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Satellite ob~ erva~ions have the abi l i ty  to determine meteorological
conditions over inaccessible or un f r i end ly  terri tory. The Defense

F Metcoro 1ogic~~i Satel l i te  Program (DMSP) has two satellites (Bir d
8531 and 9~~32) t h a t  provide infrared radianc e data on a routine
basis for oper it ional applicat ions at the Air Force Global Weather
Ccntcr  (AFGWC) . Mul t i -spect ra l  infrared radiometers operating at -
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~~~~, identical wavelengths on each of the satellites are used to interro-
gate differ ent depth s in the atmosphere to derive air temperature
profile information. AFG WC has a sophisticated computer program
that operates upon satellite radiance observations using their 12-
hour forecast temperature fields as a first guess to derive a
measure of the temperature profi le. Errors are especially noticeable
in the lower troposphere near the earth ’ s surface and in the tropo-
pause region . This report describes an analytical and a statistical
approach to isolate the largest error sources and to suggest promising
avenues for operation improvement . A research version of SOUNDER ,
the AFGWC operational computer Pr/~~ram~ was formulated and used
to systema tically analyze physical , c’b~iputatio nal , and hardwar e
contributions to errors in the retrieval o~~temperature profiles. It
was fou nd that radiance observations from Bird 8531 were higher
(warmer) than for Bird 9532 in seven of the eight sensor channels .
The present operational criteria used to eliminate low level clouds
or hot surface are so restrictive that many of the most significant
types of atmospheric tempe rature profiles are also eliminated .
Water vapor contributions to errors can be large in the tropics ,
worthy of consideration in mid-latitudes , and insignificant in the
polar regions . Temperature retrieval errors due to water vapor are
most pronounced at the 700 mb level . Underlying surface effects
are not properly t aken into account . These surface effects provide
the greatest single error source for AFG WC ’ s operational routines
for satellite temperature retrievals in the lower tropo sphere . It is
shown that these surface effects hav e an influence on all sensor
chan nels and are related to the low level atmospheric stability
conditio ns. Statistical models were developed and compared with
the minimum information tech nique in current use at AFG WC for
temperature retr ievals .  Significant error reductions are possible
using the statistical methods. It appears that stati stical coefficients
derived from one week of data can be used with confidence during
the subsequent week to derive temperature profiles from multi—
channel satellite radiance data .
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1 IN TRODUCTION

1. 1 GENERAL

1. 1.1 Overview

Meteorological observing statio n density increases have improved

weather analysis and forecast accuracy. Many uninh abited regions of the

world exist , especially over ocean and polar regions , that can be in-

terrogated remotely from satellites to obtain weather information . The

Defense Meteorological Satellite Program (DMSP) has provided routine

observations of weather phenomena on a scale never before attainable.

Improvements in the aviation weather variables of cloud , fog, and

significant weather depiction have been obtained . The advent of multi—

frequency infrared radiometric sensors , operating on absorption/emission

ba nds of atmospheric constituents , has opened new horizons for remotely

probing the vertical structure of the atmosphere.  This has been especially

true for remotely probing the vertical temperature profile which plays an

important  role in specifying atmospheric s tabi l i ty that is so important to

numerical weather prediction. Performance of present methods for remotely

deriving temperature profiles from satellites has been questioned . Even

for cloud free lines of sight , large error s exist in attempting to retrieve

air temperatures from satellite radiance data . These large errors are

especially noticeable in the lower troposphere near the surface and in

15 -
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the tropop ause re g ion sepa rating the troposphere from the stratosph ere.

It is the source of these  large errors and the identif icat ion of promising

corrective methods that  received emphasis  in this s tudy.

Two methods of approach taken in this s tudy included analytical

and statist ical  techniques . An analys is  was made of Air Force Global

Weather Central’ s (AFG WC) ‘SOUND E R ’  computer progra m package for

operationally retrieving temperature profiles from 12—hour  forecast and

satellite data inputs . A Geo—Atmospherics Corporation (GAC) research

version of SOUNDER was developed and used to perform a sens i t iv i ty

analysis  of the response of SOUNDER to accurate and contaminated

data , error source discriminat ion criteria , solution convergence pro-

cedures , sensor noise and errors , water vapor , and underlying surface

effects .  A s tat is t ical  analysis  was made on a large two week February

1975 northern hemisphere  data base at Air Force Geophysics Laboratory

(AFGL) . Data f i l e s  of cloud free sa te l l i te  sounding s and “ nearby ground

truth ” grid point temperature  analyses  were generated and used to

derive and ver i fy  stepwise regression equations for retrieving air tempera-

tures from sate l l i te  data .

Serious sources of large errors were identif ied , especially those

due to underlying surface  effects , and promising methods for error re-

duction were demonstrated . Signif icant  reductions in the rms error at

16
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all levels in the atmosphere were obtained with the statistical models .

The remainder of this report provides background information , details

of SOUNDER , d iscuss ion of analytical and satistical results , and a

list  of conclusions and recommendations .

1. 1 . 2 Background

The problem of obtaining vertical temperature profiles from

passive satellite sensors has been the obj ect of much study for almost

20 years. Ka plan ( 1 first  suggested that spectral measurements in

the 15~~ m CO2 band could be used for temperature soundings. The

first  experimental verification came 10 years later with the launch of

the Nimbus  3 satellite. Since that  t ime , a number of other satellites

capable of such measurements  have been launched , including the SSE

package utili zed in the DMSP .

The ability to perform accurate sounding s on a world-wide

basis is an imporcant  element in meeting the desire of the Air Force

to achieve a continuous world-wide weather analysis  and prediction

capabil i ty.  Temperature profiles are also an element in predicting

likelihoods of cloud type and cover .

17
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1.1.3 Approaches to Temperature Inversion

Two basic approaches are used for temperature inversion.

These may be classified as:

(1) Atomist ic Approach

(2) Holistic Approach

The atomistic approach is based on the use of micromodels.

All known physic s is used , including equations of radiative transfer ,

hydrostatic equation and Planck’s equation. Mixing ratios of the various

atmospheric constituents are computed and explicit calculations are made

to include the effects of temperature on liquid water content. Computations

are based either on physical laws or empirically derived relations. Modi-

fications are made on the microsystem level in order to obtain a better

microsyste m (subsystem) model. The minimum—information method~ 
2 ) is an

exanipi e of an atomistic method of temperature retrieval. Other examp les

are Chahine ’s method~ ~ and Smith’s nonlinear iterative method .~ 
~~

The hol istic approach utilizes an information model . Models

are built up which best f i t  the needs of the app lication at hand . For

the temperature inversion problem , holis tic methods are statistical in

nature and are based on achieving the best inversions as determined via

testing on an independent data base . Examples of holistic inversion methods

are the sta tistical eigenvector method (Smith and Woo lf)~ ~ and regress ion

analysis.

It should be mentioned tha t some methods are a combina tion of

atomistic and holistic methods. For example , the “ fu l l  sta t is t ical”
method (Fritz et al . 

( 6 ) 
uses both transmittance function s and temperature

and radiance covariance matrices. It should be pointed out , however , that
the minimum—information method is not a holistic approach even though it is

usua lly thoug ht of as a special case of the “f ull statistical ” approach.

This is due to the fact that the scalar “noise—to—signal power ” ra t io is
selec ted on the basis of expected calibration errors and expected errors in

the guessed radiances (Smith , Wo olf and Fleming).~ 
2 ‘ In the holis t ic

approach , this paramet er would be chosen , for example , to minimize the mean—
squared prediction errors in the v ertical temperature profiles , us ing an
Independent data base for performa nce testin g.

16



Based on this discussion , it is clear that the essential

difference be tween the two methods is the way in which models are built

up. Every temperature inversion techni que requires a model which rela tes
the measured radiances and the vert ical  temperature profile . The model
may or may no t include other parame ters , such as season, la t itude , scanning
pattern , init ial fo recas t f ield , and so forth . The essential difference

in the methods is that , in the atomistic approach the model Is developed

based on physical models using little or no actual data. On the other hand ,

the holistically—derived model is based on analysis of a significan t amount

of ac tual data for which independent verification may be obtained .

Nei ther the atomistic nor the holistic approach offers a

panacea for  all pr oblems and the choice of me thod depends upon bo th the

nature of the problem and the availability of a representative data base.

For ini t ial developmen t , an atomis t ic approach is a!most manda tory,  since

lit tle or no actual data is available . However , as data becomes available ,

the use of a holistic method should be considered .

The dev elopment of methods for temperature retrieval has , in

fac t , followed this path. The most widely used techn ique is the minimum—

informa t ion techn iq ue , used in conj unc t ion wi t h the empirical correc t ion
technique of Weinr eb and Fleming .~ ~ Empirical and p hysical models are
used for computation of the transmittances. Several hybrid techniques were
then t ested. Fleming and Smith~ 

8 
~compared the iterated “full statistical ”

method to the iterated minimum—information method , the iterative nonlinear

me thod of Chahine~ ~ ~and a general nonlinear iterative method . Experimental

evalua tion indicated that the “full statistical ” method gave the best overall

performance. This is an interesting result since this is the only me thod ,
of the four analyzed , which included statistical information based on actual

da ta in the model.

In another rela ted study , Crosby and We Inreb~ 
10 

~cornpared the
performance of the “f ull sta t ist ical” method and the minimum—information

me thod for December—January da ta. Their results indicated that minimum

inf o rmat ion re trievals were uniformly worse , wi th rms differences of up to
l° K in the region be tween 200 and 300 mb and abou t l / 2° K above 300 mb.

However , there was also a degradation of about l°K at 800 mb.

19



Malkevich , et al.~ 
12 

~used empirical orthogonal functions in

a linear regression model to estimate temperature profiles. The empirical

f unct ions were fo und by using the kernel f unc t ion of the in tegra ted f orm of
the equation of radiative transfer.

Recent ly the re has been an inc reasing interes t in the u se of

statistical methods. Smith and Woolf~ ~ ~u sed a st a t is t ical eigenvec tor
me thod for est ima t ion of ver t ical profi les o f tempera tur e , mois tu re and
cloudiness. Comparisons with the minimum—information method indicated that

the rms error in predicting cloud—free brightness was significantl y reduced

with the st atistical eigenvector method . Klein , Ky le and Smith~ 
12 )

compared the minimum—information and statistical eigenvector methods on

opera t ional SSE da ta and concl uded tha t , on the basis of the data studied ,

neither could be stro ngly recommended over the other. The statistical

eigenvector solution was better for tropical soundings and in the lower

troposphere. At mid—latitudes , the minimum—informa t ion solution was better

between 250 and 500 mb but poorer elsewhere .

In yet another stud y, Smith~ 
13 

~investigated the effect of mea-

surement noise on both the minimum—information and statistical eigenvector

re trievals. Both were found to be very sensitive to noise , if the model did
not account for the noise. The sensitivity was substantiall y reduc ed when

the noise was accounted for , however.

1 .2 METHODS OF ANALYSIS

1.2 .1 Theoretical Model for  Temperature Retrieval

through a Cloudless  Atmosphere
For a non—scattering cloud—free atmosphere in local thermod ynamic

equil ibrium , the integral form of the radiative transfer equation is

N(v) = B[v,T(p )J r (v,p )

x(p )

- J B [V ,T(p)] 
~~~~~~~~~~~~~~~~~~~~~ 

dx (p) (1.1)
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where

N(v ) = outgo ing spectral radiance within a spectral window

cen tered at frequency v

B[V ,T] = Planck radiance for temperature T at frequency v

T ( V ,p )  = transmittance of the atmosp here above pressure p

x(p )  arbi t rary mono tonic f unc t ion of p

= atmosp heric pressure a t the ear th’ s surface
The objec tive is to solve (1.1) for T(p) given a finite set

of radiance measurements N(v
1
), N(v

2
) N(v

k
). One significant

problem in (1.1) is the nonlinear dependence of B [v,T(p)] on T(p):

c
Bfv ,T(p)} = (1.2)

exp 
{T)~~~ 

j_ 1
where C1, C2 

are known coijstants. The problem may be linearized by noting

that , in the infrared region and at terrestrial temperatures , the variat ion
of B due to changes in v is much less than the variation due to T.

The var iables may be separa ted by first computing the brightness

temp erature T~~(v) from (1.2):

—lT~ (v) = B [v ,N (v ) ]

C v2 
- — (1.3)

C v 3

N ( v )  + 1

The variables may then be separa ted by normalizing the measured spec tral
radiance to the black—bod y eq uivalent at a reference frequency \)

r
:

N ( V ) 
~ 

B[v ,TB (’u)] (1.4)

Then a normalized version of (1.1) may be solved :

N ( V ) = B[u ,T(p )]T(V , p )

x(p )

— j’ B [v ,T(p )] ~~~~~~ dx (p) (1.5)
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In this form , the equation is linear in B
r

(P) = B[v ,T(p)J. Once B
r

(P )

has been fo und , the temperature profile estimate is found by using Planck ’s

equation :

T ( p )  = B
1 [v ,B (p)] (~ .6)

1 .2.2 Minimum In fo rma t ion  Method
In the minimum informa t ion method , (1.5) is written in a

per turbed  fo rm by using the initial guessed profile. De noting the first

guess pro file by T
0

(p) , we have f rom (1 .5):

N (v) = B [v ,T ( p )}

x(p )

- 

~~ 

B[v , T
0

( p ) 1  ( 1 .7)

Then it is assumed that 1 ( p ) = T( p ) by virtue of the fact that accurate

surface temperature estimates are available from the “window chann el” mea-

surements. With this assumption , the perturbed equation is

AN(v ) = N (v) — N (v )

x(p )

= ~[ v , ‘F ( p )  J ~~~~~~~~~~ dx 
~~ ( 1.8)

whe re

= B [v ,T ( p ) ]  — B[v ,T (p)] (1.9)

Now by using numerical quadratures , (1.8) can be written in the form

~

= L .~ b .; i = 1 ,2 M (1.10)
.1

where

h . = -
. BIv ,T(p .fl (1.11)

and r . . is computed as a function of x(p) and the integration rule.
i _J 2/ 7

In practice x is chosen to be proportional to p , which gives essentially



_  _ _  ~~~~~~~~ ‘ _~~~~~~~~~~~~ -~~~-_~~ 
_

eq ually—spa ced intervals . Then , using trapezoidal integration :

~~~ — T
13 i , j +l ; j=l

= 0.5 T
1~~~~1 — 

T
i~~+i ; l<j<L (1.12)

I~~~~. + t . . ; j=L
i ,j—l 1,3

wher e T • •  
= T( v . , p . )  and p .  is ordered mono ton ically increasi ng with j.

Thus j=l corresponds to the top of the atmosphere (10 mb in this study),

while j=L denotes the 1000 mb pressure level. For DMSP, L = 70.

it is convenient to write (1.10) in vector form as

n = Fb (1.13)

where n is an N—d imensional column vector of radiance variations , b is an

L—dirnensional column vector of brightness temperature variations and 1’ is the

matrix of transmittance functions. Since , in prac t ice , L > M , the problem of
inv erting (1.13) to find b is ill—condi’~ioned and the solution is non—uni que.

However , once a solution for b is found , the tempera tu re prof i le  can be fo und
by using (1.1), (1.9), ~nd (1.6).

In order to find an appropriate value of b , consider the

following generalized leas t squares problem . We wish to fL~d b t~
minimize

J(b ) = bT E 1
b + (n_Fb)T R

1
(n—rb) (1.14)

where E and R are positive definite symmetric matrices. The value of

b which minimiz es J ( b )  is

= EF~ (rEr~ + R) 1
n (1.15)

Thi s equa t ion may be interpreted in terms of Bayesian estimation theory

if several assumptions are made. Assume that b is a zero mean Gaussian

random variable with covariance matrix E. Similarly assume tha t n — Fb

is a zero—mean Gaussian random variable with covariance matrix R. Then

b is the conditional mean of b given n and is also the minimum—variance

es timate of b. Eq. (1.15) is also in the form of the measurement up da te

equation for the celebrated Kalman Filter (Ka1man~ 
14 ~~~~

• In prac t ice
the value s of E, R and F will no t be known precisely and the random

variables will not in general be Gaussian . Nevertheless , this techniq ue

can yield quite good performance. In the vertical temperature retrieval
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litera ture , (1.1) forms the basis of the “full statistical” method

(cf. Fritz et al. ~ 
, .ind is generally used several t imes in an attempt

to iteratively converge to the correc t solution.

The minimum information method uses a special case of (1.15)

and is found by setting

2
E = ccl . R = O

RI• 
(1.16)

Then

b . = F
L (FF T 

+ yl) 1
n (1.17)

where y = o~ /o~ is the “noise—to—si gnal” power ratio . This solution was

considered by Foster (1.15) who noted that it corresponded to a maximum

entropy ensemble in which there is a minimum of information regarding the

statistical characteristics of the random variables b and n. This is

equivalent to the .-issumption of isotrop ic scatterin g about the mean for

each random variable and further that the random variables , under the

Gaussian assumption , are independent.

Twomey~ 
10 

~investigated problems of this type and suggested

the use of a trial solution . The final solution would then be constructed

to minimize the deviation from the trial solution . The elements of this

process are present in both the “full statistical’ and the minimum—informa—

tion solutions. As E -
~ 0 (or y- ~~~) for fixed R , b -

~ 0 and the estimated

tempe ra tu re  p r o f i l e  approaches the initial guessed profile. This also

holds if R -~ w i t h  E held fixed . In this case either the confidence in

the initial guessed profile is high or the measurements are extremely bad .

The opposite situa t ion occurs when confidence in the initial guess

is low (E -
~ - , with R fixed ) or the measurements are extremel y good (R --

~ 0 ,

with E fixed). In either case y-~0 and b is obtained via the pseudoinverse :

= EFT(FEF T)m
n (1.18)

Note that n = ~b , thus satisfying (1.13), and in addition the

weigh ted cost

J (h )  = b
T 

E
1 b ( 1.19)

is minimized .

This method is also closely related to the method of Backus and

Ci1bert~ 
17 who investigated the non—uniqueness problems associated with
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d e t e r m i n a t i o n  of fine geop h y s i c e l  structure from gross earth data measurements.

i n  their method , they find a solution b which minimizes the quadratic cost

(h-h ) (b—b ) (1.20)

where ’ h~ is the ~ucssed b r i g h t n e s s  p r o f i l e  and W is a p o s i t i v e — d e fi n i t e

s\ e t r l L - w c  i gilt ing m a t r i x . They also c o n s t r a i n  the estimated measurements

to correspond to t in- a c t  an I n i east ir emen ts

i~(h) 
= (1.21)

R.
where at - pot  e a t he vec to r of actual r u iance m e a s u r e m e n t s .  The so lu t ion

is found by usin~ the fol lowing iter ut ion:

~ ( k+ 1)  ~(k)

~ ~~~~~~~~ 
T

1~
.(k) (k)T ’] .

