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ATMOSPHERIC SOUNDING USER'S GUIDE 

ABSTRACT: The TIROS Operational Ve r t i ca l  Sounder (TOVS) on 
TIROS-N ser ies sate1 1 i t e s  rep1 aced the Ver t i ca l  Temperature 
Prof  i 1 e Radi ometer (VTPR) f 1 own on ea r l  i e r  pol  a r  o r b i  ti ng 
spacecraft. Since the successful launch o f  TIROS-N and the  
change-over t o  TOVS, many papers and a r t i c l e s  have been 
presented concerning the various aspects o f  t he  TOVS hardware/ 
software system. This repo r t  was compiled t o  provide users 
w i t h  a document which would i n c l u d e  a l l  t h e  s i g n i f i c a n t  
features o f  the TOVS operational system. . 

1 . INTRODUCTION 

I n i t i a l  planning f o r  the TIROS-N Operational V e r t i c a l  Sounder (TOVS) began 
i n  1970 and was formalized i n  1971. A t  t h a t  t ime the concepts o f  i n d i r e c t  
sounding o f  the atmosphere were supported by observations from the  S I R S  and I R I S  
instruments on the Nimbus-3 and -4  s a t e l l i t e s .  Yet t o  be tested were the ITPR, 
NEMS, and SCR on Nimbus-5, the HIRS, SCAMS, and PMR on Nimbus-6, and the  VTPR on 
the  NOAA-2 t o  -5  operat ional  s a t e l l i t e s .  (See NASA Goddard Space F l i g h t  Center, 
1969,1970,1972,1975, f o r  a desc r ip t i on  o f  these instruments). 

The profusion o f  acronyms associated w i t h  the instruments obscures the 
progressi ve ref  i nement o f  the observations needed t o  deduce useful  prof  i 1 es of 
temperature and humidity. Early experiments were more simple i n  the sense t h a t  
known 1 i m i t a t i o n s  were imposed by the technology o f  the mid-1960s. Improvements 
i n  in f rared detectors, sol i d - s t a t e  devices f o r  microwave radiometry, and t h e  
r e l i a b i l i t y  of other components of s a t e l l i t e  systems opened the  way f o r  more 
sophist icated experiments leading t o  operational systems f o r  i n d i r e c t  sounding. 

A t  the t ime the TOVS was planned, experience showed t h a t  several consid- 
erat ions had t o  be taken i n t o  account: 

1) Clouds represented a major l i m i t a t i o n .  
were open: 

To combat t h i s ,  two approaches 

a )  The i n f r a r e d  s ignals  from a number o f  contiguous f i e l d s  of view 
can be combined t o  process a s ing le  sounding. The inf luence of 
clouds can be deduced from va r ia t i ons  i n  the s ignals  due t o  breaks 
i n  the cloudiness, and the signal  f o r  a c loud-free atmosphere 
extracted . 
b)  Microwave emi ss i  ons are 1 argely  un inh ib i t ed  by cloud drop1 e t s  . 
Thus, i n  the presence o f  clouds opaque t o  the i n f r a r e d  channel, 
soundings can be made from emissions i n  the  microwave spectral  
region. 

2) To obta in  accurate temperature soundings, i t  i s  necessary t o  conduct 
simultaneous measurements from which water vapor and ozone can be 
deduced. Thi s i s because atmospheric absorptions a t  a1 1 wave1 engths 
are caused by a combination o f  atmospheric gases. 



3)  I n d i r e c t  soundings i n  the troposphere are improved i f  the measurements 
extend through the  stratosphere. This i s  because the upwel l ing rad ia -  
t i o n  i s  in tegrated throughout t h e  e n t i r e  atmosphere. 

Add i t i ona l l y ,  experience suggested t h a t :  

4 )  The l a r g e  temperature dependence o f  thermal r a d i a t i o n  a t  short  wave- 
lengths makes i t  desi rab le t o  conduct a t  l e a s t  a p o r t i o n  o f  t he  
measurements i n  the  spectral  reg ion from 3.5-5 urn. 

5)  There i s  an optimum number o f  spect ra l  samples f o r  obta in ing soundings 
(Weinreb and Crosby, 1972), and increas ing the  number w i l l  be o f  1 i t t l e  
b e n e f i t  r e l a t i v e  t o  the  spectral  reg ion being used and a given s igna l -  
to-noise r a t i o .  

The TOVS instruments t h a t  evolved from t h e  i n i t i a l  study r e f l e c t  t he  above 
considerat ions and the experience gained as t h e .  l a t e r  experiments were flown. 
F i n a l  design speci f i c a t i  ons represented the  accumul a t i  on o f  our know1 edge up t o  
1976. 

The TOVS consis ts  o f  t h ree  instruments: 1)  t he  second version o f  t h e  High 
r e s o l u t i o n  I n f r a r e d  Radiat ion Sounder (HIRS-2) o r i g i n a l l y  tested aboard the  
Nimbus-6 s a t e l l i t e ,  2) the Microwave Sounding U n i t  (MSU), which i s  s i m i l a r  t o  
the  Scanning Microwave Spectrometer (SCAMS) f lown on Nimbus-6, and 3)  t he  
Stratospher ic  Sounding U n i t  (SSU) provided by the  B r i t i s h  Meteorological O f f i c e  
and which i s  a Pressure Modulated Radiometer (PMR) s i m i l a r  t o  the one f lown on 
Nimbus-6. Table 1 provides the c h a r a c t e r i s t i c s  and purpose o f  t he  radiance 
observations provided by the  var ious spect ra l  channels o f  each instrument. 
Demonstration o f  t h e  v e r t i c a l  r e s o l u t i o n  o f  t h e  r a d i a t i o n  observed w i t h i n  each 
channel i s  given i n  Fig. 1. Each curve i n  the f i g u r e  shows the s e n s i t i v i t y  of 
t h e  radiance observed i n  the spectral  i n t e r v a l  o f  t he  i nd i ca ted  .channel t o  a 
l o c a l  v a r i a t i o n  i n  atmospheric temperature. These are usua l l y  re fer red t o  as 
"weight ing funct ions"  because they appear as weights i n  the  i n t e g r a l  equations 
r e l a t i n g  atmospheric temperature t o  the  observed radiances. These weight ing 
funct ions vary somewhat according t o  the  water vapor and ozone content o f  t he  
atmosphere, and a1 so weakly w i t h  atmospheric temperature. 

The scan pa t te rn  o f  t he  H I R S  and MSU instruments f o r  two adjacent o r b i t s  
over North America i s  portrayed i n  Fig. 2. The.HIRS instrument resolves a 
c i r c u l a r  area t h a t  i s  30 Km diameter a t  t h e  s u b s a t e l l i t e  p o i n t  (represented by 
the  dots i n  Fig. 2), whereas the  MSU resolves a c i r c u l a r  area o f  110 km diameter 
a t  t h e  s a t e l l i t e  subpoint. The MSU samples 11 f i e l d s  o f  view along i t s  swath 
having the  same l i n e a r  extent. The f i e l d s  o f  view enlarge and become e l l i p t i c a l  
as t h e  instruments scan away from t h e  s a t e l l i t e  subpoint. Each SSU scan l i n e  
(not shown) has e i g h t  f i e l d s  o f  view w i t h  a l i n e a r  extent  o f  1500 km. As a 
consequence there i s  no over lap o f  t he  SSU f i e l d s  o f  view and the  H I R S  and MSU 
f i e l d s  o f  view a t  t he  edges o f  t he  HIRS and MSU swaths. The problem o f  
incomplete s p a t i a l  coverage o f  SSU data i s  t r e a t e d  i n  the  data processing as 
described bel  ow. 
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TABLE 1. Characteristics of TOV Sounding Channels. 

-- 
HIRS Channel Central Principal Level of 

Channel central wavelength absorbing peak energy 
number wavenuniber (rm) constituents contribution Purpose of the radiance observation 

1 668 15.00 co, 30 mb Temperalure sounding. The 15-pm band channels 
2 679 14.70 coa 60 mb provide better sensitivity to the temperature of 
3 69 1 14.50 COl 100 mb relatively cold regions of the atmosphere than can 

' 4  704 14.20 COl 400 mb be achieved with the 4.3-pm band channels. Radi- 
5 716 14.00 COl 600 mb ances in Channels 5, 6, and 7 are also used t o  
6 732 13.70 COdHaO 800 mb calculate the heights andlamounts of cloud within 
I 748 13.40 COa/HaO 900 mb the HIRS field of view. 

8 898 11.10 Window Surface Surface kmperalure and cloud detection. 

9 1028 9.70 Oa 25 mb Total oxone concentration. 

10 1217 8.30 H a 0  900 mb Wakr vapor sounding. Provides water vapor correc- 
11 1364 7.30 H 1 0  700 mb tions for COS and window channels. The 6.7-rm 
12 1484 6.70 Ha0 500 mb channel is also used to  detect thin cirrus cloud. 

13 2 190 4.57 N SO 1 000 mb .Temperature sounding. The 4.3-pm band channels 
14 2 213 4.52 NiO 950 mb provide better sensitivity to  the temperature of 
15 2 240 4.46 COi/NaO 700 mb relatively warm regions of the atmosphere than 
16 2 276 4.40 CO*/NsO 400 mb can be achieved with the 15-pm band channels. 
17 2 361 4.24 cos 5 mb Also, the short-wavelength radiances are less sensi- 

18 2 512 4.00 Window Surface Surface kmperalure. Much lees sensitive to  clouds 
19 2 671 3.70 Window Surface and Ha0 than the 11-pm window. Used with 

11-pm channel to detect cloud contamination and 
derive surface temperature under partly cloudy 
sky conditions. Simultaneous 3.7- and 4.0-rm 
data enable reflected solar contribution to  be 
eliminated from observations. 

20 14 367 0.70 Window Cloud Cloud detection. Used during the day with 4.0- and 
11-pm window channels to define clear fields of 
view. 

tive to clouds than those for the 1s-pm region. 

