
AD—AOl” 772 METEOROLOGY INTERNATIONAL INC MONtEREY CALIF FIG 1/2METHODS AND PROGRAMS TO UTILIZE SATELLITE INDIRECT SOUPCING5 IN -CtC(USEP 7? H H HOtS NoO22e— 76—c~ 3l7i,UNCLASSIFIED HII—M 225 P4.

_ _  ________ I

N.j  I
I
I

END
DATE

flLMf A

II -79



11111’ .0 

~ ;~::~ ~:
~
j  e.~..

_________________ B

11111’ 25 Iflli~ II1II~
_ _ _ _ _ _

~

~1



- -
~~~~~~~~~~~~~

IEVE
Project M-225 FINAL REPORT

4~qe

METHODS AND PROGRAMS
TO UTILIZ E SATELLIT E INDIRECT SOUNDINGS

IN
• ENVIRONMENTAL ANALYSIS AND PREDICTION

by

Manfred M. Holl
Meteorology Internationa l Incorporated

September 1977

Performed for:

The Commanding Officer
Naval Environmental Prethction Research Facility

Monterey , California 93940 D D Cnrpr~~nn .~~ iF~’
Pe~~ormed under Cont~~ct No. N00228-76-C-3174

U u u ~~J
uJ D

:. METEOROLOGY INT ERNATIONAL INCORPORATED

Monterey , California 93940

•

DISTRIBUTION STATEMENiJ
Approved for public r.i.ciI.



U NCL?~SSi Fl~ L)
SCC~~RI’r y C L., A S S I F IC A T ON ~~F nI S D AZ E  ‘W~ mi D•i • E nS• ’.iI)

~~~~~ ‘s” Ek1~~~~~~
l ~~~~~ 

READ !NS7R eCT ~OSS
r~ i~~j i~~ ~‘ I ~~~ ~~~~ BEFORE COMFLET !NG FORM

REPO~~~ NfJM SER - 
2. GOVT ACCESSION NO. 3 REC P IENrS  C A I A _ 03 NLMBE °

4, T IT l.~~ ~~~~~~ S ib’iUe) S TY PE or R E P O R T  S P E R I O D  Z O V E R E O

4 )~JETHODS AND~~~OGRAMS~~~ ~~~ILIZE SAT ELLIT E Fina l fr-’ ‘
~~~ 
pt,~(~~P ~~~DIRECT ,~~~UW~ TNGS IN EN’VTRQN ME~~ AL 

R ~~~~~ *e.~ Ma Cq

~~~ALYSIS AND PREDICTIO~~~ - (~ ~~~~~~~~-M-225 7~2 Mibi Om(.j iTi*~~’ o-~ ~~P ~

Marifred M / ~~~ll /~f—
~ 22 8-76- i~

•ERrORMING OR GANIZAT ION NAME AND ADDR ESS 10. PROGRAM ELEMENT. PROjE~~~~. T A SK
- A REA I WORIc UNIT NUMBE RSMeteorology Internationa l Incorporated

205 Montecito Avenue A •1 ,
~ 

A370370G/076B/7F52 551
Monterey , California 93940 E F

II . CONTROLLING OFFICE NAME AN D AD DRESS 
,/“

~ 
43..—R€ O*t O*T€ - -

Commander , Nava l Air Systems Command ( / /  ) Sep~~~ 1~L 7 7
Department of the Navy ,u~~ een c, — —

Washington , D. C. 2036 1 67
4. MONITORING AGENCY NAME S AOORESS(I( dill. ,.,,’ from Cona ollSng Office) IS .  S EC U R I T Y  CLASS. (of thu r.pett)

Nava l Environmental Prediction Research Facility UNCLASSIFIED

Monterey , California 93940 ISa. ~~~~l ; ICATION DOWP, IG RAO ING

4. DISTRIBUTION S T A T E M E N T  (ol tA le R pavt) I

rDISTRIBUTI0N STAT~~~~~~A j  ~~ 
-

Approved for public release,
Distr ibution Unlimited

IT. OIS?R ISUTION S T A T E M E N T  (of IN. abst?act .MI. ,.d In Slock 20. II ~lfl .,nI ft .., R.po,E)

w~~~~~~~~~~~~~~~~~~~~~

’

~~

IS. SUPPL EMENTA RY NOTES

14. K E Y  *OROS t C~ aiffiu. 0,, t •V ~~Ia• tide if n.e.., ~~~ end idPflhift by block number)

• Satellite Sounders Diagnosis of Clear—Column Radiances
Remote Sensing Atmospheric Thermal—Structure Resolution
Blending by Weighted Spreading Fields by Information Blending

~O A B S T RA C T  ‘C ntgnu. ,•..,. . Ii4• it ,,.c...., y end id.ntufv by block numb.,)

~~ This report describes CLRBLOK , a comprehensiv e programmed capability for
the diagnosis of blocks of scarilirtes of multi-channel radlances measured by
Special Sensor E of Defense Meteorological Satellite Progra m spacecraft . The
measured radiances are diagnosed for their clear-column radiance components
and for the associated estimates of reliability . The solution of the blending
system of linear equations is accomplished by application of a novel method :
Blending by Weighted Spreading with the algor ithm shifting Into an SOR mode

V QUMDD ~~~ 
., 1473 E3I )ON OF I NOV 5 5 5  OBSOLETE UNCLASSIFIED

S E C U R I T Y  C L I S S I F IC A T ON OF Ts iS °A ~~E h~ en 0... Ent ...,

L ________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



UNCLASSIFIED
SECURITY C%. A$SIPICATION OF THIS PAG((15I~~ ~~~a S... ’d

Block 20. Abstract (Continued)

for those elements which have attained a prescribed criterion of absolute
P relevance. Also included is a method for assimilating the information In

clear—column radlances , weighted as to reliability of the ind ividua l
radlances and channel calibrations, for direct enhancement of the
atmospheric thermal structure . This method includes the option to
constrain the thermal structure to be statically stable . These information

P processing developments are applications of the Fields by Information
Blend ing (FIB) .

p

Accesnion For
NTIS GE~A&I
Dt~C TAB
i.~ ynnounced
J~~ti~ icat i on___________

-Y~ç ~~~~~~. ~~~~ -

- 
~~~~~ 

i “r/ ___________________ — — -  — 
.

- ~‘ . -L’ . t ’~r Codes ~f l ; . . 
a~~~ud/or 

1 ~ ~~ .7~)
- . ~fl ;

V

P

‘I

UNC LA SSIFIZD



TABLE OF CONTENTS

Pace

1. INTRODUCTION . . . . . . . . -. . . . . . . . 1

1.1 The Assignment . . . .  1

1.2 Earller ’fVork  4

1 .2. 1 Specific Development s Perfcrmed for the
Naval Environmental Prediction Research
Facility (NEPRF) . . . . . . .  4

p
1.2 .2 Diagnostic Model CLRX N S
1.2.3 The Development of Blending by Weighted

Spreadin g . . . . . . .  8

1.3 The DiagnostIc Model • 
9

1. 3. 1 The ldeal 9
1.3.2 Lim Itat ions of the SSE/DMSP System . . . . .  13

1.4 The CLRBLOK M0de1 15

1.4. 1 The Preprocessing Components 15
1.4.1.1 Purposes . . . . . .  15
1.4. 1.2 Local Standard Atmospheres and Transforms  15
1.4. 1.3 Component Operations 17
1.4.1 .4 Reversibility 18
1.4.1.5 The Preprocessed Radiances 19

1.4.2 The Information Diagnosis and Blending
Components 

1.4 .2 .1  DiagnosIs and Blending in Term s of
p Adj ustment Values 20

1 . 4 .2 . 2  The Diagnosed Information Element s 21
1.4 .2 .3  The Blending Operation 23
1 . 4 . 2 . 4  The Associated Resolution Weights 23

1.4.3 The Restoration Components . . .  24
P

1.5 Thermal—Structure Blend ing 24

P

P 
—II I—



_ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~ 

I-

Page

2. DLVELOPMENT OF THE JOB STRE A M . . . . . .  . .. 28

2 • 1 Component Operations of the Job Stream . .  28
2.2  Print Options . . . . . . . • , • • • • • • 30
2.3 The Developntent Sample . . . . . . •  . .. . . . . .  32
2.4  Prelirninary Components 32
2.5 The Sample Performance 33
2.6 Program TImings . . . . . .  . . . . .  35
2. 7 Proqram Documnentation  35

3. FOR1’41J1..ATIONS . . . . . . . . • . . . . . . . . . 37

3.1 Development s of the Blending System • . . . . . . . . . 37

3.1.1 The Functional and the System of
Blend ing Equations • . . . . . • . . . .  .  37

3. 1.2 Blending by Weighted Spreading and SOR .  41
3.1.3 Provisions and Additional Features 45
3. 1.3. 1 Exploitation of Independent Sea—Surface

Temperature Information .  45
3.1.3.2 The Variable Axis Weights  46
3.1.4 The Associated Resolution Weights  47

3 .2  Formulations for the Preprocessing Component s . . . •  48

3.3 Formulations for the Diagnosis of Information
Elements . . . . 50
3.3.1 Absolute Estimates 50
3.3.2 AdJustment Axes . . . . . . . . . . . . . . .  50
3.3.3 Horizontal Continuity 53

3.4 Formulations for the Thermal-Structure Blending . . . . 55
3.4.  1 The Functional and the System of Blending

Equations . . . .  55
3 .4 .2  The Blending Solution . . . • .  57
3.4 .3  Input Transformations • . . . 58

- lv -



Page

4. STJMMARY AN D CONCLUSIONS • • • . . . . . • 60

4.1 Benefits of the New Capabilities . . . . . . . . . . . . 60
4.2 Limitations . • . . . • . . . • . . . . . 62
4.3 Recommendations . . . . . . . . . . . .  62

5. REFERENCES . . . . . . . . . . . . . . . . . . • . . . . . . . . 65



~ 
~~
.- , •