- (b~~~ ) - ~~~~~~ (h - ~ ( k ) ) ]  ( 1 . 2 2)

w - r e

~
(k) 

= (1.23)

(k )

N o t e  t hat  ~~~~ ~ I’ from (1.13). Th i s  i t e r a t i on i s  thus similar in f o rm

to t i ’  ‘ i u l l  st a t i st i ca  I ’’ ap~~r nci1  e:~ ’ept  t hat  an a d dit  ional tern

(b — ~~~~ ) i~ p r e sen t .  ~iow~ -, t ’r , the f i n u n r en t a l  d i f f e r e n c e  is t h a t

ti , w h i l e -  in t i e ’  n i l  s t a t  m t  i c a l  or n u n  imur’ — t n f o r m a t ion a pp r o a c h

( 1 .2 1 1  is ne , ver — . t t i s t i e d . I t  is i n t e r e s t i n g  to n o t e  t h a t  in the i r  numer ica l

stud ies , Backus and G i l b e r t  simp l i f i e d  ( 1 .22)  b y assuming h 0 = b~~~~. This

is p r e c i s e l y  wh at  i s  done  in t he iterated “ fu l l  s t a t i s t i c a l ”  and min imum—

i n f o r m a t i o n  method s , ri: mi ’ l~~, at each st ep ,  the  best  e s t i m a t e  of the initial

p r o f i l e  is ne t  to the  e s t i m a t e  on the  p rev ious  i t e r a t i o n . With t h i s  assump-

t i o n , the  m e t h o d  of Br i ckas  and G i l b e r t  reduces to ( 1.18) under the assump—

ions W = E and (~~~ ) 
= F.  I t  is i n t e r es t i n g  to no te  tha t  t h e i r  method  does

not  e x p l i c i t  1’ ;  accen t for statistical un e r t i i n t v  in t he  m e a su r e m e n t s  as

do t he “ f u l l  s t a t i s t i c a l ’ ’  and m i n i m u m — i n f o r m a t i o n  m e t h o d s .



The m i n i m u m — i n f o r m a t ion s o l u t i o n  is seen to o f f e r  a compromise

between using the init ia l guess profile and matching the guessed and measured

radiances . The virt ue of using the first guess profile is that erroneous

a t m o s p h e r i c  waves w h i c h  -‘n he generated as a result of ill—conditioning

are suppressed . However , this smoothing effect can lead to biases in the

troposphere under partiall y cloud y conditions.~ 
2 )

The DMSP temperature retrievals are performed in the SOUNDER

program , in which up to five iterations of (1.17) are made . Using the

notation

C = ~~(FF~ +

the iterations proceed as follows . On the k
tht i t e r a t i o n

.~~ k) * ( k 1) , ~“ ~(k-1)I -+‘ (I n — n

where 1’ is the brightness temperature computed from the temperature

profile via Planck’s equation , ñ is the measured spectral radiance vector ,
-~~k—i ) *(k_i)

and n is the pr cc ’icted radiance found from T and the radiative

transfer model. The surface temperature estimate is not iterated . The

iteration terminates when the radiance deviation in each channel fails

below a preset threshold . In DMSP , all thresholds are set equal. It should

be pointed out that this may lead to problem s, since the uncertainty

associated with e tch channel is not the same . Inspection of individual

iterations reveals t h a t  channe l s  1 , 2 , 3 are almost invariably the last to

meet the threshold requirement , which is in intuitive agreement wi th  the f ac t
that expected errors for these channels are greater. This may induce errors

larger than necessary in the temperature estimates above 200 mb.

1. 2.3 Regression Analysis
Tlie~ si of regression analysis is a powerful tool in analyzing

the relationships between sets of var iab les  of d i f f e r e n t  types. In the

present pro blem , we are interested in analyzing the relationship of vertical

temperature profil es , actual measured spectral radiances , initial forecast

tiel ds (first guess fields) md the TTPACK analysis .

The several objectives of the anal ysis were:

(1) Investigate the information content of the i n i t i a l

forecast field and spectral radiances relative to

v e r t i c a l  t e m p e r a t u r e  p r o f i l e s .



(2)  Perform a val ida t ion  stud y of the minimum—information

technique relative to an optimum linear processor.

(3) DeveLop methods for improving the minimum—information

t e c h n i q u e .

(4) Perform analyses to determine robustness of estimators.

It was decided that regression analysis would be used for developing

s t a t i s t i c a l  models rather than principal components ( s t a t i s t i c a l  eigenvector
methods) for several reasons. First , a weakness of the principal components

methods is that it depends on the units of measurement. If a variable is

measured in such small units that its numerical values dominate those of the

other variables , the first princi pal component will essentially reflect the

behavior of this variable. This is sometimes handled by normalizing each

variable to zero mean and unit variance. However , the correct weighting to

he given to each variable is not clear , since it depends on the nature of

the problem . The most significant variables might be given highe r
weighting. In the sound ing problem , this is equivalent to saying that

accurate temperature rotri.?vals may be more important in certain pressure

regions than in others. Secondly, by working in the natural units of the

problem , the results are made easier to interpret. Thirdly, the first few

principal components computed by Smith and Woolf~ ~ and Smith~ 
13 

~looked

sufficiently similar to the transmission functions to indicate that regression

models may be competitive in practice. Finally, the objectives of this

s tud y were l i m i t e d  to i n v e s t i g a t i o n  of the  minimum—information solution and

methods of improvenient rather than invest funtion of t h e many possible

alternatives to temperature retrievals.

1.2.3.1 Regression Models
Two different regression models were utilized in an attempt to

assess the performance of the minimum information solution. For temperature ,

the  estimate for the i~-~- level is

H 8
T . y c u T +  ~ ~~, , r
‘ 3=1 H 

Oj k=1 uk k i

where  T is the first guess at the j~
-
~ lev e l and r

k 
Is he measured spectral

thradiance for the k-— - channel. The coefficients -u . . , c , and y .  are determined
13 ik

by means of a stepwisr’ regression techni que in which only t i e most si g n i f i c a n t



coefficients are retained in the model. The units for temperature are ‘C

and the units for the rad tances are ergs (cm — sec — st e r  — cm 
1
) 

1

For o u t  ir ’nt  i h e i g h t s , the model is

13 8
H . = ~ ~~~ . .  H . + ~ c . i + r .; i=l ,...,l i

1 j=l 
L
~1 0] k=l ik k i

where H
0 . is the first guess height (in it) at the j~~~ level. The regression

coefficients iS .., c . and t . are found by the same stepwise regression
H ik i -

method used for the temperature estimates. The regression method used

was performed by the program RLSEP , which was available at AFGL as part

of the International ~iathematical Statistics Library (IMSL).

It is important to point out that the regression method implicitl y

takes into account empirical linear correction techniques , such as the method

of Weinreb and F1cming.~ ~ In this method the observed systematic

disagreeement between temperature inversions and RAOBs is reduced by employing

a linear correction to the spectral radiances. With the usual relation

between brightness temperature and radiances given as

0 = (1-1 ,

Weinreb and Fleming proposed adding a term to t’i to gi ve

= C(n + Sn)

The value of -~n was then found using a least squares fit to a set of

actual RAOB data. This method is used in  the AFGWC S~~~NDER program. The necessity

of using such a techn ique is an indication of the use of statistical methods

in present use and of the usefulness of statistical techni ques in general.

1 . 2 . 3 . 2  ~~~~~wisc Re~~ress ion

In comp u t i n g  linear regression models , it is important to deter-

mine the effect of using different subsets of independent variables. it is

desirable to use only those variables which significantly reduce the regres-

sion errors. Overfitting can lead to models which are overly sensitive to

noise . S te p w f s e  regression provides a partial automation of the variable

selection process. It is based on a technique which in the process of

computing an ordi n ar y regression on m pred ictors obtains , at essentially no

extra expense , in jut ~‘rmed late regressions which are useful in determining

function al relationshi ps between the dependent variable (temperature or height)
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and several selected subsets of the total set of independent variables ,

or predictors. Tn the simplest case, one variable is added at each step.

There are several meaningful statistical criteria which may be used to

determine which predictor variable to add to the model :

(i) add the predictor whose F—to—enter statistic has the

largest value.

(ii) add the predictor that gives the greatest decrease in the

residual sum of squares.

(iii) add the predictor whic h gives the greatest increase in the

multiple correlation between the dependent variable and the

predictors.

The F—to—ente r statistic for a predictor is the F—statistic for

testing the significance of the regression coefficient the predictor vould

have if it were added . All four of these criteria are , in fact

mathematically equivalent; however the F—to—enter statistic was used in

programs utili zed in this stud y.

In addition to adding variables it is also desirable to provide

for removal of variables. It may happen tha t recentl y added variables

may in combination render a variable entered at an earlier state statistically

insignificant. Removal of variables is based on an F—to—remove test.

In the stepwise regression procedure , the test for removal of predictors is

first made for each pred ictor already in the model. If a predictor is removed ,

the program proceeds to the next step . If no predictor is removed , the step

continues with the addition of a predictor. The stepwise regression

procedure terminates when no predictor is either deleted or added it  a

step. The details of the stepwise regression procedure may be found , for

examp le , in Draper and Smith. 
( 18 )

1 ,2. 4 Discussion of DMSP Analysis
A simplified information flow diagram for the DMSP minimum —

informat ion technique is shown in Fig. 1 .1 , depicting the major inputs ,

outputs , computing blocks and parameters.

As a result of investigating the minimum—information techni ques

and discussions with AF ( 1 and AFGWC personn el , several possible sources of

error have been defined . In approximate order of decreasing significance
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they are :

(1) Clouds. Currently, the DMSP software selects a

single candidate sounding from each 240 nautical mile

grid poin t to generate the clear column radiance file .

This candida te is chosen purely on the basis of the ra tio
of the observed radiance of an upper air channel to the

window channel. While this test is employed to eliminate

cloudy areas , discussions with AFGL personnel indicated that
considerable cloud contamination may occur . Future work will

be necessary to define and evaluate cloud contaminant reduc-

tion techniques , such as the adjacent field method .

(2) Water Vapor Correction. The transmittance functions of

the atmosphere are not updated for the contribution of

water vapor arising from changes in the temperature of the

profile (via a constant mixing ratio assumption) as the algor ithm
proceed s.

(3) CO Transmi t tance .  Errors in r cause errors in the2 CO2
inversion process since this parameter is used directly

In the inversion. At present, no temperature dependence is

assumed .

(4) Temperature Profile Adjustment. The principal sources of

error here appear to be the problem of determining the trans-

mi tt ance ma t rix r accura tely and def ining a more comp lete

erro r model.

(5) Empirical Corrections. This technique is used to correct

f or bias before the invers ion is performed .

(6) Channel Width/Frequency. Errors in assumed channel center

frequency and width cause errors in the computed temperature

profile.

Othe r possible sources of error include level conversion ,

layer spreading, and ear th location .

The minim um—information solution which Is being used for temperature

inversion is a prime candidate for a source of a significant percentage of the

observed errors. One of the assumptions employed in the model is that the
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errors associated with each IR channel have equal variances. (cf. Section

1.2.2). The accuracy of this assumption is questionable. Another assump-

tion, which is more questionable , is that the temperature estimation errors
associated with each pressure level are of equal variance. It is further

assumed in the model that all errors (both rad iance measurement and tempera-

ture inversion) are uncorrelated . This assumption does not appear to be met

in practice.

The transmittance matrix I’ is formed by taking differences of the

transmission f unct ions, so that errors in the transmission functions translate

directly in errors in the transmittance matrix . One source of error is the

assumption that F is independent of temperature. Also , I’ is determ ined using

models of wa ter vapor transmittance, ozone tran smittance and CO
2 

transmittance

and thus is dependent on accuracy of all of the models.

The minimum—information solution may be modified by doing several

things. First , the adequacy of the noise models should be validated . This

has been done by performing statistical analyses on the data available at
AFCL. Covariance matrices for both the measurements and estimation errors

have been estimated .

The matrix F can also be adjusted to achieve better performance.

Two criteria can be used ; (1) variance matching , (2) whiteness tests.

Variance ma tching is easier to perform , but whitening the residuals (differ-

ence between measurement (radiance) and estimated measurement (brightness

temperature), is a more powerful approach. A hybr id approach wh ich is

similar to whitening the residuals is used in the sequel to study the proper-

ties of the minimum—information method .

Another problem with the minimum—information method is that it

is, in its present form , an ad hoc approach. From a Bayesian point of

v iew , only a single iteration need be taken since the model is linear with

no dynamics and a single vector measurement. This problem has been addressed

implicitly in this study by comparing minimum—information retrievals with

statistical non—iterative methods.
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2 MINIMUM INFORMATION TECHNIQUE AT AFGWC

The minimum information technique is part of an AFGWC soft-

ware system called E-package or EPKG . Most of the subprogram

components of the system are written in the language of FORTRAN V

and in the particular dialect which is resident on the UNiVAC 1100 Series

Operating System . Extensive use has been made of the unique features

of FORTRAN V and 1100 Operating System in the EPKG . Because Df this ,

implementation of the EPKG on other systems would be a very involved

process and difficult , particularly if undertaken by one not familiar with

the UNIVAC Operating System and FORTRAN V .

The procedures , calculations , etc . which constitute the mini-

mum information technique are embodied in the main program SOUNDER

and its associated subprograms of the EPKG . An annotated flow diagram

showing the major procedural and computational steps in SOUNDER is

given In section 2. 1. The functions of the simpler subprograms called

by SOUNDER are described on the flow diagram. The functions of the

more complex subprogr ams are described in sub-sections of 2 .1  verbally,

diagrammatically or by a combination of these forms.
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_ _  

2 . 1 MAI N PROGRA M SOUNDER

The following annotated flow diagram shows the major pro-

cedura l and computational steps in SOUNDER which relate to the im-

plementat ion of the min imum informat ion technique . The operations of

~O U N D E R  which deal with the locating or address ing and storage and

re t r i ev a l  of data from the AFGWC data bases are not shown . The

decis ion  criteria described as well as the values quoted for constants

and test variables were those in use in the operational version at AFGWC

as of 1 April 1977.

Various levels of detail have been used in describing the

operations in SOUNDER and its subprograms. The general guidance used

in determining the level of description detail was the specificity and/or

uniqueness  of the operation to the implementation of the minimum in-

formation technique at AFCWC. For e,iample , subprogram elements

ITERAT , H2OTAU , and COFWG T are described in considerable detail  as

they const i tu te  the essence of the m i n i m u m  in form at ion  technique .  On

the other hand , subprogram elements  THKNES , MANTMP , and TRPFIN

which employ techniques  fami l i a r  to most meteorolog ists for the deter-

m~nat ion of th icknesses , the he igh t  and temperatures  of m anda tory

3’l



levels and the location of the tropopause from lapse rate changes are

described very br ief ly .  In between these two extremes are subprogram

elements INITMP and SMOOTH which , although for the most part use

conventional meteorological procedures , also have a few somewhat

unique  but critical functions in the implementation of the minimum in-

format ion technique .
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THROW I 1 — Terminates ana lys is  of a ~- ooii1n::

whos i underlying son ic - was Ion !

2 — Terminates ana lysis of i sounding

I whose .‘u ’~ith an ic OX OS Is IS 10 0

I 3 — Determines zenith angle index number
o f stored CO 2 transm iss ion function

Q
~~~~~~~~~~~~~~~ S A b ~~~~~~

>

Subroutine TRAMIS ieterr: :flI- s ice drum
sector ~i : idrcsses of thc CO 2 and

TRAMIS transmission functions for the sate iLt
[j_ ] month of the year , latitude and zenith

angle of the sounding and then inputs these
functions from mass storage. A description
of the stored transmission functions is
given in Tab le 2 . 2

Subroutine INITMP uses store d ci is oto-
- logical profiles and A~~~WC o ro lys is

S MOOTH I l~;:(MP temperature fields to construct t i r s t  guess
profi les. Subroutine SMOOTH smoothens

~

I

~

__

~~~~~ 

the transition from the climatologically
derived and analysis sect ions of the
first guess profile.
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- 

Abnormal 

NO
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Table 2 . 1 Data I tems in o Radiance Set of the  READYRADIANC Fi le

N ai t : e  Descr ipt ion

Lati tude Belt No .  An integer  from 1 to 45 denoting the
4 degree la t i tude  belt in which the
sounding was made .  North Pole is belt
no. 1 , South Pole is belt no . 45

Lonqitude Longitude of sounding

La t i t ude  Lati tude of sounding

M~nu t c s  Minu t e s  a f te r  t he  hour of sounding

Hemispher ic  Indicator  Indicato:  \ v h i c n  shows the hemisphere  3f
the soun d ing

3D-NEPH Location The 3L ) - N L P H  box no , I and I coordinates
of sounding

Ju l i an  Hour Ju l ion  hour of t’he sounding

Channel  Radiances ~deasured radiances for the eight channels

Zeni th  Angle  Zeni th angle for the measured rad iances

Terrain He igh t  Terrain he ight  at the location of the
sounding

Surface Ind icato r  Indicator  d enoting the ty pe  of su r face
(sea , land , ice) underl ying the  sounding

Mandatory  Level AFG WC ana lys i s  tempera ture  and D values
Analys i s  DaLi for tnn f i f t een  mandatory  levels  frotn

1000 t u b ,  to 10 rn b .

11)



_ _ _ _

Name Description

Tropopause Data AFGWC analysis tropopause temperatur e
and pressure

Dummy Block Station A number which identifies the satellite
Number  from which the sounding was made and

add itionally denotes infor mation relevan t
to the filing of the sounding da ta

41 
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Table 2.2 Description of the Stored Carbon Dioxide and Ozone
Transmission Functions

Carbon Dioxide Ozone

No.  of a tmospher ic  pressure levels at
which transmission from the satellite
is s p e c i f i e d  70 70

No.  of sa te l l i tes  4 1 *

No.  of channels  6 6

No.  of a tmospt ie rr -s 6 5

No.  of zeni th  angles  15 1 **

* Ozone transmissions are not satellite specific

** Ozone transmission is specified for 00 zenith angle only

Satel l i tes  — WX€i530 , WX8531 , WX9532, WX1534

Cdrbon Dioxide Atmospheres — 150 N Annual , 300 N Winter
30° N Summer , U .S . Standard
60° N Winter , hO ° N Summer

Ozone Atmospheres — Tropical , Mid-latitude summer ,
Mid-latitude winter , High latitude
summer , High latitude winter
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2. 1 . 1 ~uL ipr ogrj Ii1 L 15 - n e i i t  IN IFM I ’

~1 II sr (iu tIne INi’i’MP b u i l d s  i h i -  f i r s t  guess  t e t t i :  i r l t u r e -  ~t~~ l i l c .

i’h~- t i ’c pi - r~~t 1 i r i - s a n u  h e i q h i s  ire speei~ l i -d at  70 comput 5 i t iona l  iev is

~v Ii i 5tIt i t I s I s 1 t s ~si N i  ~i F i  S / U F i - l i v  t i i  s i l F i - I t l O f l

N = ~~r
2 7 7  (2 .1)

N i J o lt : :  S t i  I IOl~~ l 1 1ev el f l U ID ber (i n t e ’g  t )

p :~ tes -s s u r & - (n ib )

= 9 . 9 5 8 7 4 0 2 1 3 t i 2

— I . t s 7  l e 2 7 0 e~)9

The con S t i i i t /  a ~l i i  ~ ire 2 ets ’rn: iiis ’d by requir ing that

N I when  P = .01 mb .