Principal Level of 
Frequency absorbing peak energy 

MSU ( G W  constituents contribution Purpose of the radiance observation 
- ~~ 

1 50.31 Window Surface Surface emissivily and cloud alknualion determi- 
nation. 

~~~~ 

2 53.73 01 700 mb Temperature sounding. The microwave channels 
3 54.96 01 300 mb probe through clouds and can be used to  alleviate 
4 51.95 01 90 mb the influence of clouds on the 4.3- and 15-pin 

sounding channels. 

Principal Level of 
Wavelength absorbing peak e n e r n  

ssu O l d  constituents contribution Purpose of the radiance observation 

1 15.0 COl 15.0 mb Temperature sowding. Using COS gas cells and 
2 15.0 coa 4.0 mb pressure modulation, the SSU observes thermal 
3 15.0 coa 1.5 mb emissions from the stratosphere. 
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FIG. 1. TOVS Weighting Functions (normalized). 
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FIG. 2.  H I R S  and MSU Scan Patterns For Two Consecutive Orbits. 
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2. TOVS PROCESSING SYSTEMS 

2 . 1 The Operat i onal TOVS processi ng system 

The transformat ion o f  radiances measured i n  the 27 spectral  i n t e r v a l s  o f  
t he  TOVS system (20 HIRS,  4 MSU, 3 SSU) i n t o  v e r t i c a l  p r o f i l e s  o f  atmospheric 
temperature and water vapor i s  accompl i shed by the operation o f  f ou r  p r i n c i p a l  
software modules on an IBM 360/195 computer system: Preprocessor, Atmospheric 
Radiance, Stratospher ic Mapper, and Retr ieva l  . The funct ions o f  each module 
w i l l  be described b r i e f l y .  

2 . 1 . 1 TIROS Preprocessor 

The main funct ion o f  the Preprocessor i s  t o  organize the output o f  t he  TOVS 
data ingest ion system i n t o  a form convenient f o r  s c i e n t i f i c  processing. Input  
t o  t h i s  module consists of t ime-coincident sets (nominally, one readout o r b i t )  
of H I R S ,  MSU, and SSU measurements w i t h  e a r t h  l o c a t i o n  and c a l i b r a t i o n  
information appended. Ca l i b ra t i on  equations are appl ied, convert ing the d i g i t a l  
counts t o  radiances, and ear th  l o c a t i o n  parameters are incorporated w i t h  the  
measurements f o r  each earth-viewed spot. The SSU data are set aside f o r  f u r t h e r  
processing by the Stratospher ic Mapper module. The MSU measurements are 
corrected f o r  antenna side lobe and l imb (s lant -path)  and surface emiss i v i t y  
ef fects,  whi le  H IRS measurements are corrected f o r  l imb  and-in the case of 
window channel s-water vapor absorption e f fec ts .  These two data sources are 
combined by i n t e r p o l a t i o n  o f  the MSU measurements t o  the  HIRS scan posi t ions.  
(The co r rec t i on  procedures are s i m i l a r  t o  those described by Smith e t  a l .  
(1974)). A n c i l l a r y  data, such as so la r  zeni th  angle, t e r r a i n  elevat ions and 
i n i t i a l - g u e s s  values o f  surface sk in  temperature, and, f o r  daytime condi t ions,  
surface a1 bedo, are obtained and incorporated w i t h  the radiometr ic observations. 
A l l  t h i s  informat ion i s  read out, one HIRS scan l i n e  a t  a time, t o  a staging 
d i sk  for  access by the next module. 

The regression c o e f f i c i e n t s  used i n  the " l imb" correct ions,  as wel l  as 
seve ra l  o t h e r  s e t s  o f  s t a t i s t i c a l l y  based c o e f f i c i e n t s  employed by t h e  
subsequent modules, are contained i n  a c o e f f i c i e n t  f i l e  t h a t  i s  accessed by 
various modules as necessary. 

2.1.2 T IROS Atmospheric Radiance Module (TARM) 

The func t i on  of TARM i s  t o  t ransform the s ing le  f i e l d  o f  view (FOV) data 
provided by the Preprocessor i n t o  sets o f  atmospheric ( o r  sounding) radiances 
representat ive o f  much 1 arger areas, f o r  determination of atmospheric parameters 
by the r e t r i e v a l  module. \ 

The major research and development e f fo r t  t o  date has been d i rec ted  toward 
t h i s  process; it also accounts for  most o f  t he  computer t ime expended i n  r o u t i n e  
proccessing o f  TOVS data. 

The nominal hor izonta l  r e s o l u t i o n  o f  soundings from TOVS has been set a t  
250 km. Informat ion from the  Preprocessor i s  organized t o  permit formation of 
"boxes" whose dimensions are 9 scan spots across the s a t e l l i t e  t rack  by 7 scan 
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spots along the track.  A l l  subsequent operations w i t h i n  the TARM module are i n  
terms o f  these 63-FOV ensembles. The purpose o f  those operations i s  t o  produce 
a s i n g l e  set  o f  radiances i n  the  24 spectra] i n t e r v a l s  of H IRS and MSU, from 
which an atmospheric squnding w i l l  be obtained i n  the Retr ieva l  Module. 

The physical problem t h a t  i s  addressed i n  TARM i s  t o  ext ract ,  from the 
ensemble o f  radiance measurements, the t r u e  thermal emission o f  the atmosphere 
w i t h i n  the volume being sampled. Since there are l i k e l y  t o  be clouds over such 
a region, and since several o f  the spectral  measurements o f  H IRS are subject t o  
contamination by clouds, t h i s  task has come t o  be known as " the c l e a r  column 
radiance problem." There are i n  essence two approaches: e i t h e r  f i n d  s u f f i c i e n t  
"holes" i n  the  clouds, from whose uncontaminated observations the desired volume 
estimate can be obtained o r  apply physical and mathematical techniques t o  i n f e r  
clear-column radiances from the contaminated ensemble. Both methods are employed 
i n  TARM. 

I n i t i a l l y ,  the observations f o r  each FOV i n  a box are given ob jec t i ve  t e s t s  
t o  determine the  probable presence o f  clouds. The t e s t s  invo lve measured 
re f  1 ectance vs. expected surface a1 bedo, 1 ongwave vs. shortwave window channel 
compari sons , 1 ongwave window br ightness temperature vs . observed microwave (MSU) 
br ightness temperature. The expected surface temperature i s  obtained from 
analyses of ship and s a t e l l i t e  sea surface temperatures and she l te r  temperatures 
over land. The regression t e s t  i s  worthy o f  elaboration. The v e r t i c a l  weighting 
funct ions o f  several tropospheric-sensing HIRS spectral  i n t e r v a l s  bracket those 
o f  the MSU channels as seen i n  Fig. 1. Therefore, it i s  phys i ca l l y  reasonable 
t o  expect high accuracy i n  p red ic t i ng  the l a t t e r  from the former i n  the absence 
o f  clouds, the HIRS-predicted MSU radiance w i l l  be too low. 

As t he  software i s  c u r r e n t l y  configured, a box i s  judged t o  be c lea r  if as 
few as four c lea r  FOVs are found. The ' 'c lear"  value f o r  each o f  the parameters 
associated w i t h  the  box i s  a weighted average over the c l e a r  FOVs. The weight 
f o r  each c l e a r  FOV i s  the rec iprocal  o f  the d i f f e rence  between observed and 
predic ted MSU channel 2 measurements as obtained from the l a s t  t e s t  mentioned. 

If fewer than fou r  c l e a r  FOVs are found i n  the ' 'c lear search", a second 
approach i s  taken. The method employed i s  the adjacent-pair,  o r  N*, technique 
using eigenvectors as described i n  Smith and Wool f (1976) . The c l  ear- rad i  ance 
estimates obtained from each p a i r  are subjected t o  q u a l i t y  cont ro l  t e s t s  s i m i l a r  
t o  those employed i n  the clear-search. Four i s  the minimum number o f  good p a i r s  
f o r  N* success. The output i s  again a weighted average, w i t h  the weight f o r  
each p a i r  being proport ional  t o  the rec iprocal  o f  the e r r o r  i n  the  regression 
estimate of t he  MSU br ightness temperature based upon the  H I R S  c lear-co l  umn - 
radiance determination. 

Should both clear-search and N* f a i l  (i.e., 
fewer than fou r  good clear-radiance pa i r s )  the 
spa t ia l  average of each o f  the f o u r  channels 
highest-sensing H I R S  channels-those presumed not 
Current ly,  t h i s  " t h i r d  path" comprises about 20% 

2.1.3 TIROS Stratospher ic Mapper (TSM) 

fewer than f o u r  c l e a r  FOVs and 
output f o r  t he  box i s  a simple 

o f  the MSU and o f  t he  f o u r  
subject t o  cloud contamination. 
o f  the system output. 

As noted e a r l i e r ,  the cross-track scan o f  the SSU instrument does not cover 
as l a rge  an area on the e a r t h ' s  surface as those o f  H I R S  and MSU. I n  order t o  
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have SSU radiances ava i l ab le  f o r  temperature r e t r i e v a l  a t  a l l  sounding locat ions 
determined i n  TARM, the SSU data are used t o  update a global l a t i t ude - long i tude  
g r idpo in t  analysis, from which they can be i n te rpo la ted  t o  the sounding 
locat ions.  The TSM module performs t h i s  mapping, o r  analysis, funct ion.  The 
measurements are f i r s t  corrected f o r  l imb e f fec ts ,  then used t o  adjust  the 
g r i d p o i n t  values o f  the preexist ing,  o r  "guess," f i e l d ,  which i s  the output o f  
the previous run. 

2.1.4 TIROS Retr ieva l  Module (TRET) 

This module accesses the data output by TARM and TSM, as wel l  as the coef- 
f i c i e n t  f i l e ,  and produces v e r t i c a l  p r o f i l e s  o f  atmospheric temperature, water 
vapor -mixing r a t i o ,  and ( r e l a t i v e )  geopotential thickness. Estimates o f  t o t a l  
ozone content, and the v e r t i c a l  d i s t r i b u t i o n  o f  cloudiness w i t h i n  the ''box" 
represented by the sounding are a lso obtained. The basic r e t r i e v a l  technique i s  
s t a t i s t i c a l  : eigenvector regression (Smith and Woolf, 1976) i s  employed f o r  
water vapor and temperature below 100 mb, whi le  m u l t i p l e  l i n e a r  regression i s  
used f o r  temperature above 100 mb and t o t a l  ozone. A combination o f  eigenvector 
and l i n e a r  regression i s  u t i l i z e d  i n  the r e t r i e v a l  o f  cloud a l t i t u d e  and amount 
(Smith and Woolf, 1976). Current ly,  the regression c o e f f i c i e n t s  are derived 
from a dependent sample o f  measured radiances and quasi -coincident radiosonde 
observations. The TARM and TRET c o e f f i c i e n t  updating i s  done on a weekly basis. 

2.2 The experimental i n t e r a c t i v e  TOVS processing system 

Clouds and surface cha rac te r i s t i cs  af fect  outgoing r a d i a t i o n  i n  a manner 
d i f f i c u l t  t o  account for  i n  f u l l y  automated r e t r i e v a l  procedures. St r ingent  
f i l t e r i n g ,  averaging, and q u a l i t y  cont ro l  techniques must be employed i n  the  
automated operational system i n  order t o  avoid erroneous soundings. The 
r e s u l t i n g  network of soundings has coarse (250 km o r  greater)  spacing and, 
despi te the automatic q u a l i t y  cont ro l  steps, soundings tend t o  be l ess  r e l i a b l e  
i n  the c r i t i c a l  d isturbed atmospheric regions. 

An experimental processing system u t i l i z i n g  manual i n t e r a c t i o n  i n  the  
sounding r e t r i e v a l  process has been developed i n  an attempt t o  overcome the  
l i m i t a t i o n s  of the f u l l y  automated approach (Smith e t  al., 1978). The approach 
u t i l i z e s  the McIDAS i n t e r a c t i v e  processor and video d i sp lay  system developed by 
the Space Science and ,Engineering Center a t  the Un ive rs i t y  o f  Wisconsin. 

The i n t e r a c t i v e  processing system d i f f e r s  from the operational system i n  
that  an operator, by inspect ing a video image o f  cloud cover and thermal 
r a d i a n c e  p a t t e r n  c o n s t r u c t e d  f r o m  t h e  H I R S  and MSU data,  s e l e c t s  t h o s e  
i n d i v i d u a l  f i e l d s  of view of the TOVS best su i ted  f o r  sounding r e t r i e v a l .  The 
operator can ensure t h a t  adequate coverage o f  sounding data i s  achieved i n  the 
c r i t i c a l  regions of the disturbed atmosphere. As i s  done o b j e c t i v e l y  i n  the 
operat ional  system, one of three types o f  r e t r i e v a l s  (c lear ,  N*, o r  microwave 
on ly )  can be selected by the operator, depending upon cloud condi t ion.  Numerous 
d i sp lay  programs have been developed t o  enable the operator t o  recognize and 
de le te  erroneous TOVS soundings on the basis o f  meteorological inconsistencies. 
The erroneous d a t a  a r e  recogn ized  f r o m  e i t h e r  i n t e r n a l  h o r i z o n t a l  
i n c o n s i s t e n c i e s  o r  i n c o n s i s t e n c i e s  w i t h  o t h e r  m e t e o r o l o g i c a l  d a t a  (e.g. 
rawinsonde) t h a t  are displayed w i t h  the TOVS soundings, on a t e l e v i s i o n  monitor 
a t  the McIDAS operator 's  terminal  The end r e s u l t  i s  a dense network o f  
meteorological l y  consi s tent  TOVS soundings . 
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The i n t e r a c t i v e  processing system i s  cu r ren t l y  being u t i l i z e d  on a d a i l y  
basis by a j o i n t  group o f  National Environmental S a t e l l i t e  Service (Mesoscale 
Appl icat ions Branch) and Un ivers i ty  o f  Wisconsin (Space Science and Engineering 
Center) s c i e n t i s t s  t o  process d i r e c t  readout TOVS data over North America as 
pa r t  o f  a research program f o r  improving the  detect ion o f  the  antecedent 
condi t ions o f  loca l i zed  severe weather. I n  t h i s  app l i ca t ion  hour ly surface data 
are used t o  enhance, the TOVS product The i n t e r a c t i v e  processing procedure i s  
also being used as par t  o f  a "Special E f f o r t "  t o  provide improved sounding and 
cloud-motion wind data f o r  FGGE-Global Weather Experiment (Greaves e t  a1 . 
1979), as we l l  as being tested f o r  i t s  operational u t i l i t y  by the  O f f i ce  o f  
Operations, National Earth Sate1 1 i t e  Service (NESS) 
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3. THE TOVS COEFFICIENT DATA BASE 

A repos i to ry  f o r  twenty-seven sets of coe f f i c i en ts ,  mean values, numerous 
f 1 ags, eigenvectors , and pre-def i ned constants, t he  TOVS Coe f f i c i en t  Data Base 
(CDB) p lays an essent ia l  r o l e  i n  the processing o f  TOVS data. It has been 
constructed t o  meet fou r  basic goals: 

1. The data must be e a s i l y  and qu ick l y  accessed by several users. 

2. The data must be e a s i l y  updated o r  changed t o  meet new requirements. 

3. Changes i n  the type, number o r  coqtent o f  the data f o r  one user must 
remain transparent t o  other users. - 

4. It must be protected against accidental o r  unauthorized changes. 

The process involved i n  the generation of the CDB ranges from the simple 
d e f i n i t i o n  o f  values t o  the procedures of s t a t i s t i c a l  modeling f o r  the com- 
pu ta t i on  o f  coe f f i c i en ts .  CDB parameters, f lags and constants, whi le  numerous, 
are defined values. The placement requires item-by-item consideration. A l l  are 
needed a t  some poi n t  , however, t o  generate o r  apply c o e f f i c i e n t s  . Coe f f i c i en t  
generation i s  a complex and t ime consuming task. Here eigenvalues, eigenvectors 
and r e l a t e d  mean values are included, as they are f requent ly  produced as a 
by-product o f  coef f ic ient  generation. The fact  t h a t  one t h i r d  o f  the t o t a l  TOVS 
processing software i s  devoted t o  i n i t i a l  and updated c o e f f i c i e n t  generation, i s  
evidence o f  i t s  enormity . 

The data base is 'organized such t h a t  c o e f f i c i e n t s  are d iv ided i n t o  e igh t  
GROUPs ( labeled commons) w i t h  the seventh and e igh th  GROUPs being f u r t h e r  
subdivided i n t o  5 ( l a t i t u d e )  ZONES. A f u l l  eight-GROUP set  o f  c o e f f i c i e n t s  
cons t i t u tes  a CDB AREA. A maximum of 5 AREAs are assigned t o  a given CDB 
dataset, a work AREA and fou r  permanent AREAs. Each permanent AREA may 
accommodate a l l  the c o e f f i c i e n t s  f o r  a s ing le  s a t e l l i t e .  The access rout ine,  
(GETCDB) permits reading an e n t i r e  GROUP f o r  a given s a t e l l i t e  AREA and ZONE ( i f  
GROUP 7 o r  8). The access r o u t i n e  (PUTCDB), s i m i l a r l y ,  permits w r i t i n g  of an 
e n t i r e  GROUP, but  on ly  t o  the  work AREA. CDB organizat ion i s  summarized i n  
Figure 3. 

I n  the discussion which fol lows, t he  c o e f f i c i e n t  generation processes w i l l  
be highl ighted. I n  most cases, regression c o e f f i c i e n t s  are computed by software 
t h a t  i s  p a r t  of the Coeff icient Generation Subsystem (Chalfant e t .  a l .  1979), a 
comprehensi ve network of programs and data f i 1 es . Regression c o e f f i c i e n t s  are 
generated according t o  speci f ic  a lgor i thms and stored i n  the CDB d i sk  f i l e .  For 
s p e c i f i c  forms of the i nd i v idua l  regression re la t ionships,  and associated 
algori thms, the reference given i n  t a b l e  2 should be consulted. 

3.1 I n i t i a l  Coe f f i c i en t  Generation 

3.1.1 Band Correct ion Coe f f i c i en ts  

Band c o r r e c t i o n  c o e f f i c i e n t s  (BNDCOR) a r e  c a l c u l a t e d  f o r  19 HIRS/2 
channels.  F i l t e r  t r a n s m i t t a n c e  d a t a  and t h e  i n s t r u m e n t  o p t i c a l  system 
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FIGURE 3. - - COEFFICIENT DATA BASE ORGANIZATION 
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transmittance data are used as input. A linear regression is used to obtain the 
coefficients. In application, these coefficients (a and b) are used to define a 
pseudo temperature TI where: 

TI = a + bT 

which minimizes the error in calculating Planck radiances due to a finite filter 
bandwidth. This set of coefficients is used indirectly in the generation of 
other CDB coefficients wherever conversions are required between channel 
radiances and channel brightness temperatures. For the remaining channels, 
HIRS/2 channel 20, MSU and SSU, no band correction is required. Here, 
therefore, the band correction coefficients are set to the appropriate constants 
(a=O,b=l) 

3 . 1 . 2 Transmittance Generati ng Coefficients 

To enable the rapid computation of transmittances for instrument channels, 
eleven sets of coefficients must be computed and stored in the CDB. A complete 