~~~~~~~~ - -. -~— - ~~~-
—.- • , - -

I ,
METHODS AND PROGRAMS TO UTILIZE SATELLITE INDIRECT SOUNDINGS
IN ENVIRONMENTAL ANALYSIS AND PREDICTION

P

1. INTRODUCTION

1.1 The Assignmefl~

The general obj ectives are methods and programs for utilizing remote

sounding s of the atmosphere from space for improving environmental analysis

P and prediction. This technical report describes the development of a

capability for diagnosing radiances measured by a multi-channel scanning

radiometer , for inherent clear-column radiance estimates , and a method

for using this diagnosed information for enhanced resolution of the

atmospheric therrn a 1-structure distribution. Conceptions and formulations

are descrthed; complete details appear elsewhere , with the program

documentation.

This proj ect is a continuation of earlier work also performed by

Meteorology Int ernationa l Incorporated . The pertinent concepts and

formulations for the dIagnosis of measured radiances , for the inherent

resolution of clear—column radiances , first appeared in a processing scheme

which we denoted by the letters CLRX . The scheme is based on an
idealization of cloud structures and hence may be termed a diagnostic model.

The CLRX model was designed for the diagnosis of individua l scanlines

measured by Special Sensor E (SSE) aboard Defense Meteorological Satellite

Program (DMSP) spacecra ft . A later version of the model , named CLRXN ,

was developed for application to the Vertical Temperature Profile Radiometer
(VTPR) sensor aboard N OAA spacecraft , again designed for diagnosing single

scanlines but with exploitation of the greater proximity of adjoining

scanlines.

P
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The SSE is a r adiometer designed to measure thermally-emitted
infra red radiation from the earth-atmosphere system . F 1~ ure 1 is an example
of the scan p attern of  the ~SE. The Instrument scans from left to richt ~n
steps , prov id ing 25 observatIon views ( i . e . ,  sp ots ) alonc each scanh ir .e
crosswise to the mot~on of the satellite . The surface f ie ld of view is about
20 nm in diameter directly below the satellite , becoming broadened and
elongated at either end of the scanline . EIch: r ad iat ion measurement s are
made at each scar . spot . SLx of the eight ra diation observations are
provided by SSE channels posittoned at different wavelength interv als in
the l5- u~ absorpt ion band of carbon dtoxide. The seventh SSE channe l is
located ~n the 12-u atmospheric wIndow and the ei~ hth channel senses
radiation in a water-vapor absorption band near 18 u~~.

The VTPR instrument is s imilar  In complement of channels but differs

~n scanning gecmetr~~. The VT FR system and processing ~ob stroam have
been described by MoM il lan et al .  ~1~~ 3) .

Specific assignments of this project are
(I) to improve and ref ~ne the diagnostic model to extend its

app licability and to ~ncrease the :nformat ior . yteld , and

(ii) to organi:e tho model into a pro grammed ~ob str eam which

~s capable of bemc run routinely on the computer system of

the Fleet NumerIca l Weather Centra l ~FN’wVC ) for expic~ttn~
the SS~ sensor of the E~MSP sa te l l i te  sy st em .

These assignments have now been per fcrrned . When unplemented
into operations th~ system should have a mai or  impact in advancinc
atm ospheric  analy s is  and prediction cap abi l i t ies ,  provi ded that the channel
source funct ions are pr operly calibra t ed and that the new dtacr.ost~c nodel ,

named CLRBLCK , iS adequately tuned . This r ea l i ~ at~or. W~~1 prov~de ~i

for f urther improv ement s in the design of sat e i l ito  sour .d~nc s Y S : O n S ,

• 
respect~nc sensors and scanning oecmetr~es , and for fu:th er o ra:~ona
advances in info r mat i on ass~mi la t ~on and b lendinc .

_ _ _ _ _ _ _ _ _ _ _ _ _  ~~- ..



I
.4

~~~~~~ .\ ~\ .
\

\ ,~~

)

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

~~c~~~(\ ~~~ Q

’

d 

~ 
j  

~ T 
\ \. .

~ \ 
c~ytj  

~~~

. ‘ 

(f\

~ / ~~~~
~~~~ -S. 

-. 1’ • ~ r ~~~~~~~~~~~~~~~~~~~~~ ~~~~~ \;\ 

~~/ j \ .  
.

‘ 

~I~T : ... ~ i t  ~~~ ~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~ •1 1
- 

7 L / t I I ‘- I / LILLL
~~~~~~~~~~ —

~
-
~I 

* 

~ k I I 
‘ 

,

‘ 

~~ 
I

. 5 C M

9 ~ I / ! ~I I “ L / ~~~~

‘ / / ~“ ; \

/ 
~

i / / I 
~
( 

~L 1 h 1 1 4~~ 
— — 

\

• 
o ~~ .! / ; ! ; / I . .

P .);~l.S ‘ ‘
~~ /~~~~~3 I 

.. !
~~~j i L  j

~~ 
c S

~~~~ ~~~~~~~~~ / :/ / ~N i JJ j J  I i i  ~ ~
~
- 

7 ~~~~~ iO 13 16 19

• 
S • • • •~.. 

~
‘•‘

~~~~~~~~‘ N ~~ 0 • • • S

• 
. 

S 

• -

p 
~‘:g. I ~ ~am~ te ~I~ c’~ of Scanlines S 

~~~~~
S _ 

. \ ~~~~~~~~~~~ ~~~~- This samp l e ~s an extr3c:~or, .S • • . f rom th e  ~~~ S? X 953 2 System .

