3, in order to do lluantitatiVl' 

llllalily aSSlI ra 111:1..'. Fi~llre II plots figures 01 merit fur noise, zero point accuracy, uroop, anu 

rl'latiw calihratilln stability. Most FOMs arc pre~nted as ditlll'llsionless ratios of OhSl'rVl'J rauianl'l's 

I STIll' mirrof Sll'ppin~ Ilwlk alltl1ll\atkally sl'nds data from till' slllalllon~wa\'l' uppl'r and IO\\'l'r 
ul't~'dol'l' in thl.' II mi...-flln ... 'hal1ll1.'\. Softwarl' l'rrors in th~' SiDS ;,t this liml' \\'l'rl' mangling thl' 
smalluPPI.'r Illngwa\:l' ul'h:ctor Jata, so no ... ·omparison could he maue in this way l'itlll'r. 

Ib\"AS data at (;SH' is archin'd Oil ;: spl'''''iallli~h lknsity Tape Rl'('onil'r (lIDTR) attal'ill'd to thl..' 
\" ASPP. Ilo\wH'r, rl'play of thl' HDTR archive t:!jks il~ls Yl't to b~ sll('cessfully ul'monstratl'u 
for VAS-D Jwdl sounding uata. 
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to the specified limits. so that v .. lucs greater than I arc wor:sc than requirements. The first orderly 

VAS r~dianees arc found to roughly meet basic qu .. ntitative requirements for noise. zero point • 

droop and calibration stability from the scientific user's point of view, although the systematic 

biases arc comparabk to NEaR. The shortwave detectors ure tound to have noise and stability 

FOMs which arc significan!ly better than prelaunch specifications. 

6.S.1 Noise FOMs 

Figun: II-A plots VAS-D noise in ::aeh channel. The noise rOM is the ratio of the standard 

de\ iation of thl' radiance obsl'(Ved in one unaver~ed line of data, looking at outer space ~,way 

from the "zero point" tsampks 50 to 250 for the large lower detectors from scan line 390), to the 

NEak listeu for each channel in Table 1. 

The longwavl' dlannels (1 to 5 and 7 tl' 10) roughly meet prelaunch spedfkations. and the 

shortwav\.' channels th, 11 and I:, arl' roughly a factor of 2 bettcr than prelaunch spedfkations. 

Thl' latter obseT\'ation is a pkasallt surprisl', sincc it means that thc "spin buJget" in till' faint short-

wave sounding dwnncls t b and I 1) can indced be cut without rr.~ndcring tllesl' d\allllcls uscless. 

lmpron'ments in Jctcctnl' tedllllliogy should cventually mak\.' it possible to modify future VAS 

instruments to usc highcr resolution detectors with the same NE~R. 

b.5.2 Zero Point FO~b 

Figure 11-8 plots a "lerl) point" FOM ObSl'(Vl'd in cadi VAS channd. Thc ",.eTO point" FOM 

is till' ratio of the "spal'l' look" radian~l' dividcd by thc NE.lR lis""d for each channci in Tabk 1. 

TIll' "space 1001.." radiancl' was l~<lkulatcJ from one unavcr<lged scan lille in the S<llIle manner as 

that uscd for the SiDB: 

I. Two segllll'nts of 34 s:lInpll's tS to 42 and .~ 7S2 to 381 h) werl' sl'kdl'd from thl' Sl'an line. 

The largl'st alill 'lllalkst radianl'e \'alues wcrl' deleted from cadi segml'nt, kaving J 2 sam-

pies in l'ad\. 

3. Thl' se!!lI\cnt with the lower 32 sampk mean value was declared till' "spacc look" ra,lialll'l' 

\'alue. 
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As noteo in connection with Figurl.'s Hand 10, thl.' "spacl.' look" awrage radiancl.' tl.'nos to be 

nl.'gativl.', probably oue to truncation errors in thl.' upstrl.'am intl.'gl'r arithml'tic. Inol.'eo, N of thl' 12 

channds in Figurl.' 11-(' havl.' negative average radiances in outl.'r spacl.'. The mean "ll.'rO point" 

l'rror is roughly 0.5 NE.:1R in thl.' longwavl.' channels (I to 5 ano 7 to 10) and is roughly ll.'rO for the 

shortwavl' dlannl.'is lb. II and I ~}. Thl.' bias from this truncation I.'rror in thl.' "lero point" will 

not subside with dwell averaging, leaving roughly a -1° I\. systl.'matk bias in till.' obsl'rwd longwaw 

channels. Since this is kss than thl.' antkipatl.'o absolutl.' calibration accuracy of thl' V AS dlannds 

l± 1.5° K), it is a significant but not a sl'rious I.'rror for sounding calculations. 

().5.3 Droop FOMs 

Figun.' 11-(' plots thl.' ''lImo\,'' obsl'rwd in thl.' VAS channds. Thl.' "drc.)op" FOM is thl' 

ratio of till.' differl.'ncl.' bctwl.'l.'ll thl' I.'ast and \,,' :it "spacl.' look" radiancl.'s (dl.'snibed in till.' prl.'vious 

Sl.'ctilln on "zl.'ro point" radiancl's) to thl.' NE~R listl.'d for l'ach dlannel in Tabk 1. Negatiw valul's 

of thl' "droop" FOM ml.'an a dl.'Cfl.'asc in thl.' radiancl.' as thl.' scan proCl.'l'tlS. Indl.'l·d, 10 out of I ~ 

channels in Figurl.' 11-(' do "droop." TI1I.' longwaVl' channds II to 5 and 7 to i Q) are l)hsl.'rwd to 

"droop" by roughly 0.8 NL~R across till' scan. while thl.' shortwavl.' channds arl' Slabit'. Oncl.' 

again. this bias will not dl.'crl.'asl.' with radiancl.' aVl.'raging. and thl' error amounts to les,; d;3!1 thl.: 

anticipated error in absolute calibration. 

6.5.4 Rdatiw Stability FOMs 

Figurl' II-D pilltS a FOM for judging the n:lative stability of tht' l'alibratilln bctwl'ell spin 

scans in l'adl VAS channd. Thl.' "spill. :;1'in ,. FOM is till' variation in thl' Illl.'an radiance frolll most .. 

of thl.' l'arth (sampll.'s l)5h to ~S(8) dividl.'d by till.' sl.'nsitivity of thl.' Planl'k flln~tion to a ~.'hangt' in 

hrighlnl.'ss temp~'raturl.' at thl.' ~'lfth's ralii;:IKe (J8(v)!JP' at R (l'arth)). Eth'diwly, thl' "spin! 

spin" FOM is thl' variation in the earth's mean hrightness tl'mpl.'raturl.' ('I\.) from spin to spin in thl.' 

unav~'ragl.'d VAS dwell wliiancl.'s. Sin~1.' VAS channds 8, 10 and I ~ rc~eivl'd only I spin in the 

"spin budget" for 7NOVSO (Sl't' Table 1). their "spin/spin" variations wl.'re ~akulalctl froll1 a mud\ 

iater VAS framl.', 011 18FE881. 
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The VAS-D longwavc channels (I to 5 and 7 to 10) show a spin to spin relative calibration 

stability in the mcan earth brightness temperature of roughly to.So K, and the shortwave channels 

(b, II and 12) are somewhat better. Thi:; FOM is roughly equal to the prelaunch spec'itication 

(±O,So K) for relative calibration accuracy in Table 3. The concern raised by the linl'-to-line varia-

tions in the VAS images <Figures 5, band 7) is somewhat alleviated by thir quantitative analysis. 

although this does not n~ally analyze the longer term relative stability of the VAS instrument over 

many minutes of operation. This stability analysis does assure us that dwell averaging earth radi-

ances should not suffer from relative calibration variations that are worse than anticipated. 

6.6 COMPARISON OF VAS RADIANCES TO HIRS2 ON TIROS-N 

Simultaneous observations of the earth with a better sounding instrument (i.e .• HlRS2 on 

TIROS-N) can provide a "secondary standard" for calibration. However. qm!stions of exact regis-

tration. viewing angle. bandpasses. etc., will always prevent such comparisions from being condu-

sive. Since TlROS-N for 7 NOV80 is not available from the University of Wisconsin for compari-

son. it is being ordered on tape from NOAA. 17 

6.7 RADIANCE QUALITY SUMMARY 

Radiometric quality assurance spedtlcations are developed for VAS-D from prelaunch spcci!i-

cations for noise and calibration. When mis-calibrated radiances initially arrived for dwell sound-

ings. quality assurance software was developed in the GSFC VASP to help debug the entire data 

processing chain: detedion and AID conversion in the satellite; gain and offset deknnination in 

the SlOB; offset removal and dwell averaging in the GSFC VASPP; ami conversion to sample 

awragcd floating point radiances in the GSFC VASP. 

Plots of raw unaveraged VAS dwell radiances along a scan line are examined qualitatively. 

with the findillgs that: scattered light in outer space amounts to roughly 1 percent of the earth's 

I7The dirt'ct data communications line between (iSH' and UW is functional. but th~ hig.h levd 
~llftware for transl1littin~ formatt~d datascts is still incomplete. In any case, th~ UW TIROS-N 
system was not operating on 7NOV80. 
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brightness at II microns; the 8-significant-bit limitation in the AID conversion produces a digiti-

zation errer comparable to the NE~R noise; and truncation errors in the integer arithmetic of 

.' calibration produce negative values for the ntdiance of outer space with a bias comparable to the 

NE~R noise. 

The correlations and biases in VAS radiances will prevent ideal data averaging (i.e .• with no 

mean error and I fv'N noise reduction) of dwell spins. adjacent samples. adjacent lines. and redun-

dant detectors to construct a SFOV. The t1rst orderly VAS radiances arc found to roughly meet 

basic quantitative requirements for noise. zero point. droop and calibration stability from the 

scientit1c us~r's point of view, although there arc systematic biases comparable to NE~R. The 

shortwave detectors are found to have noise and stability FOMs which are signit1cantly better 

than prdaunch specifications. lllRS.::! radiometer dat;] from TlROS-N on 7NOV80 is not yet 

available for use as a "secondary standard" of comparison to the corresponding V AS-D data. 
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SECTION 7 
RADIATION TRANSFER VERIFICATION 

The GSFC Sounding Studies Group plans to develop a VAS sounding algorithm based on 

• physical radiation transfer models and using local meteorological statistics to help resolve vertical 

ambiguities (C'hesters, 1980). The first step in establishing the validity of the radiation transfer 

model is to compute radiances from "ground truth" and compare them to VAS observations. 

This section discusses the first attempt to make this con:parison with the 7NOV80 data. 

7.1 RADIATION TRANSFER 

The VAS radiance simulations use line-by-line transmission functions, T(V,p), computed for 

each temperature, T(p), and mixing ratio, Qtp). protlle. Radiances R(v) in each channel. at nominal 

wavenumber v. arc computed up from a perfectly emitting surface by radiation transfer of the 

Planck function, B(v,T): 

Ttp) = T(v.p;T(p),Q(p):lines,continuum), 
(7-1) 

R = Bt T(S»T(S) + f. B(T(p))dT(p). 
5 

A subtropical mean profiie (rather than the U.S. Standard Atmosphere) was used for the 

stratospheric profile above the last reported radiosonde level. Topographic irregularities arc ac-

counted for by setting the 1000 mb and surface temperatures equal to the first reported radio-

sonde level. Surfaces arc 100 percent emissive, giving isothemnl bottomside structures with no 

radiance contrast. This assumption results in radiances that appear correct for the actual topog-

graphy. but it also results in a strong correlation between the lower troposphere and the surface, 

so that the iower tropospheric retrievals rely very heavily upon the window radiances. This 

docs not account for actual skin temperatures observed by 1. AS but not by the radiosondes. 

Absorption-adjusted radiances, R('Yl, arc caIculatl'J from equation 7-1 by using the 'Y'th 

power of T, in order to bring the radiation transfer ca:~ulation into line with observation. This 

39 

.,-". __ ."---' 

" -, 



~-~,~---..r---"'---~ ___ "'4 ___ ~' ;a 

parameterization is a rough physical model for multiplicative errors in the net molecular cross 

section, k(v,p), the gaseous mixing ratio, Q(p), or the airmass, sec8, since the total absorption, 

a(v,p), is proportional to all of these: 

Tb] = T'Y(p) = exp{-ya(v,p)} = exp{-yQ(p)k(v,p)sec8}. (7-2) 

For dry sounding channels in the troposphere, where Q, k and sec8 are all known to a few percent, 

values of y<0.9 or 'r> 1.1 should be regarded as a disagreement that is too large to be reasonably 

explained as an error in transmission. For unmixed gases, such as water vapor or ozone or for 

atmospheric conditions far from iaboratory measurement, such as the tropopause and stratosphere, 

values of 0.S<y<2.0 are plausible adjustment factors. 

The Planck function calculates energy emitted per time per area per solid angle per spectral 

interval (erg sec-I cm-2 sterradian-I wavenumber-I, abbreviated "erg/etc") from a black body: 

B(V,T) = av l /(exp(bv{f)-I], 

a = 2hc2 = 1.190636X 10-5 , 

b = hc/k = 1.4388318, 
(7-3) 

v is measured in wavenumbers (cm-I ), 

T is mcasured in absolute! temperature (OK). 

For the VAS channels, we use the bandpass mean wavenumber <v>( f] averaged over the spectral 

response f(v) of each channel: 

v = <v> [ f] = .io vf(v)dv{j;f(v)dv} -I. (7-4) 

Since the earth's radiance spectrum is far from a black body's, there is no general agrcement 

on the definition of an effective wavenumber, v, or a brightness temperature function. T*(v,R), 

to convert observed radiance R in a bandpass v to a number useful for interchannd comparisons. 

GSFC work uses the bandpass mean wavenumbers (Table 3) in the algebraic inverse of the Planck 

function to calcUlate T* for VAS: 

(7-5) 
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By contrast, UW uses a Planck-like formula with its own set of wav\!numbers v' and an empirical 

rescaling of the resulting brightness temperature T' *: 

A+BT'* = bv' { 1 n[ I +av'3 R -11 } -1. (7-6) 

where A is small, B is approximately 1, and both A and B are channel dependent . 

