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1. INTRODUCTION

A most important purpose of the sateilite scumding orogran

in HMC is to improve the numerical weather forecast by means of
effective incorporation of sounding products {(in =ariicular
TOVS-derived sounding products) intoc regional! cor hemisrgheric
objective analvsis scheme. see {Ragrov =t 31, 1935
Considerable efforts have been made during last three vears +c
install the software package for TOVUS datz operational processing
and to increase the accuracv and the spatial resoluaticn (If

possible) of satellite retrievals-

As a result the operational TOVE data processing scheme has been
designed and implemented at HMC in 1990:- The scheme {which

we chall brieflv HMCTPP-1-Hvdrometeorological! Centre TOVE Processing
Packagesy version 1) provides local area TOVS data handling in
operational mode and production of temperaturs and humiditv
profiles. the estimates of cloud coverage parameters. Along with
this scheme a refined version of HMCTPP has been developed (HMCTPP-Z
which permits to "inverse” satellite data with maximm heorisontal
resolutiorn corresponding to one pixel of HIRS/Z. Secticn 2 of this
paper reviews briefly the HMCTPP processing schemes and the main
modifications and changes which have beer brounght to the original
one {(Uspensky 2.a-5 1990 ). In subsection 2.2 we discuss in some
detail the choice of appropriate first guess for the retrievalss
The results of HMCTPP products accuracvy evaluation chtained in
trials with real data are presented in secticn 3. Some unresolved

problems are outliined in section 4.
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Z. TREATMENT OF TOVS DATA

Z-1. General description
The first version of software for TOVS orocessing has hesn
designed on the base of " TOVS Exvort Packags “.

excepting the software for preprocessing of TOUS data. which is

original, see (Uspensky et al. 1930). Description of hasic

algorithms can be found in {(Uspenskyv. Tretiakov. 1989).

Raw TOVS data in TIP form are acquired directly hv

reception facilities ( HRPT receiving growmcd-sitation ©-.1.8R. ) and
injected into PC, which is connected to C.1.R- The preprocessing
of raw data is performed on PC AT - The handling of presprocsssad
data {inversion of radiances and retrieval of ztmospheric
parameters) is made on TOMPAREY computer uwzing firct-guszss

information from the HMC dats base. The HMOTDR schesmes are inked

incorporated into it. The processing of local ares TOVS data
enables us to obtain the satellite estimates of vertical temozrzatare
T (p) and humiditv g {p) profiles (in terms of mixing ratic?! for th
Eurbpean part of Russia with spatial resclution correseonding o th
3x3 ﬁIRS/Z pixels assemblv size (HMCTPP-1) or one pixel! size

{ HMCTPP-2) -

The experiments with the first version of TOVE processing

scheme highlighted a number of deficisncies and wsalknesss=cs

|

of it Therefore the desian of the HMCTPP-1 reguirnsed some
mpdifications and refinements of algorithms. The most sssential
modifications and improvements of original! algorithmzs and softwars

concern:

=

- modification of the first guess preparation for retrisva
Procedures;

- incorporation the revised version of "radiance correction”
procedure for data adjustment based on the analvesis nof residuals

according to { Plockhenko. lspenskv, 1287 ):

- changes in the algorithm of the estimation of inverse
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vrobiem soiution.

One of the main new features of the HMCTDBP-1 scheme comnsist

in using the 1Zh aumerical weather forecast eprofiles Tf(p}.qf(p)
as the first guess in satellite radiances inversion-

We construct first-guess profiles T%p) combining T{(p) up to
100hPa with results of obiective analvsis T(p) for preceding date
and laver between 100 and 10hPa {24k inertial forecast): profiles

q° ip) are formed using g f {e) for trorcosrchere and "climatoclo-

% {p) for more high levels.

gical” estimates g
The processing scheme HMCTPP-2 which has bheen imeplemented intcoc
pperational practice in summer 1992 orovides the retrieval of
atmospherical parametres for everv second pixel of every HIRS/2Z
scanline. It enables to obtain the sounding products with spatial

rescgiution of order 40 km in subsatellite point.