- 

~ ea s ed :~~~I~~~ ~~- o~ 

-

~~~ 

-~~~~~~ ~1 ~______ — S— ~~~ —



P 

_______1.2 Earlier Wcr~

1.2.1 Specific Developments ?erformed for  the N aval
• Enviror .mental  Fred~ct~cn Research Faci l~tv ~N EF SF~

Meteorology Interna t Io n al  Incorporated (Mu ) performed Phases Cne
and Two of the development of techniques for operat~or.a l exp lo~t at ~or. of
satellite—obser. ’ed sounding data for resolution of atmospheric thermal—
structure var iab~1it:es. Development s under Phase Cne , reported by Hell
(1~~72 , 1973a , 1~~7 3b) , included a genera l scheme for blending clear-column
radIance est imates , weighted 1 as thermal-s tru cture  ~n for mat ~cn , i nto
enhanced r esolution of the therm al structure . This scheme ~s an examo e
of wh at we call structure blending.  The subject ver sion , named STRBLN D,
also exploits the 1nformat ~on that  the atmcspheric ~s sta:~cal ly  s table in
the object scale of resolut ion.

The major development of Phase Two , r ep or t ed  by Hoil  ( 19 7 5 a ) ,  ~s
a basic scheme named CL~\ for processinc a scar~line of multi-channel
views. The scheme estimates which measured radiances are ef f e c t i v e ly
free of clouds , and diagnoses clear-column radiance components in regions
of cloud-contaminated views . The diacncsed y ie ld  ~s . im~ted to those

p channels which , In penetrating down to cloud tops in a reckon , aiso include
some v~ews which are at least part:ally clear to the depth of chann el
penetrat~on . This ba s ic version of CL~X contains the esser .tia form ula :~ons ,
with app l1cabiI~ty limited to oceanic regicns hav~no l:ttle spat~a var~ab~~ :~P
in sea—surface temperature. There are add~t~ona l i~m i ta t~ons and a
complexIty of contributing variances.

the FIB methodology developed by .\ tII  a l ’. parameter est:mates
are generally weighted . The ;veight of an es t imate  ~s equ iva lent  to the
inverse of the associated variance . The we~cht may re fer  to the e l i a b t l i t v ,
or independent worth , of a pa ramete r  es t :mat e  ~r. a par t :oular  cont ext , or to
the resolu tion accuracy of an esttmate resu t~ng from a blend~nc ofin for rna t :or ,.

• ~~

--  

-
~
- 

~~

- -



p

The information irJ~e~ent in measured radiance scans is highly variable .
It is related to the characteristics of the cloudiness that is present . The
diagnostic yIeld generally decreases from channel ~o deeper-seeing channel.

The resolution weights range from minimal for channels fully blocked by

cloud in a region , to very high in clear regions . Because of this great
variability in information yield , the weight asscciated with a diagnosed
clear-column radiance estimate is an essential component of the CLRX —
d!agnosed information . Because of this great varIabilIty in resolution , the
diagnosed clear—column radiarices cannot be categorically forced on the
atmospheric thermal—stru cture analysis . Furthermore the resolution weight s
for the diagnosed clear—column radiances must be reduced for the assoc iated
channel-calibration variances If they are to be blended with other independent

estimates and expressions of Information bearing directly on the atmosphe:ic
thermal structure . The structure-blending scheme developed under Phase

One encompasses these considerations .

Subsequent to Phase Two , Mfl tested the basic vers ion of CLRX on
a sample of scanlines measured by sensors of two DMSP satellites. Despite
limitations of the available data sample (e.g., incomplete scanlines , a

region of is lands and sea—surface—temperature irregularities , and
uncertainties in calibration re lative to calculated first-cuess radiance
estimates) these tests demonstrated the functiona l capability of CLPX .
The results were reported by Holl ( 1975b ) .  The wide range in yield was
quite apparent .

1.2 .2  Diagnostic Model CLFXN

The development of an improved version of CLRX , designed for the
scanning geometry of VTPR systems aboard N OAA spacecraft , was reported by
Holl et al.  ( 1976 a) . The ~PrP R scanlines are not as long in surface nadir—angle
sweep, and are about three times more frequent along the orbit than  are the

~
_ _  

_ 
-3-

P



SSE scanl .ne s .  In ap p ly in c  the model . spo ts  are p aired f :r con:ra s::nc lccol
radiance var~ab~l~::es. In ~ L~2~N these p air :nc s  are not  lLm ~:~ d to ce~nr  of

the same scanline. Thre e succ ess tve  scanlines are a r . a ivcec  f.: r
p

elements  used in the  diacncs~ s of the  c l e ar - c o l u mn  rad . ance oom~rc nents  of

the mIddle scan. Several improvements were introduced ~n ZL~XN .

Following del ivery of the CL~\N s o f t w a r e  ~ao~ age to the Na::ona i

Environmental  Sa:ell~te Set’iice ~N E SS) of ~~~~~ that  or;an~ca~:cn ev~ lua:~ d

the cap abilxt ies . The data base that  was used for the te s t  ~s a s im u l a t e d

~ackage: VTPR radiances calculated for a variety of c lou d  s t ru c tu res .  The
p CL~XN cap ab:l:t~es were cons:dered to be su~ er~or to other  orocedu~es

compared in the tests. Scme advantages and some d:sadvantages of C~ RXN

were listed . Four advantages were stated to be dis::nct : CLRX N pro du ces

an independent est imate  of the c ’.ear—co lumn component of the ;v~r .dow

channel; a weighted clear—column est ~ma:e ~s prcduced for each chann e l

and spot , and hence the Doter .z~al  ~n f o r m a t i o n  v~eld is greater ;  the value

of th e associated weights  is recc’cni:ed; the program can be run w~thc ut

independent sea—sur face—tem p era ture  es t imates  and hence its ex:ens~c n to

land area s is almost immedia te  for  f lat  homogenecus t e r r a in .

Three of the four listed disadvantages can readi ly be discounted or

remedied : The aooarent decendence on indeoendent ~i . e .  f : rs :-gue ss

calculated) radiance es t imates  is ad ;us :ab ie ;  c l e a r — c o lu m n  est~ma:es are

not produced tor spots at scanline extremes ~i. e . ,  spots 1 , anc ~~~~ ,

because the ootent~al  v~eld does not warra r.: the cr ocramm~nc de:a~ l s: a

clear—c oiumn es t imate  of the water vacor channel  :s not or oduced du : th : s

recognized as a s imple  adj unct to the pr ogram-- the  v~e1d ;v~l of course  be

P

1n-house memcran dum by Dr. i-lenr ..’ F l em:nc  of the N a t t on a l
Env ironmenta l Satell it e  Serr:ce , N CAA , Derar :men: of Commerce , dated
5ep :ember 15 , 19 6. nforma::on co~ v sen: to I’~I~~.P
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dependent on the local cloudiness characteristics . The fourth disadvantage
mentioned is that CLRXN requires about 7 or 8 times as much data processing
as do the schemes that NESS has been us ing for this Component in their Job
stream. This processing cost , supplemental to the costs of all other related
components of the satellite and ground processing systems , must be weighed
against the additiona l , and potential , yields of information.

P
Another Item that is apparent in the NESS evaluation is that the errors

in the clear-column radiance components diagnosed by CLBXN tend to be
negative ; that is, the results favor lowering the correct radiance values .
The diagnosed result s are consistent with the associated weights , and
there is no way to interpret this error inclination as a calibration bias.
We now believe this bias to be due to the diagnostic model as applied In
both CLBX and CLRXN: The cloud structure is interpreted as being composed ,
locally, of cloud having broken tops at only one level in the atmosphere
and that in the breaks the atmosphere is clear. Although this diagnosed
Information is weighted according to assessed model confo rmance the
diagnosed adjustment axis is imposed on the whole set of radiances .
Disparities due to more complex cloud structures generally bias the results
In the negative direction .

All of the above considerations have been addressed in the present
project . The new version of the diagnostic model processes a block of
scanlines in each application . The name CLRBLOK seemed appropriate .
The major Improvements and refinements are listed In Section 4. 1.

p

P

P
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1.2 .3  The Development of Blending by Weighted Spreading

The maj or arena in which the Fields by Informati on Slendino (Ft3 )
methodology was conceived and advanced has been In our development ot

obj ective analysis techniques for a divers [ty of two-dimensiona l f ie lds .
Other unique contributions have arisen in structure-blending appl ications

p and in the subject diagnostic-model developments. The methodology has
a uni ty which applies to a l l  processing of real Information.

Since the development of CLRXN , Mu has produced a new analysis
capability designed for the horizontal distributi on of atmo spheric upp er-air
pa rameters , reported by Holl ( 1976b ) . In the course of th i s  work we

discovered an advancement which Is of major significance for the solution
of equations by the method of successive approximati on s.  The new method
is specific to the blending component of al l  applic at ions of the FIB
methodology. We refer to this new method as Blend ing by \V~ t cht ed
Spr eading (BWS ) .

The BWS method Is characterized by the asscciati~on ‘t ~ weight

F with each successive approximation of each element of the develop ino
solution . This weight Is an absolute measure of the prcpor*~on of th e tota l
due influence that has arrived at that element . It is not a measure of the
firmness of the solution at that  point in the i ter at Ions , for fur th er  inf luence
may subsequently arrive to subs tan t ia l ly  alter  the  deve lop inc  v alue .

However when the iterations are performed success ivelv , ~.n ord er inos
which alternate d irection in each successive pass , most of the due
Influence is felt  in only a few passes .

The BWS method does not m ak e  use of any first-~iuess estimate to
I

the solution for the purpose of in itiating the successive ap p r oximat ions .
The int t l at l on stems entirely from whatever absolute es t imates  have been

assembled at one or more e lements .  Hence there is :io bia:~ int ~cd uced

PI
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into the solution; characteristic components of such biases can linger even

after marty Iterations using Successive Over-Relaxation (SOR) methods.

The BWS solution Is entirely free of extraneous erro r at every stage of the

iterations .

Although weighted spreading ultimately approaches the exact solution

asymptotically , the initial iterations are amazingly effect ive in gathering

information , when using successive alternating-direction orderings . The
new diagnostic model , CLRBLOK , introduces a further refinement which

explo its the best features of both methods , BWS and SOR. The Iterations

begin with the BWS method . Then , wherever and whenever the accruing

influence weight of an element passes a specified threshold , the a lgorIthm

shift s into an SOR iteration for that element. As the Influence weights

approach unity they become a redundant burden in the calculations; they

are then dropped for advanced elements and an over-relaxation factor is

introduced .

It is the effectiveness and speed of the BWS/SOR scheme which

makes It feasible to expand the capabilities of the new diagnostic model ,

CLRBLOK , for greater information yield in quality and quantity .

1 3  The Diacnostic Model

1.3.1 The Ideal

The atmospheric conditions that are most amenable to resolution of

clear-column radiance components-—by diagnosis of suitable radiance

measurement s from space——are , of course, local regions that are cloud free .

But , in addition to being cloud free , the atmospheric th ’~rmal structure should

have low spatial variance; this Is necessary for assess~ng that the region is

indeed relatively cloud free.

p
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The most amenable of the cloud conditions begins with a
scattered-to-broken cloud layer having a uniform top at one di st inct  level.
This level is best positioned in the midst of the several channel source
functions of the satellite multi—channel sensor. The scale of the cloud
pattern (i .e .,  the dimens ions of the clouds and the clear breaks ) should be
small compared to the scale of the spatia l variability of the clear—column
and the cloud—to p radiance components . We refer to this  s i tuat i on as a
two—state mix of radiance compone nts.

The next most amenable of cloud conditions is a local recion in
which there are two distinct—and-steady, scattered—to-broken , clo ud-top
levels——a three-state mix of radiance components .

Theoretically the tractability extend s to mor e—than—two cloud—top
levels , but as the cloud structure becomes more complex the required
conditIons , of distinct and steady radiance components , are rarely to be
found in the atmosphere .