7.2 RADIANCES COMPARED 

The forward radiation transfer calculation must work before one can do the inverse, since the 

forward calculation converts a first-guess proftle into first-guess radiances. Radiosonde observa-

tions in clear air are used as "ground truth" for the forward calculation of radiances, R(cale), and 

brightness temperatures, T*(v,R(calc». T:lese calculated radiances are compaied to VAS observa-

tions at the RAOB sites. The best figure of merit for the comparison is the differe:1ce in Drightness 

temperatures, AT*=[T*(calc)-T*(obs)], since this FOM has roughly the same magnitude for all 

VAS channels (see Table 3). The 3-hour mismatch between the VAS observations at 2030GMT and 

the radiosondes at 2330GMT on 7NOV80 is certainly large enough to confuse our comparison, but 

no better coincidence is available. 

7.2.1 Calculated Brightness 

The 19 radiosonde profiles listed in Tables 6 and 7 were used, along with the zenith angles 

listed in Table 5, to calculate line-by-line clear column transmission functions and radiances. Ob-

served VAS radian!;,;.;> 'were selected with the interactive imaging machinery on the VASP from 19 

points that appear to be located at the positions of the radiosonde sites. Brightness temperature 

values for all 12 VAS channels at all 19 sites are listed in Table 9, along with the mean and standard 

deviation in each channel. The observed brightness temperatures, T*(obs), in Table 9 show values 

and variahility which are roughly consistent with the atmospheric conditions and with the VAS 

noise specifications. The location of the 19 selected SFOVs is shown in Figure 13, projected both 

on the 3.9 micron window (VAS ~hannel 12) and on the 6.7 micron water vapor band (VAS chan-

nellO). The contr:lst in the water vapor band in Figure 13 is consistent with the variability in the 

moistu,'e protlles listed in Tables 7 and 8, although its structure is far more organized than could be 
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deduced from the widely scattered radiosonde sites. The excellent visibility of the surface in the 

shortwave window shown in Figure 13 suggests very clear air, and allows us to select the 19 radio-

sonde sites with little geographical error despite the lack of objective navigCltion. 

7.2.2 Brightness Differences 

Table 10 lists the differences in brightness temperatures, ~T*, lor all 12 VAS channels at all 

19 sites, along with mean and standard deviations of the differences. The statistics from this table 

are plotted in Figure IS-A. The radiation transfer calculations are in substantial disagreement with 

the VAS observations, considering the SFOV noise (0.00 ±0.3° K) and calibration errors (0.00 

±0.5° K) expected from Table 3. The discrepancies show little pattern with respect to radiosonde 

location, but they do follow a pattern with respect to channel type: windows, shortwave CO2 , 

longwave CO2 , and upper air moisture. 

7.2.3 Window Channels 

The window channel calculations (VAS channels 7, 8 and 12) are all too faint compared to ! . 

observations. This discrepancy could be caused by the fact tha t the VAS observations were taken 

in midafternoon, and the radiosondes were 3 hours later in early '.'vclling. The warmer than calcu-

lated surface could account for the discrepancy in VAS channel 12 (~T*=-6.4° ±2.9° K) if 60 C 

of surface cooling occurred during this time. This much cooling would be rather large for midday 

conditions. In fact, a quick inspection of the hourly surface reports during this period showed 

nearly constant temperatures in western Texas and only modest cooling toward the East Coast. t 
I: In addition, the discrepancies f(lr the window channels listed in Table 10 are worst for the western 

sites. While retlected sunlight in the shortwave window (VAS channel 12) might account for the 

excess brightness observed in the westem. part of the region, it canno! account for the same gradient 

in the longwave windows (VAS channels 7 and 8). The most likely (but not verifiable) explanation 

is that the window channels view a true skin temperature, not a radiosonde or shelter air tempera-

ture. Consequently, the window channels view a sun-drenched surface that is mut;h warmer than 

the air temperature reports used for the calcUlated radianc!,;s with the western sites closer to the 

local sol'lr noon. 
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7.2.4 Shortwave Channels 

The shortwave sounding channels ( VAS channels 6 and 11) appear to be in fair agreement 

with observations. The calculated radiances are systematically warmer (~T*=+ 1.6° ±0.8° K). This 

difference should be explained by an underestimate of the shortwave absorption. Such a correc­

tion could be fairly large, since the warmer than calculated surface radiance leaking into these 

channels works against an absorption undei'estimdte, leaving a small remainder of two substantial 

errors of opposite sign in Table 10 and Figure IS-A. The lower tropospheric shortwave band (VAS 

channel 6) has more contamination by the surface brightness, as can be seen in the images of 

Figure 5. 

7.2.5 Longwave Channels 

The calculated radiances for thl! longwave bands (VAS channels I to 5) are generally warmer 

than observed. The semitransparent channels (4 and 5) appear to agree well, until one considers 

the fact that the calculations did not properly include the warmer than calculated surface radiances 

that also contaminated the windows (VAS channels 7,8 and 12) and the comp('rable shortwave 

sounding bands (VAS channels 6 and 11). The lower tropospheric longwave band (VAS channel 5) 

has more contamination by the surface brightness, as I;an be seen in the images of Figure 5. 

A systematic underestimate of the 14 micron absorption has been suggested to produ~e better 

agreement. W~ will show that even this adjustment is not enough to account for the discrepaacy 

in the slratosphl~ric channels, since the tropopause is neither cold nor broad enough to reduce the 

model calculations to match the observations. Other unverifiable possibilities are: 

1. There is d source of strong absorption concentrated near the tropopause. 

2. The VAS sounding channels are miscalibrated by -4° ± 1 ° K at intermediate brightness 

levels. 

7.2.6 Upper Air Moisture Channds 

The calculated mid-tropospheric watu vapor radiances are in poor agreemen~ with observa­

tions, being inconsistently too waml (/..IT*=+3° ±3° K). This discrepancy is probably due to the 

lack of suftident radiosonde moistl1.fC data above 500 mb. The default su!:>tr('pical moisture profile 
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(see Pigure ! 2) is relatively dry above 500 mb. Thus. the upp~~r troposphere is being calculated to 

be too transparent, althcugh it is not clear how to correct this objectively. The scatter in ~T* in 

the water vapor bands has yet to be explained. 

7.3 NUMERICAL ADJUSTMENTS 

The discrepancies outlined above showed some patterns of behavior which suggest adjustments 

that might verify the VAS radiances to within specifications (00 ± 10 K), so that radiation transfer 

models can be trusted for use in retrieval algorithms. The f.>lIowing adjustments were considered: 

1. Transmission funclions and relat~d model parameters were carefully recomputed and 

tested. 

2. The observed radiances were closely examined for clues to justify an empirical recalibration 

algorithm. 

3. Radiosonde data was completely reproc~ssed for maximum vertical coverage and the most 

reasonabk defaults for missing data, but without compensation for the space-time mis-

matches or the lack of true surface temperatures. 

7.3.1 Radiatiun Transfer Model Adjustments 

The systematic disagreement betwecn calculated and observed VAS radiances in thc longwavc 

sounding channels is scrious. The discrepancies cannot be dismissed as a mismatch between thc 

radiosonde and satellite observations in either space or time. Two attempts W'!rc made to adjust 

thl' radiation transfer model to nliitch the .>bservations: 

1. By including ozone absorption. 

2. By creating a total absorption strength "'Y-factor." 

7 .3.1.1 Ozone A hsorption 

Ozone absorption was included for the weak band from 600 to 800 ';;:11-1 , supposing the 

tropical mean olone profile (not shown). This adjustment yielded transmission functions with a 

few percent more absorption between 10 and 50 mb, but the discrepancies in radianc\: scarcely 
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the ~alculations. Ozone ~annot provide the hoped for abnormally strong, concentrated absorption I 
j 

changed. For exactness, the ca!culJ.ted radiances used in the ~T*s of Table 10 included ozone in 

at the tropopause, since it is normally produ~l!d by more diffuse processes ncar the tb~.mlopausc 5 

to 10 km higher. 

7.3.1.2 Absorption Strength 'Y-Fa~tor 

An attempt to res~ale the absorption coefficients with an overall strength ')'-fa~~or was made. 

The underlying as~umption is that the line cot:fficients were systematically under- or overestimated 

in the laboratory measurements of the mole~ular band strengths (McClat~hey, et al., 1973). Since 

the total absorption affects the transmisrion exponentially, the adjustment is dcternlined by trying 

'Y'th powers of T{p) in the radiation trar.sfcr equation 7-1, until the calculation matches the obser-

vation. 

Figure 14 shows plots of resynthesized radiances versus the ,),-factor for all VAS channels at 

one site (Tampa Bay, Florida), which has a typical pattern of radiance disagreements between calcu-

lations and observatic)ns. The different channels show that it is not always possible to find a ,),-fac-

tor which adjusts tht: calculated radiance by enough to agree with the observation. This ~ondition 

is particularly true fur the I.'hanncls ncar the tropopause ( VAS channels I to 3). Either increasing 

or decreasing the total absorption moves the weighting functions in Figure 2 away from the coldest 

part of the atmosphere, causing the calculated radiances to increase their already high values. The 

window channcl~ (7,8 and 12) have no satisfactory ,),-factor because there is little absorption to 

'Jdjust over the hotter than calcul1ted surface. Some 'Y-factor adjustment can always be made for 

the mid-tropospheric dlanneL (4 to band 9 LO 11) in Figure 14, since the ,),-factor moves their 

weightmg fun~tions up and down the steep temperature profil~ (ct)J11~are Figures 2 and 12). 

Tabk 1 t lists ,),-fadors for all 12 ~hannels at all 14 sit~s. wherever they are computabl~. The 

,),-factors for Tampa Bay (site 19) ar~ drawn from Figure 14, with "*****" indicated for unadjust-

able channels. Figures lS-A and 15-B show pll1ts of .he mean and RMS values of ~T* and the 
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'Y-factor for all 12 VAS channels. using these 19 sites. Figure 15-8 shows a "7" where the 'Y-factol 

cannot be computed for some sites (VAS channels 1,3 and 8), and it shows a H??" where the 'Y-

fador cannot be computed for any site (VAS rhanneis 2 and 12). No consistent, realistic absorp-

tion strength adjustments arc found for the upper atmospheric sounding channels (1, 2 and 3). 
• 

The adjustments in the windows (8 and 12) and the water vapor channels (9 and 10) are not mean-

ingful, since the brightness discrepancies are more readily explained as radiosonde-to-satellite mis-

matches in time and vertical coverage. In addition, the wanner than calculated surface in the obscr-

v<'ltions causes the 'Y-factors for the sounding channels (4, 5, 6 and 11) in Figure 15-B to be under-

estimated. 

7.3.2 Radiance Adjustments 

Since the a3sessmcnt of VAS radiomdric quality in the earlier ~ections did not indicate cali-

bration errors, there is no justification for adjusting the observed VAS radiances themselves. How-

ever, this possibility should stay open for consideration, since the ~T*s in the sounding channels 

arc consistently positive, and they have about the same magnitude (~T*=4° ± 1
0

K) if one allows 

up to 60 C of Ciurface temperature mismatch between the calculations and the obse:lvations. The 

absorption Strength 'Y-facto:-s do not show such a simple consistent pattern (wmpare Figures 15-A 

and -8). 

An empirically forced agreement by adding 40 K to the upper air sounding channels will pro-

duce reasonable looking soundings, but there is no physicaljustification for doing this. In fact. 

such an adjustmcnt would destroy the value of using a physical modeL since there is no way to 

trace the error propagation of such an ad hoc "fudge factor." The bias between VAS observa-

tions and fonvard radiation transfer models is too large to pennit the usc of physically detemlined 

ldrieval algorithms on the VAS data of 7NOV80. 

7.3,3 Radiosonde Limitations for Radiation Transfer 

As mentioned in a previous section, the radiosonde data from the 19 sites at 2330GMT 

7NOV80 was carefully reduced from the original station rcports supplied as printouts from the 
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National Climate Center (NCC)18 in Ashevill\!, NC, with the hope of finding a sufficiently cold 

tropopallse and stratosphere to explain the low observed brightness in the upper air sounding 

channel~.. The improved reduction used a more appropriate subtropic mean profile for missing 

data (set' Figure 12) and included a corresponding ozone profile (not shown) in the transmission 

function calculations. Without these improvements, the upper air sounding channels and water 

vapor bands were in even less agreement (roughly 2° ±lo K worse) than shown in Table to and 

Figure IS-A. 

Figures 2, 3 and 12 show that there is a serious mismatch in the kind of vertical infomlation 

available from satellite and radiosonde data even when they coincide in space and time. While 

radiosondes make measurements on a finer ~':;llical scale, they are not as complete. Comparisons 

depend significantly upon the method used to supply the Hmissir:g data" in the radiosonde report. 

In particular. the moisture instrumentation on radiosondes is almost worthless in the dry, cold air 

in the middle and upper troposphere where the two best VAS moisture channels peak. Likewise, 

the window cha.mels see a skill temperature. not a lowest mandatory level or ev~n a shelter tem-

perature. The skin temperature is the emission from the surface millimeter of open water, vegeta-

tion or (rarely) bare soil. 

Figures I6-A and -D summarize how the 1:2 VAS channels eolicet their observed radiance. 

Radiancl' accumulation functions arc plotted in the style of ordinary weighting functions derived 

from transmission calculations - as a fraction of the total radiance seen per unit scale height. 

These functions are really the total integrand in the radiation transfer equation 7-1. They show 

where the observed radiance actually comes from in the atmosphere. 