The scheme HMCTPP-2 has some minor changes which have been brought
to the HMCTPP-1i. Thevy concern-

- a new test for evaluation of guality and comsistency of
measurements in HIRS/2., MSU channels based on radiative transfer
forwa%d model calculations:

- modified algorithm for the calculation of the first

derivative dJv)/ dg., where J(V) is radiance:

- derivation of sounding products in cloudy conditions on

the base of HIRS/2 measurements (over the~cloud5)-

To conclude this section note that in parallel with
development and using operational TOVS processing scheme the work

is continued in porting of the HMCTPP code to the PC environment-

>

2.2Z. Choice of the first guess-

1t is now well recognized that the accuracvy of satellite
sounding products depends stronglyv on the quality of apriori
information used in "inversion" of satellite data and.in

particular.on the guality of first guess solution.Due tc
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-ons2sness of griginal inverse crobhiem thare
are rathsr close relations betwsen the informatior comtent of
satellite data (alsp the information content of westrisvals) and
the guality of the first guess-

The information content of satellite dats arnd the oualite
of aprior: information (first guess) ars the main fartors which

define the information content of retrisvals or ite accuracy

characteristics {systematic and random componsnts

mn

brief discussion on this topic is given b
following iinear model of satellite
Here v 1s a result of measurements. ics a vector

F

x mknown para-

meEters. is a2 matrix aporoximating the forward radiative

transfer opsrator and = are the errors withk known covariance

matrix S -Starting from first guess soclvtion with Yrnown

covariance matrix (DO) of first guess errors the minimur variance

soiution {(the best linear estimator} can be obtained in the form

(

">

where.M

=R R-

with respect to x

values:

1986 .

cf matrix U

poy '+ 7!

T -1 5 . 3 .
F ¥ S ¥ F is information matrix. see. for sexamprle. (Evre

{ Uspenskv,

19301 -

{(DO) * M -

More simple (but not invariant)

quantitative measure of information content

R{x(k})

(var{xi{k)}

the variance of x{k), var(f(k)-x(k))

(D x{k)Y-x{¥)) .

T - G - -

* F x 8% v, D(%-x)= cenor?! + my¥
The information content of v
can bhe defined through invariants (eigen

is the following value:

- var{X{k)-x(k))) /var{x{k})): where var(x(k})

estimates of R(T),; R{ig) are presented in section 3-
The difference d = ¥-x can be written as
d=+{1I - C *# F) # (x°- x) + C * e = disvs) + d{rnd}.
= ¢poy! + My xFT xs™.
The systematic component disvs) = (I - C * F) % (x°- x) or hias depends
on (ftx) through operator (1 - C*¥F), where C*¥F is averaging
orperator. The operator (I - C¥F) = (I + (DO) = M)d iz not
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shrinking. Emploving the definition x°= B ¥ x the values dl{svs) can
be written as disys) = (I - CxF) * (I-B) * x . It follows from this:
d{sys)i = |1 - C*¥F|[l * |I-RIl % |ixll - Hence it is possikie tc reduce
the norm lld(sys)l reducing I - Bli. The reducinag of the last value

is reached by the choice of "excellent gqualitv” first guess-

It is reasonable to note that the useful guantitative measure of
systematic error (called the vertical resclution measure) is
defined in (Backus- Gilbert. 1968: Conrath. 1972}). This guantityv
similar to [[I-C*F( depends on the behaviour of operator C¥F . The
estimates of guantities like|l\l - C¥F|| are chtained in

(Uspensky et al, 1984) for different measurement schemes. To
summarize this section the information conternt and accuracy
characteristics of retrievals depend on appropriate choice of

first guess-
3. RESULTS OF OPERATIONAL RETRIEVAL ERROR ANALYSIE

Here we summarize the results of svstematic comparisons of

the gatellite sounding products ( temperature and humidity
proéi}es) with collocated RAQOB data.The assessment of retrievals
guality has been performed using several sets of real data
cur;esponding autumn period of 1990 for HMCTPP-1 and the period

August - December 1992 for HMCTPP-2.