~~~~~~~~ The satellite sensing system which is necessary for the resolution
of these idea l atmospheric conditions is one which measures the rad iances
In distinct cha nnels , In each field of view . The more channels the better ,
and the sca nning geometry must produce a high space— and-ti me dens i ty  of
multi—channel views-—dense In comparison to the spatial v a r t ab i l i t y  of th e
ind ividua l radiance components . The channel source funct ~~ns may overlap
in the clear atmospheric column , but they should be different from one
another to the extent allowable by the number of ohanne ls . The individua l
multI-channel views ( i . e . ,  spots) may partially overlap one an other  but
the spots should be smal l  compared to the spatial  var iabi l i ty  of the ind~v ’.dua l
radiance components .

— Ip



Given an adequate set of channels, denoted by V in number of
channels , and an adequate samp le of views in a small region , then the

specific mathematica l procedure for ana lyzing the local cloud stricture is
Factor Ana lysis . Many meteorologists are familiar with Lorenz ’ s use ( 1956 )
of Factor Analysis to define his Empirical Orthogona l Functions . [Psychologists,
in particular , are more familiar with the Factor Analysis terminology.] Factor
Analysis has also spread into many other contexts In Meteorology .

Factor Analysis assesses the varIability of the sample in terms of
orthogonal axes in V space , and determines the sample variance which is
explained by each axis or combination of axes. A sample with low variance
Implies a cloud—free structure or a clear structure above a uniform solid
overcast. If one axis ( i .e .,  factor) effectively explains most of the sample
variance then the interpretation is two state: Each vector of the sample
(i. e . ,  each spot of V radlances ) lies close to a line in V space. The two

radiance components——clear and (presumed) cloud free——bracket all  the
measured mixes . If two axis ( i .e . ,  factors) effectively explain most of

the sample variance then the interpretation is three state: All vectors of the

sample lie close to a plane defined by the two axes in V space . The
orientations of the two axes within this p lane are irrelevant . The three

• radiance components define the corners of the triangle in which all mixes
fall .

In interpreting a two—state or a three-state mix , the residua l variances
are a measure of the difference between the actual cloud structure and the
assumed diagnostic state . The weight s to be placed on components ci the

adj ustment axis or adj ustment plane are related to these residua l var :ances .

I
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The diagnostic model basically consists of diacnosin~ inherent
elements of in formati on for each spot , and of bi e-’r~d1ng these el~~~en t s  f o r

p the resultant  determination of the c l ea r - c o lumn rad Ianc e compon ’t ~t s  for  a~ l
channels of the cont Inuum ~‘f spot s .

The in formation produced by Factor An a lys i s  includes th e as sessment
p that some measured radiances may be cloud free . rh~s ts based on the

determination of very low variance for channels in the ~mb ionce of th e sp ot .
The subset of channeh3 which are assessed as possibly bc~n~ cloud free

for any sincle spot must be mu tua l ly  cor .si stent w~th the str~. but~on of th e~r
atmo sp h er to  source fun ct ions . This o~ nsi s tencv re~utrement sho ul d be

exploited in the d’.a~ n~’s~s of the inform ati on e lem ents .

The condition which enables the blendinc of a l l  d i~mosed ini ormat ~on
elements uitc a cont inuum Is th at the atmospheric  th erma l- st ructur e  has a
high decree of ho r t~ on ta l  continuity in the ob~ect scale of r e so lu t i on .  Fho
diagnostic model imp os es  a degree of cont inui t y  on the clear-column
atmospheric radianco components from spot to spot .  F ’  de~ roo o~ v aliLi ~tv

of this continuity impositi on can be enhanced by p r e— p r ocessu ~o th e  measured
radiances before diagnosis . These prepr ocessinç components a l so  enhance

the cloud—structure diagnosis .

Th e efficacy of remot e sons ing for atmos phenc h ermu I —st ruc ~ ur e
resolution is thus based on process ir ~ :ar ¼w ~u ant  it los  of  mea su r e m o n t  s ~‘:

channel radiances. The CLRX processina ob le o t iv ~ t s  to educe t h i s  data
vo lume , dis t i l l ing out the Inherent reso~ut ton ot th ~ c l ea r— co l u m n  ra~~iar ~co

• 
comp onents in the ob ective scale,  tho d iao:~o s t i c  mod el a ~sumes t h a t  o~ ch

spot , of a cluster of spot s viewed in a l i m i t e d  c lou dy  roo~on , a d~: f e ro :t t
mix of dist inct  and steady rad iance component s  ran~ u’o anywhero  ~ om clear

to overcast in any  one view . “ ‘L~t i n c t ”  :mpi  ies th at  the :u~’do I oo:up 1 ~a
is ~oed . ‘Stead y ’ implies th a t  the  sp at  Ia I var~a~~ 1 ~tv ot the ~ad

P
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components is small compared to the spot-to-spot variabilit ies.  Not much
can be done to directly enhance the desired condition of dist inctness,  But
the desired conditIon of steadiness can be enhanced by imp licit reductton
of aU varIances which are extraneous to the cloud—mix ccntrast from the
measured radiances prior to model diagnosis . We refer to these operatIons
which are intended to enhance the cloud-proportion contrast between spots
in proximity as the pre-processing component s of CLRBLOK .

1.3.2 LimitatIons of the SSE/DMS? System

Figure 1 Is an example of the scan pattern of the SSEi ’~~MSP system.
Obviously the spots are much too spars e to warrant diagnosis of cloud
chara cteristics , local to each spot , by Factor Analysi s .  The spot density
Is not adequate for anything more than a limited two-state Interpret ation
of the cloud structures . Much preprocessing and many special provision s
are required to distill the inherent clear—column resolution from the
measured radlances.

Another limitation of the data Is the limited significance given for
each measured radiance. The significance is limited by the number of bits
in transmission , and the rounding following calibration of each scanline .
Such a system characteristic may be due to an engineering tendency to limit
data to absolute significance--not appreciatinc the pcss~.ble values of

relative information , such as sp ot—to—spot differences in the present context .