The bands with a substantial contribution from the su:fact' arc indicated in Figures 16-A and 

-8 by having their VAS channel num bers (4 to 8 and 11 to I 2) written at the appropriate fractional 

18Thc RAOD data gathered from the NWS "604 line" on the AOIPS computer at GSFC were less 
useful than the reduced profiles shown in Tables 6. 7 and 8. since the "604" data was cut off 
above \00 mb and any missing data was extrapolated to the U.S. Standard Atmosphere. 
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radianc~ value on the 1000 mb level. These estimates roughly agree with the apparent visibility 

of surface features in the VAS images in Figure 5. The weighting functions. dr/dlnP. of Figures 2 
, 
: 
" 

and 3 only show wllt:re the radiance would come from if the atmosphere were isothermal. By 

metrically depft~ssed. and the wann lower troposphere and surface are radiometrically enhanced. 

i 

t 
comparing Figures 16-A and -B to Figures 2 and 3. one can sec that the cold tropopause is radio-

This situation is particularly true of the shortwave channels (VAS channels 6, I 1 and 12). 

For instance. the weighting functions in Figure 2 mak~ VAS channels 3 and ! 1 seem the same, 

but the radiance accumulation in Figure 16 indicates that VAS channels 4 and 11 arc the better 

pair. The same is true of VAS channels 5 and 6. This pair was designed to match in dear air. but 

not in air with unresolved fractional cloud cover. The appeararw~ of th~~ VAS images in these chan-

nels., shown in Figure 5. bear out the sensitivity calculations shown in Figure 1(,. 

~.3.4 Potential Radiation Transfer Modd Adjustmems 

Techniques to adjust the radiation transfer model to agree with VAS observations arc obvious-

Iy a future research effort. Now that the limitations of radiosondes as a first-gul!ss for surface 

tl. leratur~ and upper air moisture have been recognized, it appears that previous V AS soundings 

themselves may have to be used instead. Likewise, previous or average VAS radiances may have to 

bl! part of the first-guess radiances. While efforts will be made to cakulate transmission fUllctions 

even more accurately (using a current list of line-by-line parameters. instead of McClatchey's 1972 

data). the upper air sounding channels may Iikewisl' require previous VAS observations as ,I first 

guess. Such an approach can still incorporate physically detemlined weighting functions with 

objective statistical conditioning, While turning the GSFC VASP retrieval algorithm into a com-

pletdy relative space-time extrapolation sounding system. 

7.4 RAD{ATION TRANSFER VERIFICATION SUMMARY 

VAS radiances were selected at 19 clear air radiosonde sites in the SE USA from the 2030G MT 

7NOV80 dwell sounding. Exact linc-by-line transmission functions and radiances were calculated 
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1 
at these 19 sites, using the radiosonde reports taken 3 hours later at 2330GMT 7NOV80. The 

calculations and observations were compared for all 12 channels at all 19 sites in the form of bright. 

ness temperature differences, ~T*. The average differences showed several effects: 

1. The window channels are calculated to be about 6° K colder than observed, probably due 

to the actual value of the skin surface temperature in the bright sllnlight. 

2. The upper air water vapor bands are calculated to be about 3° K warmer than o!:J!)erved, 

probably due to the lack of good radiosonde moisture data above 500 mb. 

3. Allowing for the warmer than calculated surface temperature, all of the temperature 
i 

sounding channels are calculated to be about 4" K wamler than observed. Empirical i' , , 

adjustments to the overall strength of the absorption in the sounding channels show no 

physically consistent pattern. The three channels near the tropopause cannot have radiance 

agreement forced by any possible simple strength adjustment. Ad hoc sources of abnor-

mally strong absorption at the tropopause or ad hoc changes in the observed VAS radiances 

are not scientifically justifiable. 

Analysis of the sources of radiation in the VAS channels indicates that radiosondes are poor 

"ground truth" for accurate radiation transfer verification. Many of the channels contain skin 

temperature radiance not available in the balloon measurements, and the upper air water vapor 

bands display moisture above the failure point of the radiosonde moisture sensor. Physical retriev-

al models may have to depend upon first guesses relative to previous VAS data in order to avoid 

radiosonde limitations and unaccountabk biases. 
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SFCTION N 
VAS-D SOUNDING QlIALITY 

Profile retrievals arc don.: from the VAS radian~l's at )9 dear air RAOB sites in tht' SE USA by 

using sl'h'ral mt.'lhods. The temperature and moisture rl'trie\'als arc I:olllpared to the radiosonde 
• 

data takl'n 3 hours aftl'f the VAS data. 

K I RFTRIEVAL MATRICES lISED 

VAS soundings at (iSFC arc based upon Iinearizl·J fonnllhtions. sinl:e SUdl algorithms allow 

one to tra(e error propagation through thl' rt.'lrie"al pro(l'~S. Thl' main rl'trk'\,alllleUlllus a\'ailabk' 

;Ire synthctil.' rl'gression. l'mpiri~a! n:grl'ssion, anu statistkallr ~onditiullt'd rau iatiun tranSfl'f. 

Physkally lll11uckd rl'tril'\'als arl' not attl'mpted on the first VAS radian~es of 7NOVSO. Thl' 

sl'wral oJ\. of bias hl'tWl'l'n ~akulall'J and observed brightnl'ss woulu simply propagatl' as sl'Vl'ral 

0(. of l'rror into till' rl'tril'\'als. This bias must bl' su(~cssflllly modckJ sdentifkally hdorl' physi('li 

rt.'lrie"al algorithms l'an hl' applied to VAS data. 

S.U l \lIldit iOlll'd Rcgrl'ssion Rl'tril'\'als 

A minimum-information Iinear-n'gression algorithm is uSl'd to rl'trk'Vl' tl'mpl'ratlla' and mixing 

ratio profiks from thl' obserH'd VAS radian\.:es. This tedllli4ul' (Fkming and Smith. 1971 i is 

dWSl'n bl'I.'aus.: it has l'nough Ill'xibility to adjust to buth VAS' programmable no is\.' Il'\'ds .lIld thl' 

I.'llnuitillllin)! shOUld impron' rl'tril'\'als by rl'slllving ambiguitil's llj' \'I.'rtieal strudure in faro,' or till' 

Rl'gres."ion rl'lril'\'als .lssume that thl' rallian~l' resl'onSl" l)R(v) in a dlalllll'1 at wawllumbl'r 

v. is a linear ,'ombinatlOn of atmuspiwril.' variations, &\lP), wherl' XlI') is tL'mpl'ratllTl" moisturl" 

or other stale paralllt.'tl'r in the atmuspherl' as a t'undi\.)Il llf prl'ssurl" p. ('onsl'4ut:ntly, an estimate 

oj' thl' atlllllspht:l'i\.' variation, 8\'(p). ~an be llIade fWIIl a l'\)rrcsponJing linear I.:umbina~ion cl 

variations in thl' ObSl'f\'eJ radialll'l's: 
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6R(v) = A{v,p) • 6X(p), 

6X'(p) = C(p,OI) • 6R(v). 
(8-1) 

The ".n above symbolizes matrix multiplication with terms being summed over matching inde-

pendent variable values. With many observations of X and R, a retrieval matrix, C(p,v), can be 

estimated from the radiance to atmosphere cross correlations in a set of observations: 

C(p,v) = <6X(p)6R(v'»· [<6R(v')6R(v»]-I. (8-2) 

Thi! "< . '>" above symbolizes a statistical average over a sample learning set of simultaneous, co-

located observations, and the "[ ... ]-1" symbolizes matrix inversion. The basis of the <6X6R> 

correlation is the presence ofT and Q within T and B in equation 7-1. Likewise, the <6R6R> 

channel-to-channel cross correlation is based both upon the underlying correlations within the state 

variables X and upon the overlap among the channels dT/dlnP (see Figures 2 and 3). 

Direct application of the simple regression algorithm in equation 8-2 to a small set of available 

satellite and radiosonde data usually leads to retrieval matrices with l ... rge coefficients and opposing 

signs. This over-interprets the small fluctuations in real data. The minimum-information scheme 

conditions retr:_vals against this effect by incorporating an estimate of the radiometer noise in each 

Mathematically. the atmospheric variations and the corresponding radiance changes for a de-

pendent set of events are linearized about the mean, and a single sarnple noise, e(v), is included: 

X = <X> + 6X, 

R = <R> + c5R + e, 

6X'=C' [6R+ej, 

d<[6X'-6Xj2>/dC = 0, 

C = <c5Xc5R> • [<6R6R> + <,2>]-1. 

(8-3) 

Equation 8-3 uses least-squares tcchniques to solve for a matrix C(p,v), which minimized the un-

ccrtainty in the retrievals c5X'(p) averaged over a training set 01 dependent events. The radiometer 

poise can be expressed directly in radiance units (ergs cm-2 sec- I wavenumbcr-1 sterradian-1 , 
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abbreviated "erg/etc"), or it can be computed from the single channel variance <6R(v)2> divided 

by a corresponding "signal"/noise ratio f(v): ! 

(8-4) 

Note that the "signal" ~ the variance in the radiance, not the total brightness of a channel. The 

, . VAS retrievals in this section are all done with a single "conditioning factor," r= 1 0/1, which is 

realistic for most channels (see Table 2). A preliminary study of regression retrievals of temperature 
I· 
I , and mixing ratio prot11cs from simulated VAS radiances is done to establish the sensitivity of such 

( 

I soundings to various conditioning factors (Lee and Yap, 1980). 
i 

8.1.~ Simulated Retrievals using Prelaunch Studies 

As part of GSFC's preparation for the launch of VAS-D, statistically conditioned regression 

retrieval matrices are computed from theoretically synthesized VAS radiances (Chesters, et al., , 
• 

I 
1981). Line-by-line transmission functions and radiation transfer models are used to calculate 

radiances (see section 7.1), which are then correlated with the assumed temperature and mixing 

ratio profiles in a minimum-infom1ation regression-retrieval scheme. Two sets of prelaunch training 
I 
! 

\ 

1 
I , 
I 

profiles are available: 

1. The NOAA32, a "global" set of 32 radiosonde reports from widely varying conditions over 

North America. Retrievals conditioned by the NOAA3::! should have the correct gross 

sensitivity, but lack both a good first guess and the appropriate determination of ambigui-

ties in vertical structure. , 

j 
• 2. The NSSL210, a more "local" set of 210 profiles analyzed from NSSL radiosonde network 

• 
t 

I 
observations of thunderstorm conditions in Oklahoma during the spring of 1976. The 

NSSL210 retrieval matrLx is conditioned to the unstable atmosphere, characteristic of 

j 
I 

thunderstorms in the Gieat Plains. The result is a :.:ctter first guess for thc abnomlally 
I 

warm autumnal weather in the SE USA in the afternoon of 7NOV80, although that day's I 
I 
I 

weather has stable vertical st~'jctUl \:. 

I , 
I , 
! 
t 
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Both the NOAA32 and the NSSl210 retrieval matrices are conditioned with a crude "signa!"/ 

Hui-.· Tador of 10/ l. which is roughly ~onsistent with VAS spccin~ations tsee Table 2). Both 

matrices have synthcti~ first-guess radian~es which contain unexpc~tcd biases with rcsped to thc 

observed VAS radian~cs, as previously discussed in connedion with Table 10 and Figure 15. 

8.1.3 Empirical Retrkvals using 7NOV80 Observations 

The biases between synthetic radiances and VAS obsefVations art' avoided by creating a n.'-

gn:ssion-retricvalmatrix entirdy from empirical data takell on 7NOV80. Radian~es for tht' VAS 

dlannds arc takcn from the III SFOVs shown in Figure 13. Corresponding profiles arc taken from 

the 19 RAOB prufiles listed in Tables (1 and 7. An estimated "signal"/noise ratio of r= I Oi I is 

used to ~ondition the minimum infonnation sdlellle to be consistent with the prdautlch regression 

matricl's. This empiric .. l radiancl"-to-radiosonde approa~h is designed to guarantee empirically 

corn:ct first guesses for both the brightnesses and the profiles. Indeed, even the 3-hour mismatch 

between the time of V AS obsefVations and the radiosonde measurements is gua:anteed to be 

unnoticeable. as long as we do retrievals upon the earlier VAS radianc~s and compare the results 

to the later radiosondes. 

This empiril'al n:gression on the 7NOV80 VAS data is fl'asibk only because it is complctl'iy 

ckar over a large area filled with Illany nearly concurrent radiosonde observations. all of which an: 

vil'wed by VAS with nearly tile same LCnith anglc. Under nonnal or stormy weather conditiol!~. 

till' IlUmbl'r of acceptable radiosondl' reports availabk for corrdation with VAS radiances will be 

too fl'w and too scatterl'd to bl' applicable to the 10calml'sosC'ak conditions. Consequently, the 

plannl'd l;SFC VAS sounding algorithm is still based upon a physical modl:l for radiatioll transfl:r. 

8 ~ IPOEPENDENT VAS RADIANCES FOR RETRiEVAL TESTING 

Thl' raJianC'l:s fwtll thl' 19 SFOVs shown in Figure 13 cannot bl: used as an iIlJe{Jt'IIJt'1l1 

test of rdrievability, SilKl' they arl' alrl'ady used to Jl'tl'rminl' the regressinn-rl'tril'\,almatril'cs. 

Independent radian~es arl' introdu~cd by using SFOVs adjal.'ellt to thl' 19 SFOVs shown ill Figure 
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'3. The nominal 30 km resolution of the SFOVs is not a serious spatial mismah:h to the radio-

sonde 100:ations. and truly independent radiometric noise will be tested in the retrievals. These 

19 independent sets of adja~ent. observed VAS radiances are used to produce tlm~e sets of 19 

temperature and mixing ratio retrievals by using the NOAA32, the NSSL210 and the SEUSAI9 

regn!ssion matril;es. lJnfort ... natdy, there is no "ground truth" available otlwr than the 19 profiles 

already lIsed frem Tables band 7. 

8.3 SAMPLE RETRIEVALS AT RADIOSONDE SITES 

VAS retrievals are done with the empirically ~onditioned SEUS .. \.19 regression matrix.. Figures 

I 7.A. -B and -C show radiosonde and retrieved temperature and dewpoint profiles at thn:e sites: 

Amarillo, Texas, Tampa Bay, Florida and Jackson, Mississippi. The temperature retrievals are in 

good agreement with the smooth RAOB pronks. The retrkval at Amarillo below 920 mb is mean-

ingless. due to the altitude of ~entral Texas. The dewpoint retrievals are in fair agreemellt below 

500 mb for Jackson and Tampa Bay, but in very poor agreement over the entire Amarillo prome. 