5ind N = 70 when  P 1 d i i i )  m b .

I ’ t I I I C  Csiflip Ut OtlOflFl l 1~ v i ls SI i I1 V C 10 Dl i . t e m I ~( r a t u r e s  e u r r & - s —

pond i nu N) bible i i  S i X  Cl i  t11( i t(~ i i  ii~ ical a tmos pher t ’s l i s t e d  in T5i isle 2 . 3

- D C  il . The p5 i r t i cu la r  c l imato log ic o l  p r o f i l e  se lected is de t e rmined

by the m onth m d  hit i t u i l  of the  s o u n d i n g .

For th e ci m i  p u t a t  l o n a l  le ve l s  wh ich c i i r r t -s pond to the  t l i a n i l a t u r v

levels  Irom 10 mb . I i t W t i  to 1000 mb . , the  AFGWC a r t i l v s  is t e m p e r a —

tur f ’s  m d  13 values ire used f i r  the f i r s t  guess  t emper atur e s  and h e i g h t s .

- __4
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Tab ii,’ 2.3 Climatological Temperature Profiles Used Above 10 mb .

~~~ N or S Annua l

2 .  30° N Winter

3 . 300 N Summ er

4 .  45° N Spring , Fall

5. hO° N Winter

n . 600 N Summer

If a superadiabatic lapse ra te resul ts in 85 0 to 1000 mb.  layer ,

the temperature at 1000 mb. is reduced by 1°C while the temperature

at 850 mb. is increased by .5°C. Successive replications of this

procedure are made unt i l  the lapse ra te in the la yer is no longer

superadiabatic .

INITMP calculates the t empe ra tu r e s  at t h e  computational levels

between the man d a to ry  levels. The interpolation algorithm for the

t em p e r a t u r e  at a computational level lying between any  two mandatory

levels which do not bracket the t ropopause is given by

T1 = Tiu - (Tm - T~~_1) * Ri

where  
— 

ln (P t) — ln (e m — i )  ( 2 . 2 )
in (P~1) - ln (P m l )

- 1 - I 



‘ --

T1, P1 = temperature , pressure at the computational
level

T1~ , ~m = temperature , pressure at the f irst  mandatory
level below the computational level

Tm_ i , 
~m-i 

= tem pera ture , pressure at the first
mandatory level above the computa-
tional level

The interpolation a lgor i thms used when the mandatory levels m and rn- i

bracket the tropopause are given by

T1 = Tm_ i + (Tt - Tm_i) * 
in (P s) - in (P m~~i) (2 .3)in (P

t )  
- in (P m-i)

when the computational  levels lie above the tropopause and

in (Pm) - in (P 1)
T~ Tt + (T m - Tt) * in (em) - ln (P t) 

( 2 . 4 )

when the computational levels lie below the tropopause.  Tt and ‘~t are

the temperature and pressure of the t ropopause .
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2 .  1 .2 Subprogram Fiement SMOOTH

Subroutine SMOOTH passes a three point smoother thru the f irs t

guess temperature profile from level 21 upward to level 10. The

purpose of this is to remove any discontinuity tha t  migh t  exist between

that  portion of the f i rs t  g uess  t em perature prof i l e obtained by interpo-

lation of the AFGWC mandatory level temperatures and the climatological

first guess data used above 10 mb . The smoothing algorithm is given

by

T
~ 

= W 1 , 1 * T 1_ 1 4- W 1 * T1 + W3 , 1 * T1 + 1 (2.5)

The weights Wj~~ are given in Table 2.4.

Table 2 . 4  First Guess Temperature Profi le  Smoother Weights

W 1 , 1 W2 1  W3 , i

12 .1 .8 .1
13 .1 .8 .1
14 .1 .7 . 2
15 .1 .6  .3
16 .1 .5 .4
17 .1 . 4  .5
18 .2  .5 .2
19 .3 .6  .1
20 .2  . 7 .1
21 .1 .8 . 1

‘1



2. 1 .3 Subprogram Element ITE8AT

- S t / il l )
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-
~ i i s v s  Is- I t n t ~ ’ss - ; is  s i  t i j i

I i  cnonn, is icr - U s i t :  7
L . i

If i - s  s r m i i  5- Lii: i t :  U2 F 1 s i  - 5 xso:ut ,
t o r t :  I- - - 5 5 1  1~ OCR

Is 
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lr~~~ ~~~~~~

- _ 
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i~ I S i s  I Nt
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penetrat ion or interrogat ion of a tmospher ic  condi t ions .  This is shown

gra phical ly  in Fig.  3 . 1 where the d is t r ibut ion  of t he  we igh t i ng  func t ion

for each of the f i r s t  six sensor channels  shows tha t  portion of the

3t t l Ios j ’ne n c  tha t  con t r ibu tes  to the radiometr ic  power received at the

sa tel l i t e .

Channel  I sensor is centered on the pea k of the  002 band at

15 ~ m or 668. 5 CIII ’ wave number and receives radiat ion throughout  a

half power band width of 3 .5  cm~~ with a 0 . 2 5  mw/m 2
~ ster

standard devia t ion  of the  nominal  noise equ iva len t  spectra l r adiances

( N E S N ) .  Channe l  I receives upwe l l ing  rad ia t ion  from the top  portions of

the a tmosphere , centered at about the 31) mb level .  The band wid th  is

increased and the N E SN is decreased for al l  other c h a n n e l s .  Channel Li

weighting function peaks at the 1000 mb pressure level whereas  channe l

7 ( 12 .  0 m or 835. 0 cni~~~) operates in a ‘ window ” region and receives

maximum radiation from the underly ing surface. Channel B operates on

the 18.7  ~ m or 535.0 cm~~ water vapor line and the weight ing  func t ion

p i- 5iks 3t the 600 mb level. Later in this report it will be shown how

w,- i t s - r  vapor and unde r ly ing sur face  e f fec t s  cont r ibu te  adverse l T  to re-

trieving atmospheric temperature profiles fi om s5i te lli t s- radiometric slat s i .
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3 . 1 . 3  C O i I i C I s I s ~ I u t  S s i t s ’ I l i t  h u h  RAc O 1- i t i  h i , i :~i~-

III  01 5 1 5  1 I i  U , )  , i l i  i t l s l t / s t ! I  S i i I I / l u  u s i  t h i C  n i i jor i t t ’ s !  ( O U t / s - S

I n  IL1C - - 3 1 -  h i t -  I s  1/ s I  I t / I s  I e t i  I s V/I t ’r o s ’ s s s  , 3 SC/I/Il s-Oh S t : u t , h s : - t h rough

I 1 l t -  I l l / I C th ou 3000 s - i t s - l l i t e  s o un d i n g  cases  to select on ly  Loose wh r t ’

CO1f l~~~i i 1 s - f lt  j- ~j \ s l } i  S iv- : s l i I  be ~I \ ’u i l a b l e  for v e r i f i c a t i o n  pu r l~~ S~~s. Out of

th is l ur i l e s~~i t - i  S 1 / I l l s  , ‘ s i l l y  JO CaS S could be fo u n d  t h a t  ma tched  our

col nc ldent  r e q u i r 5 - t I I s  n t  , i . C .  w i t h  t he  s a t e l l i t e  /l1~ 1 RAOB sounding  w i t n i n

eO ni ut icu l mi ls -s ~~is1 Si lO hour ~n t i me of Oti s - an o t her .

T h I lt s 3 .3 t - i ; v t- s  t o e  05 ’n q r a t s I l l / u l  toc it ion , b i rd  number , md

ty pe or  1- ’~s level I s  tu ~~-~ l i t ~~~r s - p r o f i l e  t o n  t h e  10 c,:iinciiis -n t sounding s

(v i t n i l )  t i l t  i i o r t h s  -n i l  h er i l i s  oh s -u - . Each turd tois 5 cases  of n e a r ly  501/1—

ta nC/ i l l S S s l t L - l l i  i t  / I l l  l h \ D H~~~~~ 5 l ,  1 1 1 1 5 .  Tlic’ne is one case in ti •ss- L i - s~~~s~s

- t  C5i Ns ’S in t i l l  1 , i t —  l a ti t u d e s  , nud 5 csl 5e5 irs t h e  polar c- s/i ons . All

c,ises u r s - over  t oe  - -sce5an  . No csbst -r v at i o n s  /\ ‘ - - r s -  s iva i lab le  for t h s  N o r t h

At 1,~r t ~c ~~~~~
- - i n  ou t  3 -: i u s - t y  c o v er l i l o  t h s ’ P i c i f i c  md ~‘ U s t i e  0cc an 311/i

the M e c i t ~s c i m  5 1f l  S ( s I 5V~~S ~l ts3 I l l / l i .

P l ot s  s i t  011 5 s l i s s  r / ’ c s u  ~j \u4 B t ( - t l l p - c - I t I l r c  l ’t , s f i l es are S n u ’ ,vn i n

F igs .  3 .2 u i - i  3 .11 , ,IIsi IUsIv e 5 Or I l l s ’  10 S O U t l u h l f l s i s . For :c t L - r L -n c e

- s r  aeses , th e AFGWC 1 2—hour t o r s ’c/st tem io r/ I ur e s  at iI /nda to ry  p res su re

lev -ls it  in c lu o ed  s i n c e  thess:’ ,ur~ the values that ire  used as the

( 5- 1
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Table 3 . 3 Location and Number of Research Profiles for Three Categories
of Low Level Atmospher ic  S tab i l i ty

Profile Region Lat i tude  Longi tude  Bird
Type 

____________ ______________________

Dr” -
A5itso5i t i c  South of Japan 34 . 5N 138. 5E 9 5 3 2
Prof iles East of Ja pa n 38. 1N l 4 1 . 8 E  9 5 3 2

Lapse Nc -D c W i - ,5 - I s l a n d  19. 3N 166.  1E 8531
Profiles M e c 1 t s - r r / : i ~- - u n  Sea 34 . 1N 33.  lE  5531

Sea of Juoun 4 7 . 4 N  14 1 .7 E  9 5 3 2
N e a r  Finland 65. 2N 3 4 . 8 E  8531

Ground h,irv - nt: St - si I u 8 .  2N 53 . 9332
Based Baffin lt iv 

- 69 .5N 81 .O\V 9532
Inversion N or t h  of - \1 - t sd ~ 7 1 . 9 N  155 .5 W 8531
Pr o f i l es  N c s r t n  of Russia 79.R N 75 . 4E 8531

0, s

~

------------

~

- -_-

~ _



initial guess t en~p - r , i t u r C  p~o~ ~i i- ~. These  10 cases w i - c s - c l a s s i f iu d  5uccording

Li t he  ls ) /V 1/ Vs 1 u t 1105 551 /1 1/ u t s i d i l i t y  c o n d i t i o n s  bet 5ve en the 550 and

1l~0O n ib  p r e ss u re  lcvs l N . Not ice  t ha t  t he re  are four  cases  where  a v er y

s t , u i s l e  low i c -v o l  1t m o sp h c -r  ex i st S  d u s -  t i  5 g r o un d  based t cn per~i tu re  in—

vs - C s ;  1 )11 c U u l s I  ~t t o n s  . I ~-‘JO cases exhibit r t  - l 5 i t i v s - l y  u n s t a b l e - cond i t ions

a S S OC ij t s ’51 .v ith  -icy 1 u l 1 / i ’ ~I t l /  t ype profiles. The rema ining four cases

s,~n hs j rm ‘.vit i i  t i~ t I l l s  I t s  s t i s i , i a r d  type  a tmospheres  found  vvi th  lapse

‘ro files.

u( 
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3 . 2  ML.-\.’~UR ED R AD I A N CE S  FO R I3IRDS 8531 and ~3 532

If 1 1, l r s l s ’ enou gh  data sample  exists , it should be possible to

an ,u l ’s~’ s ’ I n c  m - - i s u r ~ r i - i  l an c e s  at s :smch channe l  from one sa te l l ite  and

compare it with th o s e  from a n o t h er .  It  the center  f r e q u e n c y  of a partic-

u l ar  c han n e l  a.- is - f t  or ad ~h i - i f t cd , or if the  f i l t e rs  had changed  so

tha t  the band w i d t h  a l l o w s -d a d i f f e r e n t  energ y spectrum to imp inge  upon

tI1 s~ son - - ar , or if o ther  s a t e l l i t e  h a r dw ar e  - -  se t ’ Ct S  changed , then it would

be d i f f i cu l t  to e -~- ’e ect t h at  such changes  would be the  same for two

J i f t e r t - u t  sa te l l i t e s .  ~\ ; u i iua 1~’sis was made of the mean and s tandard

s l s t; i l t iO f l  of tb - r e i ;ancs -s c~etected for each bird  as a fun c t ion  of sensor

cu inne l  , l a t i t u - i s  - , a n u s  l ong i tude . In p a r t i c u l a r , compar isons  were made

t , t cit t~’rn1 i rle th e  1 /c - l w / r e  rt -spons es  f u r  each sensor channel  from each

b ir :u . Even though one ni rd  is a morning  and ano the r  is a noon- t ime

sensor , .1 .-~s r l O u5 s u € ’ f i s ; i s -ne - y or 5 - q U i p a l e I l t  d~ , r , I s l a t l s s l l  should  pro duce

? Y) t l C s , I U I -  u l u r e r ,  U s O ’ S  i i i  tb - ; ; s - cIs ur ~~u r u o j u n c o s  for a p a r t i c u l a r  channe l

-‘O l s fl e q u l p n -cn t  i i s c r ( pacic I i’s ex i s t  b e t w e e n  t h e  two b i rds .  Fu r the rmor e ,

b et -  t re the  - I?u t , ’ - rse e f f ec t s  c t  such th ings  as water  \‘a ’or or surface

-~ f f - : - c t s  c ~ci be p l ac ed  w i t h i n  a pro p er  context , ~t is impor t an t  to know

th e  m e u n  cond i t ions  s-x ~ ss -ct -i for a par t icular  channel  and the normal



variance abou t that m s-an.

A r ep r € - s t - nt a t i v c  i n c / s u r e  of the  r i sc/ n  rad iance and standard

a c v i at iu n  s1~~ d f u i uc r i 5 : - ~-, ot c l s J c i i i s c l o I i s i  l a t l t u K u  is give-n in Table 3. 4

for Bird 8531 . In gen i a l , c rua nn e l  3 which has a ws - igh t in g  function

-~vri lc / i  p eaks closest  t u -  t h e  t r op opaus~ has  the l owest  power (or tempera-

ture) and snares  wi th  c h a n n e l  4 the  lowest  s t a n d a r d  deviat ion of

i i , - a su r c d  rad i an ce . As w o ul a  be oNpOc t es i  , t i l e  m e a s u r e d  rad ian t  power

b e-ql ; i s i ; I i g  wit h cn a n n c - I  4 cc c -n - -u t e r  ( w i t h  Wt i g h t in g  func t ions  p e ak i n g  at

- -J; 0 mb or prc/t- - I )  e-cceau~ S i ron ;  t uic - tr opics to the n o d — l a t i t u d e s  to

the polar r eg ions .  The s t a n d a r d  deviat ion of sa te l l i te  measured rad ianc e

w i t h i n  til e tr ap i c s  is ab c-ut  ha l f  of that  for ex t r a—trop ica l  l a t i tudes . This

- n - u ld be exp- t ’ct ’c . i s ince the most s i g n i f i c a n t  clay to day a tmospher ic

c:; inges  t ake  p I , i -c - w i t h i n  the ex t r su— trop i ca l  l at i t u d es .

t L .0  t i  -~‘ics ,ir ~- r e l a t i v e ly  p u i e s cent  and do not play an

i : a ; t r i b -  in ? l u s s S t  l - I ~~’ 1(5 st a y  nu~n c-rica l \ v t - u t b c r  f o r t -c as t s , it

i ’ s S c s S , e  £ 5 ’ , ;  - S i r t l i l t tO C -Si l ire ch anges  to i t  occur b e t w e c -n  it i d — l a t i t u d e s

n ..: p -- I ir r io n s . I ’ - -r the i s - cc than  1200 sounding s of mid—la t i t udes

1/i pol ar regions , t:;e c - ar c - i c i c l e  -at t n e  radiance , measured  at each

- ‘ l i - I n l I ( - I  t n - i t  i -  l - .S ‘, v l t l i i f l  I . e t r o l s s s s s ; - n e r e , IS 11 1/n y t h e  s ame .  That is

to say, tt at wh ,d  - - c - s -r c - I t - r - - f l C c  S exist hi - t iV e5 -n i i  id—l atitude and polar

78
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TROPICS - 0 to 2b North Latitude

Chan nel

2.
Mc - , in  Rad iance 57 . 5- I - 1-1 .8 2  -1 0 . t l B 54 . o5 76.31 ‘32.33 117 .8 123 .c
c - t , in d ar 5 ;  1) c ’ V l d t l s u I l  I .  -17 1. I s O .65 2.72 3.83 3.75 2.63 4 . 2 7

\ 1 I l ) — I , A F I T t 5 D E  — 26 to ti2 North Lat i tude

Channel

I .~~ 2.
Ms’an IPi’ ilalsc- s- 5ci .38 -17.83 -14 .27 49.8 63.81 75.67 0L58 105 .22
c-t~ Il l~ c-i r u  D ev i a t i o n  5. 5 . 00  3 . 6 3  2 . 9 2  5 . 8  7 . 9 2  13 .18 8. O b

POLAR - - - 2  to / U  North Lat i tude

Oh ann ci

I J 2.
M ean R a d i a n c e  — 1 5 . 5  37 . 05 3 5 . 5 5  -10 . oS 5 0 . 7b  5 8 . 5 2  6 1 . 5 6  8 7 . 2 7
Standard Deviation 4.97 5.42 3.87 2 . 7 - I  1 .29 6.93 13.27 8.99

N O R T H E R N  H E M I S I ’ H E R E  — 0 tuc- 90 N ort e  t , a t ; t n , a s

Channe l

I ~~~. 2.
~v I c a I l l  Radiance 55. 50 4 4 . 6 5  41 .02 5 l . -17 u9 .58 83.39 103.32 114.14
l- tandarcj Deviation 5.25 4 . 0  3.54 5.33 10. 24 13 . 4 2  2 1 . 8  14. 44

i’ i t - l n  3 .  - 1 M t - - i n u r e d  R ad iance  Mt - an  and Standard
Deviat ion Values  for Bird 8531 for 0 to
180 Degrees East Longi tude as a F u n c t i o n
of Latitude and Sensor Channel

7’ )
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regions , satellite r a d i o m e t e r s detect the s ame  signal power variations.

This fact will b e c a me  s l l c c c u s i n g l y  more imporant  when the e f f ~ c t s  du e

to w~~t~ -i v a p o r  c - , I u l c i L ’ ~ ;t i ~~li s  i i  J i scu s s cd  ii i  st-Ct i-c fl 3 . 4 , w t i I ’re it will

be sno wn tn it  w a t e r  v apo r  cann o t  poss ib ly  account  for the  variance of

r -udeance  cb s-cr c -ed in t h e  polar regions .

When cons iJer ire -~ all  la t i tudes ac-b longit -a ic s , it can be shown ,

as j r  Fig . 3 . 1 2 , th at the average m ea su r e - i  r a - i i a n c e  fu r  each Bird is

highl y correlated w l t a  the - : - t ; c - r , wi th  a corre la t ion cc-c f f i c i e n t  of 0 . 9978 .

Th i s  im p l i e s  tha t  t v l t i , l c -  Ii ov s - r a l l  cr oss  sense , o L-se n - - :at i o ns from c-nc-

sat e l l i te  c c - n r c - sp a rc - i  c b s  ly  w~td t he O t f l s I  sa te l l i tc -

A c a mp ar i son w az ~ made  betwe n the a ver - a q e  n o— a nuns : i di:~ s c e nc e

in radiance O ’etwt -en Birds 8531 minus  Cs 5 3 2  as a f u n c t i o n  of sensor

channel  and l a t i t u d e  belt , as shown in Figs .  3 . 1 3 , 3 . 1 4 , and 3 . 15. In

all cases , for a l l  l a t i t udes , channe l  4 c/ d~a l?c e  for Bird 8531 was lower

( c - c - l t r )  tn ic- t a i t  for hr r s~ ‘3 5 3 2 .  T h i s  t i - i t er - - -I - — :ed to tIe the  c->~ception ,

nio~vev c- r . As l a t i t u d e  of observa t ion  inu r e  m c d , so did th e- d i f f c r c - n c c

betw een n ioasci r ed rods ic -c5 - b e tw e e n  O n - I s  8531 i n a  9 5 3 2 .  In sc c-neral ,

Bird ~5~1 1 r e c e lv t - - I m ore r u  ; s - a n t  power , 5c-owc- c .r w - i c n ; e r  t c : : i p c - r a t u r c - s  , tha n

Bird i 5 3 2  for c’co’r i n c I c a s in g  l a t i t u d e s .  In fac t , Fin . 3. 16 shows a

composite of all  s i t s  I l i t - - souncl in qs  at a l l  l i t i t u .  i t S  and long i tudes  for

caCrI i s i r a  is a lu n c h  s i i  of Se f l s s t r  u n a r l n e l  . Once aga in  , channe l  -1 is

38) 
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odd , s h e c v l n i j  hi~~t t he  sensor ~ ‘r Bird 8531 re- i -u -cI s b s-a.c--r ar cold s-n

r a d r - i n c e s  c - i an  1 5 5 -  s ame S u - f l S o r  for Bird 9532 . On tne  s t t i o - r  hand , al l

r s - r n a i n in q  sc - t i s sa r  sh u l / I l n e l S  of b I r d  8531 report h ighe r  r warmer  v a lu c- s

than  those f i a n ~ B i n d  9 5 3 2 . These r e su l t s  sug sle : t tha t  equ i s ime n t  d iffer-

ences en sI ~ - ’ i n a hu t i5 - i i n need to be e x p lu n  cu I -  t v - -en sa t e l l i t e  f 3 l n n s  8531

and 9532.

01

--
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3. 3 D I S C R I M I N A T I D N  ~bR I TE R IA

Sever a l  typ t  S at cuac - r c s ’l 3 ’ l r I l i u c  t r ’rs a r m -  used in the  AFCW(

computer  c - c o s r r a n :  i O I T N  DER c - ic - t  o f t - -ct  acceptance or rc -~ s - c t i s ’ r s  of a

s a te l l i t e  sound ing . These  c on t r o l  pa ramete r s  wer e- s t u d i e d  to - d e t e r m i n e

t h s - i r  i n f l u e n c e  c-ri t h e  n u m i - e r  , t y p e , dc -t i  q u a l i t y  of the  s a t e l l i t e

radia nce obse rva t i ons  t h a t  ant - accepted for use in the inve r s ion  process .

~ect i or i  2 . 1 . 3 , t u e  s u i - : n ’ s c c - a : : .  ITERA T , di scusses  in de ta i l  f u n c t i o n s  of

the control  par an iet s -r s DE Lt ~~~D , CLDDIF , and HOTSFC . DELWND- is

the rad iance  : i s c a s n r s -d for w l n :ow channe i  7 m i n u s  t ij e rad ian ce  cal-

culated from bath the underlying surface and a tmos I : sh t - n t - . The 1000 nib

air  temps !-r atur e  is u scsi  as the  “ ground ’ t c-:-n ‘era lur e  to c o mp ut e  su r face

rj u i a t i o n  c o n t n l 1 ’ L ~t l ons  . The c-c-lue of CLDDIF is used to test for clear

r a d i ance  and t i  r e j e c t  a s o u n d i n g  ~vhc’rt’ clouds m ight be causing a

d i f f s --r c l ice ii c t w t  n u u S e r v c , l  c i n t l  c o n u p u t t - d  r adiance va lues . The v a l u e

1 HOTS PC is u sc - t i  to n e j - ~ :t a sound ing  w h e n  a so t  s u r f ace  ex i s t s  ‘n

a i u n j  f i r s t  guess  t e m p e r a t u r e  p ro f i l t - is n i a d e .

Analyses W i l t  : , i / c -  on th e same ( 1 , 11 , 1  ~ c-I 5 s ’ using values of

th ese  par i n : et en s  t h a t  were u~— e n a t i o n u l  in I’e br u a r v  1975 and t a it  arc

operational t o d a y .  R e s u l t s  show that  SOUNDER wi th  the  p n e st - i i t  v a l ues

accepts only 1/ 1, as many cases for comp leting an in fe r r ed  pro f i le  as



it did in 1 97 5 .  This  v a n  caused by imposing a more restr ict ive accep-

tance criter ia of 1 , 1 -ic i c -tb CLDDIF and HOTSFC in the hopes of

ct ’s! ac ing  1/I ll t n  lac - /~- l e t  rieval errors

Let us cons c-c--c the window c h an n e l  difference values of

DELVv~N D  in T h n I e  3. 5 c-sc the  10 nesoarcn pr of i l e s  h av i n ’i  coincident

satellite and RJ\OB ~ou n d u a q s .  In order for any  of these  soundings  to

be acceptable  foc us e-  in t h e  t empera t u re  retr ieval  process , both the

low level c loud , C LD D I F , and hot st i r t a c e , HOTSFC , cri teria would

: :av t - to equal or s-xcc ’e si  t : u e s e  I~LW3~ D v a l u e s .  \\ - i t i -~ tc - day ’ s opera—

tional criteria oi 1 . 1 , Inc-nc iS only one case  in ten tha t  would  be

accepted cut of t n c  sa : :m p lc  where the nearest  ( co inc id t - n t )  RAOB wa s

used to calculate surface sin atmospheric radiance in t h e  window

channel. Furth ermarc- , thci t one case exists in the tropics where

t empe ra tu re  pro f i le  da ta  a r c  usually not as critical to the success of

nu ::t -ric c-l analys is an5 l  n rcu i i c t ion  models .  T J s in c  t h e  1 2 — h o u r  fon c ’cas t

d a t a  in con ic -u t  c-n th~s cadionces to o c - t a in  DEL’A-N D, Thi - l e  3. 5 va lues

show c ’n l y  three of t :Ie ten cases would  be a c c e n t - i l - i c  to the  re-

t r I ev a l  process . s~ d three  of t : i o  icc~ - - o t a i ’ l t -  cas es , : :owever ,

r e l at ive ly  st a n a , i r d  t - ~-p€ l , ic - se  pr - s c - I t -s. It ap~ti ’ars: , tht -refore , t:vut tOn-

- a s c n i n u i n a t i o n  cr 1! en ia in  use  today  are cli:- i n , i t i n s i  c-ic-sc cases having 

— - 



DELWN D
N EARLST PORECAS T

7 LON ( l F U b b  RAOB DATA

i31RD 9 h 3 2

8 1 . O V c  - 5 . 2  - 2 . 0

4 7 .4  ~
- 

1 4 1 . 7E  3 . 5  .8

l 3 8 . 5 E  - 1 1 . 8  - 2 . 3

3 b . 1  l - l l . ~~E 5 . e -  - .7

68.~ 53 .ts E I -5.3 -2.1

c - Il -t i) 0 5 3 1

17 .3 1c- . 1E  - .2 -1 .1

6 5 . 2  3 - I . 8 E  - 4 . 3  2 . 8

71 . 9 1 55 . 5 V  ~
‘ -2.9 -~~~9

7~~.8 
‘ 

75. -IE -1.7 2.6

3 - 1 . 1  3 3 . 1E  3 . 1

Tab le 3 . 5 Low Lt -~-el C l o u d s  a n d  Hot durface i)iscninsination
Va in n s  N in the  Ten Pc-s eanch  P r o f i l e s
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the  most  s ig n i f i c a n t  type - s of meteorological profiles .

in -c-a r e s u l t s  i r e  shown in  Fig . 3 . 17 W l i e r s - DI LVC~ D values

are lotted a c a i n s t  tn  — s i  - c - s ’n~-ed RAOB tem :i ,-’n atu re  - i ni i d i e nt  f rom 1000

to 85 U r i b level  for , ich  of t I i s  t en  n c - s c - a r c h  c as e s .  N c -t : c e  f i r s t  t n s i t

t h -  d t s t r i ~ -j t ~an -~- t ph’ts is ;uc-s- d i t f a  rt nt t on F/ira 9532 v u - n c - u s  8531 .

Tlo s is d ue  in s i t t  t - - t ha t  f a c t  t ha t  b i r d  85 3 1 h i s  man e  lapse pc -c-file

t ypS C s i S u  S~ I - - u t  ~- f m o s t  impor tance  is tb t  17 mW m 2 Sr 1 cm 1 range

in r ad iance  as soc i ot ~ -a w i t h  the type and  i n t e n s i ty  oi low level -a tmos-

pheric s t a c - i l i t y .  Fn i s  ranqe in radiance is h i g h l y  s i c -n i f i c a n t  ta s p -n-ciaj lv

s ince , as shown in t i l e  nex t  section , it s4n (-Itly CX C000S the range of

rad~anccs  a c - s o c c - m t~- t~ w i th  t v a t c i  vapor c on t r ibu t ions  in m id  a n d  h igh

latit udes -and is connsi rihle with c-ic m a x i m u m  extremes possible within

t}i~~’ tropics . It is not the  law level t en :  pc-nature gradients per se hut

rather the e f f ect s  due to the  under ly ing  s u r f a c e  t h u t  - inc  i m p o r t a n t .

These  sur f-n et t’ff ets art- , h-c- ’a-c\- t r , p o r t r ayed  by the  lcsw level a tn :os—

p i cnic s t , : i i l i t v  cu ’c-~~ t i o n s .