The diagnosis component s of models CLRX and CLRX N attempt no
more than a two—state interpretation for each spot of the scanline . However ,
Imposition of a two—state Interpretation on a full set of atmospher Ic channel s ,

• even though the adj ustment-axis components are indiv idua lly weioht ed , is
accompanied by characteristic errors when the cloud stru cture is more
complex , On the average these errors appear to negatively bias the deeper
components of the diagnosed clear-column radlances .

-13-
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We have Introduced a refinement in CLRBLOK which we feel should

result in a significant Increase in the information yield . The imposition
of the two—state interpretation is depth limited, to the optImum validity of
the interpretation . The diagnosis makes use of the monotonic character
and ordering of the channels according to the depth focus of their atmospheric
source functions .

P
Following preprocessing, channel subsets-—subset 1, 2 , 3 , subset

1,2,3 ,4, subset 1,2 ,3, 4 , 5 , and subset 1, 2 , 3 , 4 , 5 , 6——are each assessed
for their local degree of compliance with a two-state interpretation. At
each spot the optimum subset for that spot Is selected . The components of

• the adjustment axis are then calculated only for this subset . If the
optimum atmospheric subset extend s to Include channel 6-—implying that

• the whole atmospheric column is amenable to two—state interpretation—-
then adjunct adjustment-axis component s are also calculated for channels 7
and 8 of that spot . The weight for each calculated axis compone nt is
calculated according to the local variances of the respective-channel
component .

Any clear-column radiance components produced for channels 7 and
8 should be considered to be byproducts of the CLRBLOK diagnosis. Their
reliability is subj ect to add itiona l considerations: In addition to being
dependent on the resolution extending to channel 6 , the accuracy also

• depends on the spot-to-spot channel uniformity of the diagnosed clear-
column radiances for each of these channels : Each component of the
adjustment axis is based on the assumption that local spot-to—spot
differences are due only to differences in the cloud proportion of each

* 
spot .

S
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1.4 The CLRBLOK Model

1.4 . 1 The Preprocessing Components

1.4.1.1 Purposes

The primary purpose of the preprocessing components is to implicitly
reduce all variations inherent In the measured radiances which are
ext raneous to the diagnostic model--extraneous to the assumpt ion that local
spot-to—spot radiance differences are largely due to differences in cloud

• amount . This assumption is basic to the assessment of clear—column
radlances , to the diagnosis of the local adjustment axis , and to imposition ,
in the total information blending , of a degree of horizontal continuity for
the clear-column atmospheric radiance components . These CLRBLOK
refinements extend applicability into regions where surface-temperature
variability Is pronounced , enabling information yield for the atmospheric
components of the clear-column radiances. Additional benefits are
indicated In Section 1.4 . 1 .4  below .

1.4. 1.2 Local Standard Atmospheres and Transforms

Nineteen standard pressure levels are provided for specification of

first—guess temperature pro fi les: 0 , 4 , 7 , 10 , 20 , 30 , 50, 70 , 100 , 130 ,

200, 250 , 300, 400, 500, 700, 850, 925 , and 1000 m b .  The temperature s

specified for these levels are subscripted 1 through 19 respectively:

• subscript 20 refers to the surface temperature. The temperature profile is
specified to be linear in p~ , where ~ 2/7 .

First—guess temperature profiles are interpo lated from available

• isobaric temperature fields for every 3rd spo t ci each scanline ; th i s data
Inc ludes the central spot numbered 13. Temp eratures for ievels not now
routinely available are generated by l inear_ in_p A for T5 and
and by setting T 1 , T2 and T 3 equal to T4 . Sea—surface temperatures ar~

• — i s —



interpolated from available analyses for all spots . These inz ’rp olat ion s
involve special FNWC subroutines (see Section 3. 2 ) .

P A standard atmosphere is defined for each scanline--the first-guess
temperature profile for spot 13. These standard profiles are generally
continuous from scanline to scanline .

P The available transmission functions are required only for zenith—angl e
zero degrees and zenith—angle thirty degrees. These transmission-funct ion
tables are expanded by Interpo lation to Include all the standard pressure
levels listed above. Standard radiances are calcu lated for each channel ofp
each scanline for each of the two zenith angles.

Ba sed on a linearization of the Planck function about the standard—
atmosphere temperatures at each pressure level, transformations are
calculated which express the radiance anomaly for any channel , v , ar~d

zenith angle 0 or 30 degrees, as a linear combination of the standard-profile

temperature anomalies , including the surface-anomaly contributi on. Several
additiona l parameters are calculated for each channel for each of the two

zenith ang les: a mean pressure level for the atmospheric source function ,

and a normalizing factor for converting each radiance anomaly into units of

temperature anomaly.  The relevant formulations for these trans fcrmati ons
were detailed in Hell ( 1973a) and again appeared in Hell ( 1975a , 1975b and

1976 a) .

Standard—atmosphere values , the anomaly—transform coeff icients ,

atmosph eric—source pressure levels, and temp erature— r.ormal~zaticn factors
are calculated only for the zenith angles of zero degrees and thirty degrees .
Preprocessing components calculate correspond ing values for the s pot
zenith angles , by linear interpolation or extrapolation in terms of an optical
path—length equivalence.
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I .4. 1 . 3 Component Opera t:ons

All measured radlances are first reduced to anomalies from local
• standard clear—colum n radiar.ces, defined for each scar.line, ir.cludin~

zenith—angle dependence. Three operations wh~oh act impi!c~tlv
3 on the

clear-column radi ance components follow : Removal of the surface contr ibut ion
from all measured radiar.ces for those channels which Pe r. e:rate to the  surfa ce
in clear conditions , by proportIona l subtraction of the measured window
radiances; normali:at:on of the radiance anomal ies ~n:o temper ature—anc rna i \ -
units; and nadir normalization . NadIr normal:zation modifies the temper a ture-
normalized atmospheric radiance anomal Ies by in:erpola:~on ~downward
extraoo1at~cr. In the case of channel ~ between asscc:at~d scurce—func::ori
pressure—r eference levels at spot :en~th anol e , to the corre st’cnd Inc
pressure—reference level a: zero zenith artcle .

These operat:cr .s are fol lowed by sub:rac::o n of caicu a:ed indepen dent
(i. e . ,  first—guess ) temper ature—normali:e~ nadir- nor mal~:ed r~di ance
anoma lies fro m standard .

The first—guess radianoes are calculated usinc only the recu~ced
zero— zenith—ang le t ransf orm at ions . The ir .deoendent :emnoera:ure-orofiie

• anomalies , obtained for every third spot ci each scanl ~r.e, ar e t r ans f ormed
into calculated radiance anomalie s , and these are l inear l~’ ~nterpoi ated for
the in—between socts .

5 
~Each measured radiance is a sum of clear-column and cloud-top

components . An implicit operation form s i~near ccmbinat ~ons of measur ed
channel radiances a l l  of one sp ot , in order to effect impl ic ~: ad~us :men:s o f
the inherent cle ar—colum n compon ents .  Correspondtn~ ad u s t m e n t s  :a~ e
place In the cloud-top component s.  
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• Subtraction of these calculated first-guess radiances reduces another

of the variances which are extraneous to the diagnostic model-—the spatial

• spo t—to—spot variability of the inherent clear-column radiance components.
CLRBLOK also inc ludes provisions to exploit these ca lculated independent
radiance estimates In the diagnosis components of Part 2.

P 1 .4 .1 .4  Reversibility

All of the preprocessing components are derived from trans formations ,
developed between each clear-column radiance and the temperature profile ,

a based on available transmission fun ctIons . Accura cy I s,  of course, desirable
to make the preprocessing components as effective as possible in the
subsequent diagnosis . However the errors introduced thereby are not of
primary concern : The preprocessing compcnents can be reversed after
diagnosis of the clear—column radiance components. Reversals are performed
in the restoration components of CLR9LOK , with the exception of two

operations :

(1) The diagnosed clear-column radiance components are left

nadir normalized . This improves utility . Channe l calibration
errors have only a second—order effect on these adjustments .

• (ii) The surface contributicns are not restored to the atmospheric

channels. The diagnosed clear-column window radiances are
generally not as reliable as the diagnosed and weighted clear-

• column atmospheric—com ponent radiances . The diagnosed
atmospheric component s should be calibrated and exploited
directly for use in atmospheric thermal-structure resolut icn
enhancement .