The accuracy estimates for HMCTPP products are given in (Plokhenko,
Uspensky,: 1992)- Some of these estimates have been produced in the
HMC laboratory of objective analvsis using technigue from
{Tsyrulnicov,1990)- The satellite estimates for profiles T 5 g and
heopotential thickness H {(relative to 1000 hPa) were compared with
RAOR data.The mean distance between positions of satellite and
radiosonde measurements is 140 km.the maximmm time difference is &
hours. The derivation of ﬁ is bhased on spline-quadrature scluticn of
hydrostatic equation (using profiles T ).The comparisons have heen
done for retrievals at €& dates in autumn 1990 (10.09: 17.02; 16.10;

29.103 06.115 10.11). Total numbher of realisations is 2Z1873.
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In parallel with comparisons of satellite and BACH datz analvsics of
first guess accuracv has heen performed. The hasic statistics (mean
biaseﬁglstandard deviations ,BMS differences(rms! for retrieved
profiles {(with subscriet “I%) at & levels and for first guess

profiles {with subscript ¥II") are given in tahles {.

Tabklis 1
' N o N . (o] o
The satellite ( T « g } and first gusss ( T ., o 3

profiles versus RAQOE data

10.09.905y N = 383 I Total sample: N - 21873
;

PoPa) g sd@) bw) sd@) Rt rms@)  rms@ P rms

H -7 12(14) - - - 1 13 - - 19
Bso0 T ©0.48 1.57 0.78 1.61 0.15 1 2.4-0.3 2.5-0.3 0.02 3.1
1.09 3.80 1.03 3.90 0.16 I 2.6-1.0 3.1-1.0 0.08 -
1
H 0 18 - - - 1 20 - - 29
700 T 1.89 1.57 2-10 1.85 0.39 I 2.4-0.2 2.4-0.3 0.12 2.5
g “0.56 2.92 -0-49 2.97 0-13 I 3.4-1.0 3.3-1.1 0.15 -
I
H 1B 28(33) - - - 1 =4 - ~ 40
S00 T 1.58 1.56 1.05 1.63 0.20 1 2.1-0.2 2.1-0.Z 0.19 2.6
q -2-96 1.48 -2.99 1.49 0.08 1 1.8-0.7 1.9-0.7 0.04 -
I
250 H S0 43(66) - - - 1 59 - - =8
2.16 2.97 2.00 2.98 0.06 I 2.0-0-3 2.7-0.3 0.07 2.5
1
100 H 79 &5(102)- - - 1 74 - - €5
T 1.57 1.65 0.28 1.67 ©0.11 I 1.9-0.1 1.5-0.1 0.09 2.7
I —
50 H 103 62(120)- - - 1 100 - - g1
T 2.20 1.56 0.30 1.76 0.34 I 2.0-0-2 1.8-0.2 0.23 2.2
I

507




USPENSKY, A.B. ET AL. TOVS DATA PROCESSING AT THE HYDROMETEOROLOGICAL ...

They concern two samples: first for ones date {(10.09.90) and

second for all & dates- The valueses of informativities R(T).R{g),
introduced in subsection Z-Z,are also shown in tabls 1.Together with
described values we present in the last column of tabkle 1 the

values of RMS errors for SATEM data (heorotential heights H and
temperature profiles T ) which are regularliv received through

GTS. SATEM data relate to 3 dates of november 1990.

fnalvsis of table 1 shows that the accuracv characteristics

of retrievals and first guess are close to each other.

Improvement of rms errors for satellite products is insignificant

or absent in statistical sense-. The values of standard deviations.
are 2 kit smaller than analogous valuess for T{qu- It l1eads to the

conclusion {in framz= of akove discussion) that the

]

information content of satellite retrievals is small but positive
(RCU}O.Riﬁ}O 33 in other words we have a very marginal positive
impact of satellite measurements for the temperature and humidity
soundings, see alsc {(Baker e.a., 1930). (Evre e.a.. 1986).