~~~ cn i qr  — : 1 5 . 1 l:- , i s e~ t e m p e r a t u r e  i : u ’ ’ s - r s i o n  -x i s t s  • the air

tem: ’t-raturc increases w i t h  height . Also -unci ei  these  c s s n d i ~ i cc-a s , lbs

un ds - r l v l n l ’ )  su n i s i e t -  is cs lds ’r t h a n  the u n  t i ’n~~ i c at u t  e. The r c \-er sc  is

true when the atmosphere becomes more unstable and the low level 

—--
~~~~~~~~
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t t ’nr p~ n/ t i i I  u - p r o f i l e  t : s : ’ c s s n e h s - s  ii c-xc~ - s - t i s  dry adi b ,ati s:  cond i t ions .

Since  the sur iace  cad i:ice con t r ibu t ions  are c o m i - u t i - u l u s ing  t h c  l o o t )  nib

b .c -- I s i s t  t e l n i p  r - I t s . i  s : , c - I / f l i t  i e an t  u~ f f t  i t  1cc-S can  be- ex: t ’c t c a  L ’s-t veCn

: : s 5 1 5 since a 1 - i sc-I icuLi  i~c-i cvii c-n t :~ n~ 1 000 mb level air c- -n I ‘t - n s u t u r s  - is non—

nt ’pr ~ s e c - t i c -y e  sit  t he  sur t uc e tc -n :c - e i-~ tu i , - . T i-c- s hn-co:ves mor e pronounced

as t n e  ic -tv level atniospher ic st s~L - i l i t y  d e v i a t e s  from tt i c s t an ~s sir d lapse

type It c - t i e s .  Thus  it c n n  cc sc - c i t  in  F ig .  S . 17 t h a t  for  g r o u n d  bass - si

nv~ - c c - i o n S  , S Ia c- i  
- .1 t :l:)5 ph’ nec -  w i t h  a n c - s a a t i v e  chans~ e in t ent  c - s r  c -tu n e

w ic-n pre s~ :sre , Ic - ic - n e  m sc -red  sa te l1~ it nt5: i an c s  in  t r i t -  v~;idow c ha n n c  1

is lower (colder) th s in  the  ~‘: 1 cu l at cd  c c 5 u n d  nc-i a t mo s p h e r i c  contribu-

tions q iv i i i o  a n c - s t - c - l y e  Va iu ~ of D E LW N D.  The reverse  is t rue for

ti:os5 cases w n c t t  i i : -  at :: :oS ac-crc becon-. e-s in c r e a s ing ly  :::5~rc uns t ab le .

These c-Icc-ann c-c - s-ct du e  t o  t n t  und er ly in g  sw face  ar c -  d i s cus  sc - S  ifl

ci r e a t 5 - r n e t a i l  in st -cc-on 3 . 5 .

[‘or H - c - U tU pc-sc : : er 5 - , it m u s t  c--c c -t t t  d t i ia t  t h e  c-~ j u  c- nq

a t t i c - r a t i o n a l  va lue s  t s r  CL I iL ~IP and t1CTSFC arc -  t ao  r t  c - c - i c - l i v e .  For

s tX s i l s i  p lc- , when t::i - m m - i  c- u r ic - !  s urfa cc - - r a n  I si rice iS l , iav er (colder )  t h a n

tO i t  ca l cu l a t ed  Nc - - in  a u : l i u i f l t  ex cc ’cdinc ( t i c - c - T I , t h e n no ts c - isc - s ’ratu ic

re t r i ev a l s  are t n  c - n ,  r i t l y  n - i - i c  front s a t e l l i t e -  data . The n/ tI -ac -al l being ,

it i s:ury i s uw l eve l  c lou d ~x t s t s  , which could n - it  he- detected via

n ’



prt - v i u a1 i s  t i i s c r i n t t i t i , n t  u~ i: ;‘r. -at - il an , - :- , t i t I l  t i : - c loud top would  t r aduce-

a l o cv t - i  t u t - - i s e r e d  r a / i t r i c e  in the w indow channel  than  is ca lcula ted

an :! t i t u s  i c1 ou ~ —free h i t s - of S i - t n t  s i c - C s  not e X i s t  a n t I  -a t empera tu re

r5 triev~i1 a lt - c - s lId :c-ut be a t t -  : t ed .  As Si t OWfl  in Fig . 3 . 1 7 , t h i s

r a t i o n a le ci i r : i  i:~ mt ’ - i l l  the  St/i ‘N cast -s wi th  low level ground based

i c - v t -c s ions cvne c o I n c  n c -t i  - r i v i  c-c s un: :ce Sui c I sc - I .  per a u.n c a n  be con—

S l O t  is ib iv lower (colds -n) t h a n  tn e  1000  ::ib a i r  t e n t n c c a t u c - - . In fact ,

c - i t_ S t r t h c se  c o n d it : o t i s  , i f  a low l e v e l c loud  71-a 5 - X i s t , t h e  cloud t op

t e n u  a ci  tur - wa-si id i -c  w - a r m 5 -c , not  Ott l~ ;-  • : - 1 Ii t O t  u n - c -  n l y ing  s u rfa c e .

For se’:5 -ca l n t - se/ nc:: ; - c ~’f : l e s  cv :t n  c i rou n u ~~ i - s d  i n e -
~ r.~ o~ s , t il e ar o u n d

air t om : .’e r 5 t t u r e  is c-s15:t -r I c -a : :  - i t :  a n n - i s - n t  air t t - n ~~-i na - u p  to 1 0 , 000

f - s t ( 7 0 0  c - i t ) . i c - u s  i s t r l c t iv c  \ — a l u e s  c-sr CL~c - ) I F  t ic - c - l a t e  t n t  p c - s c - i —

uili ty at  t i n sp e r a t u r e -  U s  tI I - v / i s  nit/m n t:~i t  Sm c s ’nt ! it i o n s . Th 5 -ce a n t

c - c - t n - s  cvn en CLDDIF crit s -ri.a c- - -
~u 17 c l i : i i i  s i t  - sV leve l  c loud  0/ SCS bu t

tn c s c  t i m e s  can o n l y  e x I s t  d u n i n ~ eec-/ c - l or i s  of l:i~ - si  I - p c ’  I n c - t i l e s .

Since t i ue to st gu e s s  t t - rn c-t - r m t re -n s f i l t  - qic ’ c’ta 1:-v Inc 1 2—hour c-srs —

t t i c - t  t i c - i n , p rov:~b -~ - i  :~c - - a su r~-d of the  1 e v  l e v e l  a t : :-o sp H -r i c  s tab i l i t y ,

it could c-c used 1st m t - c - n - c-c t U e  d i s c r i m i m u i t  ion or se lec tion process ton

~. i t c - 1 i i t e  s o u n d i ng s  -v  ‘r th y of c- : - a - e r a t i i c e  cs - t r i c \ - / l c - .

Ta b l e  3 . o c-n aw s the diftc- rc-i :t c on i b i nat i o n s  of c r i te r i a  for

- -S



CLDDJ F , FIOTS FC , SNe ) lS , and EPS used within the GAC research

S t / U N -  DER . Ire in l ab l e  5 .5 it can be seen th .i t a v a l u e  of 5 fo r CLUD IF

and HO lSf ’C w i l l  alL’w a l l  c i s c - s  fu r  Bird 8531 to be retrieved . A I -ar c~er

V c - 1 L. e cv is  n ecc s sa r c -  to -accompl ish  temperature :  re t r ieva ls  for all Bird

0532 cases . TI-ic 5~UU CsSs here was to i n s u r e  t h a t  all 10 research profile

c-ac - -s were c - c c - c c - t ab l e  for t em l :-( -r a tur e  re t r ieva ls  in order to determine

the effects of SNOIS and EPS on the resultant inverted t empera tu res .

SNOIS is the n / t i - i  of si c ;nal  to noise  of the - i n s t r u m e nt  and is used to

Set -  -rn-inc if tuc - sum —~~ I n c  square  of the dev : at i o n s  be tween measured

ansi c s i i cu l a t e : i  ri- iiances is small enough to allow convergence for a

so lu t i on . EPS is the epsilon va lue  used to monitor the m a x i m u m  d i f fe rence

a l lowab le  betw e- 5 n - c a l cu l a t ed  and measured r ad ianc e from any channel .

Table 3 . 6 Cloud ari d H s t  Sur face  Disc r im inan t s  and Solution
Con’c-~-no :ncc Values

For B ird ~9532 (5 l-cuti ons)

CLDDIF  5 5 20 20 20
HOTSFC 5 5 20 20 20
SNOIS 3 1 .5 3 0.3 0.1
EPS 1 ‘a . 5  1 0 .1  0 . 0 3 3

For Bird ff 8 531 (5 1-s - - i t ions)

CLDDIF 5 5 5
HOTSFC 5 5 5
SN OI S 1 . 5  0 . 3  0 . 1
EPS 0.5 0.1 0.033



These control Taar ~anms t e r n  a n d  how they i i i t c ’n f c - c e  wi th  SOUNDE R are

disc ussed ~n d c - t I l l  in section 2 . 1 .3 . In general , it can be said that

c - i  Ic - -I s i l t :  cc :0Cc- W C U s -  - I - I  a ua5 - -d in the  r e t r u c  - - . c - S temperature  pr of i les

even t fl ) u / I i  a 1- ic c - c  ra ma ce - af t — j l u -s i s i s  used for SN 015 and EPS . Even

a c -v t  — f o l d  d s t f e n -nc - e  ~n SNOIS  c-rio EPS values , as shown in

Fis t . 3. 18 , ft - : - e r a t  to  t r e t r ievals  at d i f f e r en t  prcs su r e  levels  di f fered by

o n l y  a r a w  tcntn s of -a degr ee ’ , On the average , the largest  di f ferences

occurr e-  1 ,ia  t h e -  tr sc- -sft U Ss  region c-nd at  a b s - i t the 70 mb level .  None

of tn e ’s-. i u i f s  r- n - c --s cou ld  sic~~-c -unt  tar the sourc e  of the larger errors

in tnc c-c- i c - - l u te cc t i a -v a l  : sr d scess .

95 
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3 .4 WATER VAPOR CONTRIBUTIONS

No attempt is made in the existing operational system to in-

clude variable effects due to water vapor . Recall from Table 2 .5  that

a fi xed relative humidity value is assigned to the 28 levels extending

from the surface to the 200 mb level. Typical assigned relative humidity

values are about 73% near the surface , 65% at 850 mb , 55% at 700 mb ,

4 7% at 500 mb , 3 2% at 30 0 mb , and 16% at 200 mb level. For fixed

relative humidity values , as the first guess temperatures increase or

decr ea se , so does the water vapor mixing ratio , which is so important

in determining the concentration of water vapor molecules which con-

tribute to the final measured or calculated radiance. Via this feature ,

the warmer low level temperatures in the tropics account for much

larger water vapor contributions than do the colder polar temperatures.

In this manner the existing SOUNDER routine accounts for major latitude

variations of water vapor effects .

A recent study by Weinreb (20) investigated the effects of water

vapor contributions on the retrieved temperature profile. It was shown

that “ changes in the assumed mixing ratio affect the retrieved tempera-

ture chiefl y through changes In the calculated radiances ” . Furthermore ,

it was shown that when the initial forecast guess of the temperature
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profile was close to the actual that errors in water va por estimates

resulted in larger errors in the minimum-information technique than the

initial forecast guess.  On the other hand , when the initial forecast

temperature profile guess had large errors , the minimum-information

technique , even with water vapor errors , produced temperature profiles

that were an improvement upon the initial forecast guess. In essence ,

Weinreb suggests that , fo r the most part , errors in estimating water

vapor contributions are princ ipa l factors in attaining accurate satellite

temp erature retrievals. In order to place these statements in perspective

with the underlying surface effects discussed in the next section , the

changes in the computed radiances need to be considered for errors in

th e water vapor mixing ratio . Weinreb’ s computational results from a

Midway Island RAOB shows a linear relation between radiance changes

and errors in the mixing ratio . A 50% error in mixing ratio produced

changes i n radiance of 3 .6 , 2 . 6 , 1.1 , and 0 .2  mW Sr ’ m 2 
cm 1 for

sensor channel 7 (835 cm~~ ) ,  6 (747 cm~~ ) ,  5 (725 cm 1),  and 4

(70 8 cm~~ ) ,  respectively. It will be shown that these radiance changes

are small in comparison with underlying surface effects .

The maximum effects possible due to water vapor on the

satellite temperature retrievals were studied . Radiances were calculated
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for each of the  10 research RAOB profi les  assuming complete sdtur at ion

(wet) at all levels in the atmosph ere . These computa t ions  were repeated

assuming  zero mois ture  (dry) at ~il 1 levels . Figure 3 .19 presents the

dif ference  in the temperatures  retr ieved via the m i n im u m  in fo rma t i on

technique using total ly wet and dry condit ions imp o se d  upon the same

RAOB sounding . The largest  t en lp er 3tu r e  re t r ieval  errors due to water

vapor occur in the 850 and 700 rnb reg ions .  An osci l la t ion exists in

the vertical d i s t r ibu t ion  of retrieved tempera ture  d i f ferences  such that

the surface va lue  is n ear ly  the same s ign and magn i tude  as at 100 mb.

Wherea s the max imum posi t ive  d i f f e r ences  around 700 nib give way to

negative d i f ferences  about the 300 nib level . Thus  it can be seen how

errors in the lower portion of the a tmosphere  propagate to h igher  levels.

Very large d i f fe rences  ( 2 2 .  5°C) exis t  in t empera tures  retrieved

at 700 mb from a saturated and tota l ly  dry tropical sounding , as shown

in Fig . 3 . 1 9 .  M i d — l a t i t u d e  d i f f e r ences  are about  n a i f  of the extreme

values found in the t ropics .  Even in the polar regions where cold

temperatures inhibi t  n i g h  water vapor mix ing  rat ios , a 2°C difference

can be expected between retrieved temperatures  from a wet and dry

prof i l e .

The extreme e f fec t s  of a totally saturated versus a completely
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dry atmosphere on calculatea rad ianc e are shown in Fig . 3 .20 .  R ad i—

ances calculated from a dry minus  t h D s  from a wet pro file are plotted

aga ins t  the average of the sa tu ra t ion  m i x i n g  r at ios  at mandatory levels

from 1000 mb to 500 mb level .  The r ad iance  d i f fe rence  for channels  4 ,

5 , ~~~, and 7 are plotted at th r e e  average sa tu ra t ion  mixing ratios tha t

were derived from a polar , n i d — l a t i t u d e  an d tropical RAOB prof i le .

These radiance d i f f e rences  are the extremes possible for water vapor

e f fec t s .  Tne greatest  radiance  dif ference (19 mW m 2 sr t cm) is

found in window cr i a nne l  7 for a tropical prof i le .  In general , the

radiance d i f fe rence  due to mois tu re  . x t r cn i es  decreases as the channel

number decreases an d the depth of a tmosphere  under interrogation de—

creases.  Radianc e d i f fe rences  of less than 5 mW m 2 sr~~ cm occur

at mid-la t i tudes  for all channe l s .  These va lues  can produce pronounced

errors in retrieved tempera tures  and effor ts  should be made to incorpo-

rate satel l i te  derived m o i s t u r e  i n f o r m a t i o n  into the  retrieval process.

Moisture ef fec ts  are nearly non-exis ten t  for the polar regions where

the average saturation mixing ratio between 1000 and 500 mb is less

than one and the radiance d i f f e r ence  is less than 0 .4  mW m 2 Sr 1 cm.

These radiance d i f ferences  from a dry and wet profile wil l  be shown

to be smal l  for mid— and h i g h — l a t i t u d e s  when compared with under ly ing

su rface effects .
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3.5 UN DERLYING SURFACE EFFECTS

Section 3 . 3 described the physics and ra t ionale  for effects  of

under ly ing  surfaces on calculated rad iances .  In short , it says tha t  for

stable a tmospheres with ground—based  invors i ons , air temperature  in-

creases with he igh t  so tha t  the surface  temperatures  are colder than

the 1000 mb level air t emper ature .  The reverse is true for the unstable

dry adiabat ic  type  condi t ions .  Present ly the 1000 mb air temperature

is used to compute  surface  contr ibut ions to sa te l l i te  radiances .  But

due to the nonrepresen t at iven ess  of these  air tempera tures  in depicting

surface  t empera tu res , the  largest  s ingle  source of error in ca lcula ted

radiances is due to these under ly ing  surface effects .

The ten research RAOB prof iles were separated into three

categories of ground-based invers ions , dry adiabat ic , and the more

standard lapse type prof i les .  In order to de termine  sur face  effects  on

each sensor channel , the  cxpc cted rad iance  was calculated us ing  f i rs t ,

the coincident RAOB and then the 12-hour forecast temperature  data .

Differences were obtained between measured  and calculated radiances

and grouped according to tn c  three s tan i l i t y  categories.  These radiance

differences were added separa te ly  for each category to obtain the

algebraic and the absolute  mean di f ferences , which are tabulated in

l o:~



USING USIN G
NEAREST TWE LV E HOUR

RAOB FORECAST
DATA DATA

Average Absolute Averag e Absolute
Mean Mean Mean Mean
Difference Difference Difference Difference

DRY 1 .214 .216 .384 .384
ADIABATIC 2 1.706 1.706 4.209 4.209
PROFILES .

~~ 3 .541 .541 2.102 2 .102
4 .163 .289 2.231 2.231
5 3 .098  3 .098  2 .7 3 2  2 . 7 3 2

0 6 3 .546  3 .546  . 119 .832
7 8 .710  8 .7 10  — 1 . 4 8 8  1.488

LAPSE 1 — .209 1.844  .582 1 .699
PROFILES 2 .665 2.079 1.585 2.344

~ 3 . 162  1.016  .804 .804
~ 4 — .740  1.154 — .507 1.004

~ 5 1 .645  1 . 6 4 5  2 .109  2.109
o 6 .310 .804 .989 .989

7 .6 2 6  2 . 7 5 2  1 .766  2 .304

GROUND 1 -2.865 2.865 -2.575 2.575
BASED 2 — 1 . 393 1.393 — .882 1 .593
INVER SION -~~ 3 —1.558 1.568 — .372 1.643
PROFILES 4 — 1 .864 1.864 — . 4 4 3  .974

5 —1.528 1.689 .056 .623
o 6 — 2 . 5 4 0  2 . 5 4 0  — . 512  1 . 2 4 9

7 — 3 . 7 9 9  3 .799  — 1 . 0 4 5  2 . 4 7 0

Table 3. 7 Difference between measured and calculated radiances for
three types of low level temperature profiles . Calculated
radiances were made separately using nearest RAOB data
and twelve-hour  forecast data .
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Table 3 . 7 .  Thus if the average mean  d i f fe rence  has exactly the same

magni tude  as the abso lu te  mean d i f fe rence , then  d i f ferences  for each

individual  case wi th in  the ensemble  mus t  have  the same s ign.  That is

to say tha t  all cases are inf luenced  the  same way.  This feature is

exempl i f ied  for a lmos t  every sensor channel  for both ground—based in-

version and dry adiabat ic  prof i les  when RAOB data are used to compute

radiances . Notice for ground-based i n v e r s i o n  condit ions , negat ive

values of the average mean d i f fe rence  show t a i t  satel l i te  measured

rad iance is lower (colder) t han  tha t  c a l c L l l a t u . Furthermore , and th is

is very s ign i f i can t , these e f f ec t s  are orominent  in all seven channe ls ,

including channel  1 (6~~~.5 cm ’) on the  peak of the CO 2 band where

the weight ing  func t ion  supposedly  te rmina tes  well above the under-

lyieg surface . The channel  I average  mean  d i f fe rence  of — 2 . 8 6 5

mW m 2 sr~~ cm for ground-based inversion cases in the polar regions

is more than ha l f  the  observed s tandard devia t ion value tha t  represents

the var iab i l i ty  for all  518 polar cases .

In f luence  of the under ly ing  sur face  is even n ore pronounced

for channe l s  5 , t , and 7 for dry ad iaba t ic  cases which occurred in

mid- la t i tudes .  All seven channels show the measured radiance to be

higher  (warmer)  than that  calculated . This is due to the un der lying



surface being hotter than the 1000 mb air temperature.  An average mean

difference between measured and RAOB calculated radiarices for channel 7

is 8 .710  mW m 2 sr ’’  cm for dry adiabatic cases and -3 .799  mW

sr~~ cm for ground based inversion cases . This gives a range in the

mean values  of 12 .509 mW m 2 sr~~ cm . To place this  range value in

perspective , it can be seen from Fig . 3 . 20 , that this  value due to

underlying surface effects  is more than twice as large as that at tainable

from extreme mid- la t i tude  water vapor effects , i . e .  totally saturated

versus a totally dry profile.  An analysis  for channels 5 and 6 shows

similar resu l t s .  Thus , it can be concluded that  the underlying surface

effects are more important  than water vapor effects in interpreting in-

formation from radiance measurements from channels 5 , 6 , and 7 .

Properly accounting for these underlying surface effects should greatly

improve the ability to remotely mea sure low level temperature profiles.

Even for s tandard lapse type profiles , Table 3 . 7 shows measured

radiances  on the average are higher  (warmer )  than  those calculated.  Al-

though surface  e f fec t s  are recognizable and consistent  for lapse profi les

they are not as s t r iking as those for ground-based  inversion or dry

adiabatic  condi t ions .  Resu l t s  us ing 12-hour forecast  temperature data