P —1 8—



1.4.1.5 The Preprocessed Radiances

The preprocessing components transform the measured radiance of

channels 1 through 6, into a correspcnding matrix of values , in several
component op erations: anomalies from local standard radiances, implicit

atmospheric component of the clear-column component , temperature

normalized equivalent units , implicitly nadir—normalized clear—column

components , anomalies from the correspcndlng independent calculated
(I . e . ,  f irst— gu ess ) equivalent quanti t ies .  The measured channel 7 radiances

are transformed int o temperature—normalized anomalies fro m the f i rs t -guess

surface temperatures . The measu red channel ~ rathances are unchar.ced by

the preprocessing components .

This three—dimensional matrix of values , V channels , N s~ ots and

M scanlines , is passed on to Part 2: The Diagnosis Components .  The

correspondlnc independent f i rs t—guess  estimates of the c le a r -co lumn

components are zero by defini:icn for channels 1 throu gh 7 .

The calculated independent ( i . e . ,  f i r st -guess )  rad i ances and al l
cther quantities required for reverse transformation of the c lear -column

components diagnosed by Fart 2 are saved for use in Part 3: The Res:or~ t :cn

Components .

No matrix of associated we~chts is attached to the ca lculated f:rs:-

guess radiance estimates . Such associated weichts are dependent on the

variances inherent in the ana lyzed temper ature field s , in the in:erpciat ~cn t o
spot locations in space and time , and in the :r ar.sformat :cn cceif ~c~ent s which

in turn are dependent on the accuracy of the availabl e t ransmiss ion functions .

• inste ad, wh en exploit ed , a ssociated weights are est :mated and spec~iied

only as function of channel number and cycle4 number .

diagnosis and blending components are repeated three ::mes
defining three cycles, in order to purify and refine the we~ch::nc of the
diagnosed inicrmation elements .

_ 
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• 1 .4 .2 The Information Diagnosis and Blending Components

• 1 . 4 . 2 . 1  Diagnosis and Blending in Term s of Adj ustment Va lues
S

The diagnosis and blending component s are formulated in term s of

adj ustment s , 
~~~~~~ 

, that are to be added to the preprocessed ra ances ,

Ev n ~~ , to produce the equivalent clear—column radiance components.
The subscript s refer to channel number , spot number , and scanilne number ,
respect ively .

As is the practice In most FIB methodology applications , CLRBLCK

includes the standard optimum number of three cycles through the information

diagnosis and blending components. Three cycles allow for an initial , and
two progressively more stringent evaluations of individual information

elements . The notation of denoting the resultant values of the blending of
all assembled inf ormation by a superscript asterisk is also standard . After

each cycle of dia gnosis and blending the resultant adjustment values are

added to the preprocessed radiances to produce the resultant clear-column
radiance equivalents :

E ÷ . ( 1)v , n ,~ v , n , ’fl

To begin with , the only estimates that are available for comparitive

evaluations of diagnosed information elements are the independent first -guess

* estimates. These translate into the adjustment estimates

= — E  . (2 )v , n , n

S
But each subsequent blending operation produces new est im ates -—mcre

reliable and henc e more effective for corr.parit ive evaluations in the diagnosis
component of the following cycle .

—20—

L. ..~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



P

1.4 .2 .2  The Diagnosed Information Elements

Three types of information elements are diagnosed , assembled , and
P imposed in the subsequent blending:

(I) Absolute Estimates.

Tentativ e weights , are assigned to those radiances which

are assessed to be cloud free on the basis of local variances in measured
• radiances. The associated adjustment estimate is ~ = 0 .v ,n ,~1

These information elements are assembled with the independent
p first—guess estimates , — E , which are given the weightsv , n , ”2 v . ri ,

The superscript c in parentheses denotes cycle number. The resultants of
this assembly are given by:

_ A (c) E
= ~~~~~~~~ V ,f l , ’?~ (3)v , n , ’~ A

(c) 
+v , n ,”~ v , n , t

A = A~~ + Ae (~ )v ,n , ’fl v , ri , ! v , n , ”7

The tentative weights , Ae 
, are reassessed in each cycle ,v , n ,

making use of the first—guess information in cycle one , and of the preceding
• blended resultant s in cycles two and three.

The weights given to the first-guess estimates should be low in

• cycle one because of calibration uncertainties and because the estimates
are not independent from channel-to— channel and spot-to-spot . The weights

S are reduced further in cycle tWO , and are made negligible in cycle three in
order to leave the final resultants free of any direct contributions from the
first—guess estimates. The first—guess Information is exploited primarily
for and in the diagnosis of information elements inherent in the measured
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radlances , as for example In s ituations where ambient channel variances
are low not because the region is cloud free but because or a solid u nhfc ~m
cloud top.

(ii) Adj ustment Axes.

A weighted sot of difference vectors Is formed for each sp~ t n ,~ , by

p differencing its set of measured rad lances with those of six ambi ent  sp o t s - —

• four on the same scanline and the corresponding two spots from ad~cin ino
scanlines . The best available adj ustment  vector for the spot forru ~ a

seventh vector , suitably weighted according to cycle number .

The coherence of these seven vectors IS evaluatod in ~ubsot
; of

channels: l, 2 ,3 :1 ,2 ,3, 4;1 ,2 ,3 ,4,5; and l ,2 ,3 ,4,5,6. The subset ot

best coherence , if the best is deemed adequate , is then combined t~~ form
a single adj ustment axis of that many channel compon ents.  Ccn ’pcno r .t

F weights are calculated , based on variances wi th in  the ru I ev~int suh ~’ot and

local sample of difference vectors . If the op t imum subset includes

• channel 6 , then adjustment components are r t l~ o for med and ‘.v~ iohtod for
• channels 7 and 8.

(iii) Horizontal Continuity

P The spot—to—spot continuity In the clear—c o lumn cadianc~’ ccmp cnon :~
implies that there is lIttle difference in the resultant , 

~~ n , ‘
~~~

. rt ~between spots adjoining in a scan line and adj o in in g between ~canhne~~.

• The corresponding weights assigned to these cerera l ~~orm at ~cn s t c t o m ’ri t~
are specified to be largest in CY C IC one , th us forc lnc the f t r ~ t b lend i~ o

resultant to produce a larger obj ective scale of r e so lu t i on .  A l thcu th

representative of a larger sca le than the fina l c’b iectlve , the r~ t — ~’v oh~S
resultants are relatively more reliable and hence are useful in o v a l u a t in o

information elements In cycle two . The suhiect ccnt tnu i t  we i o h t s  io ’

reduced in the cycle—two blending , and again in cycle t h r oo  to a l l ” .v ~h~’
• desired Inherent scale of resoluti on to emeroe .

— • •, • -, —p
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1.4 .2 .3  The Blending Operation

In each cycle all assembled and weighted information elements are
blended to produce the optimum resultant adjustment field , ~~~~~~~ . This
resultant minimizes the associated error functional of the Inform ation system.
Minimization amounts to solution of the associated system of s imultaneous
equations:

I

F (5)

where the solution vector i~ and the forcing vector F have an element for
each radiance . The matrix M is symmetric , positive definite; its elements

are formed entire ly fro m information weights .

The solution Is developed by the method of Blending by Weighted
Spreading (BWS) shifting to Successive Over Relaxation (SOR) whenever
and wherever the blending weight approaches one for any element of the
v , n ,~ array.

1 .4.2 .4  The Associated Resolution Weights

Associated resolution weights , ~~~~ are required fr r  the f i n a l

resultant clear-column estimates , c.~~ , produced by the third rt’cle ofv , n , -~
• blending . According to the FIB methodolocy the associated weights  appear ,

inverted , as the diagonal elements of th e inverse of matrix N! of ~. (5 ’~.

• Very little continuity coupling Is imposed between scanlines :ri C~~C iè

three . Hence reasonable approximations of reliability can be calculated for
• each scanline by invertIng only the coefficient matrix for that scaniine.

pp
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1 .4 .3  The Restoration Component s

The restoration compcnents s imply revers e corresponding operations
p

of the preprocessing , with the exceptions already mentioned in Section

• 1 .4. 1. 3. The reversals are performed explicitly in term s of the diagnosed
clear-column components .

p

1.5 Thermal-Structure Blending

We have appended a Thermal—Structure—Blendin g ~rSB) capability to
the CLRBLOK j ob stream in order to present a more complete functional

• capability . This version demonstrates how efficient ly the relevant information
• in clear—column—radiance estimates can be used to directly enhance the

resolution of the atmospheric thermal—structure .