In general. moisture data for the 300 to 500 mb layeJ is of uncertain quality for the radio-

sondes. where the retrievals are dominated by unverifiable radiances in the water vapor bands 

~ VAS d\annels 9 and 10). Dewpoint disagreements 11\ the 300 to 500 mb layer can easily result 

from a small error in chosing the location of the nearest SFOV. since Figure 13-B shoWS dramatic 

contrast over short distances in the moisture strudures at this altitude. Moisture data above 300 

mb is uninterpretable, dw: to the radiosonde limitations discussed in previous sections. 

Satellite rctrievals can be expeded to produce better integrated layer averages than level 

values. since they are based upon radialH:es which arise from large vertical slabs of atmosphere, as 

indicated by the weighting tum:tion plotted in Figures 2 and 3. Tabk 12 lists tht' observ\.'t! and 

rdrit'ved values of precipitable water integrated above lower levels at the same three sites whose 

teml'l'rature and moisture profiles arc plotted in Figure 17. Indeed, thl' predpitabk water re-

tril!vcd over Jal:kson and Tampa Bay agree within 20 pcr~ent of the radiosonde valul!s. However, 
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the precipitable water over Amarillo has the same serious disagreement with radiosonde values as 

the dewpoint profile did in Figure 17-A. The cause of the failure in the moisture retrievals at 

Amarillo has not yet been determined. 

It IS not wise to give too much attention to the details of one profile from one retrieval 

method at one site, since each case has its own individual characteristics. Sample retrievals using 

the synthetic prelaunch matrices are not shown because they are very bad; such retrievals will only 

be discussed statistically in the following section. 

8.4 RESIDUAL ERRORS IN THE PROFILE RETRIEVALS 

The conventional figure of merit for pronle retrievals is the RMS residual profile between the 

satellite soundings and radiosonde "ground truth." This FOM is the information not retrieved from 

independent SFOVs because of first-gues". errors, unseen clouds, unmodeled surface effects, mis-

matches between the satellite and "grouHd truth" data, vertical smoothing, and noise. The informa-

tion to be retrievl'd is the preretrh!val variance in the field about the selected first-guess profile. 

Generally speaking, the RMS pronle residuals in satellite soundings follow a pattern of error 

content (Phillips, et al., 1979). Uncertainties arc dominated by mean residuals over several un-

resolved vertical layers. The temperature residuals are normally larger at the tropopause because 

there is little radiance upwelling. Both the moisture and temperature residuals are normally larger 

near the surface because of the naturally larger variance in these optically thin layers, which lie 

just above a surface with irregular topography and emissivil;'. The moisture residuals arc also 

poorly determined in the lower troposphere, because of many problems with surface irregularities 

and low radiance sensitivity, as indicated in Figures 3 and 16-B. Figures 18 and }9 show the RMS 

residuals betw~en all three temperature and mixing ratio retril'val attempts (NOAA32, NSSL210 

and SEUSA 19) and the "ground truth" in Tables 6 and 7, averaged over all 19 sites in the SE USA. 

The preretricval variance about the mean of the 19 sites is also shown. 
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8.4.1 RMS Tl'mperatur~ R~sidllals 

Thl' RMS t~mperaturc rl'siduals in Figur~ 18 follow vcry differ~nt patt~rns for th~ NOAA32, 

tIlc NSSL2 10. and th~ SEUSA 19 rcgrl'ssion-rctrkval matrkl's: 

I. The synthetic NOAA32 tcmperalure rctrievals have a IlIl'an RMS l'nor of about ±7° C', 

which is much worse than the preretrieval ±2° (' varialll·l'. This information degradation 

is rroL·:toly fiue to th~ larg~ bias bl'tw~l'n th~ synth~!it.: and obs~rvcd VAS radiances. which 

were discussed in previous sections. The large error bulgl' in the 400 to 800 mb layer is 

probably du~ to the statistkal bi~3 in the NOAA32 profiles as they affcl't the mid-troro-

spherit.:' water v<!por bands. 

The "global" set tcaches the NOAA32 regression matrix that VAS channels 9 and 10 

correlate strongly with both temperature and moisture in the mid-troposphefl" so that 

large ~T*s for these t.:hannds are interpreted as corresponding larg~ ~rrors in 1'(600±200 

mb) where thes~ channels p~ak (s~e Figun: J or lo-Bt Ind~ed. the RMS errors away from 

the bulge arc only ±3° K. This sagg~s~s that temperatur~ retrievals t.:ondition~J by the 

NOAA32 might haw acceptabk l'rrors wh~n they an~ appropriatdy applied to a global 

VAS dwdl sounding without the wakr vapor bands. 

., The NSSL210 temperature retrievals havl' a mean RMS error of ±9° C. whidl is ~ven WorSl' 

than thl' NOAA32 retrievals. The errors arc distributl'J almost uniformly owr the pro fill" 

except for bett~r agr~ement (±4° C) at 920 mtJ. The cause of this largl' ~rror is Ilot known. 

This result is surprising becausl' the first-guess tcmpl'caturl' profiil' from the NSSL21 0 set 

(not shown) is similar to the actual tcmperaturl' profiles shown in Figurl' I~. Olll' possi-

bility is that thl' kmpl'ratun: variations leanll'd from till' uastabk thundl'rstorm fil'lds of 

the NSS L210 an' completdy orthogonal to th~ tl'mperalure v,uiatiolls prl'sl'IlI in till' stabk 

autumnal fidd of 7NOVSO. Thl' prookm must be allalYl~d bl'forl' thl' NSSL datasl'ts an' 

uSl'd to condition rl'lrievals during the plann~d MiJwl'slern thullJ~rstorm VAS llbsl'rva-

tions. 

I : 

i 1 
1 

I 

I 
, 



"'" 
¥OCP 

3. The synthetic empirical SE USA 19 temperature retrievals have a mean RMS error of ± 1 ° C'. 

which is a real infomlation im •• .ovement over the preretrieval variance of ±2° C. Dy con-

trast, the synthetic retrievals just described actually degraded the variance from ±lo K to 

±7° K and ±9° K. Most of the improvement IS below 300 mb, since the radiometric noise 

in the upper air temperature sounding channels is too large to be useful for this spin-starved 

dwell sounding (see Tables 1 and 9). 

The apparently excellent agreement benefits from tht: cancellation of actual errors in the 3-

hour mismatch between the VAS observations and the 19 RAODs, due to the lack of 

illdependelll "ground truth" radiosonde obscrvations which are taken at the same place 

alld time as the VAS observations. The sparsencss of the synoptic radiosonde network 

makes it impossible to independently verify VAS soundings based 'Ipon empirical regression 

with the synoptic radiosondes themselves, evell if there is no 3·hour mismatch. Neverthc-

less, the RMS improvement in these empirical temperature soundings demonstrate that the 

random errors in the VAS radiances are low enough to make clear air retrieval errors within 

sp<:cifications (±2° C) whenever there are no systematic biases in either the first-guess 

radiances or the first·guess profiles. 

8.4.2 RMS Mixing Ratio Residuals 

The RMS mixing ratio residuals in Figure 19 .. Iso have error patterns that depend upon the 

retrieval matrix: 

I. The synthetic NOAAJ2 mixing ratio retrievals seriously degrade the moisture information 

in thl' lower troposphere. Similar errors are found even in the prelaunch simulated VAS 

retrievals when the "global" matrix is applied to a particular "local" condition (Chesters, 

t't aJ .• 1981). The underlying problem is once again due to the strong wrrelation between 

temperature and moisture in the "global" set. For the NOAA32 retrievals, the magnitude 

of thl' error is t!reatest ncar tlh.' surface because of th,' large arctic to tropical contrast 

pR'St'nt in t'~;s layer for the "global" training set. so that the lower air temperature sound-

ing channels are instead being interpreted as indicating moisture. This incorrect training 

57 



_:1-- i . 0;'14 .- M u:s W 

:~ 

causes gross misinterpretation of the individual VAS channel radiances when applied to a 

1 
1 situation without such a correlation. 

2. The synthetic NSSL mixing ratio retrievals slightly degrade the moisture information in the 

lower troposph\!re and seriously degrade the upper troposphere. The cause of this degrada-

tion is not clear, but the large bias and scatter between calculated and observed VAS 

radiam~es in the water vapor bands is suspected (note the errors in VAS channels 9 and 10 

listed in Table 10 and Figure IS-A). 

3. The empirical SEUSA 19 mixing ratio retrievals modestly improve moisture information 

over the entire profile, compared to the original moisture variance. The ',000 mb moisture 

retrievals are meaningless, since Illost of the 19 sites are located above this ex.trapolated 

level. Like the RMS temperature residuals, these mixil1g ratio r~siduals mask the errors due 

to the 3-hour mismatch between the VAS observations and the synoptic radiosondes. The 

modest improvement in the moisture residuals only suggests that unbiased VAS retrievals 

could improve our knowledge of dear air moisture content. 

1 8.4.3 Profile Retrieval Error Assessment 

.~ 

1 The. RMS n:sidual profiles in Figures 18 and 19 show that retrievals on real VAS observations 

with synthetically developed coefficients actually degrade profile infol1nation, due to I"rge first-

~uess biases and inappropriate statistics. The RMS profiles also show that unbiased retrievals do 

improve temperature and moisture information, implying sufficient stability in the VAS radiometry 

to meet sounding requirements. Sounding accuracy c.mnot be verified without an independent set 

of "ground truth" profiles taken at the sa Ie place and time as VAS observations. However, the 

implied internal consistency of the VAS radiances leads us to believe that the clear air between the 

19 SE USA radiosonde sites can be sounded with the SEUSA 19 regression matrix to produce 

relatively cOlTed empirically retrieved temperature and moisture fields with 30 km resolution. 

~.5 RETRIEVAL SUMMARY 

Temperature and moisture retrievals aie performed on the first VAS radian~es in the clear 

ai .... t 19 radiosonde silcs in the SE USA on 7NOV80. SystelT'atic biases between (,",lculatcu and 
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obsel"'!l:d VAS radian~es pr\!dude the use of physically modeled retrievals. Retrievals arc tested 

with indt'pendent \' AS radiallcc~; "elected from SFOVs adjacent to the 19 SFOVs at the radiosonde 

sites Rdrievals with synthetic regression m .. trkes seriously degraded the temperature and moisture 

infonnation due to biast's in first-guess radianct's and profiles and inappropriate statistical condi­

tioning in "globai" and "local thund~rstorm" datasets. Retrievals with local empiriral rauiancc-to­

radiosonde regression matril'es improved temperature and moisture information. The empirical 

retrievals produced RMS residual profiles that exceeded requtrements for VAS sounding accuracy. 

However, the residuals arc certainly smaller than the true erro:-, since no independent "ground 

truth" data is available at the same time and place as tht' VAS observations. The low RMS re:;iduals 

from the local empirical retrieval matrix demonstrate good enough radiometric stability within a 

V AS radiance field to ensure good rdativ~ sounding accuracy for stable lllesm.calc conditions. 

SlJ 
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SECTION 9 
MESOSCALE ANALYSIS OF EMPIRICAL V AS-D RETRIEVALS 

VA D retrieval:, derived from the local empirkal radiance to radiosonde regression matrix are 

analYl.cd to determine the relativ!! impact of VAS upon mesoscale temperature and moisture fields. 

An exact comparison between RAOB and VAS analyses is not possible because of the 3-hour 

difference between the observations. However, the comparison does provide evidence of the 

ability of VAS retrievals to fill in the gaps that exist in the conv~ntional RAOB database. 

9.1 MESOSCALE ANALYSIS 

Figures 21-A and -B show the conventional NWS surface pressure analysis and 500 mb height 

field analysis over the USA late in the afternoon of 7NOV80 The weather is characterized by a 

rather weak 500 mb trough-ridge-trough system across the United States with a complex low pres-

wre sysii::" in the Pacific Northwest and a weak surface low over the Great Lakes region. The 

clouds associ .. td with these featurts are clearly visible in the VAS images in Figure 5, except for 

the stratospheric sounding channels, I and 2. 'r .e anticyclonic surface circulation extending west-

ward from the Atlantic Ocean and the dry westerly flow in the mid- to upper-troposphere (Figure 

21) provided th'~ clear skies over the southeaskrn United States, as seen by VISSR operations 

from GOES-EA~T (F!5ure 4) and by the VAS experiment from GOES-4 (Figure 5). 