set of transmittance generating coefficients is unique for a given satellite. 
Once computed, they need not be seasonally updated. They are exclusively used 
in the pre-launch simulation 'of satellite data. To obtain simulated radiances 
or brightness temperatures for a given channel and arbitrary atmosphere, 
transmittances are needed at each pressure 1 eve1 . 

Of the eleven sets of coefficients, six are needed to construct HIRS/2 
transmittances. Two of these (CVTNC and ANGCDF) become necessary in the 
construction of transmittances for the uniform mixing ratio gases (carbon 
dioxide, carbon monoxide, oxygen, nitrous oxide and methane). A single set 
(CONST) of continuum coefficients combine the effects of three components, water 
vapor foreign-broadeni ng , water vapor sel f -broadeni ng , and pressure induced 
nitrogen continuum. A single set of coefficients treating the effects of water 
vapor line absorption (CTNW) is needed to construct transmittance. The four 
remaining sets (T2577, T480Z, CTNO1, and CTN02) are needed to construct ozone 
transmittances. In contrast to the others, T257Z and T480Z are not regression 
coefficients but vertical transmittances for atmospheres of 257- and 480- dobson 
total ozone amounts Without using regression coefficients, ozone vertical 
transmittances are constructed by an interpolation technique. ' CTNOl and CTN02 
are regression coefficients that are needed to correct for slanted viewing 
angles. Total transmittances are then computed as products of the four 
constituents, uniform gases, water vapor, continuum and ozone. 

A computer program (C02) calculates the uniform gas transmittance 
coefficients. Among the uniform gases, the dominant absorber in the spectral 
region of interest is carbon dioxide. For this reason, references to carbon 
dioxide in the procedures will likely intend the inclusion of all the uniform 
gases. The following input data is required': 

1. 19 dry atmospheric profiles. 
2. HIRS filter response functions. 
3. Raw spectral data in the form of transmittances. 
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Raw spect ra l  data i s  convoluted w i t h  the  f i l t e r  funct ions t o  y i e l d  
transmittances. V e r t i c a l  t ransmit tance c o e f f i c i e n t s  are ca lcu lated (CVTNC) v i a  
m u l t i p l e  l i n e a r  regression, f o l l o w i n g  the transmit tance model o f  McMi l l i n  and 
F1 emi ng (1976). I n  addi t ion,  t he  program ca l  cu l  ates s l  ant path c o r r e c t i o n  
c o e f f i c i e n t s  (ANGCOF) u t i l i z i n g  the  technique suggested by Fleming and McMi l l i n  
(1977). 

V i a  computer program (HZO), t he  c a l c u l a t i o n  o f  water vapor t ransmit tance 
regression c o e f f i c i e n t s  i s  performed. The f o l l o w i n g  basic data i s  required: 

1. Transmittances f o r  144 homogeneous paths . 
2. H IRS f i l t e r  response funct ions.  
3. 6 temperatures, 6 pressures and 6 sets o f  12 water concentrat ions. 

(Concentrations are given i n  cm o f  p r e c i p i t a b l e  water) 

Transmittances are convoluted w i t h  the  f i l t e r  funct ions by the  program. It 
then forms the  temperature-pressure-water dependent p r e d i c t o r  funct ions and t h e  
transmit tance dependent predictand funct ions.  These funct ions are i n  keeping 
w i t h  t h e  t r a n s m i t t a n c e  model f o r  wa te r  vapor d e s c r i b e d  by  Weinreb and 
Neuendorffer (1973) . Regressing p r e d i c t o r  against predictand, a stepwise 
m u l t i p l e  l i n e a r  regression i s  performed t o  compute the c o e f f i c i e n t s  (CTNW). 

As w i t h  the f i r s t  two components, t he  treatments o f  data necessary f o r  t h e  
const ruct ion o f  ozone and continuum transmittances have s i m i l a r i t y  bu t  are 
c e r t a i n l y  not i d e n t i c a l .  A s i n g l e  program (OZCON) handles the  processing o f  
ozone and continuum data t o  be stored i n  the  CDB. It f i r s t  requi res the  19 HIRS 
f i 1 t e r  response functions . Two atmospheres fo r  ozone transmittances are i nput . 
The sample atmospheres represented conta in  t o t a l  ozone amounts o f  257 and 480 
dobson un i t s .  The ozone transmittances are convoluted w i t h  the f i l t e r  funct ions 
and stored i n  the  CDB as convoluted v e r t i c a l  transmittances (T257Z and T480Z). 
Using s l a n t  path convol uted transmittances, t he  zen i th  angle t ransmit tance 
adjustment c o e f f i c i e n t s  (CTNO1 and CTN02) are computed f o r  t he  two atmospheres. 

Pre-computed continuum transmit tance c o e f f i c i e n t s  (CONST) are provided t o  
the  program. For d e t a i l s  o f  t he  method o f  computation, see Weinreb and H i l l  
(1980). 

The model f o r  t h e  c o n s t r u c t i o n  o f  MSU t r a n s m i t t a n c e s  makes use of  
absorpt ion c o e f f i c i e n t s  f o r  oxygen and water vapor. Absorption c o e f f i c i e n t s  are 
computed from regression c o e f f i c i e n t s  (REGMSU) A computer program (MSUCOF) 
performs the  regression. It i s  supplied w i t h  32 sample atmospheres, each 
contai  n i  ng atmospheric temperatures a t  40 pressure 1 eve1 s and water vapor m i  x i  ng 
r a t i o s  a t  t h e  lower 20 pressure leve ls .  For each atmosphere oxygen and water 
vapor absorpt ion c o e f f i c i e n t s  are computed using a l i n e - b y - l i n e  evaluat ion.  
Regressing t h e  computed absorpt ion c o e f f i c i e n t s  (predictands) against t h e  
p r e d i c t o r  funct ions,  the program uses m u l t i p l e  1 inear  regression t o  obta in  the  
c o e f f i c i e n t s  (REGMSU) . Pred ic to r  funct ions f o r  oxygen are (1) temperature and 
(2) temperature squared. For water vapor they are (1) temperature, ( 2 )  mixing 
r a t i o ,  and (3) t he  product o f  temperature and mixing r a t i o .  ' 

F o r  t h e  c o n s t r u c t i o n  o f  SSU t r a n s m i t t a n c e s ,  two s e t s  o f  r e g r e s s i o n  
c o e f f i c i e n t s  (RESSUN and RESSUA) must be ca l cu la ted  (program SSUCOF) . The basic 
data fed t o  the  program consis ts  o f  19 d r y  atmospheric temperature p r o f i l e s  and 
t h e  SSU t ransmit tance tab le.  A f t e r  i n t e r p o l a t i n g  f o r  c e l l  pressure, the program 
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carries out  a procedure identical t o  the one used for uniform gases in the HIRS 
case. Vertical coefficient (RESSUN) calculation precedes the computation of 
slant p a t h  correction coefficients (RESSUA). 

3.1 . 3 Limb Correction Coefficients 

Four sets of limb correction coefficients are generated, one set for each 
instrument and a fourth set t o  correct the HIRS/2 window channels for atten- 
uation (HRSLC,XMSULC,SSULC and HRSLIM) Here the CDB coefficients computed t o  
yield atmospheric transmittances become necessary. All limb correction coef- 
f icients depend upon simulated channel d a t a .  A global representation, one 
hundred (100) atmospheric temperature prof i 1 es and corresponding water vapor 
mixing- ratio profiles are used w i t h  the transmittance generating coefficients t o  
compute simulated channel radiances . Then radiances are converted t o  brightness 
temperatures . Limb brightness temperature correction coefficients are computed 
using stepwise multiple linear regression w i t h  selected channel brightness 
temperatures as predictors .  These C O B  coef f ic ien ts  are used i n  the  
pre-processing of sa te l l i t e  d a t a .  Since d a t a  i s  collected a t  zero as well as 
non-zero scan angles, the limb correction coefficients permit the non-zero d a t a  
t o  be angle corrected. 

Limb correction coefficients for HIRS channels are calculated by computer 
program ( L M C O R H ) ,  a t  five intervals of scan angle. The first  interval begins a t  
the 4 t h  scan spot (field of view) and traverses a total of five spots. The 
remaining 4 intervals are 5 spots wide as well. Treatments t o  the l e f t  or r i g h t  
of a zero nadir angle are symmetrical . I t  i s ,  therefore necessary t o  compute 
coefficients only once t o  be used for either side of nadir. 

To process the f i r s t  interval , channel d a t a  must be simulated for each 
angle of the 5 included spots. Data simulated for a single spot consists of 
1700 sets of channel radiances. This represents 100 profiles times 17  cloud 
conditions (1 clear and 16 variations of cloud). A f u l l  sample for an angular 
interval of 5 spots contains 8500 sets of simulated radiances. Radiances fo r  a 
si ngl e prof i 1 e are cal cul ated with constructed transmittances and prof i 1 e d a t a  . 
There is  an exception i n  the case of HIRS channel 9. Centered a t  1030 (l/cm), 
this  channel's response i s  highly affected by ozone absorp t ion .  The resident 
algorithm, while adequate for  other channels, i s  not used i n  th is  case. Channel 
9 transmittances are supplied directly from d a t a  fed t o  the program. Simulated 
radiances are converted t o  brightness temperatures and form the f i r s t  p a r t  of 
what shall hereafter be called the 'observed' sample. The second part  of the 
'observed' sample consists of the corresponding set of 100 vertically sensed MSU 
channel brightness temperatures (channels 2 through 4) .  

Recall t h a t  the 'observed' HIRS d a t a  i s  entirely slant-path d a t a .  In  the 
same way, d a t a  i s  simulated for a vertical p a t h  which shall hereafter be callea 
' t r u t h ' .  Predictands are formed as differences between ' t ruth '  and 'observed' 
Predictors are formed from the products of secant of zenith angle and 'observed' 
along with secant of zenith angle. 

A t  most 19 HIRS channels, 3 MSU channels and secant of zenith angle could 
be selected as predictors. Since i t  i s  known i n  advance t h a t  certain 
combinations of channels are most suitable as predictors, flags are used t o  
pre-screen the selection of predictors . Regressing predictands against 
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predic tors ,  c o e f f i c i e n t s  (HRSLC) are .computed v i a  stepwise m u l t i p l e  1 i nea r  
regression . 

Again, the process i s  c a r r i e d  out f o r  t he  second through f o u r t h  angular 
i n t e r v a l s  . Each t ime s l  ant-path data must be simul ated, predic tors  formed and 
regression c o e f f i c i e n t s  (HRSLC) computed. I n  add i t i on  t o  the f u l l - p r e d i c t o r  set 
of c o e f f i c i e n t s  a pass i s  made i n  which MSU predic tors  are completely excluded. 

Window channels o f  the H I R S  instrument (8, 18, and 19) are corrected f o r  
a t tenuat ion dur ing pre-process! ng . Removal o f  contami nat ion u t i  1 i zes a set o f  
regression coef f ic ients  (program WATVAP) . The procedure i s  very s i m i l a r  t o  1 imb 
correct ion.  Here, however, no cloud contaminated data i s  used. Since the 
co r rec t i on  i s  appl ied a f t e r  l imb  correct ion,  no s lant-path data i s  needed. 
'Truth '  i s  t he  surface temperature. 'Observed' data i s  formed from v e r t i c a l l y  
sensed c l e a r  radiance simuldt ion. This sample o f  100 cases i s  f u r t h e r  reduced 
by a special condi t ion.  I f the  d i f f e rence  i n  brightness temperatures between 
channels 8 and 10 i s  l ess  than 3 degrees absolute, t he  case i s  withdrawn. 
Predictands are ' t r u t h '  l e s s  'observed' window channel br ightness temperatures. 
Predic tors  are taken from the 'observed' data . Predictands are regressed 
against p red ic to rs  and c o e f f i c i e n t s  (HRSLIM) computed v i a  stepwise regression 
fo r  cases with and without MSU p red ic to r  data. 

MSU l imb  co r rec t i on  (program LMCORM), i n  add i t i on  t o  angle correct ion,  
removes the effects o f  a special c h a r a c t e r i s t i c  of microwave antennas known as 
' s i d e  lobes' .  The signal  perceived by the MSU sensor i s  not the t r u e  s ignal  
from the f i e l d  of view due t o  the  f a c t  t h a t  t he  antenna does not focus exclu- 
s i v e l y  on the  f i e l d  o f  view. This i s  a r e s u l t  of d i f f r a c t i o n ,  since the wave- 
length o f  the r a d i a t i o n  (approximately 5m) i s  not n e g l i g i b l e  compared t o  the 
dimensions o f  the antenna. Separate sets o f  c o e f f i c i e n t s  are generated f o r  land 
and water. Anything t h a t  i s  not water (e.g. land, snow, i c e )  i s  t rea ted  as land. 

For the  100 global p r o f i l e s ,  ' t r u t h '  data i s  simulated. 'T ru th '  channel 
br ightness temperatures are v e r t i c a l ,  w i t h  no s ide lobes, and u n i t  emiss iv i ty .  
'Observed' data i s  simulated, i.e. antenna temperatures w i t h  s ide lobes, a t  
instrument nad i r  angles and over s l i g h t l y  varying surface emiss iv i ty .  Further 
mod i f i ca t i on  t o  the simulated data f o r  every ten th  p r o f i l e  i n  the land case i s  
made. Fo? these selected p r o f i l e s ,  simulated p r e c i p i t a t i n g  clouds are randomly 
introduced. For both land and water, addi t ional  hybr id  samples are simulated 
fo r  every f i f t h  p r o f i l e .  'Observed' data i s  regressed against predictands 
( ' t r u t h '  minus 'observed') using stepwise regression t o  compute c o e f f i c i e n t s  
(XMSULC). It should be noted t h a t  t he  MSU scan pa t te rn  o f  11 f i e l d s  o f  v i e w  
on ly  produces 6 d i f f e r e n t  nad i r  angles needing correct ion.  Except f o r  the nad i r  
f i e l d  of view, they are symmetric about the o r b i t a l  path. 

The SSU instrument scans w i t h  no nad i r  f i e l d  o f  view. Eight f i e l d s  of v i e w  
produce only  4 d i f f e ren t  nad i r  angles needing correct ion.  " t r u t h '  data i s  
comprized o f  channel br ightness temperatures simulated f o r  v e r t i c a l  viewing. 
Brightness temperatures simulated f o r  each o f  the 4 slant-path angles make' up 
t h e  'observed' . Predictands are formed from the d i f ferences ( ' t r u t h '  minus 
'observed'), p red ic to rs  from the 'observed' data plus v e r t i c a l l y  sensed H I R S  
data of channels 1, 2, and 3. Stepwise regression i s  used t o  compute 
c o e f f i c i e n t s  (SSULC). 
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3.1.4 Retr ieva l  Coe f f i c i en ts  

The c l o u d  h e i g h t  r e g r e s s i o n  c o e f f i c i e n t  module (CLDCOF) generates 
c o e f f i c i e n t s  f o r  f i v e  l a t i t u d e  zones which are used as i npu t  i n  the operat ional  
system t o  p r e d i c t  cloud heights. Given the  f u l l  data base o f  geographical ly 
s t r a t i f i e d  ( t h r e e  l a t i t u d e  zones) a tmospher ic  p r o f i l e s ,  c l e a r  and c l o u d  
contaminated rad iances  a r e  s i m u l a t e d  f o r  s p e c i f i c  channels o f  t h e  H I R S  
instrument. For each p r o f i l e ,  adjacent channel r a t i o s  o f  clear-minus cloudy 
radiances are ca lcu lated a t  three randomly selected cloud levels .  A t  t he  same 
three cloud 1 eve1 s, t he  adjacent channel c l  ear-minus-cloudy radiance r a t i o s  are 
ca lcu lated using radiances t h a t  have been contaminated with instrumental noise. 
E igenvec to rs  a r e  then  c a l c u l a t e d  f rom t h o s e  r a t i o s  t h a t  have n o t  been 
contaminated w i t h  noise and the i nd i v idua l  eigenvector magnitudes ( c o e f f i c i e n t s )  
a r e  determined f rom t h e  contaminated r a t i o s .  A s tepw ise  r e g r e s s i o n  i s  
performed, where the eigenvector magnitudes are i n d i v i d u a l l y  regressed against 
pressure, t o  determine cloud height coe f f i c i en ts .  F i n a l l y  these c o e f f i c i e n t s  
(CCLD) are pre-mul t ip l ied and placed i n  the appropr iate l a t i t u d e  zone and 'group 
o f  the CDB. 

Pre-computed ozone, regression coef f ic ients  ( furnished by the  O f f i c e  o f  
Research) are t ransported t o  t h e i r  CDB l oca t i ons  f o r  each season, channel 
combi nation, and 1 a t i  tude zone by computer program (OZCOF) . The data i ncl  udes , 
f o r  each season, mean t o t a l  ozone (TOTOM) , mean ozone-predict ing 
channel b r i g h t n e s s  temperatures (BTOTOM) and t h e  r e g r e s s i o n  c o e f f i c i e n t s  
(CTOTO) . 

3.2 Updated Coe f f i c i en ts  

Certain sets of the CDB c o e f f i c i e n t s  (RGCOF, COFHI, COFHR, COFMSU, SGCOF, 
CTMPLO, CTMPHI, CWV, and CWATGH) along w i t h  eigenvectors and mean values are 
essent i  a1 t o  r e t r i e v a l  s . Further, they are 1 a t i  tude zone dependent . For t h i s  
reason, there i s  a d i s t i n c t  set corresponding t o  each of 5 l a t i t u d e  zones, (+90 
t o  +60, +60 t o  +30, +30 t o  -30, -30 t o  -60 and -60 t o  -90). I n i t i a l l y ,  there 
must be simulated channel data ava i l ab le  f o r  use i n  r e t r i e v a l  c o e f f i c i e n t  
production. 

3.2.1 Input Data fo r  Generation o f  Updatable Coeff ic ients 

The atmospheric p r o f i l e  data base (PDS1200), made up o f  1200 records, 
suppl ies data fo r  3 l a t i t u d e  zones. Each record (400 per  zone) containing 
temperatures a t  40 pressure l e v e l s  and 20 water vapor mixing r a t i o s  corre- 
sponding t o  the lower pressure leve ls .  Necessary transmittance const ruct ion i s  
l i m i t e d  t o  the c lear ,  v e r t i c a l  case and need only  inc lude the  f i r s t  17 HIRS 
channels, 3 SSU channels and MSU channers 2, 3, and 4 (program PRDGNA). Stored 
transmittances f o r  three zones are fed t o  a radiance s imulat ing program 
(PRDGNB), which ca lcu lates and stores the simulated radiances used f o r  a l l  
i n i t i a l  r e t r i e v a l  coeff ic ients.  I n i t i a l l y ,  zone-one data appl ies i n  both zones 
1 and 5, and zones 2 and 4 share zone-2 data. 

Methods o f  computation fo r  i n i t i a l  o r  updated r e t r i e v a l  c o e f f i c i e n t s  are 
i d e n t i c a l  . It i s  the data t h a t  changes. Updated c o e f f i c i e n t s  use radiosonde- 
matched, sate1 1 i t e - i  nstrument-sensed channel radiances ( o r  br ightness temper- 
atures). Atmospheric temperature - mixing r a t i o  p r o f i l e s  are supplied i n  

-17- 



radiosonde data. Independently, sample accumulations e x i s t  f o r  each of t he  5 
l a t i t u d e  zones. D a t a  f o r  c o e f f i c i e n t  updating i s  more representat ive o f  the 