to compute  radiances show character is t ics  s imilar  but not as pronounced

as those us ing  RAOB data .
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Plots were made to show the re la t ionship  between measured

minus  calculated radiances  to corresponding individual  values of low

level a tmospheric  s tab i l i t y  for each of the seven sensor channels , see

Figs .  3 . 2 1  to 3 . 27 . All calculated radiances and temperature gradients

from 1000 to 850 mb were made from RAOB data . Successively viewing

the f igures  i l l u st r a t e s  an increasing in f luence  of surface  effects  on

informat ion contained with increasing sensor channel number . A r ela t ion—

ship even exists for both Bird s channel  1 sensor whose weight ing

function peaks at 30 mb level.  Beginning with channels 5 , 6 , and 7

where the weighting funct ions peak at 700 mb , 1000 mb , and surface

levels , respect ively ,  the difference between measured and calculated

radiance becomes h igh ly  correlated with low level temperature gradients .

The window channel  7 resul ts  in Fig . 3 .2 7  show a r ange  of mor e than

17 mW m 2 sr~~ cm in the difference between measured and calculated

radiances . Th is error due to under lying surface  effects greatly exceeds

any other error source invest igated for cloud free condi t ions.

Underlying surface temperatures contribute to outgoing radia-

t~on more s trongly than accounted for in operational practice today.

More i m p o r t a n t l y ,  the  s ign and magni tude  of the low level temperature

profile appear suitable as aids to correct for these deficiencies . This

is shown graph ica l ly  in Fig.  3 .28  where sate l l i te  retr ieved temperature

l i - I
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errors at 1000 mb levcl are plotted re l a t ive  to corresponding tempera-

ture gradients  provided by the  AFG WC 12-hour  forecast  for 850 and

1 000 mb levels . Retrieved temperatures experienced a 15°C range in

error s for the ten research profile cases . It can be seen that  retrieved

temperature errors a t  1000 mb are h igh ly  related (correlation coefficient

of 0 .912)  to forecast temperature  g rad ien t s .  In conclusion , objective

techniques can and should be developed to account  for large under-

lying surface e f f ec t s  on an operational bas i s  at AFG WC .
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4 STATISTICAL ANALYSIS

4.1 INTRODUCTION

The s tepwise regress ion or subset  regression ana lys i s  was

accomplished at Scientific Sys tems , In c . ,  under  subcontract  with the

Geo-Atmos pherics Corporat ion.

4.  2 OBJECTiVES

The obj ectives of the proj ect which relate to the statistical

analysis  problem were:

1. Compare operational sounding s of vertical temperature profiles ob-

tained from the infrared Special Sensor (SSE) package aboard the Defense

Meteorological Sate l l i te  Program (DMSP) with coincident radiosonde

observations and available forecast  and ana lys i s  f ield data .

2.  Invest igate the cause and effect  of errors in the operational soundings.

3 . Develop techniques which min imize  the vertical temperature profiling errors.

4. Perform similar  ana lys i s  for computa t ion  of thickness  between mandatory

levels.

4.3 STATISTICAL DATA BASE

4 . 3 . 1 Data Base Structure

The data base selected for use in this statistical s tudy was

obtained from the data available at the Air Force Geophysics Laboratory

(A FGL) . The data covered the Northern Hemisphere  during a two-week period
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f r om Febr uar y 14 to 28 , 1975 and contained DMSP first guess profiles ,

DMSP final temperature estimates , Navy TTPACK data , and RAOB (radiosonde ) data .

All da ta had pa ssed the tests used in the DMSP SOU&DER program and thus

were judged as “c lear column ” radlanc es.

The data on tape represented only 4% of the measured data.

This s;ived data is the data for which there is the greatest possibility

of no—cloud conditions , so that the clear—colum n radiance assumption used

in th e minimum—information solution is made as valid as possible. Each

mea surement consists of 5 individual radiance measurements per scan line

with 5 scans being made. One of these 25 measurements, which is made over

the cleare st field of view , accordi ng to the channel 4/channel 7 radiance

ratio test , is kept for use in the temperature or hei ght retrievals.

Statistical data compiled at AFCL on this data base has been

anal yzed to determine the characteristics of the observed errors. In com-

paring TTPACK vs . SSE inv ers ions , the following points should be made.

Large errors occur predominantl y ~at  thr ee pressure levels: (1) surface ,

(2) tropopa use , (3) upper stratosp here. The errors wi thin the stratosphere

(prim a r i ly  a t an d below 30 mb) ar e pri maril y negative and appear to be

correl ated with an isothermal first guess profile at these levels. Errors at

the tropopause do not appear to be related to those in the upper atmosphere .

Tropopa use errors appear to be most frequent at mid—latitude sound ings. The

mean error at all levels tracks the inversion coefficient for the 667/cm
1

channel.

In order to generate a data base , several different selection

crite ria were used . In order to minimize the effect of spatial horiz ontal

and temporal inhomogeneities , it is desirable that the DMSP soundings corres-

pond close ly in space and time with the TTPACK data. Using a threshold of

60 nautical miles and 3 hours , a total of 1067 ma tches were fou nd (563 for

the first week and 504 for the second week). A subsequent set of matches

were generated with tighter thresholds but the number of matches was signifi-

can t ly reduced . It was decided that the 1067 matches were large enough in

number to make a sta tistically significant test. At the same time , the

thresholds were felt to be. sufficientl y t igh t to m ini m iz e the e f f e c t s of
spatial and temporal inhomogeneities. Therefore , th is basic data base was

adopt ed for use in the stud y.
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One obj ect I v O  of t h i s  studs ’  was to assess the  effect of lati r ude

and z e n i t h  a n g l e  oii t h e  r eg ress ion  m o d e l s .  V a r i a t i o n s  in l a t i t u d e  strongl y

af f e et  t h e  t e m p er a t u r e  profile , w h i l e  var  t a t  ions in zen i t  Ii angle produc e

changes  in the observed spec t ra 1 rad i;inc es , even f o r  i n v a r i a n t -  tempera t lire

p r o f i l e s .

The l a t  i t i i dj s  w or e  part i t  ioned i n t o  two se ts , one f rom 0 to

4~~°N and one t rom + 5 °N to  90° N , and the  z e n i t h  angles (0) were also parti-

t ioned in to two sets , one fo r 0 O~~0 . 7  r ad ian  and one f o r  ~ 0 .7  r a d i a n .

Onl y two latitude r e g i o n s  were chosen to m a i n t a i n  as muc h s t a t i s t i c a l  sig n i f i -

cance as possible. The zt ni t l i  ang le p artition was selected to give sets

of a p p r o x i m a t e l y  equal  s i z e .  I t  i s  c u r i o u s  tha t t h e  da ta  accepted  in SOI N DER

had a r e l a t i v e l y large  number of hi gh ze n i t h ang les. This  is sugges t ive  of

an unwan ted  b i a s  in the c o m p ut a t  ions i n v o l v e d  in m a k i n g  the  c loud/no  cloud

dcc i sb n.

ih t  number c i  m a t c h e s  f o r  t h e  v a r i o u s  p a r t it i o n s  are g iven in

Table  4 . 1 .

i A~~[ .E- ~ ‘4 . 1

Numbe r of ~t at ch e s  be tween  1)~1SP and TTPACK

f o r  l .a  t i t u d o  and Zenith An g le P a r t i t i on s

Wee k 1 Week 2

Description 1 ’ 4 — 2 1  Feb.  1975 22 — 2 8  Feb. 1975

a l l  (tat . 1  56 1 506
O < A < 4 Y N  164 332
45° N < A ~ 0(l~~g 399 172
() < 0 < 0.7 rad . 303 275

o > o. 7 rad . 260 229

4.3.2 Validation of Data Base

In order to p e r f o r m  a m e a n i n g f u l  s t a t  i st  i o i l  a na ly s i s  of the

vertical temperatur e sound ing problem , it i necessary to a c q u i r e  a valid

“tr uth ” model or data set w i t h  whic h to perform comparison studies. The

most common appro ac h i s  to use r a d i o - n i  d a t  .~ , which provides relativ e ly

a c c u r a t e  si m u l t an e o u s  m e a s u r e m e n t s  ci \ r , ~n \ n O  , h u m i d i t y  and t e m p e r a t u r e

and , f r o m  g round  i r a c k  iri ~ , a I t  i t ( Id(  . t n t  o r t u n a t c l v , t h e r e  were onl y about

1 1’)

_ _ _ _ _ _ _  --—-- - - ~~,. -~~ —~~~~~~----- --



50 radiosonde—DMSP final matches using the 3 hr., 60 rim criterion . This

number is much too small for performing detailed statistical analysis.

However , these data can he used to infer the validity of the TTPACK data

for usc a-~ “truth” .

The TTPACK data are based on art analysis field and include

numerical interpolat ions between radiosondes , including the latest available

measurements , u sing Cressman weighting. In contrast , the DMSP first

guess profiles are based on forecast fields and do not include the latest

available data. Another advantage of using TTPACK data is tha t it uses a

model which partitions the ground into regions (about 20 x 20 nm) whereas

the radiosonde data arc point measurements. Since the DMSP measurements

are over regions due to the finite resolving power of the sensors , it is

more appr~ priate to use TTPACK data , if it assumed tha t the TTPACK errors

relative to the radiosonde measurements are small.

This hypothesis was tested using the data supp lied by AFGL.

The results are summarized in Table 4.2. Inspection of the data reveals

that the TTPACK profiles match the radiosonde profiles more accuratel y than

they match the DMSP fina l profiles and are more accurate than the match

between DMSP final and radiosonde profiles. On the basis of statistics

for Feb . 14 to Feb. 28, lat itude 45°N -* l5° N , TTPACK is an unbiased estimator

at most levels (perhaps excluding 1000 mb , 30 mb and 50 nih). The m s  per-

formance is %l°K at levels below 50 mh with the exce~ tion of 300 nib. This

is consistent with the fact that a RAOB is a point measurement while TTPACK

is an area average. In addition , RAOBs are generally expected to have a

.5 to l°K runs noise . Exact error assignment is impossible due to the small

number of samples. This should be contrasted with the 1~-~ guess — RAOB

errors. Large mean errors exist between 100 and 500 mb and 1000 mb (magnitud e

m~i°, ofter. 2 or 3°K). This trend is also seen in the DMSP—TTPACK

errors. The sizes of these samples are more substantial. These means should

be regarded as real. The same general trends may be seen in the data for

February 14 to 21 , latitude 62°N to 90°N .

A similar trend has been found in the height data in TTPACK-RAOB.

The mean error is 50 feet below 150 nib. Again the sample is small (10).

For levels below 250 mb the mean error is Less than 10 feet. Due to the

fact that both DMSP and TTPACK represent a spatial average , TTPACK is thus

considered to be a representative ground truth.
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4 .4 EXPERIMENTAL RESULTS
4 . 4 .1  S t a t i s t i c a l  Ana lys i s  of F i r st  Guess Tempera tures

and Radiances

The ms values and correlations between the 13 first guess

temp erature levels and the 8 ER channels are given in Table 4.3 and

the associated means and the TTPACK mean s, ~re shown in Table  4 .4 .  Note

that chann els 5 and 6 have almost identical correlations , implying

that they are almost colinear in predictor space. This suggests that

either of the channels , but not both , should be used in the retrievals.

This is itt fact presently done in SOUNDER by using only channel 5.

The m s  first guess temperatures vary from 4.1 to 20.4°C and

the m s  rad iances vary from 3.1 to 24.9 ergs. The number of high

correlati ns between the temperatures and between the radiances is

significan t and suggests that there is a great deal of redundancy in

each type of predictor data. This conclusion is verified in the results

presented in the sequel. Ihu ~ large number of cross—correlations between

temperature and radiances imp lies that there is a great deal of redundancy

between the two t ypes of predictor data as well.

As discussed earlier , the data to be used as the dependent

or “truth” set is the TTPACK data. Thus , our objective is to reduce the

discrepancies between the first guess and TTI’ACK profiles. The means and

covariances for the first guess errors (first guess — TTPACK) are given

in Tables 4.5 a—id 4.6 for the 13 TTPACI< levels. It can be seen that the

assumptions used in  the m i n i m u m  i n f o r m a t i o n  s o l u t i o n  of equa l diagonal

e lements  and zero o f f — d i a g o n a l  e l ements  is s u b j e c t  to some q u e st i o n .  Fleming
and Sm ith~

4
~
8
~ have compared the pe r fo rmance  of the “full statistical” and

the minimurn—inforn iation methods and found that the “full statistical” method

was superior. rhey attributed its superiority to the fact tha t it carries

more information about expected statistical variations and correlations

in the p r e d i c t o r  data. It was also found t ha t  the  minimum—information
accuracy  was h i ghl y s e n s i t i v e  to the accuracy of the first guess profile.

This is not surprising since the minimum—information solution will generally

be (uniform l y) close to the first guess profile.
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TABLE 4 . 4

PREDICTOR AND TTPACK MEANS-WEEK #1

r 
Temperatures Radiances

~1oafl
Le vel nib ~~~~~~~~~~~ ~ucc;s TTPACK Channel  ~emn

- 5 0 . 3  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3 30 -~ 7.1 -57.7 43.885

¶ $ 50 - c-I . 2 I 40.895

i i  l~~c) — 7 0 . 3  _ 7 1. u) 4 51.uoU

7 150 -~ 3.4 - 6 2 . 5  5 ~~ .5l4 
-

8 200 -55.5 -55.1 0 81.787

2 0  -4g .8 -48.8 7 99.341

10 300 -42 . -) -42.4 8 112.2 39

11 400 -2 -~. 2 -29 .0

12 500 -10 .0 _ 17 . 1)

13 700 — 2 . 9 —2 . 2

14 050 4. 3 5. 0

15 1000 - 10 . 1 11. 9 
-

I _~~~~~ L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

Temperatures  in

Radiances  in er~~s.

1 2 1

—4
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4 . 4 . 2  Discussion of _Inversion Methods
A series of experiments were carried out to evaluate the minimum—

information solution , using the statistical data base described in detail

in Section 4.3. The statistical analysis consisted of the following three

essential steps:

(i) 1)evelop linear regression models for predicting the

temperature profiles from the first guess profiles and the

measured spectral radiances. This provides a performance

baseline for linear models. This includes important trade-

offs involving the number and type of predictor (independent)

variables and sensitivity to parameters , such as latitude

and zenith angle .

( i i )  Develop a h y brid inversion techn ique in which the
minimum—information program is cascaded with a linear

regression model .  The regression model uses the minimum—

i n f o r m a t i o n  so lu t ion  as p a r t  of the  p red ic to r  set .

(iii) Analysis and comparison of techniques to determine information

handling capabilities of the minimum—information method and

to determine possible sources of modeling error.

The basic structure and information flow, in simplified form ,

of the  r e t r i eva l  methods  s tudied is given in F igu res  4 . 2  and 4 . 3 .

Figure 4.2 shows the information flow for either the minimum—information

or regression method . The basic inputs required are the initial forecast

f i e l d  T0 (p) and the spectral radiances ~ (v). The output T(p) is the

estimated temperature profile. The performance of the methods is evaluated

by a statistical analysis of the retrieva l error. In Figure 4.3 the informa—

tion flow for the hybrid method employing both minimum information and

regression method s is shown . The inputs to the regression model are the

spectral radiances ~(v) and the differences between the initial forecast

field T
0(p) and the minimum—information retrievals T

~~
(p). As with the

other methods , the pe r fo rmance  is analyzed by statistical analysis of the

retr ieval  errors .
The structure and information flow for height retrievals is similar

to that for temperature retrievals.
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The hybrid method was used in order to better anal yze the minimum—

information method . If the minimum—information method was a linear processor ,

then the performance of the hybrid and regression methods would be identical.

Since the minimum information method is, in fact , a nonlinear processor ,

performance comparison of the hybrid and regression method s allows the

efficiency of the nonlinear processing to be measured , at least in a

qualitative way .

The coefficients for the regression and hyb rid models were fo und

using the stepwise regression method outlined in Section 4.2.3 , using the

TTPACK data as truth.

If the set of predic tor  ( independent)  variables is denoted by the
vector x and the regression coefficients by the vector a, then the temperature

estimate T for the i-~-~ level is

= a~ x + h ,
j~ 

1 1

with b . a constant. Denoting the TTPACK temperature by TTi , the

regression error is

e . = T , - T
1 1 Ti

= a~ x + h . — T
i i Ti

The coefficients a~ , b . are found to minimize the squared errors over the
1 1

data base selected for stud y.

The temperature levels and spectral channels used in the DMSP analy-

sis are given in Table !~.7. Only 13 of the 15 standard pressure levels were

used in the analysis sinc e TTPACK for 20 mb and 70 mb were not available.

The window channel (835 cm ’) is used in the SOUNDER program to provide an

estimate of surface temperature and to aid in the cloud/no cloud decision

process. The ratio of spectral radiance in channel 4 to channel 7 is used in

determining whether cloud s are present or not. Both channel 7 and channel 8

radiances were used in the regression models.

4 . 4 . 3  S t a t i s t i c a l  Ana l y s i s  of Invers ion Methods
The errors in the first guess temperature profiles are compared

statisticall y with the errors in the minimum information retrievals in Table

4. -~~~ The mean and standard deviation s of errors are shown for both week #1

and week ~2 dat u_ I .  1 he d ata show that the first guess is biased negatively

i:~i
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TABLE 4 . 7

TEMPERATURE LEVELS AND SPECTRA L

CHANNELS USED IN DMSP ANALYSIS

Temperature co 2 
Approximate peak of

Level p (mb) —l Transmission Function (mb)
Channel v (cm )

1 11) 1 668 40

2 20
(1) 

2 67 7 60

3 30 3 695 150

4 50 4 708
(2 ) 350

5 70
(1) 5 725 700

6 100 6 747 1000

7 150 7 835~~~

8 200 8 535
(4)

9 250

10 300

11 400 H
12 500 

I
13 700 

I

14 850 
I

l~ 1000

-- -- - _ _  _ _ _ _

Notes: (1) not used in anal ys i s  (TTPACK data not a v a i l a b l e ) .

( 2) r e fe rence  frequency used in min imum-information
solution .

(3) window channel

( 4 ) water  va por chann el

I:~2