The TSB capability is less comprehensive than is the mass-structure
blending scheme, named STRBLND , mentioned In Section 1.2.1.  STRBLN D
involves more than the thermal profile; included are provisions for height
estimates of pressure levels .

,1

• It should be noted at the outset of this discussion that there is a
reversal of objectives between CLRBLOK and TSB. Relationship s between
channel radiances and the thermal profile are exploited in both schemes .

• In the case of CLRBLOK the relationships are used to exploit information
ccncerning the thermal-structure for its relevance to the clear-column
radiance resolutions , and in the case of TSB the relationships are used to
exploit information concerning the clear-column radiances for its relevance
to the thermal—structure resolution.

p
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In CLRBLOK the obj ective is maximum resolution of the clear-column

radlances . In TSB the obj ective is maximum resolution of every element of

the thermal—structure model. (The thermal-structure model is that descrIbed
in paragraph 1 of Section 1.4. 1 . 2 .)  The same linearized approximations are

used to express relevant independent ( i .e . ,  first-guess) estimates .~~ Both
applications of information blending must be carried out to effect both
obj ectives. The end results are not equivalent . Appreciation of the
difference is essential to the understanding of how the FIB methodology
derives maximum relevance from available information.

Relating a clear-column radiance—anoma ly estimate to a linear
combination of the tempera ture-anomaly elements of the thermal-structure
profile model involves two contributing error variances: the error variance
associated with the diagnosed clear—column radiance , and the error variance

inherent in the form of the linearized anomaly relationship .

In order to demonstrate the TSB capability we have used the sets of
linear-transform combination coefficient s which are computed by preprocessing

component Cl.  1 for scanline S of the development sample (see Sections 2. 1
and 2 . 2 ) .  The diagnosed clear—column radiance weights are reduced rather
sharp ly by addition of large estimates of the variances attributed to the
transforms.

A subroutine is required 6 for introduction into the CLRBLOK j ob stream.

Its function would be to replace the available standard coefficient s by

51n CLRBLOK we choose to minimize the direct contribution of the
calculated clear—column radiartces in the diagnosed resultant clear-column
radlances , in order to use these diagnosed radiances as independent
satellite information for subsequent enhancement of the thermal-structure
profile .

requirement Is included among our recommendations (see
Section 4. )

—25 —
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coefficients which are optimized for the local conditions . These transformations
should be statistically refined in order to minimize the associated error
variances .

The thermal-structure-blending capability includes the following
features:

The blending is performed in terms of potenti al—temperature values
for the standard pressure levels . The Independent temperatur e
est~1mates , T1 , and associated weights , A , , are transformed
accordingly .

The clear—column radiance estimates are transforme d into estimates
of linear combinations of the potential-temperature values . The
weights associated with these estimates are reduced in accordance
with contributing error variances ascribed to the re lationship for
each of the six atmospheric channels.

The blended solution , , and associated resoi .utj cn weights ,
are calculated by explicit matrix inversion.

• The solution profile is tested to be staticaUy stable: It is required
that the pot ential—temper ature values decrease from one standard

• pressure level to the next , beginning at the top of the atmospheric
column . If any level fails the static—stability test , because the
potential—t emperature value is found to be greater than that for the
level j ust above , then the value is replaced by that for the levelp
Just above . This procedure is followed sequentially from top to
bottom. The adjusted solution is then optimi:ed , within the constraint
of positive static stability , by sequential SOR passes from top tc~P bottom . This procedure exploits the addit ional  information that  th e
atmosphere Is statically stable in the obj ect scale of r esolution.

p
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The potential—temperature va lues of the solution are transformed
into temperature values, T *. The associated resolution weights are

$ transformed accordingly .

Independent , first-guess, temperature profiles are obtained for use in
CLRBLOK for every third spot of each scanhine . The Thermal-Structur e
Blending (TSB) capability Is programmed to process this subset of spots

7excluding spots I and 25 of each scanhine . The Sample run (see Section 2 ) ,
which includes TSB applications for 63 profiles has demonstrated the efficiency
and effectiveness of this capability.

H •

S
7Clear—colum n radiances are not diagnosed for spots numbered 1 , 2 ,

24 and 25 of each scarihine because of the spars ity of spots in scanline
extremes , and for convenience in avoid ing boundary complications in the
programming .
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2. DEVELOPMENT OF THE JOB STREA M

2.  1 Comocn ent Ccer~ t!ons of the  fob Stream

Part 1: The Preprocessing Components

k Cl .  0 InItialization

Cl.l Generation of Standard Profile Transfrrms

C l .2  Local Standard Radiar .ces,  and Anomalies fr:m

C l . 3  Impl cit Removal of Surface Ccr . t r±b ut i cn

C l . 4  Impl icit Temperature Normal i za t ion

• Cl .5  Impl icit Nadir Normalization

C l . 6  First—Guess Radiance

Cl .7 OptIona l Linear Transformation of Atmc s~ her ic Ch anneis

(not presently used)

Cl .8 Subtraction of First—Guess

C l . 9  Organization of Scanline into 3lcck Format
(

Cl.l0 Save Labeled Ccmmcn Blocks for Later ~se

Part 2: The Diagnostic Components
&

C2 .0 Initialization

C2. I Ambient Variance in Preprocessed Radiances

C2.2 Adj ustment ~~is EstImates for Each Spot

C2 .2.  1 Ini t ial izat ion

0 2 . 2 . 2  Local Contrast vector s
$

0 2 . 2 . 3  Opt imum Depth of Model ndorsemen:

_ _ _  _ _ _ _ _ _ _ _ _ _  -~~



p

C 2 . 2 . 4  Local Adj ustment Axis

C 2 . 2 . 5  Adj ustment Axis Weights

P C2 .2 .6  Selective Print—O ut

C2 .3 The A Weights , and Assembly

02 .3. 1 Initialization

C2 .3 .2  Clear Measure Assessment

C2.3 .3  Assembly of Estimates and Weights

02.4 Blending for Resultant Estimates

02 .4. 1—2 .4 .2 Initialization

C2.4 .3  The Blending Operation

02.4.4 Process the Solution:

Cycle 1 and 2: return to Section 2 . 2

Cycle 3: proceed to Section 2 . 5

*02.5 The A Approximations for each Scanline

C2 . 5. 1 Fill the Inversion Matrix

C2 .5 .2 Invert the Matrix

C2 . 5 .3  A* Va lues

Part 3: Restoration Components

C3. 0—3. 1 Initialization

03.2 Add First—Guess Back

C3 . 3 Re—Scale Radiance Anomalies

C3 .4 Add Surface Contribution Back (Optiona l——not exercised)

C3.5 Add Local Standard Back
P

C3 . 6 Re—Calibrate  Resolut icn Weichts



P
:~art 4: Thermal- Stru cture Blending Component s

C4. 1 init ial ization

• C4 .2 Refinements of Ccefficient s and Specifications
(Provision for future subroutine)

C4.3  Estimate and Weight Transformation

C4 .4  Explicit Blending Solut icn

C4 .4.  1 Fill Bl ending Matrix

C4.4.2 Invert Matrix

C4. 4 .3  Fcrm Forcing Vector

C4 .4 .4  Resultant Profile

C4 .4 .5  Associated Resolution Weights

C4.5 Stabilize the Profile

C4.5. I Test and Adjust Pr of i l e

C4.5.2 Optimize Adjustments

04.5 Organize Resultant , E**

2 . 2 Print O~ticns

The CLRBLCK job stream :~as been desi~ned to : nCIU d9  ~ wide choice

of printout options to aid in the in it i al  program debucc :nc , in ~eve~opin ~
familianzat lon with component functions , and for evaluating pro~ ram

mcdificaticns and tuning adjustments.

$

P
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The amount of printed output can be varied for each scan and/cr
block of scans :

• All Sections:

Numerical values for each scan , and the block , are stored
in array MOPr (20) ,  located in Labeled Common Block

• PARBL. These values range from 1 (for complete print-out)
to ~ 8 (no print-out).