current  atmospheric condi t ions . Further,  symnetrical appl i c a t i o n s  made w i t h  
simulated data are absent. 

When generating i n i t i a l  c o e f f i c i e n t s  from the simulated data, channel 9 
(ozone channel) o f  t he  HIRS instrument i s  excluded. As mentioned e a r l i e r ,  t he  
transmittances a lgor i thm f o r  ozone i s  inadequate f o r  channel 9. Avai lable 
t ransmit tance data only  covers one hundred (100) o f  t he  1200 atmospheric 
p r o f i l e s  used i n  t h i s  sample. The use o f  channel 9 i s  recovered w i t h  the  f i r s t  
generation of updated c o e f f i c i e n t s .  

3.2.2 Coe f f i c i en ts  and Eigenvectors f o r  t he  TOVS Atmospheric 
Radi ance Modul e (TARM) 

Coeff ic ients f o r  TARM are generated t o  meet the needs o f  e i t h e r  o f  two 
algorithms. The f i r s t  generation (TARM I) requi red 6 sets o f  values (EGVT1, 
EGVT2, EGVT3, EGVT4, RMEAN, and RGCOF). There are fou r  sets o f  interchannel 
radiance eigenvectors f o r  s p e c i f i c  channel combinations, mean channel radiances, 
and inter-channel br ightness temperature regression c o e f f i c i e n t s .  For use i n  
the  second generation TARM module (TARM 11), 4 sets o f  values are produced 
(COFHT, COFHR, COFMSU and SGCOF). A t  the t ime of t h i s  w r i t i n g ,  both generations 
o f  t h e  TARM c o e f f i c i e n t s  were i n  CDB residence. 

TARM eigenvectors, eigenvalues, and regression c o e f f i c i e n t s  are ca lcu lated 
by computer program (PRGNC1 f o r  i n i t i a l ,  PRGNUl f o r  updating) which employs an 
eigenvector regression technique t o  compute c o e f f i c i e n t s .  No eigenvector 
q u a n t i t i e s  are needed f o r  TARM 11. Calcu lat ion o f  the required regression 
c o e f f i c i e n t s  i s  accomplished w i t h  the same regression technique as was used fo r  
TARM I. The d i f ferences are i n  the channel combinations required by the 
algori thm. TARM I 1  c o e f f i c i e n t s  are generated f o r  5 l a t i t u d e  zones i n  the 
update mode only. 

3.2.3 R e t r i e v i a l  Coe f f i c i en t  Generation 

Lower l eve l  temperature r e t r i e v a l  c o e f f i c i e n t s  (CTMPLO) are generated by 
computer program (PRGNC2 f o r  i n i t i a l ,  PRGNU2 f o r  updated) . Atmospheric temp- 
eratures are regressed against channel br ightness temperatures using eigenvector 
regression t o  compute c o e f f i c i e n t s .  A selected number of p red ic to r  channel 
combinations were chosen t o  g i ve  the best in format ion a t  lower leve ls .  A 
regression pass and c o e f f i c i e n t  product correspond' t o  each p red ic to r  com- 
b inat ion.  Upper l e v e l  temperature r e t r i e v a l  c o e f f i c i e n t s  (CTMPHI) are calcu- 
l a t e d  s i m i l a r l y  (programs PRGNC5, PRGNU5), but  w i t h  d i f f e r e n t  p red ic to r  channel 
combi nat ions . 

The a b i l i t y  t o  update upper l e v e l  c o e f f i c i e n t s  w i t h  radiosonde-matched 
s a t e l l i t e  data i s  l i m i t e d .  Upper pressure l e v e l s  span pressures between 100 and 
.1 mb. The uppermost o f  these l e v e l s  are beyond the range o f  conventional 
radiosonde measurement c a p a b i l i t i e s .  The p r o b a b i l i t y  o f  obta in ing a sample 
above the 100 mb. deminishes so r a p i d l y  t h a t  a t  l e v e l s  beyond 10 mb. the chance 
i s  n i l l .  Furthermore, the l a t i t u d i n a l  regions o f  sparse s ta t i ons  have lower 
sample accumulation rates,  compounding the l i m i t a t i o n s  ( p a r t i c u l a r l y  i n  zone 5). 
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I n  time, sample accumulation can permit updating o f  the  10 leve ls  between 100 
and 10 mb. This, however, i s  the most op t im is t i c  expectation, since updating i s  
contingent upon the a v a i l a b i l i t y  o f  an adequate sample. For these reasons upper 
leve l  coe f f i c i en ts  are updated level-by- level  t o  the  extent t h a t  an adequate 
sample ex i s t s  a t  the pressure leve l  and l a t i t u d e  zone. For the most part ,  
coe f f i c i en ts  a t  l eve l s  above 10 mb remain i n i t i a l ,  w i th  simulated data as t h e i r  
basis . 

Regression coeff ic ients f o r  the r e t r i e v a l  o f  water vapor mixing r a t i o s  are 
computed f o r  two cases. F i r s t ,  channel brightness temperatures are regressed 
agai ns t  mixing r a t i o s  (program PRGNC2 o r  PRGNU2) using eigenvector regression t o  
produce coe f f i c i en ts  (CWV) . Second, lower atmospheric temperatures are regressed 
against mixing r a t i o s  (PRGNC3 o r  PRGNUS) t o  produce coe f f i c i en ts  (CWATGH) . 

To apply any of these r e t r i e v a l  coe f f i c ien ts ,  mean values o f  a l l  inde- 
pendent predic tors  and dependent predictands must be ava i l  able. These values 
are computed i n  the respect ive programs and passed t o  the  COB w i th  coef f i c ien ts .  
The 1 i s t  o f  mean germane per ta in  t o  temperature and water vapor r e t r i e v a l s  
(BTMHI , BTMLO, BTMWV, TMHI , TMMLO, and WVM) i s  included i n  Table 2. 

The set of brightness temperature eigenvectors (BTEIGF) and mean channel 
brightness temperatures (CLBTMN) are computed (program PRGNC6 o r  PRGNU6) f o r  use 
i n  the r e t r i e v a l  module (TRET). These too  are computed f o r  each o f  5 l a t i t u d e  
zcjnes, i n i t i a l i z e d  from simulated data, and updated using radiosonde-matched 
sate1 1 i t e  data . 



TABLE 2. CDB COEFFICIENTS 

Array 
Label Group Descri p t  i on Reference 

.............................................................................. 
ANGCOF 4 Carbon d iox ide s lan t  path Fleming & McMi l l in  

BNDCOR 1 Band cor rec t ion  coe f f i c i en ts  
CCLD 8 coe f f i c i en ts  
COFHR 7 Regression coe f f i c i en ts  

transmittance (1977) 
cor rec t ion  coe f f i c i en ts  

t o  p red ic t  H IRS shor t  wave 
radiances from HIRS long 
wave radiances (TARM 11) 

t o  p red ic t  H IRS short  wave 
temperatures from HIRS long 
wave temperatures (TARM I I ) 

t o  p red ic t  MSU channel 2 
radiances from the  sealed HIRS 
long wave radiances (TARM 11) 

CONST 4 Continuum transmittance Weinieb & H i l l  
generating c o e f f i c i e n t s  (1980) 

CTMPHI 8 Retr ieva l  coe f f i c i en ts  f o r  upper 
atmospheric temperatures 

CTMPLO 8 Retr ieva l  coe f f i c i en ts  f o r  lower 
atmospheric temperatures 

CTNOl 4 Ozone s lan t  path 
i n te rpo l  a t i o n  coe f f i c i en ts  
f o r  257 Dobsons 

CTN02 4 Ozone s lan t  path 
i n te rpo l  a t i on  coe f f i c i en ts  
f o r  48 dobsons 

CTNW 4 Water vapor transmittance 
generating coe f f i c i en ts  

CTOTO 8 Total  ozone c o e f f i c i e n t s  
CVTNC 4 Carbon d iox ide nadi r  angle 

transmittance generating 
generation coe f f i c i en ts  

CWATGH’ 8 R e t r i  eval coef f i c i  ents f o r  
temperature pred i c t ed 
water vapor mixing r a t i o s  

cwv 8 Retr ieva l  coe f f i c i en ts  f o r  
water vapor mixing r a t i o s  

HRSLC 2 HIRS l imb Correct ion 
Coeff i c i  ents 

COFHT 7 Regression c o e f f i c i e n t s  

COFMSU 7 Regression - coe f f i c i en ts  

McMil 1 i n  & F1 emi ng 
(1976) 
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TABLE 2 (Continued) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Array 
Label Group Description Reference 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HRSLIM 2 HIRS window channel 

REGMSU 3 MSU atmospheric absorption 

RESSUA 3 SSU. atmospheric transmittance Fleming & McMillin 

RESSUN 3 SSU atmosphere transmittance McMillin & Fleming 

RGCOF 7 Interchannel regression 

water vapor attenuation 
correction coefficients 

regressi on coeff i ci ents 

regression coefficients (1977) 

regression coefficients (1976) 
for angle correction 

coefficients used in TOVS 
atmospheric radiance modul e 

SGCOF 7 Interchannel regression 
coefficients (TARM 11 )  

SSULC 1 SSU 1 imb correction 
coefficients 

T2577 4 Ozone nadir angle 
transmittances 
at 257 dobson units 

T480Z 4 Ozone nadir angl e 
transmittances 
at 480 dobson units 

XMSULC 2 MSU limb correction 
coefficients 

(TARM I) 
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TABLE 3. CDB EIGENVECTORS, EIGENVALUES, AND MEANS 

BTE IGF 

BTMH I 

BTMLO 

BTMWV 

B I OTOM 

CCLDM 
CLBTMN 

EGVL 
EGVTl 
EGVT2 

EGVT3 
EGVT4 

EVLMSU 
EVTMSU 
RDRM 
RMEAN 
TMH I 
TMLO 
TOTOM 
WVM 

8 

8 

8 

8 

8 

8 
8 

7 
7 
7 

7 
7 

Brightness temperature eigenvectors f o r  

Mean channel br ightness temperatures f o r  

Mean channel br ightness temperatures f o r  

Mean channel br ightness temperatures f o r  

Mean br ightness temperatures o f  channels used 

Mean cloud height  (mb) 
Mean channel br ightness temperatures 

Channel radiance eigenval ues - TARM I 
Radiance eigenvectors f o r  H I R S  channels 13. . .17 
Radiance eigenvectors f o r  H I R S  channels 13. . .17 

Radiance eigenvectors f o r  H I R S  channels 1 . . .12 
Radinace eigenvectors f o r  H I R S  channel s 1. . .12 

Eigenval ues f o r  MSU channels 2,. .4 
Eigenvectors f o r  MSU channels 2...4 
Mean radiance d i f f e rence  r a t i o s  
Mean channel radiances (TARM I) 
Mean upper Level atmospheric temperatures 
Mean 1 ower l e v e l  atmospheric temperatures 
Mean t o t a l  ozone fo r  each season 
Mean water vapor mixing r a t i o s  

selected channel combinations 

p r e d i c t i n g  upper 1 evel atmospheric 
temperatures 

p r e d i c t i  ng 1 ower 1 evel atmospheric 
temperatures 

p r e d i c t i n g  water vapor mix ing r a t i o s  

t o  p r e d i c t  t o t a l  ozone 

f o r  H IRS channels 1. . .17, MSU channel s 
2. . .4 

MSU channels 2..,4 (TARM I )  

MSU channels 2...4 (TARM I) 
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TABLE 4. COB CONSTANTS, PARAMETERS, AND FLAGS 

BANDW 1 

CON 20 2 

ERREST a 
FK1 1 

FK2 1 

GAMT 

H I GHT 

ICHF 
IDOCHN 

1 

1 

8 
4 

I ECFL 6 
ICEFLG 5 

I EDRP 
IGPNML 

I PROFL 
I SATEM 

I SSUCH 2 

I STRP 2 
LEVUP 
LNDOFF 6 

LOFF 5 

LSTAG 2 
MPIRM 2 

MP I RS 2 

NCHF 8 

NCRIT 8 

Band widths for  the 27 instrument channels 

A value representing the solar radiance 
(l/cm) 

from a perfect d i f f use  re f l ec to r  f o r  solar 
zenith angle o f  zero, f o r  a given number o f  
channel 20. 

Error  o f  estimate f o r  t o t a l  ozone f o r  each 
season and channel combination 

Planck coeff ic ients f o r  each channel used i n  
numerator of the funct ion 

Planck coeff ic ients f o r  each 'channel used i n  
the numerator o f  the funct ion 

Transmittance correct ion factor  f o r  each 
channel 

Height of the subsate l l i te  point  o f  the space- 
c r a f t  i n  kilometers 

20 HIRS channel f lags 
Table of source contr ibut ion f lags f o r  channel 
transmittance computation 

A f l a g  denoting the avai labi  3 i t y  o f  e r ro r  
Coef f i c i  ent av a i  1 abi 1 i t y  f 1 a 

regression coef f i c ien ts  
Ending Ramp point  f o r  SSU Ramp 
A f lag t o  specify i f  products should be 

computed f o r  non-mandatory pressure layers 
200 system control f i l e s  
A f l a g  specifying which parts of SATEM code, 

are t o  be processed 
L i s t  o f  TOVS channels being sent t o  the United 
Kingdom 

Star t ing Ramp point  f o r  SSU Ramp 

Flags specifying whether re t r i eva l s  are t o  be 
processed over 1 and 

A f l a g  denotihg i f  soundings a re  processed over 
1 and 

LandfSea tag f l a g  array 
A map o f  H I R S  spot locat ions which are 
coincident t o  MSU spot locat ions used f o r  
easy colocation f o r  the U.K. product 

A map o f  HIRS spot locat ions which are 
coincident t o  SSU spot locat ions used 

Number o f  channel f lags 
f o r  the U.K. product 

C r i t i c a l  channel f lags  
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TABLE 4 (Continued) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NHATM 1 Number o f  H IRS and SSU atmospheres used i n  

NHC 1 Number o f  H IRS channel s 
NLEVS 1 Number o f  r e t r i e v a l  l e v e l s  
NMC 1 Number o f  MSU channel s 
NORE 3 1 Flags used by SSU mapper module 
NSC 1 Number o f  SSU channel s 
NWLEVS 1 Number o f  water vapor r e t r i e v a l  l e v e l s  
PRET 1 Pressure values i n  MB o f  each o f  t he  40 TOVS 

1 eve1 s 
SI GMAN 1 Standard dev ia t i on  o f  the noise d i s t r i b u t i o n s  

f o r  each o f  the instrument channels used f o r  
s imulat ing random noise 

SIGPRO 1 Standard dev ia t i on  o f  the instrument-pl us- 
atmospheric noise d i s t r i b u t i o n  f o r  each 
channel 

SSUFUG 1 Correct ion f a c t o r s  for  removing systematic 
e r ro rs  i n  the SSU transmittance tab les 

TREF The reference temperature p r o f  i 1 e (U S 
standard 1962 atmosphere 

WVND 1 Central frequencies fo r  each channel (l/cm) 

transmittance regression c o e f f i c i e n t  program 

4 
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4. INSTRUMENTATION AND DATA TRANSMISSION SYSTEMS 

4.1 TIROS Operational Ve r t i ca l  Sounder (TOVS) 

The TOVS provides data f o r  transmission t o  both HRPT and DSB receiv ing 
stat ions.  The data are t ransmi t ted i n  d i g i t a l  format a t  f u l l  instrument 
resol  u t i  on and accuracy. 

The TOVS consi s t s  o f  three independent instrument subsystems from which 
data may be combined f o r  computation o f  v e r t i c a l  atmospheric temperature and 
humidi ty p r o f  i 1 es . These are : 

a. High reso lu t i on  i n f r a r e d  r a d i a t i o n  sounder mod. 2 (HIRSI2) 
b. Stratospher ic sounding u n i t  (SSU) 
c. Microwave sounding u n i t  (MSU) 

4.1.1 High Resolut ion In f ra red ,  Radiat ion Sounder (HIRS/2) 

The HIRS/2 i s  an adaptation o f  the H I R S / 1  instrument f lown on the  Nimbus-6 
s a t e l l i t e .  The instrument, b u i l t  by the  Aerospace/Optical D i v i s i o n  of the 
In te rna t i ona l  Tel ephone and Tel egraph Corporation, For t  Wayne, Indiana, measures 
i nc iden t  r a d i a t i o n  i n  19 regions o f  the I R  spectrum and one region of the 
v i s i b l e  spectrum. Table 5 i s  a l i s t i n g  of the HIRS/2 parameters. 

Scan t ime 6.4 seconds per l i n e  

Number o f  steps 56 

Opt ical  f i e l d  of view 

Step angle 

1.25O 

1.8’ 

Step t ime 100 mi l l iseconds 
* 

Ground r e s o l u t i o n  ( IFOV) (nadi r )  

Ground resol  u t i  on ( IFOV) 
(end o f  scan) 

17.4 km diameter 

58.5 km cross-track by 29.9 km 
along t rack  

Distance between IFOV’ s 42 km along-track @ nad i r  
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Table 6 i s  a l i s t i n g  o f  the HIRS/2 spectral  charac ter is t i cs  and noise 
equivalent d i f f e r e n t i a l  radiance (NEAN's).  Note: There w i l l  be some v a r i a t i o n  
i n  the  achieved parameters from one HIRS/2 instrument t o  another, p a r t i c u l a r l y  
i n  the  NEAN's. 

Table 6. HIRS/2 spectral  charac ter is t i cs  

Channel Ha l  f power Max i mum Speci f i ed 
Channel frequeqcy um bandwidth scene NEAN 

1 669 14.95 3 280 3.00 
2 680 14.71 10 265 0.67 
3 690 14.49 12 240 0.50 
4 703 14.22 16 2 50 0.31 
5 716 13.97 16 265 0.21 
6 733 13.64 16 280 0.24 
7 749 13.35 16 290 0.20 
8 900 11.11 35 330 0.10 
9 1,030 9.71 25 270 0.15 
10 1,225 8.16 60 290 0.16 
11 1,365 7.33 40 27 5 0.20 
12 1,488 6.72 80 260 0.19 
13 2,190 4.57 23 300 0.006 
14 2,210 4.52 23 290 0.003 
15 2,240 4.46 23 280 0 . 004 
16 2,270 4.40 23 260 0.002 
17 2,360 4.24 23 280 0 . 002 
18 2,515 4.00 35 340 0.002 
19 2,660 3.76 100 340 0.001 
20 14,500 0.69 1000 100% A 0.10% A 

NEAN i n  mW / ( s r  m2 cm 'l) 

(cm- 1 (cm' ) temperature (K) 
--------------T-------------------------------------------------------------- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.1.2 The Stratospher ic Sounding Unit (SSU) 

The SSU, which has been provided by the  United Kingdom, employs a se lec t ive  
absorption technique t o  make ' measurements i n  three channels. The spectral  
cha rac te r i s t i cs  of each channel are determined by the  pressure i n  a carbon 
d iox ide gas c e l l  i n  the  op t i ca l  path. The pressure o f  carbon dioxi.de i n  the  
c e l l s  determines t h e  w e i g h t i n g  f u n c t i o n  peaks i n  t h e  atmosphere. SSU 
charac ter is t i cs  are shown i n  tab les 7 and 8. 
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Tabl e 8. SSU instrument parameters 

Parameter V a l  ue 

Ca l ib ra t ion  Stable blackbody and space 

Cross-track scan a0 QA737 km) 
Scan t ime 32 seconds 
Number of steps 8 

Step t ime 4 seconds 
Ground resol  u t i  on ( I FOV) 

Ground resol  u t i  on ( IFOV) 

Distance between I F O V '  s 
Data r a t e  480 bps 

4.1.3 The Microwave Sounding Un i t  (MSU) 

the  5.5-urn oxygen band w i th  charac ter is t i cs  as shown i n  tab les 9 and 10. 

bahk round 

Step angle loo 

147 km diameter 
(a t  nadi r )  

244 km cross-track by 
( a t  scan end) 186 along-track 

210 km along-track @ nadit. 

. ............................................................................ 

The MSU i s  a four-channel Dicke radiometer making passive measurements i n  

Channel bandwidths 200 MHz 

NE AT 0.3 K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tabl e 10. MSU instrument parameters 

Ca l ib ra t ion  

Cross-track scan angle i 47 .35  
Scan t ime 25.6 seconds 
Number o f  steps 11 
Step angle 9.47O 
Step t ime 1.88 seconds 
Angul a r  resol  u t i  on 7.5 (3 dB) 
Data r a t e  320 bps 

Stable blackbody and space back- 
ground each scan cyc le 
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4.2 HRPT Transmission Charac te r i s t i cs  

A l l  spacecraft instrument data are included i n  the HRPT transmission. 

Output from the  low data r a t e  system, T IROS in format ion processor (T IP )  on 
board the spacecraft i s  mult ip lexed w i t h  the AVHRR data and becomes p a r t  o f  the 
HRPT output ava i l ab le  t o  users. The low data r a t e  system includes data from the  
three instruments of the TIROS operat ional  v e r t i c a l  sounder (TOVS) and from the 
space environment monitor (SEM), t he  Data Co l l ec t i on  and Locat ion System (DCLS), 
and the spacecraft housekeepi ng telemetry ( see f igure 4). 

4.3 HRPT Format 

The HRPT format provides a major frame made up o f  three minor frames. The 
AVHRR data are updated a t  t he  minor frame r a t e  whi le  the  T I P  data are updated a t  
t he  major frame w i l l  contain the  same T I P  data. The HRPT i s  provided i n  a 