UsinJ! the locally conditio~~'d regression matrix, VAS soundings are generated at 75 locations 

across the southeastern United States on a uniform grid (see Figure 20). The grid contains 5 rows 

by 15 columns of SFOVs with a spacing of approximately 2° latitude by 1.5° longitude, corre­

sponding to roughly 30 km SFOV resolution with 150 km spacing. 19 Six of the 75 VAS soundings 

are eliminated because of significant cloud c·)ntamination, leaving 69 mostly clear soundings to 

be used in a contour anaiysis. RAOB data from the 19 st<:tions in the SE United States are inter-

polated to the same grid, using ~ Barnes analysis scheme developed on the GSFC Atmospheric and 

190ne w0uid like to retriev.: at every clear SFOV ira Figure 20, which w~uld be 30 km resolution 
and spacing. but a bottleneck in the VASP regression retrieval software limited processing to 
fewer than 100 retrievals. 

to 
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Y,2 MFSOSCAll~ ANAL ,"SIS COMPARISONS 

h:mpl'ratlll'l', rl'sl'l'l'tivdy, Ntltl' th,lt lIll' RAOD analysis in thl' Gulf \,.)f M~xkll r~prcs~nts all ~xtra-

plliatilltl of data fWIlI thl' l'llastal fl'gillll intu ;t largl' Jata-,'oid area. whkh restricts any cmnparison 

llf (Ill' VAS and RAOB analysl's OWl' thl' ( ;',M. 

till' l'ast 'l't':\JS anti Louisiana rq!illll, Thl' Wantll'st air ill Tl'xas is inull'.'Jiatdy ahl'ad of th~ trough 

nllwing intll that rl'gion fWIll thl' Ilurthwl'st tFigurl' ~ 1-8), TIll' VAS rdrkval .malysl's lFl~url'S 

22-8 and 23-1H fllr thl' Surf'll"l' and ~50 mh kwls compan,' !~l\'orahly with tIll' RAOH analysI.'s. At 

turl.' gradil'nt at till' ~50 mb k\'l'l in l'asll'rII Tl'xas IS alstl wdlH'prl.'sl'ntl'd 11\ (hl' \'AS rl'lrll-\'als. 

nIl' tt'mlll'ralm\.' Jifl"l-rl'nl'l' ,,'harls l hgltrl'S ~ 2-C and 23-(') rl'wal sl'wral inll.'n'st ing ti.'atllll'S. 

ht>:l, thl' difkrl'IIt:I'S al till' surr~ll'\" all.! at ~:;t) mb arl' within 3-.) (' and 2" C rl'spl.'diwly, indil'ating 

th.lt !!rlls.-;, SpurillUS data \':t!l!l'S ~Irt' Illli illt1'lldlh:~d by thl' VAS sllunJing algoriihm, Sl'(llllll, tl\t' 

VAS "'tril'vals haw adually strl.'ngllll'lIl'd Ihl' l'Jst-\\'l'sl ~raJil'tlts nf the 1\5U IlIh and s~lrfal'l' tl.'llI-

(ru t h" rad illSllndl's, t hl'Y do han' a rad itHIll't ric basis. FlIr l'xampk. the ,,'llokr V AS Il'llll'l'ral lIfl'S 

fidds ill 1,\~\Hl" 2~-(, and 23-<.') I"l'sull from tht' \\ inJow dlJlllld hrig.htness diffl'rl'HL'l' l'l'tWl'\.'lI till' 
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lanu ma~ and th~ wat~r surra~l' (s~~ VAS I.:hannds 7. 8 and 12 in Figur~ 5), Thus. th~ Il~t d'fl'd 

upon thl' \' AS retrieval analysis is a strong;:r low kvd tl·lIlp~raturl' gradient from th~ w~st~rn tiulf 

of ~""'x i~o into T~X~IS. 

.. 
Th~ wanlll'r VAS surfa~~ t~llIp~ratul"l's in th~ liulf or M~xi~o to th~ Wl'St of Kl'Y West, Florida 

arl' alsl) a ltir~d rl'sponSl' to lhl' hrightll~s. .. patterns in thl' VAS window ~hannds, Appar~ntly, thl' 

V AS rl'1ril'vals fill in th~ details llllSSl.'d by th~ convl'ntional RAOB analysis in th~ largl' gap ov~r thl' 

l'ulf of Mexico. 81'~aUSl' thl' purdy ~mpiril.:al r~gression rl'1ril'vals arl' trainl'd aVl'r till' land. whl'rl' 

thl' skin h:lIlp~rature. air h:mperatur~, and radi.mces have a dilfer~l1t rdationship than over thl' 

watl'r, it is not pllssibk tll makl' quantit;j"\""' ':'.IIllid"ih'i' cstimatl's far thl' sounding a~l'llral'Y in 

th~ (;ulf of ~kxko, 

Thl' 500 mb V AS and RAOB ll'tnp~ratllrl' analys~s tFigurl' 25) arl' indud~d to ilIustratl' thl' 

ahility of VAS to r~plicate thl' RAllS analysis of th~ ralhl'r bland fidd in till' middll' to uppl'r 

troposph~rl'. Thl' smootlllll'SS or th~ rl'lril'val analysis is a good quality assuranc~ t~st for th~ 

~xist~ncl' of any spurinus points in thl' individual VAS soundings. 

A l'omparison h~t\\'l'enthl' VAS and RAOB S50 mb mixing ratio analyses tFig,url' 24) ilIus-

tratl's signifil.:ant diffl'rl'IKes in till' Illoislurl' fil'lds. Th~ bl'St mixing ratio rl.'lrkvals arl' prodUl'~d 

o,,':r an arl'a that eIWOlllpa~s~s n~ntral T~xas. Louisiana, Arkansas, Mississippi and thl' w~stl'rn part 

of thl' tlllif llf ~kxkl) wlll're thl' diffcrl'llc~s bl'twel'n VAS and RAOB soundings an.' g~nerally 

within I gill kg-1 • .. 

I hlw~\'l·r. till' VAS retril'vals along thl' East Coast and in northw~st l ... ·xas arl' nolkl'abk wl'lt~r 

than the RAOB allalysis, Thl' wl'tll'r saldlitl' analysis is haSl.·d sOllll'what upon till' VAS radian~es 

in till' "split winduw," SilKl' thl' brightness diff~fl'ntial bl'twl'~n V AS dlannl'ls 7 and ~ is strongl'r ill 

thl'SC ar~as (Figur~ h), Till' dis~rl'pan~y in northw~st~rn Texas may nut bl' signifkant, sin~:e buth 

analys~s are baSl'd on \'l'ry liuk data; th~ RAOB analysis is basl'd upon on~ rqwrt. and th~ VAS 

analysis is based upon sounJings from cl'ntral Tl'xas bc~ause the northl'rIl ~oundings arc r~jl·.:t~u 
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for probable cloud contamination. Till' VAS fl'trievals yield a significant moisture tongue in the 

eastcrn part of the Gulf of Mexico, the magnitude of which cannot bl' verified with the existing 

RAOB network. The images from channels 7 and 8 in Figure 5 and their brightness difference in 

Figure b indicate a region of greater water vap0r content in this area and suggest that this partic­

ular moisture signature is real if it is not due tl'· unresolved low douds. 

9.3 MESOSCALE ANAL YSIS SUMMARY 

The VAS tcmperature and moi~l~ ,C ictrievals derived from thl' 10l'al empirical radiancl'-to­

radiosonde regression matrix arl.' analyzed and compared to the RAOB operational network. An 

exact comparison is not possible. bel~ause of the 3-hour time diffl'rcnce bl'twl'l'll soundings. How­

ever. the results indicate that VAS retrievals do captuie s~nifkallt lower tropl)spheril: kmperaturl' 

gradients. VAS has also addl'd sittnificantly to the analysis of temperature and moisturt.' fields over 

thl' Gulf of Mexico. which is a large data-void area within the operational RAOB network. Fmm 

this first-analysis comparison at GSFC VAS apparently helps to cun.' the hgaposis" plllbJcm. whk-h 

limits thl' conVl'ntional RAOB network both in space and tin1l'. lh)wl'vcr. much more testing of 

VAS rl'trievals undl'r nonna! and disturbed weather l'onditions must be d01l1.' to dcternlinc the net 

ilupact of VAS soundings upon subsynoptic and lUl'soscak analysis. 
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SECTION 10 
VAS-I) ASSESSMENT SUMMAR Y 

This s~l'tion summarizes what has b~~11 kJrn~d from tb~ first VAS-O radian(:~s at {JSFC and 

assesses thdr :iignifkaIK~ for futur~ work wilh the VAS instrumcnt. 

10.1 COLLECTION OF TIlE PREVIOUS SECTlON SllMMARIES 

Thc SUlUl11ari~~f"om cadl of thc pr~vious s~dions an~ reitcrated hcr~ for thl' r~adcr's COi\-

vClllen(:c. 

10.1.1 Summary of Objcctivcs and Outlinc 

The first orderly VAS dwell sounding radian(:cs an~ examin~d by the sl'i~ntirk users for: 

1. Image qU<llity. 

.. Radiomctrk pn:dsion . 

3. Radiation transf~r vcrifi(:ation. 

4. Rl'gr~ssion retricval a(:(:ural.:Y· 

5. Mesos(:al'': analysis katurcs. 

The rcp(,rt is olganizt.:J in till' following order: 

.., D~s(:ription of VAS. 

3. Prc\aucldl aSSeSSllll.'nts at t;SFl'. 

4. VAS-l) operations to 'lNl'V80. 

5. VAS-D imagc quality. 

o. VAS-D raJiometri(: quality. 

• 
7. Radialioll{tansi'l'r vcrifil..'ation. 

8. VAS-D sounding quality. 

9. ~k~os~alc analyses from empirical retrievals. 

10. VAS-D assessment summary. 
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10.1.2 Summary Description of VAS 

Thl'VAS instrument is an improved version of the VISSR devkl.' used operationally on the 

GOES satellitcs. It was designed to l'fOvidl' multispectral infrared sounding data and exploits 

the geosynchronous station to give frequeIH coverage of mesoscale weather developments. VAS 

has 12 calibrated thermal infrared channels between 4 and 15 mkrons. whkh wcre chosen to distin-

guish till' l'ffeds of tropospheric temperaturl" Illoisturl' and doud cover upon the upwelling radi-

ances. The VAS channels cover the troposphere with roughly 5 kill vertil'al and 15 kill horimntal 

resolution, and they suffer the usual passive infrared limitations on dctl'nnining the state of the 

lowest atlllosphtlric layers without ancillary surfacc data. 

10.1.3 Summary of Prelaundl AssesSlllents ai. <.;SFC 

The Illc;lsun~d spl'dral responsivity of tlte VAS-D dlannels Il1l'ctS prelaunch specifications. 

The cakulated sensitivity of the hightness temperature (OK) to the VAS channds' variations in 

tl'mperaturl' and moisture (C) indicate a typical "variance/noise" ratio of ! 0° C/ 1
0 

l\. lWl'r North 

Anll'rka throughout till' Yl'ar. A sounding study of thunderstorm l'nvironml'nts, using VAS radi-

ancl's syntlll'Sill'd from NSSL. radinsondl's. yielded profile and gradient retrievals with acceptable 

error k\"ds. proviJ,:J th;!t till' algorithm was statistically conditioned to rl'solvt.' amhiguitil's in favor 

of the most pmbabk local conditions. 1I0\wver. thl'n.' was a serious underestimate of the moisture 

.;on1l'nt of tilt' lowl'r twpospherl'. which suggests that ancillary data is nel'ded in order to retrieve 

this paraml'tl'r ,tI:curall'ly. 

10.1.4 Summary of VAS-D Operations to 7NOV80 

VAS-!) \\·a:>.iaunched on 9S"-P80 with one of a rl'dundant pair of detectors bruh'n, reducing 

usdul dalJ rall's by a fador of 2. A month of postiaunch dll'ckout was uSl'd for dl'buggin~ Sllft· 

wan.' throughout the VAS Systl'!ll, prindpally the A;D l'otlVl.'rsions on the satdlitl', the calibration 

in till' SiDD at Wallops. and till' c;liibration and quality assuranl'~ ill tIll' \'ASPP and VASP. Thl' 

first orderly. calibrakd dwell radialll'l's were gathl'red over North America 011 thl' afternoon of 
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7NOV80, I 900-2 IOOGMT. The weather was remarkably clear and warm over most of the South-

cast United States, where radiosonde reports were available 3 hours later from 19 clear sites. 

10.1.5 Image Quality Summary 

Images of the 7NOV80 VAS owell sounding radiances art; wei! registered multispectral views 

of the North American atmosphere, and arc suitabk for sounding. Some problems exist with a 

high bit error rate and with line to line relative calibration stability. The upper stratospheric chan-

nel shows no significant brightness variation across the earth. Navigation of VAS line and pixel to 

or from latitud~ and longitude coordinates is not available. This dwell sounding dataset is not a 

high resolution test of VAS imagery, since it has been resampled to 30 km SFOV resolution. 

10.1.6 Radiance Quality Summary 1· , 

Radiometric quality assurance specifications arc developed for VAS-D from prelaunch specifi-

cations for noise and calibration. When mis-calibrated radiances initially arrived for dwell sound-

ings. quality assurance software was developed in the GSFC VASP to help debug the entire data 

processing chain: detection and A/D conversion in the satellite; gain and offset detennination in 

the S/DB; offset removal and dwell averaging in the GSFC VASPP; and conversion to sample 

averaged noating point radiances in the GSFC VASP, 

Plots of raw unaveraged VAS dwell radiances along a scan line arc examined qualitatively, with 

the findings that: scattered light in outer space amounts to roughly 1 percent of the earth's bright-

ness at I I microns; the 8 significant bit limilation in the A/D conv~rsion produces digitizatiop error 

• 
comparable to the NE~R noisl'; and tnll1cation errors in the integer fl.rithmctil: of calibration pro-

duce negative values for the radiance of outer space with a bias comparable to the NE~R noise. 

The correlations and biases in VAS radiances will prevent ideal data averaging (i.e., with no 

I mean error and IIJN noise reduction) of dwe)', spins, adjacent s:amples, adjacent lines, and redun-

dant detectors to construct a SFOV. The first orderly VAS radiances arc found tOloughly mc~t 
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bask 4uantitativ~ r~4uir~ments for noise, zero point, droop and calibration stability from the 

sd~ntific user's point of view, although th~n: ar~ systematic bia&es comparable to NE~R. The 

shortwave detectors are found to have noise and stability FOMs which arc significantly better 

than prelaunch specifications. HI RS2 radiometer data from TIROS-N on 7NOV80 is not yet 

availabh: for use as a "secondary standard" of wmparison to the corresponding VAS-D data. 

10.1.7 Radiation Transfer Verification Summary 

VAS radiances were selected at 19 dear air radiosonde sites in the Southeast USA from the 

2030GMT 7NOV80 dwell sounding. Exact linl' by line transmission functions and radiances were 

cakulated at these 19 sites. using the radiosonde reports taken 3 hours later at 2330GMT 7NOV80. 

Th~ \.·akulations and observations wer~ compar~d for ali 12 channels at all 19 sites in th~ fonn of 

brightll~ss temp~rature differences. ~T*. The aVl'rage differences showed several effl~cts: 

1. The window channels arc cakulatl'd to b~ about 6° K cold~r than obs~rvl'd. probably du~ 

to the actual valtH.' of the skin surfac~ t~mperatur~ in the bright sunlight. 