~~~~
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at nearly all levels for both week one and two . The DMSJ~ final errors at

the same levels arc significantly different: the bias at 10 mb s t ays at

about the same magnitude but reverses sign , while the biases at 30 , 50

atid 100 tab arc’ all negative (between -1.5 and -4°C) for both weeks.

Since the minimum information iterations terminate on the basis of

radiance matching criteria , this implies that colder than actual temper-

atures are required to match the measured and predicted spectral radiances.

This problem could be caused by errors in the computed transmittance

funct ions  or ~‘-r epe q atIon of tropopau se errors. Between 150 and 300 mb ,

the performance is .;ornew}u_at different. The mean first guess errors are

generally less than one degree; however , the final errors are between

plus  2 and 4 degrees. These errors could be due to compensation of the

colder trem actual estimates at higher altitudes in order to satisfy the

radiance ma tch ing  t r u _ r e s h o l d .  The data show that the rms error in the

first quess , which generally varied between 7 and 16°C , was sign ifican tly

reduced by the minimum information method above 300 mb. The rms DMSP

f i nal errors var ied bewteen 3 and 6°C. Thus , use of the spectral radiances

si g n i f i c a n t l y  reduced the va r i a t ion  from TTPACK for  pressure levels less

than 300 mb .

For pressure  levels  greater than 300 tab, the situation changes

dramatically. The mean f irst guess err ors ar e relatively small , althou gh

they ap~-~-ar n e g a t i v e l y  biased , and arc- generally less than 1°C. The mean

DMSP final errors are essentially the same . The m s  errors are reduced

generally from a range of 3 to 8°C to a range of 3 to 4°C.

- -- ——  - - - -- - —N’ --N’ N’---
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In order to test t h e  s t a t i s t i c a l  s i g n i f i c a n c e  of t iIc ’ linear

regression models, the data was partitioned into two sets. Set ~~
includes all soundings from FX:-hrIl:I rv 14 to February 21 , 1975. Set f l 2

i 1icludes all sound ncp, _I
~~- CInI E’ -Lruary , ‘ to hol -ruar y 28, 1Y75. These

two data sets were then used int - r c - !l .m t eu _ h! v as either t r a i n i n g  (dependent)

o r t es t (in depe n den t )  st~ts. In the numeric -u _ Il results to be presented ,

the  no ta t ion  a 1 b is used L I )  in d icate that t i le  regression model is derived
from set ~i a , whil e the refri -ssion model is to~~ted 011 set cb. All four

possible combinations (1 * 1, 1 2 , 2 1, 2 2) are utilized .

Th e R~-~S regression errors obt :iincd by using all 13 first guess

levels and all ei ght spectral radiances arc shown in Figs. 4.4 and 4.7 for

the four different partitions of the data time sot (1 ~l, l~ 2, 2 
11 ,

2 ‘2). Shown in each p lot is the effect of the latitude and zenith angle

part it ions. The “all - l a t a ” curves  wer e  used to determine a reasonable

and uset ul bound on accuracy of temperature rcLrieva ls. That is , it should

he poss ib le  in practic e to realize this p ert oricu _ ince , since the :emperature

retrievals are made over smoothed data. The addition of structure which nay

be added via part itioning of tile original data set (into , e.g. , latitude and

zenith angle hands) and efficient nonlinear processing would he expected

to yield better performance since the variabilit y of each of the subsets

is less than the variability of t h e original data set. It is interesting,

as will be subsequently shown , that this effec t , though present , is not

great enough to invalidate the “all data ” model as a possible temperature

inversion method . h~ vc- r al conclusions -an be made from this data.

(1) performan * - &- is almost independent of wh ich  t r a i n i n g

and tes t —u _ ct i-i were  used . This implies that both weeks have

essent ial ly the same statistical variabilit y and that regres-

sion models from either week can be used for aIcu rate tempera—

tu r&- inversion s for the other week.

(2) RNS errors for all cases tended to be higher at 100 mb , 250 mb
(near tropopause) and at 1000 mb. The increase at 100 mb could

be exp lained by the lack of  a wei ghting function which peaks

nearby. 100 mb is approximatel y midway between the peaks

at 60 mh (for the 695 cm~~ c h a n ne l )  and 150 tub ( f o r  t h e

708 cm 
I c h a n n e l ) .  The hi g her e r r o r s  u_ i t tropopa lisu arc not

-- - - 
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unexpected . [he re la t ive l y h i gh errors at 1000 mb

are pr ohu_ ib iv related to t h e errors in estimating the

su r f u _ i c  e t empe rat u_ ir e .

(3)  The c - c & - n s i t i v i t y  to l a t l t t i d c -  variations is much greater

than t hu _ c- sc-ns I tivi lv to z e n i t h  ang le  v a r i a t i o n s , esp e c i —

a l l y  at h i gh a lt i  tcid es. Regression errors are about 0.3°C

be l ow 50 mb at low latitud es and rise to between 2.2°C and

3. t t Is- higher l a t i t u d e s .

The regression coefficients for all  week P1 da ta  and all  week

#2 data are plotted in Figs. 4.8 and -~+ .9. Continuous plots are shown rather

t han j u s t  t h e  p o i n t s  in o rde r  to b e t t e r  d i s p lay  the  t r ends .  The coe f f i -

cien t s  used c o r r e sp o n d  t o  the cu _ u_ se where one f i r s t  guess t e m p e r a t u r e , at the

same level , and a l l  8 spec t ra l  ru_ id lane es v t - re  used in the i ndependen t  data

set fo r  est irnat ing c - u _ ic -h Ly e  1.

Exaniina t ion of f i gs. 4.8 and 4 . 9  r e v eal s  e nv e  r u _ I l t h i n g s .

Channels  2 , 3 and 7 c o n t r i b u t e  mos t  to the t e m p e r a t u r e  below 30 ta b .  Note

t hat the channe l  I c o e f f i c i e n t  a t  these  level s  is n e g a t i v e , i n d i c a t ing a

comp ensat ion f o r  t h e  s k i r t s  of the  t r a n s m i s s i o n  f u n c t i o n s  f o r  channels  2

and 3. The f i r s t  guesses , i n d i c a t e d  by T , do not contribute significantl y

to these estimates. Channel 4 contributes mostly to the temperature

estimates between 200 and 100 mb. Note that the channel 4 coefficient

between 50 and 150 tub is n e g a t i v e , in d i c a t in g comp en sa t ion fo r t he sk i r t s

of the  t r ansmiss ion  f u n c t i o n s  for channel l~ N o t e  tha t t he  i n i t i a l  t empera tu re

is sig n i f i c a n t  in c o m p u t i n g  t h e  100 tub c-st ilnate- . Th is may he obta in ed by t h e

f a c t  t ha t  none of the  t r a n s m is s i o n  f u n e t  ions has a peak in t h i s  ar ea , as

ment ioned  previousl y. Channel 5 cont ributes mostl y to the region between

200 and 300 mh and also compensates for the channel 6 skirts. Channel 6

contributes to temperature estimates between 50 and 150 mh and compensates

for the skirts of the transmission functions for channels 4, 5 and 7.