spl i t -phase format t o  the  S-band t ransmi t ter .  The spl i t -phase data, (l), i s  
defined as p o s i t i v e  dur ing the f i r s t  h a l f  of the b i t  per iod and negative dur ing 
the second h a l f  o f  the b i t  period. The spl i t -phase data, (0), i s  defined as 
negat ive dur ing the f i r s t  h a l f  o f  the b i t  per iod and p o s i t i v e  dur ing the second 
h a l f  o f  t he  b i t  period. The HRPT c r i t i c a l  parameters are given i n  t a b l e  12 and 
the  HRPT minor frame format i s  shown i n  f i g u r e  5. 

Spec i f i c  c h a r a c t e r i s t i c s  o f  t he  HRPT transmission system are de ta i l ed  i n  
t a b l e  13. 

4.3.1 Deta i led Descr ip t ion o f  HRPT Minor Frame Format 

While f i gu re  5 shows the i d e n t i f i c a t i o n  and r e l a t i v e  l o c a t i o n  of each 
segment o f  t he  HRPT minor frame, a de ta i l ed  desc r ip t i on  o f  each o f  these 
segments appears i n  t a b l e  14. B i t  1 i s  def ined as the most s i g n i f i c a n t  b i t  
(MSB) and b i t  10 i s  defined as the l e a s t  s i g n i f i c a n t  b i t  (LSB). 

4.4 DSB Transmission Character is t ics  

The TIROS-N/NOAA DSB contains the TIP output. These data are t ransmi t ted 
a t  8.32 kbps, s p l i t  phase a t  e i t h e r  136.77 o r  137.77 MHz l i n e a r l y  polar ized. 
Transmission parameters are summarized i n  t a b l e  15. 

The T I P  output on the  DSB contains a m u l t i p l e x  o f  analog housekeeping 'data, 
The key parameters d i g i t a l  housekeeping data and low b i t  r a t e  instrument data. 

o f  the data format are contained i n  t a b l e  16. 

4.5 T I P  Data Format 

The format o f  a TIP minor frame i s  shown i n  f i g u r e  6. This f i g u r e  
i d e n t i f i e s  the r e l a t i v e  l o c a t i o n  o f  the instrument data w i t h i n  each T I P  minor 
frame. A d e t a i l e d  desc r ip t i on  o f  a T I P  minor frame i s  given i n  t a b l e  17. 

Each TIP minor frame i s  composed o f  104 e i g h t - b i t  words. B i t  1 i s  defined 
as the most s i g n i f i c a n t  b i t  (MSB) and b i t  8 i s  def ined as the l e a s t  s i g n i f i c a n t  
b i t  (LSB). This format i s  re ta ined f o r  the OSB. When the TIP data are 

-28- 



SCACECRAFT TELEMETRY 8 z5fAm 
SPLIT-PHASE 

LOW BIT RATE 

136.771137.77 MHz 
INSTRUMENT DATA LJNEAR tOLARlZATlON 

[...j1101s- 

t 4 

REAL-TIME 
HRPT DATA * 18980MHz 
1707.0 MHt 
SPLITPHASE 
RIGHT HANO CIRCucAII* 

#T TRANSMITTER 
137S/137.62 MHz 

t I 

Figure 4. TIROS-N/NOAA Real-Time Systems Data Flow 



AVHRR VIDEO DATA 
127 10.240 WORDS 100WORW 

SPARE 

WORDS 

TIP 
SYNC DATA 

520 
WORDS 

SWORDS 

J 1  A c li SEE NOTES 5 & 6 

SYNC A - 1 WORD 

BACKSCANDATA-30WORQS 

SPACE DATA - 50 WORDS 

TELEMETRY DATA - 10 WORDS 

TIME CODE - 4 WORDS 

IDENTIFICATION - 2 WORDS 

NOTES: 
(1) 
(2) 
(1 
U) 
151 

MINOR FRAME LENGTH - 11#90WoRW 
THREE MINOR fRAMES PER MAJOR FRAME 
MINOR FRAME RATE - 6 FRAMEWSECOND 
WORD LENGTH - 10 BITSIWORD 
ALL SPARES ARE lOTH DEGREE P-N CODE (BAR). 

TLM WORD ALLOCATIONS 

I 

ID WORD BIT ALLOCATlW 

1ST ID WORD 2ND ID WORD I 

w 
0 
I 

1-5 RAMP CALIBRATION 
6 CHANNEWTARGET 

TEMP (5 PT SuBcOlu) 
7  CHANNEL^ TARGET 

TEMP 15 PT SUBCOM) 
8 CHANNEL6 TARGET 

~ 

s y N c 1 ~  

t: LZc& 
8 RESYNCMARKER 

S DATA0 

10 DATA1 

- ~ ~ 5 p z s v B c o M )  
9 CHANNEL3PATCH 

TEMP' 
10 SPARE 

Figure 5. TIROS-N/NOA?i HmT Minor Frame Format 



Car r ie r  modul a t i  on 

Transmit frequency 

D i  g i  t a l  spl  it phase , 

1698.0 MHz* o r  
1707.0 MHz 

phase modulated 

Transmit power 5 watts 

E I R P  (approximate) 

Pol a r i  z a t i  on 

39.0 dBm 

Right hand c i r c u l a r  

Spectrum bandwidth 

the primary frequencies. 

Less than 3 MHz 
*__-__________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -w- - - - - - - - - - - - - - - - -w- - -  

1702.5-MHz l e f t  hand c i r c u l a r  p o l a r i z a t i o n  ava i l ab le  i n  the  event o f  f a i l u r e  o f  

Table 12. HRPT parameters 

" 
Rate 
Number o f  m i  nor f rames 

M i  nor Frame 
Rate 
Number o f  words 
Format 

Number o f  b i t s  
Order 

2 fps  
3 

6 fps  
11,090 
See f i g u r e  5 

66 , 540 words per second 
10 * 
B i t  1 = MSB ** 
B i t  10 = LSB 
B i t  1 t ransmi t ted f i r s t  
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Table 13. HRPT transmission parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Type o f  t ransmit ted s ignal  S-band phase modulated 

S p l i t  phase 
665.4 kbps 

System output 

Frequency & pol a r i  zat ion 

E I R P  a t  63' from nad i r  

1698.0 MHz r i g h t  hand c i r c u l a r  
1707.0 MHz r i g h t  hand c i r c u l a r  
1702.5 MHz* l e f t  hand c i r c u l a r  

36.8 dBm worst case 
40.4 dBm nominal 

Antenna 

Gain a t  63' from 'nadir 2.1 dBi, minimum 

E l l i p t i c i t y  4.5 dB, maximum 

Transml t t c r  

Power out 5.25 watts mlninum 

Modul a t i  on i ndex 

Premodulation f i l t e r ,  
type 3 dB bandwidth 

2.3%0.12 r a d i  ans 

5th order, o . S 0 ,  equ i r ipp le  phase 
2.4 MHz 

Frequency s tab i  1 i ty  kt2 
- - - - r - - - - - - - - - - - - - - - - - - - - - r r - - - - - - - - - r - - - - - - - - o - - - o - - - - - - - - - - - - - - - - - - - - - - - - - - -  

*Not planned f o r  HRPT use unless 1698 and 1707 MHz t ransmi t ters  have fai led.  

mult ip lexed i n t o  the  HRPT data stream, two b i t s  are added t o  each T I P  word. 
This i s  described under Function, TIP data i n  tab le  14. These b i t s  are the  two 
LSB's o f  each 10-b i t  word and, once removed, produce a TIP frame iden t i ca l  t o  
t h a t  o f  the DSB TIP. 

Each HRPT minor frame contains f i v e  unique T I P  minor frames. HRPT minor 
frames 2 and 3 contain TIP data i den t i ca l  t o  t h a t  contained i n  the f i r s t  HRPT 
minor frame. HRPT minor frames 1, 2, and 3 can be i d e n t i f i e d  by examining b i t s  
2 and 3 o f  data word 7 o f  the 103 word header, as previously defined i n  tab le  
14. A l l  fur ther  discussion o f  the TIP minor frame format w i l l  assume tha t  the 
TIP data have been el iminated from 2 of the 3 HRPT minor frames and tha t  the  2 
ex t ra  b i t s  have been removed from each 10-b i t  word o f  the remaining TIP data. 
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T a b l e  14 ERPT Minor Frame Format 

I 
W 
W 
I 

- 

a 
w 

4 
w 
X 

n 

- 

Function 

Frame sync 

ID(AVHRR) 

Time code 

No. of Words 

6 

2 

4 

10 

Word 
Position 

9 

10 

11 
12 

13 
14 
15 

' 16 

~ ~~ ~~ ~ ~ ~~ ~ 

Bit No. 
1 2 3 4 5 6 7 8 9 10 Plus word code &meaning 

0 1 0 1 1 0 1 1 1 1 First 60 bits from a 63-bitPN(l) 
1 1 0 1 0 1 1 1 0 0 generator started in the all 1's 
0 1 1 0 0 1 1 1 0 1 state. Thegeneratorpoly- 
1 o o o o o 1 1  1 1 n o m i n a l i s ~ 6 + ~ 5 + ~ 2 + ~ + 1  

1 0 1 0 0 0 0 1 0  0 

0 0 1 0 0 1 0 1 0  1 

Bit 1; 0 = internal sync; 1 = AVHRR sync 
Bits 2 & 3; 00 = not used; 01 = minor frame 1; 
10 = minor frame 2, 11 = minor frame 3 

Bits 4-7; spacecraft address; bit 4 = MSB, bit 7 = LSB 
Bit 8; 0 = f&e stable; 1 = frame resync occurred 
Bits 9-10; spare; bit 9 = 0, bit 10 = 1 
Spare word; bit symbols undefined 

Bits 1-9; binary day count; bit 1 = MSB; bit 9 = LSB 
Bit 10; 0; spare 
Bits 1-3; all 0's; spare 1,. 0, 1 
Bits 4-10; part of binary msec of day count; bit 4 = MSB 

Bit 1-10: part of binary msec of day count; 
Bit 1-10; remainder of binary msec of day count; 

Ramp calibratian AVHRR channel 1 
Ramp calibration AVHRR channel 2 
Ramp calibration AVHRR channel 3 
Ramp calibration AVHRR channel 4 

of msec @Nmt 

bit 10 = LSBof msec count 

(1) PN = pseudo noise 



Table  14 (continued) 

Function No. Of words 

Telemetry 10 
(cat- ) 
(AVHRR) 

P; 
W (AVHRR) 30 
Q I n t e d  
4c targetdata 
bl 
x .  

Space data 50 
(AVHRR) 

SYncA 1 
(AVHRR) 

I 
w 
P 
I 

word Bit No. 
Position 1 2 3 4 5 6 7 8 9 10 Plus WordCode &Meaning 

Each of these words is 
a 5-ch subcom, 4 words 
of fR data plus a subcom 

17 
18 AVHRR internal target(2) 
19 temperature 
20 data 
21 AVHRR patch temperature 
22 0 0 0 0 0 0 0 0 0 1  spare 

23 

1 
52 

53 

Ramp calibration AVHRR ch 5 K referance value 

10 words of internal target data from each AVHRR ch 3, 
4, and 5. These data are time multiplexed as ch 3 
(word l), ch 4 (word l), ch 5 (word l), ch 3 
(word 2), ch 4'(word 2), ch 5 (word 2), etc. 
10 words of space-scan data from each AVHRR channel 
1, 2, 3, 4, and 5. These data are timo multiplexed as 
ch 1 (word l), ch 2 lword l), ch 3 (word 1), ch 4 
(word l), ch 5 (word l), ch 1 (word 2), ch 2 (word 2), 

Bits 2-10; 9-bit binary count of 0.9984-MHz periods; 

ch 3 (word 2), ch 4 (word 2), ch 5 (word 21, etc. 

Bit 1; 0 = AVHRR sync early; 1 = AVHRR sync late 

1 
102 

103 

bit 2 = MSB, bit 10 = LSB 

(2) As measured by a platinum resistance thermometer embedded in the housing. 



Table 14 (continued) 

Worl 
Position 

104 

I 
623 

625 
626 
627 

'48 
749 
750 

t 
w 
cn 
I 

Bit NO. 
1 2 3 4 5 6 7 8 9 10 Plus Word Code & Meaning 

The 520 words contain five frames of TIP data (104 TIP 

Bits 1-8: exact format as generated by TIP 
Bit 9: even parity check over bits 1-8 

data words/frame) 

Bit 10: -bit 2 

Derivdbyinvertingtheautput 
of a 1023-bit PN sequencepro- 
videdbyafeedbackshiftregis- 
ter generating the plynominal: 

x 1 o + x 5 + x 2 + x + 1  
The generator is started in the 
11s state at the beginning of 
word7ofeachminorframe. 

O O O O 
1 1 0 1 0 1 0 0 1  0 

O O O O O 

1 0 0 0 0 0 0 0 0  0 

t 

r- Function 

Tip data I 
No. of Words 

520 

~~ 

127 



Table  14 Ccontlnued) 

Function 

Earth data 
W=) 

I 
w m 
I 

No. of Words 

10,240 

Auxiliary . 
sync 100 

word 
Position 

751 
752 
753 
754 
755 
756 

10,985 
10,986 
10,987 
10,988 
10,989 
10,990 

1 

10,991 
10,992 
10,993 
10,994 

t 
11,089 
11,090 

~ _ _ ~ _  - - - 

Bit No. 
1 2 3 4 5 6 7 8 9 10 Plus Word Code &Meaning 

Ch 1 -Sample1  
Ch 2 -  Sample1 
Ch 3-Sample1  
Ch 4-Sample1  
Ch 5-Sampl'el 
Ch 1-Sample2  

Ch 5 - slample 2047 
Ch 1 - Sample 2048 
Ch 2 - Sample 2048 
Ch 3 - Sample 2048 
Ch 4 - Sample 2048 
Ch 5 - Sample 2048 

I 

Each minor frame contains the 
data obtained during one earth 
scan of the AVHRR sensor. 

) The data from the five sensor 
channels of the AVHRR are 
time multiplexed as indicated 

1 1 1 1 1 . 0 0 0 1  0 
1 1 1 1 1 1 0 0 1  1 
0 1 1 0 . 1 1 0 1 0  1 1 
1 0 1 0 1 1 1 1 0  1 '  

t I 
0 1 1 1 1 1 0 0 0  0 
1 1 1 1 0 0 1 1 0  0 I 

Derived from the noninverted 
output of a 1023-bit PN se- 
quence provided by a feedback 
shift register generating the 

The generator is started in the 
all '1's state at the beginning of 
word 10,991 

' polynominal: x ~5 + x 2 + x + I 



System output 

frequency 
E I R P  

Antenna 

Gain a t  63' from nadi r  
Gain over 90% of sphere 
Pol a r i  z a t  i on 

136.77 o r  137.77 MHz 
t19.0 dBm worst case; t 24  dBm 

nominal 

1 -7.5 dBi, minimuml - 18 dBi , minimum 
Linear 

C i r c u i t  Losses 3.7 dB 

Transmitter 

Power 1.0 w a t t  minimumo 
Modul a t  i on i ndex k67.5 w i th  a 7.5 to lerance 
Premodulation f i l t e r ,  type 7-pol e 1 i near phase f i 1 t e r  

16 kHz mbnimum, 22 kHz maximum 
t 2  x 10- 

3-dB bandwidth 
Frequency stabi  1 i t y  

I"""""""-----""""""""'--'-------------------------------------- 
Observed by an optimum pol a r i  zat i on d i v e r s i t y  receiver  . 

Each t i p  minor frame contains information i d e n t i f y i n g  the major and minor 
frame count. The major frame counter i s  located i n  b i t s  4, 5, and 6 of TIP word 
3 and cycles from 0 t o  7. The minor frame counter i s  composed o f  9 b i t s .  MSB i s  
b i t  8 o f  word 4, and the LSB i s  b i t  8 of word 5. The minor frame count w i l l  
cyc le  between 0 and 319 f o r  each major frame count. 

A 40-bi t  t ime code i s  inser ted i n t o  the T I P  stream once every 32 seconds. 

These b i t s  w i l l  be located in'words 8 t h r u  12 o f  each minor frame 0. The 
format of t h i s  t ime code i s  as fo l lows: 

day count 0 1 0 1 m i  1 1 i seconds o f  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 b i t s  27-bi t 

day count 
4 spare b i t s  
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Table 16. DSB T I P  parameters .............................................................................. 
Major Frame 

Rate 1 frame every 32 seconds 

Number o f  m i  nor frames 320 per major frame 

M i  nor Frame 

Rate 

Number of words 

Format 

10 frames per second 

104 

See f i g u r e  6 

Word - 
Rate 1040 words per second 

Number o f  b i t s  8 

Order B i t  1 = MSB 
B i t  8 = LSB 
B i t  1 t rans fer red  f i r s t  

Format S p l i t  phase 

Da ta  1 d e f i n i t i o n  

Data 0 d e f i n i t i o n  
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T a b l e  17 Detailed Description of TIP Minor Frame 

Frame sync 
I S/C ID (3) 

Status (1-1 

Idinor frame 
counter (1+) 

I Comnana 
verification I (2) 

Time code 
(5)  

3.2 - Sec. 
digital B 
subcom (1) 

supcom (1) 

16-sec analog I (1) 

Word 
DoRi tion 

0 
1 
2 

3 

3 
4 

4 
5 

6 
7 

8 , 9  
9 

9,10,11,12 

8 

9 

10 

n. 

Word format and function 
~~ 

1 1 1 0 1 1 0 1 The last 4 bits of 
1 1 1 0 0 0 1 0 word 2 are used for 
0 0 0 0 A A A A wpacecraft ID I 

Bit 1: Cmd. verification (CV status; 
I -CV update word present in 
frame; 0-no CV update in frame. 

Dits TIP ststu6; 00-orbital mode 
2 I3:. 10-CPU memory 

Dump mode 
01-dwell mode 
11 boost mode. 

Bits Major frame count: MSB first: 
4 - 6: Counter incremented every 

320 minor rrames. 
000-major frame 0 
Ill-major frame 7. 

Bits 9-bft dwell mode address Of 
7&8 analog channel that is being 
Bits monitored continuously. IISB 
1-7 is first 
0 0 0 0 0 0 0 0 0 .I Analog ch 0 
1 0  1 1 1 0 1 0 1 - Analog ch 383 
Bit 8 
Bits 1 0 0 1 1 1 1 1 1  - Uinor frame 
1-8 310.HSB is first. 

0 0 0 0 0 0 0 0 0 - Uinor frame t 
Bits 9 through a4 of each received comnand 
word w e  placed in the 16-bit slots of 
telemetry words 6 and 7 on a one-for-one 
basis. 

0 bits of binary day count, 1158 first bits 
2-5: 0 1 0  1, spare bits 27 bite of binary 
msec of day count, MSB first. 

Time code is inserted in word location 8-12 
only in minor frame 0 of every major frame. 
The data inserted is referenced to the 
beginning of the first bit of the minor 
frame sync word of minor frame 0 .  

~ -~ ~- 

A subcomnutation of discrete inputs collecte6 
to form &bit words. 256 discrete inputs 
(32 words) can be accommodated. It taken 
32 minor frames to sample rll inputs once 
(sampling rata - once per 3.2 sac). 
frame contains 10 complete digital B sub- 
cmuted frames. 

A major 

- ~ _ _  ~- - 
A subcomnutation of up to 192 anrlog points 
sampled once every 32 seconds plus 64 analog 
points sampled twice every 32 seconds (once 
every 16 seconds). Bit 1 of each word repre- 
sents 2560 mv while bit 8 represents 20 mv* 

These two subcoms are under Progrunned. 
Only Memory control, 
points can be placed in the 169 slots; super 
commutation os some a- 
is done to fill the 169 time slots. The 170th 
slot is filled with data from the analog point 
selected by corrmand. The slot is word number 
zero of tho one-second subcom. The analog 
point may be any of the 384 analog points 
available. Bit 1 of each word represents 2560 
mv while bit 8 represents 20 mv. 

Read 
A maximum of 128 anrlog 

*mv: millivolts 
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Table 17 (.eontinuedl 

Word 
posit ion 

12 

13 

I I I 

Word format and function 

The cross strap unit (XSU) generates 
an &word subcom which is read out at 
the rate of one word per minor frame. 
The XSU subcom is synchronized with 
its word 1 in minor frame 0,8,16... 

Solar array telemetry 

?unction 
(no. of words) 

8UbCOlU (1) 

56i  57,64 
65, @0,@1 
94,95,102 - 

8parer (20) I 18,M ~ 0 1 0 1 0 1 0 1  
28.29.36 

CPU A T U  46,47,48 
( 6 )  49,50.51 

HIRS/2 (36) 

A block of three 16-bit CPU word8 is read 
out by the telemetry aystem every minor 

S8U ( 6 )  a 

CPU B TLM 
( 6 )  

CPU data 
mtatu. (1-) 

Parity (1-) I 

YBU (4) 

f rune. 

i s  read out by the telemetry eyatem every 
minor frame. 

96,87,98, A second block of three 16-bit CPU words 
99,100,101 

103 Bit6 lea: 00-All CPU data received 
01-All CPU-A data received; 

CPU-8 incomplete 
10-All CPU-B data received; 

CPU-A incomplete 
11-Both CPU-A and CPU-B 

incomplete 

103 Bit 3: Even parity check on words 2 through 
through 18 

Bit 4: Even parity check on words 19 

DCS (9)  

37; 44;as 
52,53,60 
61,68,69 
72,73,80 
81,86,87 

14,15,22 
23,26,27 
30,31,34 
35,38,39 
42,43,54 
55,58,59 
62,63,66 
67,70,71 
74 * 75,78  
79,82,83 
84,85,88 
89.92.83 

16,17,32 
33,76,77 

ao, ai 

24,28,40 
41 

&bit words are formed by the HIRS/2 
experiment and are read out by the 
telemetry system at an average rate 
of 360 words per second. 

8-bit words are formed by the SSU 
experiment and read out by the telemetry 
system at an average rate of 60 word6 
per second. 

8-bit words are formed by the SEM sensor 
and read out by the telemetry system at 
in average rate of 20 words per second. 

8-bit words are formed by the MSU experi- 
ment and read out by the telemetry system 
at an average rate of 40 words per second. 

&bit words are formed by the DCS experi- 

at an avera~e rate of 90 words oer seaond. 
merit and read out by the telemetry SySttHU 

through 52 I throuph 69 
Bit 6 :  Even parity check on word. 53 

Bit 7: Evan parity check on words 70 
through 86 

Bit 8 :  Even parity check on words 87 
through bit 7 of word 103 
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5. CALIBRATION 

Will iamson (1977) presents an excel lent  desc r ip t i on  o f  the methodology of 
c a l i b r a t i o n  f o r  s a t e l l  i te-borne radiometers. I n  general, the c a l i b r a t i o n  
processes invo lve exposing a radiometer t o  an extended source t h a t  has been 
ca l i b ra ted  against a primary o r  secondary standard o f  one o f  the nat ional  
l abo ra to r ies  and es tab l i sh ing  a r e l a t i o n  between the output o f  the radiometer 
and the quant i ty  of r a d i a t i o n  (radiance) measured by the radiometer. 

A1 1 the radiometers. f 1 owit on the TIROS/NOAA ser ies sate l  1 i tes  undergo 
extensive prelaunch radiometr ic Cal ibrat ions a t  the instrument manufacturer's 
f a c i l i t i e s  t o  es tab l i sh  t h e i r  s t a b i l i t y ,  l i n e a r i t y  o f  response, and s e n s i t i v i t y  