MOPT 1. . . MO~~~ contain Print options for scan ~ l .  . . ~9.
P

MOPT~~ contains print option for the whole block .

MO is generally = the current print option .

Sections 4.3.. . 4 . 6 :

If MO ~ 3 , then any profile spot can be selected for
detailed print—cut .

Print option values are stored in arrays MCN ?(7) , M OM ( S ) ,
and MONP M (7 , 9) in Section 4.0.

Th ese details are covered in 04. 1 (Tni tia l izati cn ) of the
Program Documertation .

The lists of Common Blocks , arrays , and other values with their accom~ any inc
print oPtion s are included in the functional descri~ticn .

V

p
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The ~ e ’ei~~~r~ -’n: ~9. mol ~-~

The sa m t ~le b c c~-t of n ine  scan l ines  .~hc ’vn in F icuro 1 wa~ uood
p the ‘ielo~ rnent £ a m P e for progr~ n1. OLPE LOK . This sample  b ic c :< wa~

selected from tho avaiiab e c o l l e ct i o n  of rad~ances beca~ s~ was rh~
longest con::r.uous sequenc e of scanl ines over open ocean . The blcc~t
was not selected w:th any pa rt icular  ex~ eota :Lcns  a~ t o y ield , nor were$
:he cloud characzer :s:ic~ considered in the se lect ion .

The information yield which  is expressed b~’ th e r el i  i l i : : we!cht s
of the diacno~ ed clear— column r adtartces is de~ endor .: on th e char ~ ct er:s:icg
o~ ~e C 1 CLO1~~C S S  c 1 ear ~ec on ce~ e~al’ o es -‘ �  -‘ z e ~~ e c -e
CL~~L0~< capab i l I ty  is designed to d:a ~~r .ose th e inherent  i n f o r m a t i o n  :n the
measur ed r adiance s no matter  how orea: or how moacer  the : y ield m :ch : be.
1: is even mere irnoorta n: that  f a lse  informat ion not be cener ateb
ass m~~a~ec ~‘a’~ 

- s ~~at gccd ~r or~~a~ o-’ oe

2 . 4  ? el!min v~~ cm~ c~~~n~g

::~e inpu : re cu irem enz s for Program CL~~ LCK inc lu de:

a) The measured rad :ances organized by channels , spot s and scan in~ s ,
.v:th spot lccattons , zenith angles and t:minc data .

~~ st ima:es of the temp er a tur e  :rcf:Les for  ~~~~~~~~~~~~ :h:rb s: ct  of  ea ch soanline .
Each ~rof!ie is extreSseb by ~~ t emp era tu r e  (~~i~) a: each of

$ :re ssure :e~:Cis .

(c) stimates of the sea—surface temperature for each s:ct , and a la~b sea
r~e t a — f u n c :~on 1.e . , J or 1) r e iu e  for each s po t .

~d) Tr ansmts s :on  fun ct ~cri s for each channel  for :en:th ‘ncies o~ ~~ 3
These func: ons are used in ?a rt 1 (subrcut :ne ~~20CF’ for thecre::oa

of the t r a ns fo rm s  u sed in caio~ la:~nc ~ndeoenden:  f s:— ~ u~ ss

I
• 

_
_ _~~~~~~__&
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P
radiances, and are use’:i in Part 4 ~n :her::a — s:ruc:ure  . i i en rhno .  ,V-o

cor.s:der th:s de~ endoncy on th ecre t : ca l  t r o n s m i s o : : r .  ~ur c t : :n s  t o  be

an in t e r t m  neceos i :~~, a v n~::nc re p a o ~ mo n:

in an opera t iona l context  the  re qu i red  :riPut ~~~~~~~ t ho: uoo

process !rt g center  :n a lacced rea l— t : m e  mode.  For pres en:  f e v s i :~~me r.t

~urposes the above da:a was asse m b led liv F & ~ pro ced u r e s .  The se
pro cedures have been be sico atod Fart  0 of Prc gr~ r. CLP O~~, b ut t h e y

shou ld not  be considered par: of :he jo b s tr e a m .  The input

for CL~ BLCK , :n an ocerat icna i context , wi l l  d ecend on :he s~ ec :f :cs of

the cpera t :no sy s t e m .

2 . 5  The Sample  Pe r fo rma n c e

The yield ber :veb front the sample  b l o c : <  of scan o:es turned :u : to

be hich for channels 1 , 2 and 3 , effec::ve !v n~l ~:r cha nn els .5 , and .5 ,

and ~n:ermedia :e , and spcot v , for channels  4 and ~.,  elI accor dino to the

~roduc: associated reiiabilotv we:ch:s . Th i s  ‘ontu::ed d i a c n c s i s  by ‘~~3 C K

:m~ iies the: the rec ion has a comp lex  cloud szroc :ure above a low ov e r c a s t .

The ccm~ lex cloudiness has been con f i r m ed dv exam :na:ion of t he concurren t

synoptic da:a . Ficure 2 :s a sur face  3na!vsis wrth  s t a t i o n — m o d e l  p l o t s .

The four stars :n Fig.  2 ind:ca:e the  corner p oints of th e asi—rectcn :u ar

rec:cn covered by the n:ne scan l ines .  Ccn s:deri r .c  th e syn opt :c

the a :mcscheric depth  of model r s i ev an ce  and t h e resu t ine  :n forma : :on

y :eib of the CLR3L OK d iacn cs i s  are ::r.der s :andahie . The mode l  pe r fo rme d

accord ing to performanc e expec :at :cns.

_ )  
—
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I . 6  Pr cer ~ m ~~V~~ rL :V

The f o l l . i .- in  ~i: t : t n j  ~~~
V : r . l .~ ~~~~~ i t : : : :~:n . i  f~~r ‘ ‘‘ too

p V~~ t r c o .~~~~~ , 100 IUL no th e  :- :: l — s t ~uc:ur ~—i lenL ~ :~ ; SU:~ o:ocn: in ~~~~~~~ .~ -

these ouroc , ~n Cl~ :econd5 of x e c u t :~~n t ho. ’ , ~p~:ly t o  the ‘ :t ~c :

the sampl e  bk .-c- ; of n~no :~C3P t ine~; , u s inL;  F N - V C ’  s i~ V~~~ ~ ~ C— ~5 Y~i c -:o~ u:er

named ‘ h A L ’ .
$

1vVIt h~ ut i’r
but Inc lud i :io  a l l

\V i t h P r : n t eu t  pr :nt c c : ~- ’.- fl

(as del ivered ) 
_____

CLRBLI l~~. S4 l  2 . 10 0

CLRBL2 l 3 B . I ~l,V~ . ö S . 6 3 2

CLi~PJ 3 2 2 .  - 
‘ -

~ I

22 S. .!58 I~~~. ~~ 
V

I
Remova l of a l l  pr int  r ev is Ion: ;  W O U I O  : o I - e  i : : u : : o t n t  - :ni-::o::

i n th e l on oth  of th e  ~ro cra m h o t  m e — —  ih o: : -~ 1 1 hi c~ :c o.

2 .7 Pro cr~~m F~i ’ - ~: ont: t en

An oxten s :ve oreer:cti Iocu m en:a : :  ~mi ~f ~n . :  ~~~~~~~~~~~~~~~ ;-: i:. o~re

In c  iuo :n~ th ~‘ p r ?  len V :‘ary com~’cr :on:s a :‘~ : to e  th -v :oa 1 —
~~~~ r- :c :uo ’— :1 on~i -

cep abd . ty  ~upp l ’mont , i’.a~ dote: ~i ro :~arod .~nd ~ so-en al- ’d ‘io~ ‘: V : 5V ’r ~ to

cov~ r.  Th is  volume - of d o c u m o n t a t ~ n: inc~udo .  t~: ~o l l ~~v :oe ~:o:: i:

Co n e rl l  ih. ’t .t; :ta :ma :os ~h .v:o : s :ruct ’.:ro of .: - m - o -: - ’ ~oo
P V -o~~: ~:ams , an :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I! Equa t ion (9) is used to e l i m i n a t e  L in Ft~ ~l ) . In
of the 3lend i m — b y — ’~Vei~ hted—Soread in ;  ~3’.V$) f o r m u l a t i o n  we exoress  t h e
r e su l t an t  ceneme ! ecu at ton  as f o l l o w s :p - -

S = A S cv , n , n v ,rl , 0 v . n , o
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— 3 - - E  
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