Channel  7 c o n t r i b u t e s  mos t l y in the  region f r o m  200 to 400 mb and a t  1000 mb ,

r e f l e c t i n g  i t s  u s e f u l n e s s  at sensing the s u r f u _ I c c - t e m p e r a t u r e .  Channel  8 ,

the water vapor channel , does not s t rong l y con t r i b u t e  to  any level but has

a weak contribution between 200 and 400 mh .

- - -- - N’ - - - - - -- - - -
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‘I ’ f i t ~ I- i- at los  I or the u_eqressi oii models y iver i  i n I - i  qs . -I .8 arid
4.9 are given in Tables 4.9 and 4.10. Only those predictor variables which

were si g n i f i c a n t  at the 5% level were re ta ined in the regressions. A zero

value indica tes  that the variable was not significant at the 5% level.

Examination of the data reveals several things. The first guess tempera-

tures are relatively insignificant above 100 rub . Between 100 tub and 300 mb

they are moderate ly  s ign i f i can t , and are very sign i f ican t  between 400 rub

and 850 tub. They are seen to be ins ign i f i can t  at 1000 mb.

Channel  1 is s i g n i f ica n t  for  temperature es t imat ion at 30 mb ,

wh ic h i s close to the weigh t ing  func t ion  peak. Channel 2 is not consistent

bu- contributes at 100, 150 and 200 nib and weakly at 1000 tub . Cha nnel  3 is

qu i te  s ign i f i can t  from 30 to 150 rub and su rp r i s ing ly  sig n i f i c a n t  at 1000 rub.

Chan nel 4 contributes only moderately at the 250 and 300 rub levels.  Channel

5 is sign i f i c a n t  at 150 tub , mostl y due to its role of compen sating fo r the

skirts of the channel  3 t ransmi t tance  func t i on . Note that channel 5 also

contributes at 1000 tub. Channel 6 contributes consistently at 50, 250, 300,

700, and 850 mb levels for both weeks. Channel 7 contributes significantly

at 10 rub but only marginally at 1000 mb , where it should be contributing the

most. However , Channel 7 contr ibutes  very sig n i f i c a n t l y  in the interval

between 250 and 400 tub. Channel 8 (the water vapor channel) is seen to be

r e l a t i v e l y  i n s ign i f i c a n t  for  use in tempera ture  estimation at any level.

‘ - 4 3~~ Sen~~i t j v j t y  to  T raj n i i i~ and  Tes t  Set Data

The o f f ~~ct of us ing  d i f f e r - -nt traifl ifl rl 111 (1 test Sets on regression

performance was ev a l u a t e d  to d i ot e r m in - the s t a t i s t i ca l  st qn i f icance  and

~(rl-5ic tivc power of the regression models. The r & -nutts are summarized in

I’ u_~~~~. -1.10. All four possible combinations of training and test sets (l -~l ,

l - d , 2~~l , d ’ d )  were used . When the t r a i n i n g  and t -st  sets were ident ica~.,

the russ errors  wore genera l l y less than 2°C . However , the errors  at 100

nib and 250 nib were s l i gh t l y  larger , about 2 . 5°C. The largest errors occurrec~
at  1000 mb. and were about 3 .5 °C.  Note that both curves are a l tu _ os t  ident ical ,

indica t ing  that 1 1 , 1  a the week I and week 2 data ro t s  have the same statistice.l

1 i:~
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TABLE 4 9

F RATIOS FOR RE GRESSION lIODEL - REEK 3~l

• Use onl y one first gues.s temperature at each level .
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TABLE 4 .10

F RATIOS FOR RE GRESSI ON MODE L - WEEK ~ 2

Channe l

i~~~e ii T 3 ~_ _  

~~~~~~~~ 

-

~~~~~~~~ 

-

- 1 is~ 12.8 9.1 41.6 13.1 88.8 0. 15.7 61.2 0.

- H-~°~3 ~o ( 8.2 103.4 77. 3 ~5.8 7.5 0. 0. 34.7 0.

- 
-~ 5o~ 98.0 71.2 18.4 302.3 14. 3 - 4 4 . 5  47.8 16.9 8.4

1- 100~ 513.8 0. 64.6 61 .5 0. 0. 0. 14.6

7 J 5UT 177.2 5.’ 20.7 150.s 0. 130 .9 0. 84.7 0.

5 .150 303.8 0. ( i !. -, 5(1 .1 0. 0. 0. 0. 0.

a p 5~~ 272.9 10. 5 3~~• O 13.8 47.3 2 0 . 2  66.1 93 .7  16.6

10 
~ ° : 355 .7 15 .2 ~ ‘.I 0. 109.6 2 7 . 6  101.5 110.8 5 2 . 5

ii -4 ‘ ‘-1515.7 I 0. 0. 28.1 30.8 11.7 28.7 37.1 20.1

- 1. 50o~ 900.1 1’ . . 24 .~ 30.1  6 3 . 3  0. 8 . 7 30.5 0.

- I I  - 7 u _ ’0~ 1 1 3 i .0 13.9 21 .8 13 .5 ( i . 0 . 52 .4 0. 0.

i - I  o s o - 1 2 1 4 . 0  0. 0. 0. 0 . 0. 41.3 0. 0.

1 ’  1000- 0 0. ~P . 5 92.1 0. 28.1 7.7 63.6 0.

use on ly  one f i r s t  gu e , s  t e m p e r at u r e  at  each  l ev e l .
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variahil it v. When dii i-rent tr .i ining -md tes t  sets were used , the

e r ro r s  were si igist l v  de p e nd e d . The max imum d e g r a d a t i o n  in rms value

is 0.6 ° C; h o w ev e r  th e  ~tt -g r ,i Lit ion  is  g e n e r a l l y less than  0 .4° c .  The

shape ot  those  ~- u _ t r ~ - e~ is si m i  l u _ s r  t o  t h a t  of t 1,~’ f i r s t  two . The con clu—

s ions t o  he 0 rawis t COIS  t h e r e  r e s u l t s  are

~l)  Bu t t s wet-k 1 and week 2 data sets .ir e l a rge  enoug h to

be s t a t i s t i c a l ly  sig n i f i c a n t .  Tha t is , e i ther  one can

fer n the bin s for develop ing a valid regression model.
( 2 )  E i t h e r  of t h e  r egr ess ion  models may be used fo r  accu r a te

t e m p e r a t u r e  r e t r i e v a l s  fo r  the  o the r  week.

-‘~~. 6 .3 . 2  C~~~p a ri s on  of Re t ri eval Methods

A ser i es  of c o m p r e h e n s i v e  t e s t s  were made on the minimum—inf orma-

t ion , regression and h\-hrid methods discussed earlier (cf. Section 4.4.2)~

The methods tested were :

( a)  m i n i m u m — i n f o r m a t i o n .

(b) r* -g rt -srien method , using the  e n t i r e  f i r s t  guess tempera ture

p r o t  lie i n  the  p r e d i c t or  se t .

(c) r eg r ess ion  method , us ing onl y the f i r s t  guess temperature
at  t he it - v c i  of i n ter e s t  in the predictor set.

(d )  hy b r i d  metr hod , using the entire f i r s t  guess t emperature

p r o f i le in t he  predic tor  se t .

The r e s u l t s  of  these  t e s t s  are summarized in Figs. 4.11—4.32 , in

w h i c h  the  r & - t r i e v , I  - r u _ e r a  in ° C :irc p l o t t e d  t o t -  ii I. d a t i u _ l i l t 1  the  two

l a t i t u d e  and z e n i t h  a n g l e  p a r t i t i o n s .  The most  s i g n i f i c a n t  resul ts  may be

su mm a r i zed  as f o l l o w s :

(1) The m i n i m u m — i n f o r m a t i o n  retrievals are u n i f o r m l y worse than

t he o t h e r  t h ree  m e t h o d s  when t h e  r e g re s s i o n  and t e s t s  are i d e n t ic a l , wi th

the excep t ion  o t  t h e  P .1 - a r e  o r  
~ ~~

4 5 ” at 250 nib.

( 2 )  M o r e  s i g n i i i e u _ i i r t l v , the  minimum—information retrievals are

u n i l o r r n l v  worse t h an  the other methods when different training and test

se ts  are used , w i t h  the  e x c e p t i o n  ~f the case y > 45° near 300 tub.  The

p e r f o r m a n c e  d e g r a d a t i o n  is q u i t e  severe in many cases,  especially above

100 rub , where  i t  ranges  u _ s - n e r - s l l y  f r o m  2 °C to 6 ° C . Tir e d eg rada t i on  for

p ressures  bolow 100 ru b are g e n e r a l l y  about 1°C .

1 - I T
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(3) The full ri-gr i-sni on method , using t ine entire fi rst

guess profile (all 1’ ), is uniformly better than the other methods.

This result is not un ex p e ( - ted when the train i rig and t i- -it ~~ i t s ar t -  i d i - n t  i ca l

However , t h i s  r e s n i l  t ho lds  a l so  f o r  t i n e  caseS when t i n t  t r u _ I i n i n g  and

test se t S  u _ I re  di Ifcre:it . The ru_ u _ i s e r r o r s  were generaliv u _ i b o u t  l° C u _ t i v
SQ rub , b e t  w e t - n i  2 and 3~~n - j t  100 mb and 25 1) : 5  i i i d  0~- i  we t -n  1 and 2° - k -‘ low
300 nib. E r r o r u _ - w e r t - , ni n w e v e r  , s o r n c w I u _~~t l ar g e r  a t  1000 nib , as l u _ i~~li as 5°C.

This  is anna rent  ly Out ’ to t h e wa-. in w h i c h  t i n e  cl ea r— n -e l unni nu_ 5-~~nii rt - n i u _ t - f l t  s

u_ ire nicked . M e : n n - i i r i - r : u _ e n t s  maw be made i- ye n  when c loud cover is p r e s e n t .

(4) Tire eff ect of el j u _ in i nn u _ i t t u g  a l l  h u t  one f i r s t  g n i e s s  t emp t  r i —

tiire l ev i - i has l i t t l e  t-ifen -t , pi- ine ru _ ni ly 0.2°c or less. There w a r t -  nt-vc r nl

cast-n I cr w h i c h  i - u j u _ n c v  vu_ i s s i g n i f i c a n t ly  U - g r u _ i d e d  — up to 1.5 °C - i t  100 nib
( 2 - p  2 , al l d a t a ) .

5) I’e r l n n i j n s  t he  most  su rp r  m t  I ng result is tha t the t I e r  t o r r u _ n u _ i m -e

o n  t i n e  h v h r  j d  es t hod , denoted ‘‘r u i n  0 : n u u _ n —  in ro fl u _ u _ u _ it ion r i -ii u n i n i  s’ was un j f o rm lv

worse tlu _ a n the regression method . The implication of t his is that the

minimum—inf orni t ion m ethod is noni m e t r i c  processing the data in a non—

O n ) t l t f l u n 3  manl ier. It ippi-ars that information is somehow lost ii. t he  ~~i Ii i lu _ lU13

i n f o rma t ion  so lu t  t o n .  As discussed pr *u_ v joins ly , ii the nonlinear processing

wan e f f i c i e n t , t i r e  h y b r i d  method wou ld  be ex p i c ted to achieve the best

perfor m u_ inc e. The degradation of the hybrid method is quite striking in some

cases — o f ten  u_ is high as I C  and even reaching 2°C .

It should he noted that the n t ;  e r r o r s  for the hybrid solution

—sri ’ qu i t i  sons i t  l v i -  t o  ze ni th  mg i t- above 200 oh , i~’ l iii s i 1)11 iii C u t

degradat  ion f r o n >  t i re  opt  ima l (regression ) ri-stilts appn -u _ n ring at largt- corn i th

ang les , hu t  l i t t l e  d t - g r n i d r t i o n  it low zenith ang l e s .  S i n c e  t h e  u _ u _ i - n  i t i l i

1115 10 CoflnpUtat lens a ri significant on I Y t or high val ties , this i n u _ ip 1 i t hi n t

tiK- zenith ang le proces s i n n g  in t h e  m i n i m u m — i n f o r m a t  ion n e t  is degrad ing

t he c o n t e n t  of t he  d a t a .  F u r t h e r , si nce t i n e  h yb r i d  and  m i n i n u t m — l n f n n n u _ , u _ l t  ion
p t - r f o r m a n c t -  is q u i t  * - s i m il a r  in t h i s  r eg i on  at 0 > 0 . 7 . nninimu ni—in feru_ ;iatio n

appears to be do ing  a good j o b  of l i n e a r  1 u _ i t u _ n  pioceu _ - n si ng . Thus , liii

imp l i c a t i o n  i s  t h a t  t h e  i n f o r m a t i o n  is  b e i n g  lost in the  n o n l i ne a r  p r o c e s s i n g .

Et  is p o s s i b le  t h a t  p r o g r a m  m o d i f i c a t i o n s  to e l i m i n a t e  the zenith angle pro-

cess ing won 10 , - n i l n i n r r t -  i i -  ruin imum— in form at in n  so lu t  l o i n  pet-fornnance

* 5 j  i g li t except ions such as f o r  t i n e  t-a Sc  y ~ 4 5” , 1 1 ao 150 rub can he
att r ibu te d  to  Is -  st ep w i s e  r e g r t - s s ion  met hod and the  wai ’ v ar i a b l -s are
SC I ec ted

- - ~~~~~~~~~~~~~~~~~~~~~~~~ —N’- - - - ~~~~~~~~~~~~~~~~~~~~
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(o ) The m i n i m u m — infor unat ion runs t- rrot- s are si gnifican t ly I u_ i rgt r

nip to h ”~~ , , i- c v - I O U  m b it h i g h  l a t i t ’ i i b - s  t h a n  u _ it l o w  l a t i t u d e s .  T h i n  m a y

lu i r ~ t i h i r t ~~d to  t ir e  l a r g e r  v u _ n r i i t  i_ on in t i - n ip i r a t u re p r o f i l e s  a t  h i g h  l a t i —

t ud en-n , the Cut- r i- nat O v i r i - i b i  l i t y  i n n  t i ne  v -t -nsurements due to cloud p r e sence

~ininl I lie l i e t l i od in whi t - h t (it - first g n I t - :-n i p r o i i l t -  is comput eil l o t  i1’.t L i

u _ I t. - ’ - - 10 ml! ’ ar id  l i t  i t u d ~-n > n n ) °~~ o n l y  t s-o g i l t -sn profiles are used , a l i t -

ton Siir : t n t  on , - ~or wi Inter.

7 )  The  mini innnn tn n— i n C  o n - m u _ a t  i o n  i - n f l ’  i ii ~n n~t- ri l u_ it I vt- I v indepennien 1.

of  z en i  t in a n g l e , a l t  h o n i g h he’.- art sonn - w ’ l n u _ t t  l u _ i  r- gi -r hetwt -- nn 50 tu_ b and 200 nib

i o n  0 < 0. nad i n:n .

( 5 )  u _ i i  n o n  n S ~ , u _ l  1 !:;:: - i n  - c i v  : - ru_i s-shun w it Ii tot ~tude .

Si l ty 4t °~ -ru i~~ — v ~ Sd nib c i r n ; n i a ll  l~~~a 0 .5  K) rut inu _ - :r n a~-e

to fl- lw- - n  S c° iu _ ~l 3°K iL Lt ) U i t.  -~ i . -’ .- - d~~°u tnt errors nn~~ qt -n~- r n ~~1y

be u _ - ~- n - u _ i  ~~~
° ans i  i °K n t  a l l  h - v i - l ; u _ . Tao i n u _ c r e a s- i l  -n or u L  100 nib ~i t m n - s

Iji i t  u _ ; ; a  - is ui I-o u_ 1-; - Is - .- Lo the - :untscru _ n t r u _ a t S i n  of - :~~ . -

~- r n n f i i e ~~, w~i tchi i n - - s  i ’ - O n u _ f i c ul t fl obtain -u ;t  i s.  ~ n~ S i n u _  the ~ idd1t.- of

t n l : ; f l l L t  ~ann -n t Su _ u _ c t t o r n  j - ’ ak a .

(9) The ri - g r t -n :siofl errors ire insensitive t o  C l iinngt-s in

z e n i t h  ang le .  The r e s u l t s  o h t n i n o t i  u s i n g :  ~l )  a l l  d a ta , (2) 0 0.7

and (3)  5 “ 0./ a r t - a l m o s t  id ~- u _ ; t i c u _ i i iii i l l  f o u r  c a s t - s .  S i n c e  the  :~- i n i t h

ang le  w a s  n ot  i ic I n n d e d  i n  t i ne  r i - g r i n s  ion nno del  , this imp I icr an t - s u _ n e n l  t i al

indep t -r rd t - n r e  of t l i t  in  I - i :~~ u t ion vi t in  r t - sp o t  t t o  ct -n i i t  h i ; n  -~ l e  . I i n n s  t i r e

z e n i t h  a n g h t - dot -s no t  a p j e n r  t o  u _ n r r y  i n f n t r n n n a t ion r e l evan t  to th e  p r~ n 51  eu_c

o f tempo n - i t  t i r e  soun d ing - 71 ; is a Iso imp i ion t lu _ i t  the :en n i t  h a n g l e  n i n u _ i l n u lni t ions

in S 0 i N i ) C R  may  not he required . u_ il t hough a fl u _ i r t -  ci r e f ni I s t u d y  ot  t ine i n t e r —

i t  ion  he twi t-n 17 and other inti-roal program i - a r  t a b l e s  wou ld  irave to  be made

to cornoboru _ ite this conclusion.
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Figure 4.16 Temperature Inversion Error
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4 4 3 3  ? re s s ur e - L ei ~~h L  ~versio :~
I nversii ’ns ~.- u -  ‘ - r f o r m e d  usi :u / - , p u - .- ssuur&- —l n e i~~l u t  , 1 l (  u _ u  for

week ~ l — The dat .u ~~~ i d o u n t  i , - u1 to thu _ it uis.-cl for - t o n u p e r a t u i r o  j n v . - u u , i l ’ u u _ u _ ; _

The r -esu l t s  ol  i ’ e r f o r n ’ u t n n i - , st  t j l W l s t  r . - or e s s i o n i s  ‘nn t h e d a t a , u si n _ n~ a l l  n i r st

guess tempe r n t u i r . - -~ and spei - t  r u _ u i  ra~( i ances  in  ti n e pr i-d ietor - set , jr .- shown in

Tabl e  4 11.