i n  output d i g i t a l  counts per radiance u n i t .  Instruments operating i n  the  
thermal i n f r a r e d  and microwave regions of the spectrum are ca l i b ra ted  against 
p rec i s ion  blackbody sources whose c a l i b r a t i o n s  are, i n  general, t raceable t o  the  
National Bureau of Standards (NBS). Instruments operating i n  the v i s i b l e  and 
near- infrared regions are ca l i b ra ted  against lamps whose output i s  viewed 
through the aperture o f  an i n t e g r a t i n g  sphere. The c a l i b r a t i o n s  f o r  these lamps 
are a1 so t raceable t o  NBS. 

Prelaunch in f rared ( I R )  c a l i b r a t i o n s  are performed i n  a thermal /vacuum 
envi ronment t o  simulate the environment o f  space. During the thermal /vacuum 
exposure, Cal i  b r a t i  ons are performed a t  several i nstrument operat i  ng tempera- 
tu res  (nominal +1oC) t o  provide a measure o f  the dev iat ion o f  the Instrument's 
response as a funct ion o f  temperature. V i s i b l e  and near I R  c a l i b r a t i o n s  are 
performed a t  ambient temperature i n  a i r .  

A t y p i c a l  I R  o r  microwave c a l i b r a t i o n  w i l l  expose a radiometer t o  an 
extended blackbody source whose temperature i s  varied, i n  d i sc re te  steps, over 
the e n t i r e  dynamic range o f  i n te res t .  I n  the v i s i b l e ,  the i n t e n s i t y  o f  the 
source i s  var ied over the dynamic range o f  i n te res t .  The data recorded dur ing 
these c a l i b r a t i o n s  then fo rm a basel ine from which the  accuracy and p rec i s ion  o f  
t h e  rad iomete r  measurements can be determined. Analyses o f  p re launch  
c a l i b r a t i o n  data from each o f  the primary radiometers on the TIROS/NOAA ser ies 
s a t e l l i t e s  are performed a t  NESS. Information r e s u l t i n g  from these analyses, 
which affect the accuracy o r  prec is ion o f  c a l i b r a t i o n ,  are provided i n  l a t e r  
sections . 

The extensive nature o f  the prelaunch c a l i b r a t i o n  program not-withstanding, 
i t  i s  not su f f i c i en t  t o  r e l y  on such c a l i b r a t i o n  data t o  achieve the accuracies 
desired from today's sate l  1 i te-borne remote sensing devices. Brower (1977) 
pointed out t h a t  using such s t a t i c  c a l i b r a t i o n  of the ITOS scanning radiometer 
( i n  the thermal I R  reg ion)  y ie lded  temperature d i f f e r e n t i a l s  of 2C t o  4C between 
thermistor  measurements and r a d i  m e t r i c  measurements o f  an onboard blackbody. 
(Padiometric measurements re fe r red  t o  are those made when the instrument i t s e l f  
views the blackbody.) 

Another f a c t o r  t o  be considered i s  t h a t  sa te l l i t e -bo rne  radiometers are 
subject t o  performance degradations i n  o r b i t .  Unless some method i s  provided t o  
assess those degradations, the prelaunch ca l  i b r a t i o n s  may s h o r t l y  become useless 
or,  a t  best, w i l l  y i e l d  questionable resu l t s .  Therefore, the TIROS/NOAA rad io-  
meters, have been designed t o  perform i n - o r b i t  c a l i b r a t i o n s  rou t i ne l y ,  a t  
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i n t e r v a l s  dur ing t h e i r  scan sequences ( i n  the  I R  and microwave regions only; no 
attempt i s  made t o  perform i n - o r b i t  c a l i b r a t i o n s  i n  the v i s i b l e  region). 

I n -o rb i  t ca l  i b r a t  i on i s accompl i shed by programni ng a g i  ven radiometer ' s 
scan m i r r o r  t o  view: space (near-zero radiance), and p a r t  o f  i t s  housing, which 
i s  a designed blackbody. This onboard blackbody i s  maintained a t  approximately 
the operat ing temperature o f  t he  radiometer (15C o r  288 K). Also, i t  i s  i n s t r u -  
mented w i t h  temperature sensors whose outputs are mul t ip lexed i n t o  the radiome- 
t e r ' s  telemetry. Thus, the zero radiance from the  space look and the radiance 
from the  15C onboard blackbody provide a two-point, i n - f l i g h t  c a l i b r a t i o n .  

C a l i b r a t i o n  o f  t h e  onboard blackbody i s  general ly performed dur ing the  
prelaunch c a l i b r a t i o n  program. One method o f  doing t h i s  (and the  method 
preferred by NESS) i s  t o  use the instrument i t s e l f  as a t r a n s f e r  standard. Once 
the  output o f  the radiometer i n  counts per radiance u n i t ,  has been establ ished 
(using a p rec i s ion  c a l i b r a t i o n  blackbody), t he  onboard blackbody temperature 
sensor outputs are merely co r re la ted  w i t h  the output o f  t he  radiometer when i t  
views the  onboard blackbody. Since the  radiometer i s  ca l i b ra ted  a t  several 
d i f f e r e n t  temperatures c a l i b r a t i o n  curves representing rad iomet r i ca l l y  der ived 
temperatures can be generated f o r  each o f  the temperature sensors i n  the onboard 
b l  ackbody . 

I n  the  fo l l ow ing  sections, t he  c a l i b r a t i o n  procedures employed by NESS are 
t rea ted  i n  d e t a i l  f o r  each o f  t he  TIROS/NOAA primary radiometers. 

5.1 High Resolut ion I n f r a r e d  Radiat ion Sounder 2 (HIRS/2) 

Dur i  ng normal operat i  on, ca l  i b r a t  i on o f  t he  HIRS/2 i nstrument i s perf ormed 
once every 256 seconds (40 l i n e s ) .  C a l i b r a t i o n  i s  provided by viewing two i n -  
t e r n a l  t a rge ts  and space. The temperature o f  both i n t e r n a l  targets,  a warm 
t a r g e t  (IWT) (290 K) and a co ld  t a r g e t  ( ICT)  (260 K t o  270 K), are determined 
from four thermistors embedded i n  each target .  Because o f  l a rge  temperature 
gradients induced by so la r  e f f e c t s  throughout the o r b i t ,  the temperature o f  the 
ICT cannot be r e l i a b l y  determined w i t h  s u f f i c i e n t  accuracy t o  improve c a l i b -  
ra t i on .  Therefore, on ly  the  IWT and space-view data are used f o r  c a l c u l a t i n g  
c a l i b r a t i o n  coe f f i c i en ts .  

Element 58 o f  each HIRS/2 l i n e  contains f i v e  samples o f  each o f  t h e  four 
The thermistors used t o  determine the temperature o f  the IWT (see t a b l e  18). 

output of each thermistor  i s  converted t o  temperature K by: 

4 

j=O 
T = a j  ~j 

where T i s  the temperature ind icated by the  thermistor,  X i s  the average o f  200 
samples f o r  t h a t  thermistor  (40 l i n e s  x 5 samples per l i n e ) ,  and a j  are the 
conversion coef f ic ients .  
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The temperature o f  the IWT (T  ) i s  determined by averaging the tempera- 
tures derived from the  fou r  thermf#ors. i s  converted i n t o  radiance 
(N) as shown i n  the Appendix. The computation o p \ a l i b r a t i o n  c o e f f i c i e n t s  re -  
quires t h a t  f o r  each channel an average value of the space and i n t e r n a l  warm 
t a r g e t  view data be computed. For t h a t  l i n e  containing space-view data, there 
are 56 samples per channel . Samples 1 through 8 contain data whi le the scan 
m i r r o r  i s  moving t o  the space ta rge t  and are, therefore,  not usable. For that  
l i n e  containing IWT view data, a l l  56 samples per channel are usable. 

The T 

The channel gains are computed by: 

NSP - NIWT 

'SP - 'IWT 
G =  - 

where G i s  the gain f o r  eackchannel, NSP and NIWT are the radiance o f  space and 
the i n t e r n a l  warm target ,  X i s  the mean space value ( i n  counts) o f  the 48 
usable space data samples, ans8TIwT i s  the mean IWT value ( i n  counts) o f  the 56 
usable IWT data samples. 

The channel i n te rcep ts  are computed by: 

I NSP GxsP 

5.2 Microwave Sounding U n i t  (MSU) 

The parameters necessary f o r  c a l i b r a t i n g  the MSU are provided with each 
scan l i n e .  Since each scan l i n e  contains only one sample f o r  each parameter, an 
average o f  these data from several scan l i n e s  i s  used f o r  the c a l c u l a t i o n  of 
c a l i b r a t i o n  coeff ic ients.  

The l o c a t i o n  of the space and i n t e r n a l  t a rge t  radiometr ic data i s  defined 
i n  sect ion 6.2 MSU. The c a l i b r a t i o n  c o e f f i c i e n t s  f o r  a s p e c i f i c  scan l i n e  are 
computed from an average o f  the data contained i n  25 l i n e s  (12 l i n e s  p r i o r  t o  
and 12 l i n e s  subsequent t o  t h a t  l i n e  f o r  which c o e f f i c i e n t s  are being computed). 

The r e l a t i o n s h i p  between input  radiance and instrument output counts i s  not 
l i n e a r  i n  the MSU channels. Since only a l i n e a r  r e l a t i o n  between radiance .and 
instrument output counts can be derived from the i n - f l i g h t  data, a n o n l i n e a r i t y  
co r rec t i on  algor i thm must be appl ied t o  each channel. The c o e f f i c i e n t s  f o r  t h i s  
a lgor i thm are produced by NESS for  each instrument, using p r e f l i g h t  subsystem 
c a l i b r a t i o n  information. 

The a lgor i thm i s :  2 

C1 =E diC 
i so 

where C i s  t he  radiometr ic count output, di i s  the n o n l i n e a r i t y  co r rec t i on  
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coefficient and C1 i s  the modified count value t o  be used in the l inear  
a1 gori thm.  b 

Each of the two inf l igh t  cal ibrat ion targets has two PRT's  t h a t  are used t o  
deternine the temperature o f  these targets .  In-fl ight target  (#1) is viewed by 
channels 1 and 2. The temperaure of this  target  derived from PRT 1 A  and PRT 1B. 
In-fl ight target #2 i s  viewed by channels 3 and 4. The temperature of t h i s  
target  i s  derived from PRT's  2A and 2B. The output count values from PRT's l A ,  
l B ,  2A and  2B are located in words 2 and 3 of IFOV's 8 and  9 (see table  20).  

The conversion o f  each PRT count o u t p u t  t o  temperature ( K )  requires the use 
o f  two algorithms, the f i r s t  t o  convert counts t o  resistance ( R )  and the second 
t o  convert resistance t o  temperature (K) .  The f i r s t  algorithm i s :  

CA - TA CAL LO RA = KO + K 1  
TA CAL HI - TA CAL LO fo r  PRT 1 A  & 2A 

or 

R B  = KO + K 1  L~ - ' B  CAL LO 
TB CAL HI - TB CAL LO for  PRT 1 B  & 26 

where: 

R A  i s  the resistance of PRT 1 A  or 2A; RB i s  the resistance of PRT 1B or 2B; CA 
i s  the count value of PRT 1 A  or 2A; CB i s  the count value o f  PRT 16 or 2B; KO 
and K1 are  the resistance conversion coefficients.  

TA CAL HI and TA CAL LO and TB CAL HI and TB CAL LO are the h i g h  and low 
cal ibrat ion reference poin ts  fo r  electronic systems A and 6 respectively. 

T CAL LO, TB CAL LO, TA CAL H I  and TB CAL HI are located in words 2 and 3 
of IFOfi's 1 and 2 as defined i n  table  20. 

The second algorithm, converting R t o  temperature is :  

T =  2 eiRi 
i =O 

where T i s  the temperature ( K )  of the internal target  as derived from the 
resistance ( R  = R A  or Re) and ei  are the temperature ccmversion coefficients for 
each PRT. 

The temperature of target  #1 i s  the average of the temperature derived from 
PRT's  1 A  and 18. The temperature for  target  #2 i s  the average of the 
temperature derived from the PRT's 2 A  and 26. 

The target  temperature used for  the calculation of cal ibrat ion coeff ic ients  
i s  averaged over 25 scan l ines .  

The  conversion o f  these average temperatures t o  radiance units (NT) i s  
described in the appendix. 
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Channel gains are ca lcu lated by: 

-/ -/ 
'SP - 'T 

where G i s  t he  channel gain, N 
i n t e r n a l  t a r g e t  respect ive ly ,  
t h e  space and i n t e r n a l  t a r g e t  views averaged over 25 scan l i n e s .  

and NT-jre the radiance o f  space and the  
and CT are the corrected count values of 

Channel i n te rcep ts  are ca l  c u l  ated by: 

5.3 Stratospher ic Sounding U n i t  (SSU) 

During normal operation, c a l i b r a t i o n  of t he  SSU instrument i s  performed 
once every 256 seconds. The scan sequence format f o r  the SSU provides 32 
seconds (1 l i n e )  o f  rad iometr ic  space and i n t e r n a l  t a r g e t  view data fo l lowed by 
7 scan l i n e s  of Earth view data. 

The SSU c a l i b r a t i o n  l i n e  contains four dwell  per iods o f  space data fo l lowed 
by f o u r  dwell  periods o f  i n t e r n a l  t a r g e t  data. These data can be i d e n t i f i e d  by 
examining b i t s  7 and 8 o f  d i g i t a l  word 2, def ined i n  sect ion 6.3, SSU. Each 
dwell  per iod contains 8 rad iometr ic  data samples per channel spaced according t o  
t h e  f o l l o w i n g  t im ing  chart .  

Sample ( s )  Time ( t )  

0.6 sec 
1.0 sec 
1.6 sec 
2.0 sec 
2.6 sec 
3.0 sec 
3.6 sec 
4.0 sec 

The accumulation of these samples over a four-second dwell  per iod produces 
a l i n e a r  r e l a t i o n s h i p  between output samples (counts) and t ime (seconds). The 
slape o f  t h i s  1 i n e  i s  defined as a RAMP (counts per sec) . This RAMP i s  computed 
using the  lease squares equation: 

8 I : t s  -Z:  ~ Z S  RAMP 5 

8 tX -x( t)' 
where a l l  t he  summations over the  e i g h t  samples and s i s  the count output value 
from a data sample a t  t ime t. 
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An average o f  f ou r  RAMP values from the space view and an average o f  t h e  
f o u r  RAMP values from the i n t e r n a l  t a rge t  view are used i n  the ca l cu la t i ons  o f  
c a l i b r a t i o n  c o e f f i c i e n t s .  

The temperature o f  the i n t e r n a l  t a r g e t  can be ca lcu lated from the  blackbody 
PRT data samples (word 21, t a b l e  21) dur ing the l a s t  12 seconds o f  t h e  
c a l i b r a t i o n  l i n e  and dur ing the e n t i r e  32 seconds o f  the other seven scan l i nes .  

The PRT p r o v i d e s  t h e  'most p r e c i s e  measure o f  t h e  i n t e r n a l  t a r g e t  
temperature. However, should the blackbody PRT f a i l  the data samples from the 
two blackbody thermistors (words 8 and 9, t a b l e  23) may be used t o  der ive the  
i n t e r n a l  t a rge t  temperature . 

The temperature o f  the i n t e r n a l  t a r g e t  ca lcu lated from the blackbody PRT 
data samples i s :  

2 

- 
where ai are the conversion c o e f f i c i e n t s  and X i s  t he  averaged PRT data value 
( i n  counts)A It i s  s u f f i c i e n t  t o  average only  the l a s t  12 seconds of each l i n e  
t o  produce X. 

,-The temperature o f  the i n t e r n a l  t a r g e t  ca lcu lated from the blackbody 
thermistor  data samples i s :  

3 3 

T(K) = i =O i =O 
x b i  !-i +E ci ;7- i 

2 

uhere bi and ci are temperature conversion coe f f i c i en ts  f o r  each thermistor  and 
X i s  the average o f  the-blackbody thermistor  (word 8 d i v ided  by the thermistor  
reference [word 191). Y i s  t he  average o f  the blackbody thermistor  (word 9 
d i v ided  by the thermistor  reference [word 191). it i s  s u f f i c i e n t  t o  
average only  the l a s t  12 seconds o f  each l i n e  t o  pro,"u";:~ and v. 

The i n t e r n a l  t a r g e t  temperature i s  converted t o  radiance (N )  as described 
i n  the  Appendix. Channel gains are ca lcu lated by: 

NSP NT 
- - G =  
RAMPSp - RAMPT 

where G i s  t he  channel gain, NSP and NT are the radiance o f  space and the  

-48- 



- - 
i n t e r n a l  t a r g e t  respect ive ly ,  and RAMP 
f o r  t h e  space and the i n t e r n a l  t a r g e t  v%ws. 

and RAMPT are the average ramp value 

Channel i n te rcep ts  are ca lcu lated by: 

I = NSp - G RAMPSp 

5.4 Appl icat ion o f  C a l i b r a t i o n  Coe f f i c i en ts  t o  Earth View D a t a  

The gains and in te rcep ts  as computed fo r  each instrument (sect ions 5.1 t o  
5.3) are used t o  convert Earth view radiometr ic  samples (XE i n  counts) t o  
ca l  i brated radiance V a l  ues (NE). The a1 g o r i  thm i s  : 

nonl 

pher 

N E = G X E + I  

For the  MSU, X i s  def ined as the  count value modif ied f o r  instrument 
n e a r i t y  ( C )  (sec!ion 5.2). 

The c a l i b r a t e d  radiance values N do not inc lude correct ions f o r  atmos- 
c at tenuat ion,  s l a n t  path co r rec tmns  , o r  other atmospheric phenomena. 
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6. INSTRUMENT DATA BASES 

The in format ion necessary f o r  the l o c a t i o n  o f  s p e c i f i c  instrument data, i t s  
e x t r a c t i o n  from the DSB ' o r  HRPT, i t s  arrangement according t o  instrument 
scanning geometry, and the i d e n t i f i c a t i o n  of c a l i b r a t i o n  and Earth view data i s  
provided i n  t h i s  section. 

6.1 HIRS/2 

Each T I P  minor frame contains 288 b i t s  of HIRSJ2 radiometr ic and telemetry 
data (36 T I P  words). This informat ion i s  contained i n  T I P  words 14, 15, 22, 23, 

74, 75, 78, 79, 82, 83, 84, 85, 88, 89, 92, and 93 (see f igure 6). . 

The H I R S  data contained i n  each T I P  minor frame are defined as an element. 
The i d e n t i f i c a t i o n  and l o c a t i o n  o f  the data f o r  each element i s  shown i n  t a b l e  
18. A HIRS l i n e  i s  composed o f  64 (0-63) successive elements and the ex t rac t i on  
of H IRS data f o r  the c rea t i on  o f  a l i n e  should begin on minor frames 1, 65, 129, 
193, o r  257 of each major frame. 

26, 27, 30s 31, 34, 35, 38, 39, 42s 43, 54, 55, 58, 59, 62, 63, 66, 67, 70, 71, 

B i t s  27-286 o f  elements 0-62 contain 20 t h i r t e e n - b i t  data words. Each word 
i s  composed of 12 b i t s  of data and 1 sign b i t .  The sign b i t  i s  the MSB and when 
set  t o  0 i nd i ca tes  t h a t  the value o f  the 12 b i t s  o f  data i s  negative. 

Twenty words of data from elements 0-55 contain the d i g i t i z e d  radiometr ic 
s ignal  outputs of a l l  20 channels, f o r  a s ing le  scan m i r r o r  dwell  p o s i t i o n  (one 
IFOV).  The radiometr lc channel number, w i t h  respect t o  word locat ion,  i s  shown 
i n  t a b l e  19. The 20 words o f  data i n  elements 56-62 contain housekeeping and 
anci 11 ary  instrument data . Elements 58 and 59 contain thermi s t o r  data necessary 
f o r  determining i n t e r n a l  co ld  and warm t a r g e t  temperatures (ICT, IWT). 

During normal operation, the HIRS/2 instrument repeats a c a l i b r a t i o n  cyc le  
automat ical ly,  Once every 40 l i n e s  (256 sec). A c a l i b r a t i o n  cyc le  i s  one l i n e  
o f  space-view radiometr ic data, one l i n e  o f  ICT  radiometr ic data, and one l i n e  