The enhancement of rms values at level higher than S00 hPa is
explained by the growth of mean biases . The most probahble cause
for this consists in the guality of radiative transfer forward model
calcaiations and presence of some disturbing factors.

According to table 1 the accuracy of "standard” SATEM data is close
to accuracy of HMCTPP-1 data. For the lower levels the HMCTPP-1
products are a littie better but for the upper levels they are poorer

than SATEM data due rather big biases.
The values of BMS differences between satellite retrievals T produced

by HMCTPP-Z and RAOB data T are presented in table Z for several months

1992.
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Tahle Z2-
Temperature retrievals statistics for August - December 1992
RMS differences between collocated satellite retrievals

and RAOB data

month & E 10 11 12
leveli{hPa)

1000 3-7 4.3 &£-3 4.1 4.1
850 2.3 Z.4 4.5 3.1 3.0
700 1.5 1.9 2.5 2.5 2.0
S00 1.5 1.6 2.6 2.4 2.1
400 1.7 1.8 3.1 2.7 Z.6
300 1.9 1.2 2.7 2.5 Z.4
250 2.8 2.4 2.9 Z.9 Z-.8
200 2.7 2.5 3.0 3.1 2.6
150 1.7 1.8 2.1 1.8 1.9
100 2.2 2.4 2.2 2.6 2.3

70 21 1.7 2.7 2.8 2.7
S50 2.3 1.8 3.5 3.2 3.4
’30 2.9 24 3.5 3.0 4.0
20 2.9 2.7 3.5 4.1 4.2

The total number of pairs (retrieval. RAQORB) exceeds 300 for every
month- The maximum distance for comparisons is 1°while the maximum

time difference is & hours.

From table 2 we can see that the RMS errors are changing with time.

Apparently this fact is caused by such reasons as: - different
sounding conditions (clear or cloudy atmosphere); - variations of
the first guess accuracy: - sample effects. It is also noteworthy

that the accuracy characteristics are better and more stable for

summer and esarly autumn dates-

The accuracy characteristics in tables 1.2 are based on the
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Zuaiitity and informativiity comparing the

1932 for HMOTPEPE-1 scheme-. The anaivsis of these data shows thais
- the satsilite resirieva
of ci
- the T fisids are rather closs o T fiselds, sxcliuding some

Zones-

In this paper we show the sxamplies of T fielids at leveis B8SG, S00,

ioud picture is similar to the sitruciure of cioud amount charnis

Z30 hia {fig-1-3) and g fisids =zt levelis B850, 00 hiz {(fig-4:5:- The

retrievalis Ty g for 04.02-1933 are derived from HOAS-11 data using
HMCTPP-Z scheme- The BAJOE datzs are alsc shown at fig-:i-
sxamplies demonstrate that the similarity betwesn two kinds of datis

takes place {spatial structure of both fieids are similari-

The comparison of products of both described schemes demcnsiraie

that the HMCTPP-II fields contain some new siructurs peculiiaritiss-

The discrepancies between both kinds of data were identified

to, be main the result of different space resciution. But the
potential improvement cver temperature and humidity data

profiling accuracy due to HMCTPP-Z using is guestionable and data
validation should be performed through assimilation experiments in

mesoscale numerical weather forecast modeis-

4. CONCLUSIONS AND FUTURE WORES-

The activity described before has led to the development of

TOVE data processing scheme HMCTPP-1. The operational application
of this scheme in HMC is in progress now- #ith regard to the
future development of the operational TOVS processing system it
is intended:

i}- To modify the procedure of cloud-ciearing and estimation

of cloud parameters on the base of increasing the number of
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anaivsed HIRS/Z channels:

Z}- To incorporate the new procedures of models correction

and adjustment with explicit dependance on angular distances of
the chservations from satellite nadir:

3}- To consider the effects of surface smissiviiys

4. To utilize as the first gusss the resultis of regional
numerical weather forecast with enhanced space resciution and with

constraints {(srror covariancesi-
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