4 4 . 3 4 co a r i s on o f Te~~j~~~~a t ur e . B r igh t n ess T u n ip c r a tu r e

ant i  he I H _ n o  m y e rs  ions

Li neu r r .-i~ression tnnodels u_ en _-re also _n~ - r rn _ - r i t ed b r  brightness

tempera tures  and I Our pn - n _ u _ s su r e  h e i g h t  data. Th~ b r i  g h / t n _ n~-ss temper -nture

inversi oti s were o b t u _ n  inn _ -U by first converting tin e first gu es s  and TTPACK

profiles to br (g h n i n ess  ~ n _ - u _ u _ u _ p e r a /  tire viu _ n P l a n ek ’  s equation and then  d e v e l o p i n g

models  to minimize tine mean squared  er r o r s  b e t w e e n  t h e m , u s i n g  t i t t - brightness

t e m p e r a t n u r o s  and spi - i-t ru_i l r u _ id i a nn n _-eu-n u_ u s pr od  ictors - i h e  r e t r i ev e d  b r i g h t n e s s

t e m p e r a t u r e s  w e r e  t heni ana I v oed . l in e j i r eu_-i s ii n o —  ne  1 gIn t n_ ia I i  //Sen _ I cor responded

e~~u_ ic t ly  to t i _ ne  OdsiS used 1 ‘n n_ - r n p e r a t u r e  i nve rsions. An i n _ nt er~ - o mp a r i  -/00

o f t h e  three t vp es ,‘! n e t  r i eva  I errors was made u s i ng  the  pn _ - rn _ - on n. agi- of

total var li t ion n_ -xp lu _ t I n n _ - n_ I , ~u~1 l i s t e d  or t h e  n u m b e r  o I d e g n n _ - n _ - s  of  i r e n _ i u _

The results -ire shown in Tab le 4.12. L u n n _ - t h ree t yp e s  of predict anids sh own

u_ire

(1) i n _ - r u _ p n _- rat ure (°C)

( 2 )  b r i g l i t n n _ - n s  t e m p i - r u _ u t u r e  ( e r g s )  , o b t a i n e d  b y c o n v e r t i n g

tetni per u_ itui res to equivalent ru _ u n _ l i u _ _ nfln _~c5 v iu _ u

I’I aunn _~ k 
‘ n eq uat  ion

( 3 )  lun _ -ight s (ft)

The ru - u _ u _ n it -~ on t i. -  - - u _ s n i -n - u t ur ,-- u n i t  in i ’ nu _ u _ Lu _ n , ’ s s t~ - n , iu _ -n _ r a t u _ n n  c u _  d l- n_ 0 / r u _ t i

sIn - u _ u i n and shu.nw u u _ u _ u _ - u _ c k , -- j  l. - ’ ; i - n ~~u _ j t j ’ i :  i n  n i u _ , l  trop opauu_u_n_- (2uu _ - mh) - F l u .

- i n h t  ~- n u - - t  i - t - i n / l i  - u _ u _ i,, -w no - S - - u _ t  i j u t  a t  t hi S i -v. - ~l S i  r n n _ e  I her ’ i n I t o

nO in n - I i u _ n - , u n _ n ’ i n n  r t v n i l ol - u
~~” tinc s , I  u_ ‘ - I , ’ r I - - i u _ u _~ -n - ‘ , n n - - t t n / i l  “ i i o u _ n u _  0.

TO. - ~~ r , - - i j u - t . i r : - ( -  u - x i - l a i r n  - _ n~~- u _ - id of / i t ’ -  V i n i , _ n 1 . u _ - e  l ’e~~ wu - o : .  100 ri

i r t i  h I _ n ,  mh , wu _~~u_ le i u _ .~ .-m~ - i  ~~t u l e  1 - r o d i c t - - I s nc -n - r illy expl ain hot w i -

- ‘ i n - i  5. - i n _ n i.~- - in _ /u rn _ - q n sn/ , n_ x i s - l u  i o u .  I r o ; - op u u n s o  wi_n -r u - r u _ n . -  vain.

d r o i- s  t o  il ~ - u _ u _  7p 0 - 0 - / - , no w - v  r , l i t  I- :~ I - s h e n , i h I u _ -  an ti s i - i - l , n c  u iu _ n _ -

t . - r n n en i t l l u . -  v.u lu .’s  l u - l o w  700 mb . This  i s  r o L u l ’ l v  I i i .  to t i_ne di- - i n _ j u n _I

u _ n r - - .- rt am n ty us heiqht , or t hu - kn i - -ss , I i o u _ - F  ‘ j u t - s _ n )-re fu 1. - n n / e a r  t in e  earth.
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TABLE 4.11

REGRESSION ANALYSIS FOR HEIGHTS - WEEK #1

rms errors  in f t .

Level p (mb) all A <45 ~ X> 45°  0 < 0 .7 °  0> 0 . 7 °
data

6 100 164 157 165 171 157

7 150 155 14 9 164 155 139

8 200 144 125 160 165 148

9 250 139 122 170 152 128

10 300 144 113 174 150 130

11 400 131 96 170 13 119

12 500 114 85 159 118 106

13 7 00 62 116 87 80

14 850 72 48 99 73 67

15 1000 62 46 86 62 63

_ _ _ _  ___-__

~~~~~~

--

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

-

~~~~~~ 

_ _  ~~~~~~~~~~—-- -~~~~~~~~~~~~~~~ -~~~~~~~~~

I 7:1
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TABLE 4 . 1 2
Percen tage  of V a r i at i o n  Exp la ined  (R ~~) fo r  l o n u _ p e r a t u r e ,

Bri ghtness TernDerature and Height Inversions
Al l  D~ ta - Week 1

Levi - i  p(mb ) 
— - - - - —~~ — - — -  - -

- 
I n_ - r u _ p c  r u t  sri’ On gu t  tess H e i g h t

fcmp ernture

H

6 100 .96 1) .967 .99 1

7 150 .o i: .93i -

8 200 .7L1 702 •05)

9 250 .913 .915

10 300 .959 
- 

965 .993

11 400 - . 9 _n~2 .‘)u_~3 .992

12 500 .9 85 .985 (Old

13 701) . Y u _- ’ 4 . 5 _n-i S . 984

14 850 .981 . 9K0 . 96K

15 1000 .975 - . 92 9

17 -1
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4 4 .  4 Regress ion C o e f f i c i e n t s

The regression coefficients for both week 1 and week 2 models are

given here. The models selected for disp lay utilize only the first ‘uess

t empera tu re  at the  level being r e t r i eved  (the 1 T case) ,  since these gave

essentiall y the same performance as using the full profile . Thus the predictor

set , before stepwise regression contained a single first guess temperature (in

degrees C) and eight spectral radiances (in ergs). The regression equation for
th

the 1— level is

K
T =c. T +~~ ~ r + ‘ y
I 11 01 — ik k I

I = 1,2 ,l3

wit h _ n T ., I .,  y. measured in °C and r measured in ergs/(cm
2

sec- ster-cm 1
).

1 oi i k
The coefficients oi-tained using all data are displayed in Tables 4.13 and 4.14

for all 13 temperature levels. It is interesting that the regression models

are somewhat different for the two weeks although the sanne general trends are

present , as would be expected . The fact that both models yield quite accurate

retrievals for either week indicates that further reduction in the number of

predictors is probably possible with very little loss of retrieval accuracy.

Further work needs to be done in the area of model reduction. Possible

methods which should be explored include the statistical eigenvector method and

the use of coefficient shrinking techniques such as ridge regression and Stein ’s

method (see, e.g. Dempster , et al.

17:.
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5 (:()N (~Lus 1oNs

00 t b ’  u-~V e r a ; ’ ’ , C lU1 -mfl C /’-5 u _ u _ , ,- , i S U ruu _ /b - it - i l l  l O t I t s u _ 1 u .n_ - O R b  lonqitud - .~

for Bird 85 3 1 cu _ o r r - - u_ n _ pUn s c lo se l y  w i t h t hose  fr -  / 1 1  Pu I / j 5 3 2 .

Radici ,- ,ces n uu - ,~ u_ - rec ~~ a l l  B t s  d 5 J l  O u u _ s f l f l C l S , - X4i u _d 4, -iru

grea t1  r ( i - ~~! b i u r) t : se_ n  ‘ 1050 t r a m  Bird ~J5 -3 2 .

3 - i iter i-a u s e d  t - in s  u~~t -  cl- _ a r c o l u m n  v i e - N ing dv u i sc r  ~m i _ icn _ i t i i~~~;

ala InSt low c i c _ n u a s  m d  n ot  su r t a c 4 - s  ( C L D D I F  or: ; HOTSF) are ~ar

u _ u _ u _ Ic r ( - s t r b c t i v ( -  in l - ’ - : n _ i y ’ s op u_ r O i o ns  i i  .-~F ~~V I I  
~~. R e s u l t s  S I _ n U W

tn i t  the r c -s  cot  S O U N D E R  ac ce pt s  on l y  ~/-1 is t o m  c a s e s  :sr

cor u _ . u_ u _ l e t I I I  ~r u~~i pr of  i - s i L b  ru _ u _ c -  ‘)75 r -  c :o u _ h do

set .  In f ac t , ou t  -of 1 0 cu_a sc-s - v n _ t u _ /  l u  or 1~ 
-

- / i n c i c b e ’ f l t  S , m t n _  lu te u _ i O u _ I

RAOB souncungs  only  one c-~se coui-:I ye r u t r :u T v c- d u s i n g  c-r e - s en t —

day  c r i t e r i i .  t’-~ smny ot the mos t  s iq : - i f i c a nt c u_ c

t N -  c - r - 1 t u 4 - u _  pr-c-- t i l e s  u _ In n e in g  c l i c u _ u : n _ _ n t e - i .

-~ . Signal to n o i se -  r a t i u _ u _  j n o  t n e  e p s i l o n  va lue  (~~N 0 I S  and EP S) ar u_

used  to c u _ u _ n t r , 1  convergence  4 / ) t  a s o l u t i o n  and  to m o n i t o r  th-

m a x i mu m  , : i f f u u _ r e n c e  m l 1 o ~-~ o h l c - u et -~veen i i l c u _ c I u _ _ n t e d  100

r a d ian c e  f r u _ r u _ ru _ 1 a n y  c h a n n e l .  W in e  v ar i a t i o n s  in SNOIS doe: EPS

prooucc-d lOS ig n i f i c .  m t  d i f f e r e n ce s  in t he  re t r i eved  t e m ; u_ - e r a t u r e

I / r u _ ) i i l c  . The I - i / u _ l t i o n a l  C o r n i ’ u t u - t  t in _ n e r equ i r ed  to - u  t o n  convergence

of a solution was not w a r r a n t u - n _ I dv t he  use of the more r e s t r i e t u v e

- u _ f  SNOIS a o l  UPS .

70
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5. Var i at i o n s  in the wate r  v ap or  profi le produce i n s i g n i f i c : u _ m n t  t f e e t u _ u _

U!: 1 u  -t n i e v u d t i ’ n i t ’ u r , i tu r e s  in h igh  latitudu - s but  become doni inan t

fu_ ir  n i h  — lo Lii U ’ Ic / 1,1 t r o p i c a l  rep ions . Err or s  due to water  vapor

e f f ec t s  arc mos t  u _ C -  ~Il - -U Fu _ CC /l or_ n 850 i n n _ I  700 mb r et r i ev e d  t e n s / u  a—

t u r e s .

6. Un-aer l ~ i ng s u r f a c - . C t f u ~CtS i n f luence  the mea sured  r a suances  , i t  a l l

ch an nels  , even I u _ u _ c / s e  wh ose iv’ i c ; h t ~ u_ c :  t u _ u _ nc t ions  are near zero at

the surf~m ce . ~~~~~~~~~~~~~~ fot t he u n d e r l y i n c  s- j r f o cc ’  e f f e c t s  is more

iii; - - o r t a n t  l u _ u _ - On ~v i t e r  \-‘n_ i i-un effects in to1 - m i d — a n n  n i g h — l a t i t u d e s .

The t ’ pe m n -i - s t e -n c  it - s  of t oe  cur : ic effects are highly u ep cn n e nt

upon the 1 e v  l u - v c l  ai r  t e m p e - r e i t u r u  - p r o f i l e .  I n :uct  , a good correla-

t ion (0 .  9 1 ~) ex i st s  Ic -t i vee n  flu : ion_v i/ ’vcl air  tern -cerature gr,a - l i u l u t

der ived t ru _ - u _ u _ j t h e  fore -cas t  data and the retrieved tern perature errors

at 1000 : i u _ : ’  l e v e l  . i t  1 i ’ u _  S n _ _ n t  u_~ t h~_ n t S i n _ j n i f i j n t  improvemen t s  in

retr i evu _ n I of 1000 cO air  tu _ ’ f l _ n I - / - I _ n t U t u S m r ill i i : u _ u t u _ i e - .

7 . De ta i led s t - i t i s t i c a l  a n a ly s i s  of Di~~S F n u i n i r n u r n — i n f c l r n u _ a t i o o  re —

t J j I ’ V , _ n t u _  I _ n - iS h i s - n  m a n _ h i -  u s i ng  i\ FG L ib u1~ i :n u n u _  Fcu_bruarv 14—28 , 1975 ,

wi th  TTFA .; K data  u_s-u -a as t n u _ u _  In -

8 . A series of l ir _ ne ur regress ion models  wer e  u te t -el oped  u s i n - ; forward

st epwisc  r e - ru — s:-;ion on TTPack i , it o  m s the t ru th  mo d’! - F i r st guess

t u - m u _ - ( - r _ n t / I n u - s  10, 1 spectra l rm u_ da nccs fr u /bU eight _
~M SP SSC c i _ n o n n u -I s

- used in the o n d  d o n  set .
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d . Rn _ - n _ : r n _  s si o n  nn _ ’t l su o  y l e l u _ I s  s j n _ t f l l f i C , i I _ n t l v  1 / / i v n _ -r b b , e i I /  n _ h u b  i b i b S  u I I u _  r~

t i_ nan i O u  b b i i b t i ! b i i i b ! b  u _ b / - u_ -C  t u _ b i t i u m  t u - u : u _ u : u j u _ I n _ l u - , /\u cr tIuc e b u t i l C N u _ u _ j t b / C - i fl

H c c u u u _ p r u n _ -r e  i / / s  a t  - i ll ;ceni th a r u u _ ; l n _  u_-  .

10 . ~ 1 i n i c u _ n u _ u _ r — i n f -~ r : : u , i t i u t u  n u _ u c t i t o d  i l - h - u - ir s  tu _~i u _ d’ - ; r - s i e  i n f - ’r u _ i m t i u _ n d u n n - :

s - o l i n ’  in p r n _ ’cn_ s s ib i g  n_~f i n p u t  c i t  - ( .g . , t e n t 1 u n / L I n e  de’~ u_ e im d e n e c

- ‘c i t ’ i v p - - u _ n  t C o : u _ s r b / I I t  T h Ou ’ , u _ ’ P  U l b _ n U I f l u _ t t i 1 b u C f n u :u c t i o n  s~ ~u_ cii d eticc

n _ t 1  . u  I _ n / t I _ n - i i ~’- t i e )  -

I i . ~- : -f l i t b l  ing lu c I n _ u S S  c u t  l i u i ’ u 0 LI i -c .i s i - t u _ u _ i i i c~~u 1 t  ; - n e e i i C l - r .

1_ i . It pu _ p en _ i r s  l u _ u _ i t  S i f l b i ) l L  r e g r n _  s I - :  u _ nc u d c - lu _ n _  m y  ice f i t t eu  on w e e - c l - 1:

u _ i it ~~ i s n _ l  u _ i c e - c  - -n is - si ltC t u  i b p e r - o t n r  F - . t : i e v a l s  f u r  t he  t o l l O W i b _ n e ;

wec-~c . T h i s I C I _ n 3 l i n _  S l u _ it L e  u _ I n _ _ n t - i  ~icc -  - t~~i b u _ e n _ :  e n c u u q h  s t i ’Jstuc il

va i i - i t i o ; _ n  t- ~ \ ‘ie l n _ i  - I i t i ~ , i  i c i Uy  S i ; b i l l i n _ u _ j b i t  results. ~~u rc  i tu _ u _ :-n_ > r li nt l y ,

t u _ l u  r e su l ts  i b u n _ ; i n _ /tc t o  the - - u _ n e s s  n _ e u _ b _ n  m c u _ u _ :c l s  m i c o t  DC u s c . i

C u _ u _ - i  i t i -  - u _ u _ il ly  i i  t - - : n p e r  i t ~ : ru _  r e t r i e v a l s .

I Itt )



u t  RECOM MEN DATIONS

1. The acceptance criteria to distinquish between cloudy or hot su r faces ,

CLDDI F and  HOT S I C , m C u_ i  to he- r e v i e w s/ b  : o c~_ n u s e u n d e r l y i n g  s u r f a c e

effec ts appear to be causing vertical sounding s to be discarded for

lo u _ v n a d i r  ai o;les and f u _ n  the  m u s t  s i g n i f i c a n t  types  of meteoro log ica l

p ro f i l e s

2 . Underlying s u r t _ n c e  t u f t e C t s  m u st be d u _ - f i n ~’u_ l - m n ~ incorpora ted  h -fore

sic n i t i c a n t  a n a l y ti c a l  or s t a t i s t i c a l  o h - u  - r , i t i / nn _ a l improvemen t s  can be

CX~ - u t 2t45I in i n - 1, - s a t e l lit e  t e n i p u - n i t c u _ r e  r e t r I ev a l  r u _ s i r  t oe  earth s su r f a c n _ - .

3. A s t uj v  should  be ou _ - r r o r n n e n _ h  u s in g  the  ALL RADIANCE data to inve st i-

gat e  c lou t e f f e c t s  ano ru - u _ l c i c e  t h e i r  u_ ’ f fec i on t e m p e r a t u r e  ln \ u / - r s i o n

errors .

4. The i - ff cc t u_ u_ of sensor ~ en t e  r f r equ e n cy  sh U s , water vapor uncertain—

t i e s , mo d t r an smis s ion  func t ion  v ar i a t i o n s  needs to be tn u_ ro uco i y

studied .

5. GAO ’ s Research version of S O U N D E R  is an e f f e c t i v e  t ool  t h a t  s h o ul i -:

be used to d e f i n e  c u _ o r e  precis e -ly t oe  e f f u - c t s  u _ u n  and  i n _ n  p r u _ _ n v u ’ments  to

Ui-: AFG WC :u_per,itional version lu _ c r r e t r i ev i n g  t e m p e ra t u r e  prof i les  from

D MS P .

6. Use of s ta t i s t i c a l l y — b a s e d  models  shou ld  h i s  l f l v e S t i q _ n t C / i  f u r t h e r  for

other  seasons and w i t h  lar ger  d a t - i  b~i s i ’ .

I I



7 . TI _ nc  c tt e c t  or  . 0 - 0 1 1 1 /  i n - t I c  Oil t u _ u _ O h~e i i t u _ b n e  Inv en u_ ioi_n should be-

t ; u _~ u _ ru _~~u - u _ u _ i l y l n v e : u _ t i g / r (  u _ b  •

8 . d i scs u_~~1i t h i s  s tu :y , u _ i t  u t i s t i c a l  n — ~ d e l u _ n _  sho ld he strongl y con—

u _ - i dc r cu _ :  t o  i f l b l ’ l e r r i n _ n b t n _ i t b , b n_i t -\i~~ t \ C .

9 - [‘l u _ c  u _ u s c  of i -  h n _ h u t i ~u _ ; _n u 1  n _ b u i t i  , such n _ u~ - - - u _  I n _~i u _ u _ c a v e , i O u _ b  Se l  S ur f ic~

t e f l u _ b 0 i a t U n u -s s b n u _ u ld  i n -  c u c ; _ n s i u _ I e r n _- n_ n l u _ -F toe  t u o b u _ h e r a t u r e  invers ion

~n n -  le i t t .

- _ ____—N’- --- —-- .- -N’— - _ -— - - _ - - - - -- -- - - 
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