"' The upper air wah:r vapor bands ar~ calculated to b~ about 3° K wanll~r than observed, 

probably due to the lack of good radiosonde moisture data above 500 mb. 

3. Allowing for the warmer than cakulat~d surfal'e temperature, ali of the h:mpl'ratur~ 

sounding channels arl' calculated to be about 4° K wanner than observed. Empiril'al 

adjustments to the ov~rall strl'ngth of the absorption in the sounding chanlll'\s shows no 

physically consistl'nt pattern. Thl' thr~e channds l1l~ar thl' tropopausl' cannot have radi-

ance agr~l'm~llt forced by any possible simple strl'ligth adjustment. Ad hoc sourl'es of 

abnormally strong absorption at \he tropopause or ad Iwe changl's in the observed VAS 

radi:..ncl's ale not scientifically justifiable. 

Analysis of thl' sources of radiation in till' VAS channels indicatl's that radiosondes arc poor 

"ground truth" for al'curatl' radiation transfer vaificatlon. Many of thl' channl'ls contain skill 

tt'mperature radiance not available ill the balloon llleaSUrl'tnl'nts. and thl' upper air wall'1" vapor 

bands display moisture abow the failure point of the radiosolllk Illoisturl' Sl'nsor. Physil:al 
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retrieval models may have to depend upon first guesses relative to previous VAS data in order to 

avoid radiosonde limitations and unaccountable biases. 

to.1.d Retrieval Summary 

Temperature and moisture ietrievals were performed on the first VAS radian~e:, in the clear 

air at 19 radiosonde sites in the SE USA on 7NOV80. Systematic biases between calculated and 

observed VAS radiances preclude the use of physically modeled r~:rievals. Retrievals were tested 

with independent VAS radiances selected from SFOVs adjacent to ~he 19 SFOVs at the radio-

sonde sites. Retrievals with synthetic regression matrices seriously degraded the temperature and 
, 

.~ 

moisture infonllation due to biases in first-guess radiances and prot1les and inappropriate statisti-

cal conditioning in "global" and "local thunderstonn" datasets. Retrievals with local empirical 

radiance to radiosonde regression matrices improved temperature and moisture infomlation. The 

empirical retrievals produced RMS residual profiles that exceeded requirements for VAS sound-

ing accuracy. However. the residuals arc certainly smaller than the true error, since no independent 

"ground truth" data is available at the same time and place as the VAS observations. The low RMS 

residuals from the local empirical retrieval matrix demonstrate good enough radiometric stability 

within a VAS radiance field to ensure good relltive sounding accuracy for stable mesoscale condi-

tions. 

10. 1.9 Mesoscale Analysis Summary 

The VAS temperature and moisture retrievals derived from the local empirical radiance to 

radiosonde regression matrix were analyzed and compared to the RAOB opefi.itional network. An • 

exact comparison is not possible, because of the 3-hour time difference between soundings. How-

ever, the results indicate that VAS retrievals do capture significant lower tropospheric temperature 

gradients. VAS has also added significal1 tly to the analysis of tempera ture and moisture fields over 

the Liulf of Mexico, which is a large data-void area within the operational RAOB network. From 

this first-analysis comparison at GSF(', VAS apparently helps to cure the "gaposis" problem, 
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which limits the conventional RAOB network both in space and time. However, much more tcst­

in~ of VAS retrievals under nomlal and disturbed weather conditions must be done to determine 

the net impact of VAS soundings upon subsynoptic and mesoscale analysis. 

10.2 ASSESSMENT OF THE FIRST V AS-D DATA 

VAS has 12 calibrated thermal infrared channels between 4 and 15 microns, which were de-

signed to distinguish the effects of tropospheric temperature, moisture and cloud cover upon the 

upwelling radiances. The geosynchronous station will be exploited to give frequent coverage at 

high resolution of mesoscale weather developments. Prelaunch sounding studies at GSFC indicuted 

that "variance/noise" figures on the order of 100 C/ 1
0

K clJuld be expected for VAS' sensitivity 

to atmospheric changes, leading to acceptable error levels in VAS retrievals from radiances simu­

lated for prethunderstoml conditions. After 1 month of debugging the V AS data processing chain, 

the first orderly, calibrated dwell averaged radiances were gathered by the VAS-D instrument on 

(;OES-4 looking at North America on the a!'ternoon of 7NOV80, 1900-210OGMT. The weather 

was remarkably clear and warm over the entire Southeast United States where radiosonde reports 

were available from 19 clear sites approximately 3 hours later. 

Images of the 7NOV80 VAS dwell sounding radiances are well registered, llluitispectral views 

of the North American atmospil\!re and represent calibrated data suitable for sounding. VAS 

mdiometric quality meets prelaunch specifications for noise and calibration, although there are 

biases comparable to the radiance noise levels. 

Radiances calculateu from line-by-line transmission functions for the conditions at each of the 

19 radiosonde sites disagreed with observations by several OK in brightness temperature in almost 

ail VAS channels. Some of the radiance discrepancies can be attributed to the high skin tempera­

ture of the l'arth's surface, to the 3-hour mismatch in observation times, or to the poor moisture 

data above 500 mb. However, the upper tropospheric temperature sounding channels arc un­

accountably calculated to be roughly 40 ± 10 K brighter than observed. This radiance bidS would 



P Mi", 

propagate as a correspondingly large bias through retrieval algorithms that use such a physical 

model. 

Consequently, local empirical radiosonde/radiance regression retrievals were developed, whkh 

automatically absorb unaccountable biases into the statistical averages. The empirical retrievals 

. had temperature and moisture residuals well within prelaunch requirements, although the sound­

ing situation did not allow a truly independent veritication of V AS re!rievability. The remaining 

VAS radiance field was sounded using a regular grid of 150 km spacing, and the resulting tempera­

ture and moisture analyses compared favorably with radiosonde analyses. 

The VAS retrievals appear capable 1)1' adding valuable information under clear conditions by 

filling data gaps that exist in the operational RAOB network. VAS seems particularly effective as 

'l multi-channel radiometer for computing and displaying subsynoptic gradients on a scale that is 

commensurate with the mesoscale-to-subsynoptic atmospheric processes that lead to severe stonns. 

However, much more work will be involved in testing VAS within a severe storm environment 

under less than optimal sounding conditions to determine if this remote sounding potential can 

be realized. 

Several technical and operational limitations of VAS usage have been mastered well enough 

to demonstrate clear air mcsoscale sounding and show that there are areas for improvement in the 

entire VAS data processing SystLlll. Evt>ntually. a small special network of frequent radiosondes in 

central Texas may be launched to provide a truly independcnt veritlcation network at the same 

time and place as the VAS soundings for a few days of sever~ storm conditions. 
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Figure b . VAS 1 ~-pagl! image ' qu nc for SE USA on 7NOV80 (Continued) 
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Figure c VA 12-page image equence for S USA all 7NOV 0 ontinul'd 
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Figure Su. VAS I.-page imag< e uen ee for S USA on 7NOV 0 ontinutu 
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Figur ' 5e . " .~ ~ 12-page image sequence for SE USA on 7NOV80 (Continued) 
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igurc Sf. V AS I ~-pagc ima 'e cqucncc for S USA on 7NOV 0 ( ntinul'J) 

ORIGINAL PAGE 
BLACK 1\ , 0 WHITE PHOTOGRAPH 



ri!;urt' S~ . AS 12-pagc image cquence for S USA on : 0 0 (Con tinued) 

4 



A 11 Il l i Ilul'd) 

ORIG INAL PAGE 
BLACK M'D \ HITE P:. JTOGRAPt-l 



12-p:J!:!l' Il11agl' ~qUl'lh:' for S A n 7 o \ Ollllllll~J) 

ORIGINAL PAGE 
BLACK AND WHITE. PHOTOGRAPH 



I ~ - I age III .g' SCQUCI1l'l' lor on 7 t.O ( on I 1Il1iCU 

'-' '' -



Figure Sk . VAS 12-pag<.> image seq uence for SE USA o n 7NOV80 (Co ntinued) 
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Figure SI. V AS 12-page image equence for SE USA on 7NOV80 (Continued) 
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T able I 

Specifications for the 12 \ 'AS sounding channels 

VAS Fi lt Fi lt Fi lt Purpose Main Other Sample SFOV Spin 

Ch Cen t Cen t Band fo r Abs Signif No ise Req Budge t 

# Ii cm- I cm - I Sounding Gas Effects ±o K ±o K Est. Used 

I 14.7 678 10 temp CO 2 0 3 5.3 .3 38 2 

2 14.5 691 16 temp CO 2 0 3 2.2 .3 10 4 

3 14.3 699 16 temp CO 2 0 3 1. 8 .3 7 7 

4· 14.0 713 20 temp CO 2 0 3 1. 2 I .... 4 7 
5· 13.3 750 20 temp CO 2 H2 O 1.0 .2 4 4 

6 4.5 2209 45 tcm p+clo ud N2 0 sun 1.6 . ) 35 7 

7· 12.7 787 20 moisture H2 O CO 2 1.0 .2 4 3 

o 8· ) I. 2 892 140 surface H2 O+C0 2 0.1 .2 I 

9· 7.3 1370 40 moisture H2 O 3.4 .4 25 9 
10· 6.8 1467 150 moisture H2 O 1.6 .5 2 1 

II 4.4 2254 40 temp+clo ud CO 2 sun 6.7 .3 46 7 

12 3.9 2540 140 surface sun+H 2 O 0.8 .1 4 

·Available at 7 km (nadir view) reso lut ion. 

.. 



Table 2 

Estilllatl'd tran mis ion pr perties of 12 VA hannels 

VAS Peak loc;-Q J Net ensitivity arth . ,Irth "Signal" 

eh Weight Radiance (oK r ) Mean IN i e 

# (m ) Layer (mb) T emp Dewpt Surf (oK) °Kt K) 

70 4-120 1.00 - .00 .00 21 ( 10 
.., 

125 4-2 25 .99 -.00 .00 '219 9 4 

3 200 I S-4 75 I -.02 .00 
,.., 7 

4 50 40- 00 .73 -.09 .02 23 9 7 

5 920 420- urf .47 -. 30 .29 260 15 IS 

20-mf .43 -.03 .44 
.., 

7 17 II -
1000 L O- urI' .33 -.3 .63 _70 Ie) 19 

SLI rf 20-surf . 17 - .20 4 '2 L 21 2 10 

60 110- 20 
, -.70 .02 254 10 3 
-

10 400 240-620 .94 -.70 .00 246 4 

II 30 -1000 -. 01 .04 237 II 
, 

1- surf ~L1 rf-Sll rf .0 -.03 .Q2 273 
.., 27 --

• 

1\1 
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able 3 

Kc radiatKc '! Cl:ifiC:lti n for ch:l tlnd 

pical unding Ab lute ReJ:l l ivc 

11 Wa eno 0 Rcq C'alib. alib. 

# v R 0'. R ,.. R T· R • R • 

6 7 l . 6 5 .:16 10.4r) 11.2 . 250 O. 1.3 10 1.: 0.434 O. 
~0.243 41. 21 3.50 3 .9 .250 0.3 1.330 1.5 0.441 0.: 

700. 170 4 4 
, _ .00 3 . 1 -- . 250 0.3 1.44 1.5 0.4 0.5 

4 14.4 : 2 66.4 1 24 _.20 \.9 .2 50 0. 2 1.744 1.5 0.5 ( 0. .5 

50.3 4 99. 274 _. 10 1.4 .250 0. 2 _ 20 1.5 O. 3 0.5 

6 1.1 _74 0.06 1.2 .0 4 0. 1 0.0 / 7 I. :' 0.02: 0.5 

7 II .41 9 1.90 1.2 . 250 
, _.45 ') U 1(1 0 .5 - . -

1 ).5- _l}5 0 .3 0 .2 . 2 - 0 0. 2 _.4 4 1.5 O. 2S .5 

9 13 74. 
, 

14.06 
, 

1. 0 4 . 1 . 150 0.4 0.643 I. 0. 212 0.5 - --
10 14 6. 1_5 5. 242 .4 ' , . 100 0. : 0 .3 1 1.':- 0. 105 0 .5 

II 225_ .566 0.23 2~4 0.0 5. 1 .0 4 D .• 0.0_0 1.5 O. (, 0 .5 

12 2. 41.0 4 O. 4 29 .0_ 0 .6 .004 0 . 1 0 .054 1. . 0.01 .5 
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Ta ble 4 
VAS Pla.,k radiances ror 1500 -3500 K in )0 K steps (Continued ) 

C. ... H,..;~ HVM .) 4 5 6 

".VE"'" I ,eM 0. 2 4 3 70G-.110 714.45 2 7 ~0. ~4b 22 08.0b8 

Te_ '.1 

201. 29.0 J~ 28 . 187 27 369 2b.2 ~4 2.).490 
02 . 29.74 , l 8.b"0 2.d.082 2 b.9.) Z 2 4.1 2b 
0,). J O.4 72 .. 9.0«1.. 28.785 2 1.020 2 4.77.) 