o f  IWT rad iometr ic  data. This i s  fo l lowed by 37 l i n e s  o f  Earth scanned data. 

The l i n e s  containing space and i n t e r n a l  t a r g e t  data can be i d e n t i f i e d  by 
examining the l i n e  count provided i n  element 63, b i t s  27-39, o r  by the value o f  
t he  encoder pos i t ion,  element 0-55, b i t s  1-8, ( t a b l e  18). A l i n e  count o f  0 
i nd i ca tes  space view, 1 i nd i ca tes  ICT, and 2 i nd i ca tes  IWT. L ine count value of 
3-39 ind icates the fo l lowing 37 Earth view scan l i nes .  

. A secondary mode of operat ion o f  the HIRS/2 i s  possible where the automatic 
c a l i b r a t i o n  cyc le  i s  overridden by ground command. During t h i s  mode, the  
c a l i b r a t i o n  cyc le  data normally found f o r  l i n e  count 0, 1, and 2 w i l l  be 
replaced w i t h  Earth view scan data. Under these condi t ions,  channel gains and 
in te rcep ts  can be derived as a func t i on  o f  t he  housekeeping parameter data 
contained i n  elements 60-62. Should t h i s  mode ever be' exercised, NESS w i l l  
supply the necessary coef f ic ients  as a supplement t o  t h i s  document. 
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Element 0-55 
B i t  1-8 

B i t  9-13 
B i t  14-19 
B i t  20-25 

B i t  26 
B i t  27-286 
B i t  287 
B i t  288 

Element 56-63 
B i t  1-26 
B i t  287, 288 

Element 56 
B i t  21 -286 

Element 57 
B i t  27-286 

Element 58 
B i t  27-91 
B i t  92-156 
B i t  157-221 
B i t  222-286 

Element 59 
B i t  27-91 
B i t  92-156 
B i t  157-221 
B i t  222-286 

Element 60 
B i t  27-91 
B i t  92-156 
B i t  157-221 
B i t  222-286 

Element 61 
B i t  27-91 
B i t  92-156 
B i t  157-221 
B i t  222-286 

Encoder posi t i on 

Elect ron ic  ca l  l e v e l  (0-31) 
Channel 1 per iod monitor 
Element number 

F i  1 t e r  sync desi gnator 
Radiant s ignal  output (20 ch x 13 b i t s )  
Va l i d  data b i t  
Minor word p a r i t y  check (odd p a r i t y )  

(1-56=Earth view, 68=space, 105=ICT, 156=IWT) 

(1 less  than encoder value f o r  Earth views) 

Same as above 
Same as above 

Posi ti ve e l e c t r o n i c  ca l  . (cal  1 eve1 advances one 
o f  32 equal l e v e l s  on succeeding scans) 

Negative e l e c t r o n i c  cal .  

I n t e r n a l  warm t a r g e t  #1, 5 t imes 
I n t e r n a l  warm t a r g e t  #2, 5 times 
I n t e r n a l  warm t a r g e t  #3, 5 times 
In te rna l  warm t a r g e t  #4, 5 t imes 

I n t e r n a l  co ld  t a r g e t  61, 5 t imes 
In te rna l  co ld  t a r g e t  #2, 5 t imes 
I n t e r n a l  co1.d t a r g e t  #3, 5 t’imes 
I n t e r n a l  co ld  t a r g e t  #4, 5 times 

F i l t e r  housing temp. #1, 5 t imes 
F I l t e r  housing temp. #2, 5 t imes 
F i l t e r  housing temp. #3, 5 t imes 
F i l t e r  housing temp. #4, 5 t imes 

Patch temp. expanded, 5 t imes 
F i r s t - s tage  temp., 5 times 
F i l t e r  housing con t ro l  power/temp., 5 times) 
E lect ron ic  ca l  DAC, 5 t imes (counts) 
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Tab1 e 18 (Continued) 
Element 62 

B i t  2/-39 
Bit 40-52 
B i t  53-65 
B i t  66-78 
Bit  79-91 
B i t  92-104 
Bit 105-117 
B i t  118-130 
Bit 131-143 
Bit 144-156 
Bit  157-169 
Bit 170-182 
Bit  183-195 
Bit  196-208 
Bit  209-221 
Bit  222-234 
Bit 235-247 
Bit 248-260 
Bit  261-273 
Bit 274-286 

Element 63 
Bi t  27-39 
Bit  40-41 
Bit 42-44 

*Bit 45-52 
B i t  53-57 

*Bit 58-65 
Bit 66-78 

Bit 79-91 
Bi t  92-104 
Bit  105-117 
Bit  118-130 
Bit  131-143 
Bit  144-156 

Bit 170-182 

Bit  196-208 
Bit  209-221 
Bit 222-234 
Bit 235-247 

. B i t  248-260 

Bit 274-286 
*Bit 45 
*Bit 46 
*Bit 47 
*Bit 48 
* B i t  49 
*Bit 50 

Bit 157-169 

Bit 183-195 

Bit 261-273 

Scan mirror temp. 
Primary telescope temp, 
Secondary telescope temp. 
Baseplate temp. 
Electronics temp. 
Patch temp. - full  range 
Scan motor temp. 
F i l t e r  motor temp, 
Cool er housi ng temp . 
Patch control power 
Scan motor current 
Fi 1 ter motor current 
t 1 5  Vdc 

t7.5 Vdc 
-7.5 Vdc 
t10 Vdc 
t 5  Vdc 
Analog ground 
Analog ground 

-15 VdC 

Line count 
F i l l  zeros 
Instrument seri a1 number 
Comnand s t a t u s  
F i l l  zeroes 
Comnand status 
Binary code ( l,l,l,l,l,O,O~lsO,O,O,lsl) 

+3875 (base 10) 
t1443 
-1 522 
-1882 
-1631 
-1141 
t1125 
t3655 
-2886 
-3044 
-3764 
-3262 
-2283 
-2251 
+3214 
+1676 
t1992 

Instrument ON/OFF ON = 1 
Scan motor ON/OFF ON = 0 
F i l t e r  wheel ON/OFF ON = 0 
E l  ectroni cs ON/OFF ON = 1 
Cooler heat ON/OFF ON = 0 
Internal warm t g t .  posit ion True = 0 
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Table 18 (Continued) 

* B i t  51 In te rna l  co ld  t g t .  p o s i t i o n  True = 0 
* B i t  52 Space p o s i t i o n  True = 0 
* B i t  58 Nadir p o s i t i o n  True = 0 
* B i t  59 C a l i b r a t i o n  enable/disable Enabled = 0 
* B i t  60 Cover release enable/disable Enabled = 0 
* B i t  61 Cooler cover open Yes = 1 
* B i t  62 Cooler cover closed Yes = 1 
* B i t  63 F i l t e r  housing heat ON/OFF ON = 0 
* B i t  64 Patch temp. con t ro l  ON/OFF ON = 0 
* B i t  65 F i  1 t e r  motor power HIGH Normal = 1 

NOTE : 
Each data sample i s  a 13-b i t  word w i t h  the MSB being the  s ign b i t .  
The s ign convention i s  such t h a t  1 i s  p o s i t i v e  and 0 i s  negative. 
The exceptions are the l i n e  number and command status words o f  
element 63. 

. ......................................................... - - - - - - - - - - - - - -- - - - - - 
*Cornand status b i t s  

Table 19. HIRS/2 channel word l o c a t i o n  

Word Nominal cen t ra l  Radiometric channel 
__--_-_________-________________________---------------------------------------- 

1 
2 
3 
4 
5 

' 6  
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

688 . 4 
2360.6 

679 . 23 
691 . 12 

703 . 56 
2190.4 

2511.9 
1363.7 
2671 2 

748 . 27 
897 . 71 

14367.0 
1217.1 
2212 . 7 
721 28 
716.05 

2240.1 
1484.4 
2276.3 

1 
17 
2 
3 

13 
4 

18 
11 
19 

7 
8 

20 
10 
14 
6 
5 

15 
12 
16 
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WORD 

IFOV 

1 

2 

3 

4 

6 

10 

11 

12 

13 

14 

(SPACE) 

(INTERNAL 
TARGET) 

(SCAN TO 
IFOV 1) 

Table  20 MSU Scan Line Format 

RADIYETRIC DATA 
1 2 ~8 
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T a b l e  21 MSU Bit Formats For Each IFOV 

d 

Typical format for a l l  words except word 8 

WSB LSB 
( b i t  b i t  

1 1 g Z D D D D D D D D D D D D  
16) 1 

= Data 
Z = 1 when i n  zero reference disable mode; 

0 a t  a l l  other times'. 
Q = 0 for the first seven words 
1 = indicates it  is the first word i n  a scan; 

0 for a l l  other words 
1 = indicates that the word is a real  word; 

0 occura only for an all-zero word 

Scan position - l i n e  count, word 8 

MSB LSB 
b i t  b i t  
16 1 

\k 
1 0  1 2  S R R . R  E E E E E E E E 

E - Scan angle (position) data 
R = Scan l ine  count (reset  by 128-sec sync) 
S = 1 when i n  scan disabled mode; 

2 = 1 when i n  zero reference disable mode 
1 = indicates that t h i s  i s  the 8 t h  word i n  

0 = indicates that t h i s  is not the first 

1 = indicatesthat-the word is a real  word 

0 a t  a l l  other times 

the scan posiiiion 

word i n  a scan 
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6.2 Microwave Sounding U n i t  (MSU) 

Each T I P  minor frame contains four 8 - b i t  words o f  MSU data. These data 
are located i n  T I P  word pos i t ions 24, 25, 40 and 41 ( f i g u r e  6). Each two words 
(e.g., 24 and 25), when taken as one 16 -b i t  word, represent one data sample o f  
e i t h e r  te lemetry o r  radiometr ic output data. A l l  f u t u r e  reference t o  MSU data 
words w i l l  assume a word s i ze  o f  16 b i t s .  

One scan l i n e  of MSU data w i l l  contain 512 data words; however, only 112 
o f  these words contain " r e a l "  MSU instrument output data. The remaining 400 
words are zero f i l l e d .  The rea l  data are i d e n t i f i e d  by examination o f  t he  MSB 
o f  each word. If t h e . v a l u e  of t h i s  b i t  i s  equal t o  1, the word i s  r e a l  and 
should be included i n  the 112 words o f  v a l i d  MSU data. 

The i d e n t i f i c a t i o n  and r e l a t i v e  p o s i t i o n  o f  the 112 words of MSU data are 
shown i n  t a b l e  20, and the formats o f  the data words are shown i n  t a b l e  21. 
Within the  512 words, rea l  data w i l l  be grouped i n  e igh t  consecutive words. 
These e igh t  words contain the data accumulated dur ing one dwell  p o s i t f o n  (one 
IFOV) .  Each I F O V  contains fou r  words o f  radiometr ic data (one word per 
channel), and fou r  words o f  a n c i l l a r y  data. The f i r s t  eleven IFOV's contain 
radiometr ic Earth view data respect ively,  and IFOV 14 contains no usable 
radiometr ic data. Associated w i t h  each dwell  p o s i t i o n  i s  a scan angle value 
t h a t  i s  encoded i n  word e igh t  o f  each IFOV. (See E b i t s  i n  t a b l e  21.) 

Because of s l i g h t  va r ia t i ons  i n  scan pos i t i on ing  from l i n e - t o - l i n e ,  i t  i s  
necessary t o  define several acceptable scan angle values f o r  'each scan dwel l  
p o s i t i o n  (IFOV). These p o s i t i o n  
v a r i  a t  i ons are negl i g i  b l  e f o r  a1 1 p r a c t i c a l  purposes . The acceptable values are shown i n  t a b l e  22. 

Table 22. Acceptable scan angles 

Formation o f  the 112 words o f  MSU data must s t a r t  when b i t  1 5  has a value 
o f  1 i n d i c a t i o n  tha t  t h i s  i s  the f i r s t  word o f  a scan l i n e .  The t im ing  of t he  
output o f  MSU data, r e l a t i v e  t o  the T I P  minor frames, var ies s l i g h t l y .  Conse- 
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quently, an MSU scan l i n e  w i l l  s t a r t  a t  one o f  t he  T I P  major/minor frame 
counters l i s t e d  below, o r  w i t h i n  two minor frames the rea f te r .  

TIP major frame 

0 
0 
1 
2 

Minor frame 

19 
27 5 
21 1 
147 
83 
19 

27 5 
211 
147 
83 

6.3 St ratospher ic  Sounding U n i t  (SSU) 

Each T I P  minor frame contains s i x  8 - b i t  words o f  SSU data located i n  word 
pos i t i ons  16, 17, 32, 33, 76, and 77. Each two words (e.g., 16 and 17) ,  when 
taken together as one 16 -b i t  word, represent one data sample o f  e i t h e r  te lemetry 
o r  rad iometr ic  data. Thus, each TIP minor frame contains th ree  SSU data words. 
The SSU data word contains 12 b i t s  o f  information, l e f t  j u s t i f i e d ,  w i t h i n  each 
16 -b i t  word. The lower order four b i t s  are data value 0. Before pr.ocessing, 
t h e  12 b i t s  o f  data should be r i g h t  s h i f t e d  4 b i t s .  This can be accomplished by 
d i v i d i n g  each 16 -b i t  data word by 16. Fur ther  discussions o f  SSU data w i l l  
assume a 12 -b i t  word. 

An SSU scan i s  32 seconds i n  du ra t i on  (1 T I P  major frame o r  320 T I P  minor 
frames) beginning a t  each minor frame 0. The SSU provides a complete sampling 
of data every second. Recal l ing t h a t  each T I P  minor frame i s  0.1 second i n  
durat ion,  and t h a t  each minor frame contains three SSU data words, t h i s  provides 
960 data words per scan, a t  a r a t e  o f  30 words per second. Each second o f  data 
(30 words) contains two rad iometr ic  data samples f o r  each channel . The radiome- 
t r i c  data samples f o r  channel 1 are located i n  words 16 and 28, f o r  channel 2 i n  
words 17 and 29, and f o r  channel 3 i n  words 18 and 30. The i d e n t i f i c a t i o n  o f  
t he  30 SSU words i s  shown i n  t a b l e  23. 

D i g i t a l  words 1, 2, and 3 i n  t a b l e  23 are described as fo l lows:  I n  d i g i t a l  
word 1, b i t  1 (LSB) i d e n t i f i e s  the m i r r o r  synchronous recovery status, and i s  
normally 0. B i t s  2-12 comprise an l l - b i t  second counter t h a t  i s  reset  t o  0 a t  
t h e  beginning o f  the space view. 
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Table 23. 30-word SSU data sampling 
(repeated 32 times per SSU scan) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SSU Data Type Word number 
11_1_-______-_______------------------------------------------------------------ 

D i g i t a l  word 1 1 
D i g i t a l  word 2 2 
D i g i t a l  word 3 3 
Space po r t  temperature 4 
Earth por t  temperature 5 
PMC bulkhead temperature 6 
Detect o r  temperature 7 
B1 ack body thermistor 8 
B1 ack body thermistor 9 
Cel l  temperature ch 1 10 
Ce l l  temperature ch 2 11 
c e l l  temperature ch 3 12 
Base p la te  temperature 13 
Middle bulkhead temperature 14 
Optics baseplate temperature 15 
Radiometric sample ch 1 16 
Radiometric sample ch 2 17 
Radiometric sample ch 3 18 
Thermistor reference 19 
M i  r r o r  f ine  pos i t  i on 20 
B l  ack body PRT 21 
PMC Amp1 i tude ch 1 22 
PMC Amplitude ch 2 23 
PMC Amplitude ch 3 24 
ADC Ca l ib ra t ion  5% o f  f u l l  scale 25 
ADC Ca l ib ra t ion  50% of f u l l  scale 26 
ADC Ca l ib ra t ion  90% of f u l l  scale 27 
Radiometric sample ch 1 28 
Radiometric sample ch 2 29 
Radiometric sample ch 3 30 
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D i g i t a l  word 2 contains instrument con f igu ra t i on  in format ion as def ined 
bel  ow : 

B i t  12 (MSB) 
11 
10 
9 
a 

7 

6 

5 

4 

3 

2-1 

Power o n j o f f  ( ' 1' = on) 
M i r r o r  i n h i b i t  on /o f f  ('1' = on) 
Cal i b r a t i  on mode auto/manual ( I 1 ' = manual ) 
Ca l  i b r a t i o n  v e r i f i c a t i o n  (normal 1 y ' 0 '  ) 
M i r r o r  i n  p o s i t i o n  space view 

M i r r o r  i n  p o s i t i o n  blackbody 

M i r r o r  i n  p o s i t i o n  Earth view 1 

M i r r o r  i n  p o s i t i o n  Earth view 5 

M i r r o r  i n  p o s i t i o n  Earth view 8 

M i  r r o r  p o s i t i o n  co r rec t  (f i ne p o s i t i o n  sensor) 

Channel i d e n t i f i c a t i o n  f o r  frequency reading 

('0' i f  i n  p o s i t i o n )  

( ' 0 '  i f  i n  pos i t i on )  

('0' i f  i n  pos i t i on )  

( ' 0 '  i f  i n  p o s i t i o n )  

( ' 0 '  i f  i n  p o s i t i o n )  

yes/no ( ' 0 '  = yes) 

00 = channel 3 (1.4 mb) 
01 = channel 1 (14 mb) 
10 = channel 2 (4 mb) 

D i g i t a l  word 3 contains information necessary f o r  evaluat ing the  pressure 
modulated c e l l  (PMC) channel frequencies. A data value w i l l  be inser ted i n t o  
t h i s  p o s i t i o n  once every 32 seconds. This w i l l  occur a t  minor frame 0 o f  each 
major frame. Word 2, b i t s  1 and 2, must be used w i t h  word 3 f o r  proper i d e n t i -  
f i c a t i o n  o f  the PMC being sampled. 

An SSU scan l i n e  consists o f  e ight ,  4-second E a r t h / c a l i b r a t i o n  dwell per- 
iods. During each dwell  period, e i g h t  rad iometr ic  data samples are taken f o r  
each channel (2 per second). 

These e igh t  rad iometr ic  data samples requ i re  add i t i ona l  processing t o  
de r i ve  a f i n a l  rad iometr ic  data value f o r  a given dwell  period. 

During normal operat i  ons , the SSU i nstrument repeats a ca l  i bra t i  on cyc le  
once every e igh t  l i n e s  (256 seconds). A ca l ibrat . ion cyc le  consists o f  one l i n e  
of data, beginning a t  TIP major frame 0, minor frame 0. This l i n e  contains 
radiometr ic data samples taken whi le  the instrument views space and the i n t e r n a l  
c a l i b r a t i o n  target .  The remaining seven scan l i n e s  conta in  radiometr ic Earth 
view data samples. 
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7. SCAN T I M I N G  AND GEOMETRY 

The purpose of t h i s  sec t i on  i s  t o  p rov ide  t h e  user w i th  t h e  i n fo rma t ion  
necessary t o  e s t a b l i s h  the  t i m i n g  and scan geometry r e l a t i o n s h i p s  between t h e  
TOVS inst ruments.  The t i m i n g  r e l a t i o n s h i p s  are shown i n  t a b l e  24. 

The s t a r t  t ime  of each inst rument  scan l i n e  can be der ived  by us ing  t h e  T I P  
32-second t ime code t h a t  was descr ibed i n  s e c t i o n  4.5. Table 25 i d e n t i f i e s  t h e  
s t a r t  o f  each inst rument  scan l i n e  r e l a t i v e  t o  t h a t  t ime  code. 

This  t a b l e  a l s o  i d e n t i f i e s  t h e  major and minor frame numbers t h a t  co r re -  
spond t o  the  s t a r t  o f  each scan l i n e .  Noted t h a t  t h e  minor frame counters  
corresponding t o  t h e  s t a r t  o f  each scan are no t  t h e  same f o r  each instrument.  
For  example, a t  t he  t ime  corresponding t o  major frame 0, minor frame O(TC(O/O) 
i n  t a b l e  25), a l l  ins t ruments begin t h e i r  scan sequence. However, t h e  data t h a t  
corresponds t o  t h e  s t a r t  of t h e  HIRS/2 scan l i n e  appears i n  major/minor frame 
0/1, f o r  SSU i n  O/O, and f o r  MSU i n  0/19. 

Since t h e  T I P  major frame count va lue cyc les  f rom 0 t o  7, t a b l e  4-8 can be 
expanded by r e p l a c i n g  major  frame values 0, 1, 2, and 3 w i t h  major  frame values 
4, 5, 6, and 7 respec t i ve l y .  
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Table 25. Scan l i n e  t im ing  o f  t he  TOVS instruments 

Scan s t a r t  T I P  major/minor frame 
t ime (seconds) HIRS/2 ssu MSU 

*TC (010) 
+6.4 
+12.8 
t19.2 
=25.6 

*TC (110) 
+6.4 
+12.8 
+19.2 
+25.6 

*TC (210)  
t6.4 
+12.8 
t19.2 
+25.6 

*TC (310) 
+6.4 
+12.8 
+19.2 
+25.6 

01 1 
01 65 
01129 
01193 
01257 

111 
1/65 
11129 
11193 
11257 

21 1 
2/65 
21129 
21193 
21257 

31 1 
3/65 
31129 
31193 
31257 

0119 

0127 5 

11211 

21147 

3/83 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*TC (n/O) i s  t he  t ime ca lcu lated from T I P  major frame n and minor frame 0, 

where n=O, 1, 2, and 3. 

Note: This t im ing  t a b l e  f o r  major frames 0-3 repeats f o r  major frames 4-7. 

Figures 7 and 8 show the  r e l a t i o n s h i p  between the scan pat terns o f  each of 
t h e  TOVS instruments. 

A l l  TOVS instruments scan i n  the  same d i r e c t i o n ,  Sun t o  anti-sun. It 
should be noted t h a t  t he  scan d i r e c t i o n  o f  t he  AVHRR instrument i s  opposite t h a t  
o f  t he  TOVS instruments. 
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8. TOVS SOUNDING PRODUCT 

NESS has the c a p a b i l i t y  o f  producting a maximum o f  20,000 soundings every 
24 hours from two operational spacecraft. Typica l ly ,  they produce 7,000 t o  
8,000 soundings per s a t e l l i t e  per day. These soundings are provided t o  SDSD on 
a weekly basis (7  days/tape) 

Ind i v idua l  soundings stored on tape w i l l  be formatted according t o  the  
NMC/EDIS Dataset Format which i s  described i n  d e t a i l  l a t e r  i n  t h i s  section. 
Each tape w i l l  contain a data d i r e c t o r y  found a t  t he  beginning o f  the tape which 
w i l l  describe the  contents o f  the tape. The data d i r e c t o r y  acts as a 
housekeeping f i l e  and consists o f  two parts:  1) an element containing d i r e c t o r y  
information, and 2) the elements r e l a t e d  t o  the data on the tape. The purpose 
of the E D I S  archive housekeeping f i l e  i s  t o  a i d  users i n  determining the  
l o c a t i o n  o f  t ime categorized, s a t e l l i t e - d e r i v e d  soundings on the tape. The end 
of each group o f  t ime categorized soundings, as described by the  i nd i v idua l  data 
d i r e c t o r y  elements, i s  ind icated by an end-o f - f i l e  (EOF). A double €OF marks 
the end of data on tape as described by the  l a s t  d i r e c t o r y  element i n  the  
housekeeping f i l e .  Together, t he  EOF markers and the housekeeping f i l e  are 
intended t o  provide the user w i t h  a means o f  s e l e c t i v e l y  choosing soundings from 
the tape. 

The format o f  the EDIS  archive housekeeping f i l e  i s  i n  two parts. The 
f i r s t  p a r t  o f  the f i l e  i s  the d i r e c t o r y  in format ion element. which contains 20 
bytes i n  the fo l l ow ing  format. 

DIRECTORY INFORMATION ELEMENT 

Byte # Contents 

1-2 Number o f  data d i r e c t o r y  elements i n  housekeeping f i l e  

3-6 Total  number o f  soundings ( repor ts)  on the tape 

7 -8 

9-1 0 

11-12 Processing day ( 2  d i g i t s )  

Processing year (2  d i g i t s )  

Processing month (2  d i g i t s )  

13-20 Spares (denoted by "6666") 

The second pa r t  o f  the housekeeping f i l e  are the d i r e c t o r y  elements which 
contain 20 bytes per element i n  the fo l lowing format. 
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DATA DIRECTORY ELEMENT 

Byte # 

1-2 . 

3-4 

5- 6 

7-8 

9-1 0 

11-12 

13-20 

Contents 

Time category o f  repo r t s  stored 

Number o f  repo r t s  i n  t ime category 

Year o f  repo r t s  (Century x 256 + day) 

Month and day o f  repo r t s  (Month x 256 t day) 

Time o f  day (GMT) o f  e a r l i e s t  r e p o r t  (Hours x 256 + minutes) 

Time o f  day (GMT) o f  l a t e s t  repo r t  (Hours x 256 + minutes 

Spares (denoted by "6666") 

The t ime category ( l i s t e d  as the  f i r s t  two bytes o f  t he  Data D i rec to ry  Element) 
i s  def ined as fol lows: 

Category Number 

1 

2 

3 

4 

5 

6 

7 

8 

TIME CATEGORY 

Time Range (GMT) 

0000 - 0259 
0300 - 0559 
0600 - 0859 
0900 - 1159 
1200 - 1459 
1500 - 1759 
1800 - 2059 
2100 - 2359 
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The ove ra l l  s t ruc tu re  of each EDIS-TOVS arch ive tape i s  shown i n  Table 26. 
It shows the n t l  elements i n  the housekeeping f i l e  and the corresponding TOVS 
soundings f i l e s  which are i n  the NMC/EDIS dataset format. 

Table 26. St ructure of TOVS Sounding Product Tape 

Data D i rec to ry  Element #2 EOF 

TOVS Soundings described by 

D a t a  F i l e s  

EOF 

The TOVS Sounding Product tape w i l l  have a l o g i c a l  record length o f  280 bytes 
and a block s i z e  (physical  record length)  o f  6440 bytes. However, t he  
housekeeping f i l e  has a va r iab le  length record. It ranges from a minimum o f  280 
bytes t o  maximum o f  3080 bytes because o f  the va r iab le  nature o f  the d i rectory .  
The 6440 byte block s i ze  w i l l  ho ld  23 repor ts  o f  280 bytes each. A missing o r  
undefined data value i s  denoted by "7777" , ' a  spare i s  "6666", and an 
end-of-report i s  ind icated by "8888". The TOVS sounding data f i l e s  are w r i t t e n  
i n  the  NMC/EDIS dataset format. This format i s  i n  b inary and contains 44 bytes 
o f  documentation and 236 bytes o f  sounding products/ information f o r  a maximum of 
seven data type categories. The format f o r  the documentation p o r t i o n  i s  as 
f 01 1 ows : 
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NMC/EDIS Documentation Format 

Byte # 

1-2 

3-4 

5- 6 

7-8 

9-1 0 

11-12 

13-14 

15-1 6 

17-18 

19-20 

21-22 

23-24 

25-26 

27-28 

29-30 

31 -32 

Contents 

S a t e l l i t e  I d e n t i f i c a t i o n  

Year x 256 t month 

Day x 256 + hour (GMT) 

Minutes x 256 t seconds (GMT) 

L a t i t u d e  (Degree x 100, t N ,  -S, range 
t 9 0  t o  -90) . 

Longitude (Degree x 100, +E, -W, range 
+180 t o  -180) 

Solar zen i th  angle (Degree x 100, +day, 
-night,  range t 9 0  t o  -90) 

Land/Sea I n d i c a t o r  ( i f  land, surface 
e leva t i on  i n  meters, i f  sea, zero) 

Surface ( sk in )  Temperture degree K y 10 
* 

Estimated Surface Model Pressure (mb x 

Instrument and/or Channel Combination 
used t o  ob ta in  var ious products 

10) 

Re t r i eva l  Method 

Standard Deviat ion o f  1 ow-1 eve1 HIRS/2 
channel (7) (degree K x 100, range 
0-10) 

Standard Deviat ion o f  mid- level  HIRS/2 
channel (5) 

Average v a l u e  N * l ,  range 0 t o  1 
(dimensionless x 1000) 

Superswath and box c o u n t e r  f o r  FGGE 
(Superswath x 100 + Box Counter) 
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Byte # 

33-34 

35-36 

37-38 

39-44 

NMC/EDIS Documentation Format (Cont - )  

Contents 

In terac t ive  e d i t  f l ag :  
0 = Not examined 
1 = Examined; good 
2 = Examined; questionable 

Day o f  month and hour (GMT) when e d i t  f l a g  
i s  wr i t ten  t o  f i l e  (Day x 256 = hour) 

Minute and second (GMT) when e d i t  f l a g  i s  
wr i t ten  t o  f i l e  (Minutes x 256 + seconds) 

Spare 
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NMC/EDIS Sounding Products / In fomat ion Format 

The sounding products/ informat ion p o r t i o n  has the  fo l l ow ing  format (arranged i n  
categor ies) : 

Byte # Contents 

Cate o r  1 - Layer-mean temperature 
x d 5  l aye rs )  

45-46 Pressure a t  lower boundary (mb x I O )  

47-48 

49- 50 

51-52 

53-164 

165- 167 

168-169 

170-171 

172-173 

174-188 

189-190 

191 - 192 

193-194 

195-196 

197-198 

199- 200 

Pressure a t  upper boundary (mb x 10) 

Layer - mean temperature (degree K x 

Qual i t y  (degree K x 10) 

10) 

Repeat o f  Category 1 data f o r  14 layers 

Category 2 - Layer p r e c i p i t a b l e  water 
(maximum 3 l aye rs )  

Pressure a t  lower boundary (mb x 10) 

Pressure a t  upper boundary (mb x 10) 

.Layer p r e c i p i t a b l e  water (mn) 

Qual i ty  ( percent) 

Report o f  Category 2 data f o r  2 layers 

Category 3 - Tropopause parameters 

Pressure (mb x 10) 

Temperature (degree K x 10) 

Q u a l i t y  (mb x 10) 

Spare 

Category 4 - Ozone 

To ta l  ozone amount (Dobson u n i t s )  

Qual i t y  ( percent ) 
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Byte # 

201-202 

203-204 

205-244 

245-252 

2 53-2 58 

259-260 

261-276 

277-278 

279-280 

NMC/EDIS Sounding Products/Information Format (Cont .) 

Contents 

Category 5 - Cloud cover 

Pressure (mb x 10) 

Amount (percent) 

Category 6 - Sounding radiances 

Twenty H I R S / 2  channel equi Val ent  
blackbody temperatures (degree K x 64 
except f o r  Channel 20 which has degree 
K x 16) 

Four MSU channel equi V a l  ent b l  ackbody 
temperatures (degree K x 64) 

Three SSU channel equi Val ent b l  ackbody 
temperatures (degree K x 64). 

Spare 

New Category( s )  Spare 

Spare 

End o f  Report 

1 The N* method i s  used t o  compute c l e a r  radiance values when there are some 
clouds obst ruct ing the surface. 

Category 6 contains radiometr ic in format ion supplied i n  the  form o f  equivalent 
blac5body o r  br ightnes? temperatures These can be transformed t o  radiances 
mW/m - steradian - cm- ) 
by app l i ca t i on  of the Planck funct ion.  The Planck func t i on  requires channel 
c e n t r a l  wave numbers and temperature-adjustment  c o e f f i c i e n t s  which a r e  
spacecraft/ instrument dependent. 

The documentation po r t i on  of the NMC/EDIS dataset format contains two bytes (#21 
and 22) which ind icates the instrument and/or channel combination used t o  
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obtain various products. 
can be def ined as fo l lows:  

I f  I C C  represents the value i n  these two bytes then i t  

I C C  = 40962 + 256Y + 16X + 4W + V 

where V denotes channel combinations used t o  obta in  l aye r  p r e c i p i t a b l e  water f o r  
t he  layers:  surface t o  700 mb, 700 t o  500 mb, and 500 t o  300 mb. 

0 no r e t r i e v a l  

1 HIRS/2 + MSU 

2 HIRS/2 

W denotes channel combinations used t o  obta in  tropopause temperature and 
pressure. 

0 no r e t r i e v a l  

1 H I R S '  + MSU 

2 MSU 

X denotes channel Combinations used t o  obta in  t o t a l  ozone. 

0 no r e t r i e v a l  

1 HIRSJ2 (1,2,3,8,9,16,17) + MSU(4) 

2 HIRS/2 (1,2,3,8,9,16,17) 

3 HIRS/2 (1,2,3,9,17) + MSU(4) 

4 HIRS/2 (1,2,3,9,17) 

Y denotes channel combinations used t o  obta in  mean temperature f o r  the layers;  
surface t o  850 mb, 850 t o  700 mb, 700 t o  500 mb, 500 t o  400 mb, 400 t o  300 mb, 
300 t o  200 mb, 200 t o  100 mb. 

0 no r e t r i e v a l  

1 HIRS/2 + MSU 

2 H I R S '  + MSU 

3 HIRS/2 

4 MSU 

Z denotes channel combinations used t o  obta in  mean temperatures f o r  the layers;  
100 t o  70 mb, 70 t o  50 mb, 50 t o  30 mb, 30 t o  10 mb, 10 t o  5 mb, 5 t o  2 mb, 2 
t o  1 mb, 1 t o  0.4 mb. 
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(Continued) 

0 no retrieval 

1 HIRS' = MSU (3,4) 

2 HIRS' t MSU (3,4) 

3 SSU t MSU (3 ,4)  

4 HIRS' t SSU 

5 HIRS' 

6 MSU (3,4) ( O u t p u t  will terminate a t  10 mb since there i s  no meaningful d a t a  
above t h a t  level in this  case). 

Notf t h a t  HIRS' i s  equivalent t o  HIRS/2 Channels l(668 cm-l), 2(679 cm"), 3(601 
cm- ), and 17(2360 cm- ). 

The retrieval method i s  contained in bytes 23 and 24 of the documentation of the 
NMC/EDIS dataset format. If METREC represents the value in the two bytes, then 
i t  i s  defined as follows: 

METREC = 256A t 16B + C 

where: 

A = 0 no HIRS/2 d a t a  

1 clear radiances are derived from completely clear spots 

2 clear radiances derived from the N approach 
* 

B = 0 no HIRS/2 d a t a  

1 al l  HIRS/2 channels are used in the retrieval 

2 the tropopause HIRS/2 channels were unusable due t o  clouds and only 
stratospheric channels were used in the retrieval 

C = 0 a s ta t is t ical  retrieval method was used 

1 the minimum information retrieval was used 

2 the minimum information retrieval was attempted b u t  the s ta t is t ical  
retrieval was used 
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9.0 ORDERING TOVS DATA AND PRODUCTS FROM SDSD 

The S a t e l l i t e  D a t a  Services D i v i s i o n  (SDSD) o f  t h e  Nat ional  C l i m a t i c  
Center ,  i n  c o n j u n c t i o n  w i t h  t h e  N a t i o n a l  E a r t h  S a t e l l i t e  S e r v i c e ,  has 
es tab l i shed a d i g i t a l  a rch i ve  o f  data c o l l e c t e d  from t h e  N O M  opera t iona l  p o l a r  
o r b i t i n g  sate1 1 i t e s  , TIROS-N ( 1 aunched i n  October 1978) and NOAA-A (1 aunched i n  
June 1979 and renamed NOAA-6). 

D i g i t a l  data f rom t h e  SDSD p o l a r  o r b i t e r  a rch i ve  are a v a i l a b l e  i n  t h e  form 
o f  CCT's (Computer Compatible Tape) which may con ta in  complete Level I b  
d a t a s e t s ,  s e l e c t i v e  e x t r a c t s  f r o m  L e v e l  I b  d a t a s e t s ,  o r  c o p i e s  o f  NESS 
opera t iona l  AVHRR o r  TOVS products. Hard copy computer l i s t i n g s  are a l s o  
avai 1 ab1 e . 

A l l  requests f o r  archieved data should be addressed t o :  

S a t e l l i t e  Data Services D i v i s i o n  
Room 100, World Weather B u i l d i n g  
Washington, D.C. 20233 
Phone: Commercial (301) 763-8111 

(FTS) 763-8111 

Standing orders f o r  c e r t a i n  s p e c i f i e d  products t o  be produced on a r e g u l a r  

Orders f o r  complete o r  s e l e c t i v e  tape copies which a re  no t  t oo  ex tens ive  

bas is  w i l l  be accepted. , 

can genera l l y  be f i l l e d  w i t h i n  t e n  days. 

It may be assumed t h a t  a l l  TOVS coverage i s  g loba l  and complete as o f  
January 1, 1979 w i t h  some data a v a i l a b l e  from as e a r l y  as November 1, 1979. 

CCT users w i l l  be prov ided complete tape documentation. Questions 
r e l a t i n g  t o  t h e  contents  o f  t he  tape, c a l i b r a t i o n  o f  t h e  data, o rde r ing  and 
a v a i l a b i l i t y  of t h e  data, e tc .  should be r e f e r r e d  t o  t h e  above address o r  phone 
number. 
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ACRONYMS AND ABBREVIATIONS 

ADC 
AM 
APT 
ARGOS 

ASCI  I 

AVHRR 

BB 
BCD 
B P I  
BPS 
CAL 
CCT 
CDA 
CDB 
CEMES 

ch 
cm 
Cmd 
CNES 
CPU 
cv 
DAC 
DACS 

dB 
dBm 
DCS/DCLS 
D I G  
DSB 
EBCDIC 

EDIS  

E I R P  
EOF 
FGGE 
FM 
FOV 
fPS 
GAC 
GARP 
GHz 
GMT 
GOES 

HEPAD 

anal og-to d i g i t a l  converter 
amp1 i t u d e  modulated 
Automatic p i c t u r e  transmission 
French abbreviat ion f o r  t h e i r  data 
co l  1 ec t  i on and 1 ocat i on system 

American Standard Coded Informat ion 
Interchange 

Advanced Very High Resol u t i o n  
Radiometer 

B1 ac k body 
Binary Coded Decimal 
B i t s  Per Inch 
B i t s  Per Second 
ca l  i b r a t  i on 
Computer Compatible Tape 
Comnand and D a t a  Acqu is i t i on  
Coe f f i c i en t  D a t a  Base 
Centre d'Etudes de l a  Meteorologie 

Spati  a1 e 
channel 
centimeter 
comnand 
Centre National D ' Etudes Spati a1 es 
centra l  processi ng u n i t  
command v e r i  f i ca t  i on 
d ig i t a l - t o -ana log  converter 
Data Acqu is i t i on  and Control 
Subsystems 
decibel 
decibels above ( o r  below) one m i l l i w a t t  
D a t a  c o l l e c t i o n  and l o c a t i o n  system 
d i g i t a l  
D i r e c t  sounder broadcast 
Extended Binary Coded Decimal 

Environmental Data and Informat ion 

e f f e c t i v e  i s o t r o p i c  rad iated power 
End o f  F i l e  
F i r s t  GARP Global Experiment 
Frequency modul a t  i on 
F i e l d  O f  View 
frames per second 
G1 obal Area Coverage 
G1 obal Atmospheric Research Program 
g i  gahert z 
Greenwich Mean Time (Zulu) 
Geostationary Operational Environmental 
Sate1 1 i t e  
High energy proton and alpha detector  

(Service ARGOS) 

Interchange Code 

Service 
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HIRS/2 

HR PT 
Hz 
I FOV 
I CT 

ID 
I FOV 
IR 
I TOS 
IWT 
K 
kbps 
kHz 
km 
LAC 
LSB 
LST 
m 
MAX 
mbar 
Mb ps 
MHz 
MEPED 

MI 
MIN 
um 
MIRP 
MSB 
MSU 
mV 
mW 
N/A 
NEAN 
NEAT 
NESS 
NMC 
No. 
NOAA 

NORAD 
P/N 
PMC 
PPS. 
PRT 
PT 
QC 
REF 

High Resolution Infrared Radiation 

High Resolution Picture Transmission 
hertz 
Instantaneous Field Of View 
Internal cold target/internal 

identification 
Instantaneous field of view 
i nf rared 
Improved TIROS operational system 
Internal warm target 
Kel vi n temperature 
kilobits per second 
ki 1 ohert z 
ki 1 ometer 
Local Area Coverage 
Least Significant Bit 
Local Solar Time 
meter 
maxi mum 
mil 1 i bar 
megabits per second 
megahertz 
Medium energy proton and electron 

detector 
modulation index 
mi nimum 
micrometer 
Manipulated information rate processor 
Most Significant Bit 
Microwave Sounding Unit 
mil 1 ivol t 
mil 1 iwatt 
Not Available 
Noise equivalent radiance difference 
Noise equivalent temperature difference 
National Earth Satellite Service 
National Meteorological Center 
Number 
National Oceanic and Atmospheric 

North American Air Defense Command 
Pseudo Noise 
Pressure modulated cell 
pul ses ,per second 
P1 atinum resistance therometer 
point 
Qual i ty Control 
Reference 

Sounder 2 

calibration target 

Admi ni strati on 
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S I C  
SDSD 
SEC sec 
SEM 
S I N  socc 
SPM 
SR 
SST 
ssu 
SUBCOM 
SYNC 
TBM 
TED 

Tgt 
THERM 
T I P  
TIROS 

TEMP 

TLM 
TOVS 
Vdc 
VHF 
V I S  
xsu 

spacecraf t  
S a t e l l i t e  D a t a  Services D i v i s i o n  
second 
Space environment monitor 
Signal- to-noise r a t i o  
Satel 1 i t e  Operations Control Center 
Solar proton monitor 
Scanning Radiometer 
Sea Surface Temperature 
Stratospher ic  Sounding U n i t  
subcomnunication 
synchronous 
Tera B i t  Memory 
Total  energy detector  
temperature 
t a r g e t  
t hema l  
TIROS In format ion Processor 
Te lev i s ion  I n f r a r e d  Observational 

Telemetry 
TIROS Operational V e r t i c a l  Sounder 
v o l t s  , d i r e c t  cu r ren t  
very h igh frequency 
V i s i b l e  
cross-strap u n i t  

Satel 1 i t e  
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APPEND I X 

Temperature-to-Radiance Conversion 

2 -1 where N(T) is the radiance (mlV/(sr m cm ) )  of a blackbody at 
temperature T(K). 

B (v,T) is the Planck function 
v is the wave number (cm") 
an d 

A 
$ (v) = 

where I$ (v) is the normalized response function and v1 and v 
are the wave numbers at the limits of the response function v(v). 

N(T) = B (vi,T)$(vi)Av 

An approximation of this integral is: 
n 
131 

and 

where the normalized 
points. The spacing 

For 
where 
calcul 

response function is defined at n discrete 
between successive points in Av wave numbers. 

calibration purposes n = 1 for the SSU and MSU. 
vc is the central wave number. 
ated by : 

Then VI=VnsVc 
The radiance can now be 

N(T) = B (vc,T) 
The Planck function is defined as: 

3 

1 

e -1 
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where the universal constants are: 
C1 = 1.1910659 mW 

m2 sterad. cm-4 

C2 = 1.438833 cm IC: 

The values of vl ,  Av and $(vi) where i=1 to n are supplied for 
each channel for each instrument. 

For the EIRd/2 an alternate method for converting temperature 
into radiance is to apply a band-correction algorithm to T. This 
algorithm is: 

3* = b + cT 
where T* is the apparent temperature and b and c are the band- 
correction coefficients for each channel (supplied i n  appendix B). 

The radiance can be computed by: 

N(T) B(vc,T*) 

y e +  s u ~ e ~ ~ p ~ i x ~ a ~ ~ r r ~ ~ n ~ ~ ~ ~ ~ ~  

U.8. (IOVERNHWT I’RINTING OFFICE: 198 1 -0-340-997/1680 
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Page 82, All references to coefficients supplied in Appendix B 
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