20 4. .)1 . 206 JO . 32 ; 29 .499 2 8.318 25 .430 
ot05. JI.9~1 ll .O bot JO.224 29 ." 28 2b.099 
206. 32 .70:. ll . 801 .JO . 959 29 .748 2b.778 
207. 33.472 J2.603 31.705 30 .479 27.469 
2 08. 34. 1 4 ' J3 . 32V 32.461 ll . 22 1 28 .170 

0.... J5 . 03 . l 4.10 6 l3.228 J l.97 3 Z8 .882 
210 . 3~ . 8JI J 4. 8" 4 34.006 32 .7.]7 29.006 
211. 3b.639 .]5 .6v2 34.795 ,)3 . 5 11 30 • .] 40 

IZ. 37 •• 57 .. 6.~1 35.594 34 . 29b 31 .08b 
2 13. .)8. 2115 37. 32", :)6 ... 5 35 .0,, 2 31. 3 4 3 
I.. 39.1 25 J •• 150 37.226 35.899 32.611 

2 15. 39.97. 38.991 38.0~ 7 .]6.717 33 . 391 
16. . 0.8l t 3v .842 38 .900 .) 7.546 3 4.181 

217. .1.105 .t.70 A 39 .153 38.386 .]4. 983 
218. . 2 . 586 .1. 571 40.617 39.237 35.797 
219. 43. 4 78 . 2 .461 .1 •• 92 40.099 36.021 
220. 44. 3!' 43.355 4 2.37. .0.9 72 37.45d 
221. 45.293 •• • 260 . 3. 275 .1.115.. .!'l.30 5 
222. 46. 216 . 5.11 5 4 •• 1~2 4 2 .751 39.lb-
223. .7.150 16.101 .5.101 43.657 .0.034 
22.. • •• 09. 47.0 3d 46. 0~ ••• 5 7. 40.916 
225. . 9.0.9 47.986 .6.97. 45.50 2 .1.809 
226. 50.015 48.9'. 47.921 46 •• 41 . 2.71 . 
227. 50.990 .9. 913 ..... 2 .7.391 . 3.b30 
22.. 51.977 50 .892 .9.155 48.352 ~'.55a 
229. 82.973 5& ••• .1 50 •• 3. 49.325 4 5.49 11 
2~. ...,.981 52 . 88 . 5 1.'33 50 .,JOa 46.449 
231. &A.99' 5,) . 895 52 •• 3. 51.303 .,.411 
232. 56.~27 5 •• vI7 5J •• 5 ,) 52.30. 411 .J.5 
233. 57 .01..5 55.950 SA •• 8. 53 . 325 .9 .371 
l4. 58.&1. 56 .99. 55091. 5 .. . J52 50.368 
Z~5. 59.17. 5 •• 04. 56.~66 55.39& 51.377 
2l6. 60.2.) 59.112 5 ••• 25 56 ••• : 52.l97 
237. 61.3 2 4 60 .1.. 59.095 5 1.S02 53. 4 29 
238. 6Z.". 61 . 27 4 60.'75 58 .573 5 ••• 73 
239. 63.'15 62.370 61.267 5 9.656 55.528 
2.0. 6 •• 625 63.417 62.369 60. 750 5~. 5"'5 
2.1. 65.7.. ~ •• ~. 63 •• 82 61 •• 55 57.674 
a4a. ~6.aoo 6~.722 64.605 62.971 58.76. 2-... • .. 022 66 •• 6 I 6 5 .7 )9 6 •• 09d ' ,9.866 
24.. 69.114 6 ••• 10 66.... 65.236 60. ~79 

2.a. 7~.3l7 69.16Y 6..... 66.384 62.10. 
246. 71.509 70 . 3"" 69.206 67 .544 63.2.1 
2.7. 72.~92 'I.~I'" 70.~3 6 •• 715 6 • • 389 
2... 7" •• ; ~ 72.710 71 ~ 571 69.B96 65.549 
a . v. ~~ .01l9 73."'1' 72.769 71.0.9 66.720 
2~0. 76.302 75.12S 7" •• 7~ 72.292 67.90l 

0.0111 
0.019 
0.0 20 
0.02 2 
0.02 4 
0.026 
0.028 
o 030 
0.Ol2 
0.0 3 4 
0.037 
0.0.0 
0.0. 3 
0.0.6 
0.0.9 
0.0 52 
0.0 56 
0.060 
0.064 
0.069 
0.073 
0.07 0 
0.0 8,j 
0.08Y 
0.09S 
0.10 I 
0.107 
0.11. 
0.& 2 1 
0.128 
0.136 
0.1.5 
0.15 3 
0.163 
0.172 
0.IB3 
0.1 93 
0. ; .! 4 
0.216 
0. a 26 
0. 2 41 
0. 255 
0. 269 
0.20. 
0. 299 
0. 3 1 5 
0. 332 
O. l!.O 
0. "69 
O.,j8a 

7 

2 0.069 
2 1.2!>7 

1. 8SC> 
22 •• 66 

23.087 
23 .7 19 
2 •• 362 

5 .01 !> 
25 .681 

6.357 
7.0.' 

27 .7.3 
d.'53 

29 . 17' 
29 .V07 
30 .6 5 1 
.H .407 
32.17-
,]2 . 953 
33.743 
3 •• 5 . 5 
35 .359 
36. I es 
3 7.02~ 

37.87& 
3d.732 
39 .1>05 
.0 • • 89 
'1.386 
' 2 . 2 94 
.3. 215 
.'.147 
.5.092 
.6.048 
.7.011 
.7. 997 
411.1190 
49. 9~ 

51 .01 
52.0.1 
5 3 .082 
54. , ~ 
55.2 01 
~6.279 

5 7.365 
58 . 470 
$ 9 . ~.s 
60.7&1 
61.8:.0 
1>,j.OOI 

8 

7.400 

13.911 2 
1 ••• 3 5 
1"."97 
15.370 
1 5 . 853 
16.3.6 
16.849 
17.363 
17.388 
I d • • 23 
111. 969 
19 . 52 6 
l O.093 
2 0. 6 ' 2 
2 1. 2 62 
2 I .d63 
22 .'75 
2l.099 

3 .73 4 
2 4.ldO 
25.03 11 
25.70 e 
26.l89 
2 7.0B3 

7.788 
28.505 

9.23. 
29 . 915 
3 0.728 
3 1 •• 9l 
32 . 211 
3l .061 
.. 3 .86-' 
-'4.67. 
l5 .505 
36.l.5 
l1.1911 
,j8 .063 
l8.941 
.59.8l1 
'0.7l5 
.1.651 
'2.580 
.3. 522 
44 •• 7i1 
45.44 0 
'6 •• 2' 
.7.42l 
-8 •• 2 
.9,'51) 

1374.111., 

1.646 
1.725 
l.bl 3 
1.902 
1.99 . 
2 .0~) 

.111 

. 292 
Z . 39 
2 . 5 0 

.6 Z4 
2 .7.2 
2 .1165 

.992 
3.124 
3 . 26;) 
3 .400 
3.5.5 
3.695 
3 . 8 50 
•• 010 
•• I 75 
•• 3 .6 
•• 5 21 
•• 102 
4.1189 
5.081 
5.27 
5 .41t l 
~ .69 J 

5.909 
6. I 31 
6 . 359 
6.595 
6 . 8;)6 
7.0B4 
7.3.0 
7.602 
1.871 
8 . I 47 a •• _ 
8.721 
9.;)20 
9 .3<1:6 
9.6.' 
9.9b2 

10.291 
10.62;' 
10.915 
11.330 

~ 

10 II 

14.6 .1 ./5 2I52.566 

0.9-" 
0.;/:1. 
1.041 
1.0_10 I., !> .. 
1.21 .. 
1.271> 
1. 34' 
I •• l. 
1 •• , .. 

1.S!> c 
1.62 . 
1.7, I 

1.7d. 
l.ttf. 
1.9 e1c 
2.054 
2.1 •• 
2 . 2 .7 
2.3 ... 
2.454 
2.504 
2.671 
£ .1~ .. 
2.91 !> 
3.t40 
3.17) 
.).3). 

3."'.~ 
3 .51. 
3,7 .. & 

3 .8d~ 

4.0.0 
•• Z'e 
4.3IJiII 
•• 5.0 
4.7& 7 
4.8"", 
5.0t7 
5.2:1) 
5 •• 7" 
5.61. 

5 •• ". 
6.111 
o.JJ.J 
6.~oc 

6.1,,7 7., .. ", 
7.217 
7.541 

0.01. 
0.0&5 
0.016 
0.017 
0.01 9 
0.020 
0.022 
0.02 
0.0 25 
0.027 
o .Ol 
0.0,j1 
0.03. 
0.036 
0.0-' 
0.041 
0.0 •• 
D.O •• 
0.051 
O.O !i4 
0.05 .. 
0.06 
0.066 
0.071 
0.075 
0.080 
0.086 
Q.O\o' 
0.097 
0.103 
0.110 
0.111 
O. I 2 4 
0.1 3 1 
,. 139 
0. 1. 8 
O. I 57 
0.166 
0.176 
0.1110 
O. I 
0. 2 08 
0.21 9 
0.232 
0.2.5 
0.258 
0.272 
0.Z87 
0. 3 0 3 
0. 3 19 

12 

5 .1 . ... b 4 

0.00 
0.01i3 
0.00-' 
O.O .. J 
0.004 
0.1l .. 4 
0.00 .. 
0.005 

4.0 •• 

CI .O. ' 
".0 Sol 
0. 0!>4 
0.O~7 

0.061 
0.065 
0.069 
0.07 .: 
0.077 
:. .".~ 
0.0.' 



Table 4 
VAS Plank radi ances for 150o -3 50o K in 10 K ste ps (Continued) 

C .. "HoE .. ...... " 3 4 5 6 7 8 9 U 1& 12 
I 

.1oY!: 000 I' C" (.79.75 6 6110.243 700.170 714.452 750.J46 2 2 08.066 169.239 891.400 1314.11 1 2 1'86.1~!> 2252.566 25.1.06. 

TEI(P II(, 

2 5 1. 77.~2!> 16.J.5 15. I .1 73.506 69.098 0,'08 6 •• 164 50.48. 11.693 7.8)3 0 • .3.36 0.092
1 

25". 18.1 ~ ~ 77. 5 17 7".'27 1 •• 7l2 70.l04 0 •• 29 ,,!>.339 51.532 12.06. d.I"1 0.l5J 0.09111 
25l. 80.0U3 ',h S 1 9 71.6"7 15 .... "1t 71.522 ').451 66.521 52.592 IZ.445 8.3'/ 0.J72 o.IOJI 
25', 81.2~6 tlO . 0 7 2 711.9111 71.21. 72.751 0 •• 74 6 7.727 ~3.667 12.lIl. 1.6~II 0.3\11 O.llu 
2& 5. 11 2 .&2~ 81.335 90.179 78.472 73.992 11.4911 611.IIJII & •• 7&4 IJ.2J:l 8.91" 0.41& 0.11" 
25". 8.).794 e 2.60 8 11.4!" 79.7'0 75.244 0.523 70.163 55.d55 Il.6Jw 9.21" 0.4J2 

11.
123

1 res .,. 1t5.077 113.tl91 112.7ll dl.Ol11 76.5011 0.&.6 71.399 56.969 :4.056 9.5Z. 0.4!!»4 0.131/ 
2511. 86. l 71 85.1115 84.026 112.309 77.783 0.575 7it.6.8 S8.091 1 ••• 112 9.1I.J~ 0.477 0.137 
25 9 . 87. b 7. 86 •• 118 115 . J29 8l.610 711.070 0.603 7).909 59.231t I' .917 10.1;;.: 0.500 0.145, 
l 60. .11.111'>7 117.1102 8"._3 84.921 80.369 0.6l2 75.182 60.393 15.362 10 •• "" 0.525 0.153 
261. 90 . .. 1 1 1t9.12" 117.9~c. 116.24J III. ,,78 0.663 76 •• 61 61.562 15.1117 10.81:> 0.551 0. 161 1 

26ot. 91. 1> .3 ...0.4"0 89. ;JOO ,H.576 113.000 0.694 77.76' 62.7 •• 16.281 11.15" 0.577 0.17~ 

26 ; , 92.986 9 1.80. 90.6.5 118.919 &4.332 0.727 79.0n 6J.939 :6.156 11.51& 0.605 0.179 
2 f!-4. 9~ . 3 ) 9 1' 3.158 "'1.999 90.273 115.67t> 0.761 110.396 65.1.9 17.2'0 11.811 0.6.34 0.1 .... 
2 65. ~.70 1 ..... :>22 93.36. 91.6J7 117.032 0.796 81.730 66.372 1-" .7 J5 12.2051/ 0.c.6' 0.1~9 

2&" .. _ 97.0T3 1/5.896 9 •• 739 93.012 ti 8.39'" 0.1133 83.076 67.bOIl 111.2.0 12.617 0.695 O.ZI" 
l,,7. 98 •• 5' .. 7.Z1I0 96.125 ", •• 398 8\' .777 0.871 11 •• 434 6 11 .659 IIt.756 IJ.))Z 0.7211 0.221 
26.~ 99.11.5 \l8.b7. ",7.520 95.79. 91.166 0.911 115.805 70.12l 19.::82 13.3~7 0.761 0.2J2 
iU, 9. 101.2.C> 100.07d 98.926 97.200 9~ . 567 0.\152 87.1117 71 •• 00 19.818 ll.8lU 0.7\/7 0.2 •• 

V I ~ 10. 102.657 ID 1.4\1 I 100.3'1 98.617 9J.979 0.99. 118.582 72.b92 20.J66 I' .21 ~ 0.11.105 0.257 
27 1. 10 •• 07C> 1)2.915 101.767 100.045 15 •• 03 1.039 89.911", 73.997 lO.",2. 1 •• 6l& 0.&71 0.270 
2 7 2 . 10~.50b ID •• 3411 103.203 101 •• 83 16.8JII 1.08. 111 •• 011 75.316 21 •• 9. 15.0/o!> 0.910 O.ZII. 
2 7 3 . IOb.94~ 10 5.791 10 •• 6.9 102.<;131 • II.28J 1.132 92.11.19 76.6.9 22.075 15.5.) • 0.950 0.2911 
2 74. 1011.3,,3 1) r .2.4 106.10. 10 •• 3119 ~9.7'1 1 . 181 9 •• 282 77.991> 22.667 15.~~t> 0.992 O.llo5 
Z7 !>o 109.851 ID~.706 107.570 105 .II~fl 101.209 1. 2 32 95.737 79.356 23.27D 16 •• 1" I.OJ6 O.l.l'" 
2 76. Ul.3iB 1I0.17d 109.0.6 107. J3, 102.6118 1.211" 97. :l0' 80.731 23.11115 16.11 •• 1.081 0.J.5 
2 77. 11 2 .7 ~ 5 111.66D 110.5.11 108.827 104.179 I.J39 911.683 82.119 2 •• 512 17.J6~ 1.I.l1I 0.Jb2 
2711. 11'. 28 1 11 J. 151 112.027 110.327 105.61" I. J95 100.174 113.521 25.1~ 17.115" 1.177 0.l79 
2 79. 115.77/> 1I •• b52 IIJ.53 2 111.1136 107.19<' 1 •• 53 101.677 11 •• 937 25.800 II1.J!>.: 1.227 0.J96 
2 80. 117.2110 116.16 2 115.0.7 113.J56 10 •• 7111 1.51' IOl.19l 116.366 26 •• 63 111.8101 1.279 0.'17, 
.. 81. 1111.7 11 ' 117.682 Ilb.572 11 •• 1181 110.253 1.576 10 •• 719 117.1110 27.ll7 19.38 I I.Jot2 0.#. 37 
2 8 2 . 1 2C. 3 17 119. 2 12 1111.106 116 •• 27 111.799 1.641 106.2511 89.267 27.1t2. 19.911 1.388 0 •• 57 
211J. 121.849 I .l O.7 S !) 1111 . 651 117.\177 1I3.l56 1.707 107.1109 90.7J9 26.522 2O •• :>,t 1 ••• 6 0.479 
2 8 •• 1 23.3 11 0 12 2. :l99 121.205 119.5058 11 •• 92. 1.776 109.372 92.22. 29.2J. 21.0~' 1.505 0.501 
2 115. 12 •• 940 12 3.1156 122.7611 121.1011 II b. SOJ 1.847 110.9." 93.723 2~ .958 21.501 1.~67 0.52' 
2 86. 12b •• 119 12 5 •• ZJ 12 •• 3'1 122.689 118.09,) 1.921 112.533 95.2ll> 30 . 695 22.1'~ 1.6.30 0.!O'8 
~1I7. 12e .D"8 126.999 125.92. 12 •• 279 119.69l 1.9.,,6 11 •• 1.11 116.7b3 JI •••• 22.72:> 1.6\10 ".51~ 

Z 88. 129.64'3 I Zl . !01I 5 Il7.517 125.11110 121. J05 2.075 115.741 98.l0' 32.206 23.o5l I 1.76. 0.5"'''' 
2 059. 131. 2 3 1 I .jO.ldO 129. 118 127.490 122.927 2.155 1 1 7.3b3 ';'9.859 32.9112 2J.~,t .. 1.1134 0.c.2" 
2 90. 132. !l l ~ .. it. 78. • JO. 730 129.110 12 •• 561 2 .239 118.9'017 101 •• 28 J3.711 2 •• 5., 1.90b 0.65. 
291. 13 ••• 30 1.33 • .J9 7 132 .351 130.1'0 126.205 2.325 120.6'~ 103.010 3 •• 572 25.171 1.981 0.683 
292 . 13b.0' 3 135 .01'01 1.J3.981 132.380 127.8511 2.413 122.2 ... 9 10 •• 607 35.388 25.8111 2.0511 0.713 
l 905. 1 3 7 .61> 5 1 05 1>.65 1 135.62(; lJ4.029 129.525 l.SO. 12J.~6t1 106.217 36.216 26.47.J 2.IJ7 0.74. 
29 •• 1.,]9.2 96 1.) 1t. 2 '" 1 137.269 135.689 131 .201 2.599 1 2 5.648 ID7.1141 37.059 27.1.$.., 2.219 0.770 
295. UO.935 I l9 .9.1 1.38.928 IlT.l5& 132.888 2 .695 ll7. l4Q 109 •• ,9 .n.915 27.1117 2 • .103 0.8111 
2 96. 14", . 5 8 3 141.600 140.595 139.0056 IJ •• 585 2.795 12.".0.4 II I • I 31 JII.7115 211.531 2.l91 0.d.4 
2 97. 1.4.24;' 14 3 . 2b7 142 .272 1'0.725 13b.293 2.898 130.759 112.797 39."65 29.2J9 2 •• eo 0.11110 
2~1I. .45.905 14 •• 9 '4 I.J.958 142.4l3 Illt.012 3.00. I JZ •• 15 11 ••• 7 7 40.566 29.9Z. 2.~7l 0.\/17 
299. 14 7. 5 79 '4tt. b29 145.65J 144.llO Il9 .741 3. II 3 134. 2 2. Ilb.170 .1 •• 78 3D .":>1 2.66tt O • ."t>b 
l OO. 1.",. Zb2 148.l2 ' t( 7, J58 145.8.7 141 •• & I J. j~25 Il5.97. 117.878 .2,'0. ll.JH l.76b 11.9'015 
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Table \) 
Radio!.ondc tempera ture profiles at 19 si tes 

51 TE 2 3 4 S II 8 'J 10 II I ' Il 14 IS III 17 18 19 IIUN 'IIS 
~(IIJl 

0 . 2 2S0 . 0 2S0 . 0 2S0 . 0 250 . 0 2~0 . 0 250 . 0 2'0 . 0 2~0 . 0 '~O . O ,~o . o ,~o . o 250 . 0 ' 50 . 0 '50 . 0 2~0 . ~ '50.0 250 . 0 250 . 0 '50 . 0 250 . 0 0 . 0 
0 . 3 257 . 0 'S7 . 0 257 . 0 257 . 0 257 . 0 257 . 0 257 . 0 '57 . 0 ' ~ 7 . 0 'S7 . 0 257 . 0 2S7 . ~ 25 7 . 0 ' ~ 7 . 0 2 ~ 7 . ~ 257.0 257 . 0 257 . 0 257 . 0 2~7 . 0 0 . 0 
O. S 265 . 0 265 . 0 26S . 0 265 . 0 265 . 0 265 . 0 265 . 0 26 5 . 0 ' 6 5 . 0 26 5 . 0 2R5 . 0 26 5 .C 2 6 5 . 0 2&5 . ' ' b ~ . O 265 . 0 265 . 0 265 . 0 265 . 0 26 5 . 0 0 .0 
0 . 7 269 . 0 '69 . 0 269 . 0 269 . 0 269 . 0 269 . 0 269 . 0 26 9 . 0 269 . 0 26 9 . 0 269 . 0 2&9 . 0 26 9 . 0 261 . 0 2 ~9 . 0 269 . 0 269 . 0 269 . 0 269 . 0 '6~ . 0 0.0 
1 . 0 270 . 0 '70 . 0 270 . 0 '70 . 0 270 . 0 270 . 0 270 . 0 ~ 70 . 0 '70 . 0 2 70 . 0 '70 . 0 2 70 0 270 0 27C . ' '70 . 0 270.0 270 . 0 270 . 0 270 . 0 '70 . 0 0 .0 
2 . 0 260 . 0 260 . 0 26 0 . 0 26 0 . 0 26 0 . 0 '60 . 0 260 . 0 260 . ~ 260 . 0 '60 . 0 260 . 0 260 . 0 2&0 . 0 260 . 0 260 . 0 260.0 260 . 0 260 . 0 260 . 0 260 .0 0.0 
3 . 0 254 . 0 254 . 0 254 . 0 254 . 0 254 . 0 254 . 0 254 . 0 254 . 0 25' . 0 2~' . 0 25' . 0 25' . 0 254 . 0 25' . 0 25 ' . 0 'S' . O 2S' . 0 2S' . 0 25' . 0 25' . 0 0 . 0 
' . 0 250 . 0 2~0 . 0 250 . 0 2~0 . 0 250 . 0 2~0 . 0 250 . 0 '~O. O ' ~ O . O '50 . 0 '50 . 0 250 . 0 2! 0 . 0 . 50 . 0 250 . 0 250.0 2S0 . 0 2S0 . 0 250 . 0 '50 . 0 0 . 0 
5 . 0 2'6 . 0 2-6 . 0 246 . 0 2'6 . 0 '46 . 0 246 . 0 2'6 . 0 '46 . 0 ,46 . 0 246 . 0 2'6 . 0 '46 . 0 '46 . 0 '46 . 0 246 . 0 246 . 0 2'6 . 0 246 . 0 2'6 . 0 "6 . 0 0 . 0 
6 . 0 243 . 0 2~3 . 0 2'3 . 0 2'3 . 0 243 . 0 2'3 . 0 2'3 . 0 2'3 . 0 "7 . 0 243 . 0 2'S . 7 "7 . 4 '43 . 0 243 . 0 241 . 0 "3.0 "3 . 0 243 . 0 243 . 0 "1 . 0 S . O 
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12 . ~ 226 . I 22' . 2 22 • . 6 22~ . ' 2)1 . 0 22e . ) 22B . 4 2)2 . 0 '2 ' . 4 22e . 3 227 . 3 2~' . 9 225 . 5 '2a . ' 2)2 . 0 227.2 232.0 2)2 . 0 232 . 0 22' . 4 2 . 71 00 15 . 0 22S . 0 227 . S '24 . , 22' . 7 229 . S 2'5 . 6 226 . 2 2.9 . 0 '23 . ' 227 . 3 227.0 '26 . 2 2.' . 6 "' . 2 22' . 5 227 . 5 '29 . 0 229.0 2'9 . 0 '2' . 1 I.t 
~:xJ 17.5 223 . 9 225 . 7 '2' . 7 22' . 0 228 . 1 224 . 8 221.9 227 . 0 224 . 4 226 . ' 226 . 7 '27 . 5 223 . ' 227 . 5 "3 . 3 22~.7 2'7 . 0 221 . 1 n2 . 3 "S . • 1 . 7 .... 
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)5 . 0216 . 2 219 . 4 217.S 217 . 6 218 . 5 2 18 . 2 '18 . 9 2 1B.6 2 16 . 5 219 . ~ 221 . 2 '17 . • 2 1B. 6 '11 . 8 '19 . 2 220.2 217 . 0 2 18 . 2 ' 16 . 9 2 18 . • 1.3 
'0 . 0 213 . 6 215 . 0 216 . 0 2 1' . 7 211 . 1 215 . 0 215 . 9 216 . 1 2 .. . I 21' . 9 217 . 6 215 . 0 "6 . 0 '17 . 1 ' 16 . 4 21' . 7 215 . 0 216.0 ' 15 . 7 2 15 . 6 1 . 0 
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70.G 20) . 0 201 . 9 205 . 7 205 . • 202.9 201 . 8 205 . ~ 2~3 . 9 205 . 4 205 . 9 205 . 3 '06 . 8 209 . 2 20'.7 201 . 4 205 . 3 203 . 0 206 . 1 209 . 2 ' 05 . 2 2. I 
IS . O 201 . 4 199 . 6 201.5 203 . 3 197. 3 197 . 1 202 . 4 200 . 3 20 5 . 2 20 2 . 0 '00 . 6 20l . 0 20 6 . 0 200 . ' 20J . ~ 202 . 4 199 . 4 204 . ' 206 . 5 '01 . 9 2 .6 

100 . 0 19' . 7 200.0 199 . • 19a . 2 199 . 8 I ~8 . 1 202 . 7 20 0 . 8 ' 0 3 . 9 205 . ) 201 . 2 20~. 2 209 . 0 200 . 1 205 . I 201.2 198 . I 202 . 2 207 . ' '01 . ' 3 . 2 
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17S . 0 l l • . 5 21 • . , 2 1S . ] '17 . 3 2'4 . 9 21' . 9 217 . 0 2 15 . 4 '1 ' .1 '1 4 . 3 '16 . 7 2 15 . 2 2 1 • . 8 234 . 1 21 • . 5 '14 . I 2 10 . 8 '14.6 21 • . 5 ' 15 . 9 • . 5 
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350 . 0 242 . ' 2'3 . 2 242 . 0 2'0 . ' 2' • . 0 2'2 . 7 2'1 . 0 241 . 3 239 . 5 "1 . 0 242 . ' 240 . 0 ~37 . 1 2.1 . 7 2 39 . ) 2".2 245 . 3 240 .4 '3' . ' 2" . 2 1.9 
'00 .0 2'8 .8 252 . 1 250 . 0 '49 . 1 252 . 5 '50 . 3 149 . 3 250 . 3 248 . 3 2~B . 6 250 . 9 2.7 . 7 245 . B 250 . 1 246 . 4 250 . ' 2'9 . 9 249 . 0 2'6 . 0 '.9 . 2 1. 1 
SOO . O 264 . 2 2 64 . ) 26' . 2 263 . 0 266 . 1 '63 . 2 7£.J . I 20 ) . 2 261 . 0 2E2 . 1 263 . • 161.5 ' 6 1 . 0 262 . 0 160 . 5 '80 . 9 '62 . 6 259 . 9 ' 59 . 8 ' 6 2 . ' I . , 
600 . 0 274 . 0 275 . 1 275 . I 273. I 275 . ' 27' . 3 272 . 1 273 . 0 270 . \ 2 7 1 . 9 2 75 . 0 .71.5 ' 6 8 . 5 272 . B '70 . ) 271.6 213 . 5 270 .0 '69 . 3 "2 . ' 2 . I 
700 . 0280 . 7 282 . 2 2.2 . ' 280.7 2B2 . 0 282 . 7 2B I.) ,e l. 3 '81.3 279 . 1 'BO . ~ ' 77 . 8 ' 79 .S 2ao . ' 277 .1 280 . 2 '81.0 290 . 1 '77 . 7 211O . • 
150 . 0294 . 3 29 • . 6 292 . 2 291 . 2 291.1 2SI . 3 287 . 6 286 . • 286 . 6 28 ' . • 28' . 9 283 . 8 285 . 5 286.5 2B3 . 5 287 . S 283 . ' 21a.3 283 . 5 287.5 
920 . 0298 . 2 291 .1 298 . 5 296 . 9 291.3 29 1 . 0 292.' 287.7 291.S '90 . 7 'B7 . 5 289 . 6 231 . ' 287 . 9 289 . 5 2a8 . ' 289 . S 28' . S "'.1 "1 . ) 

1000.0291.2 )02 . 8 301.5 30P .• 296 . 9 296 . 6 299 . 3 293 . ' 296.5 197 . 0 293 . 7 29' . 2 29S . 2 290 . 3 292 .1 292 . ' 2'3 . 0 '8' . ' '1'.3 '9' . 4 
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