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Abstract

This paper describes the research retrieval systems on Lhe
base of locally received TOVS data in their TIP form (HRPT
regime) developed in the Satellite Meteorology branch of the
Hydrometeorol ogical Centre 1n Moscow. The algorithrs, software
package for processing of TOVE data and some results  cof
retrievals are considered. Plans [or ongoing devel opment of
Jata handling are under di scussi on

[ ntroduction

The i1mplementation of reception device (direct readout
receiving groundstation C.I.R.) has stimulated Lhe devel opment
of software package for processing TOVS data (TIP formatting)
1n the Satellite Meteorology branch of the Hydrometeoroiog:cal
Centre in Moscow.Qver the past three years considerable efforts
were made to design different schemes for TOVS data processing
which provide retrievals of atmospheric parameters in regional
scale for limted area. Arguments for constructon of =uch local
area sounding systems are evident. Firstly it is possible to
account, some regional features (like relief, "1 ocal" statistics
etc. )to augment the quality of retrievals.it is possible also
to reduce time taken for processing and producing final
products. These two points are of great benefil Lo 1ocal
model i ers,

Having in mnd the potential utility of retrievals for
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Lnput  r1ato  mesescal e numerical models or regional short-range
forecasting systems, LWo processing schemes have been devel oped
and tecred. Scheme 1 provides processing of HIRS/Z data 1n low
cloud conditions. [t 1S research version. Scheme I1 provides
processi ng of  combined HIRS/Z  and MSU data for different
weather conditions.lt is basic version of processing schemes
and is supposed to be 1nstalled as operational one.

In this report the description of these two schemes 19
presented.  The results of experi mental running the scheme [1
are deseribed. Problems still to be overcome are also discussed

Devcripticn of processing =chemes

ayScheme [. The design of processing scheme 1 ( Karpov

e.ar,1983) has yielded the elabcration and testing of some
algorithies  and  prograns {golbware). Nobe  =ome  original

algotithus, which  werwe Lested using  simalated and  real
inrformaticn. These algomthms  provide: - nonparametr ¢
cdenti fleation of clouds on the baze of HIRS/E dara; - "olear”

radl ance =sthmati on (Karpov 2. &, 19583) , dynam ¢ correction  and
adjustment the radi ance model and data (Pl okhenko, Uspenski , 13875 ;
- statistical quality control of data and retrieval s.

Software package provides
- preprocessing Tthe HIRS/2 raw data (decoding,navigation,
calibration);

- processing the HIRS/2 data and Lemperature retri val in low
cloud condi tions.

The results of experimental running the scheme [ show
rather officient vehicle has been Jderived for cloud detection:
and adjustment of model and data (so called "radiance
correction”). The quality of soundings is satisfactory inasmuch
the mnimal information support was used. We engaged mean
clymatic estimates for temperature and m Xing ratio profiles
T(P),q(p). The accuracy of retrieval is approximately 2,0+ 2,5 °C
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Ffor 700-300 ub 1 evels and near 3,00 for tugher and lower
levels 1n LOW cloud condi tions. Quality of retrievals still
suffers from the contam nation of the soundi ng radiances by

b) Scheme II, descri bed 1n (Uspenski, Tret’ jakov, 1988, 19€9)
is adapted and revi ced version of phgst cal retrieval package
(Smth e.a, 1525). The  most ecsential  extension and
modi Ficaryons of origl nal  al gori thrs and software <consi st in

1) 1 ncorporakbion the refrieval algorn fhas for ¢l oudy condi T1ons
crngtar Lo (Huang 2.2, 1386) 1nto the processing acheme;

2) daty editing ov filter:ng based on adyestment and ool ynorm 2t
smootie ng;

3) 1neorperation the ort
.« - preprocessing  of MCU daha and ama caation of HIFES/2 and
MSU data have been suppl emrented LO the soheme 1. Note Lnat
coftware for pPreprocessi rg of TOVS i€ ardginal (Rarpov e .,
1:333).

\d

o
A
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nal coreecticn procedures.

Consl der shortly {wi Lhout detaris) the procedures
previding . 2y, These procedures cenduct theAtwo succesi ve
steps: Lhe step 1 - the adjustment of estimates D (dew point
depressicn) and ﬁ (amount of olouds); the st
pol ynorm al sroothing of data and derivation of estimates on
regnl ar grid.

el
Rl &)
T
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=
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The mebthod ror adiust.meat of D and N is simlar te Lhe one
ased fer  conventi onal  data and based on emp rical relations
retween D and N.AS & result of retrivas of D and N [rom
"NOAA-Q" information for ceveral dates, the folloving formulae
i s established:

N(p)=(10-D(p)), *3, (1)

x,if 0 ,
where (x)*si 0,if x<0

To validate (1) the <cateliite esti mates of cloud
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parameters N, h (h 15 cloud top pressure) have been compared

with coinecident RAOB data D™ (p). We suppose that ﬁ( p)=0.:f
p>ﬂ; N’( p) - 1S unknown 1f p<?1. Resul ts of such analysis for cen-
tral area of European part of the USSR and several dates in
winter 1937 are presented in table 1.

Table 1
D, N=(10-D) #3 N >(10-D)_ +3 N<(10-D), -3 M p(%
b
| 2 3 4 5 A
850 27 0 12 39 B
700 81 10 . 17 108 75
500 38 3 33 124 4

The values in table are the number of pazrs’_ﬁ‘ (p), D"( p) M

is total number of pairs;pis a percentage of pairsg, for which
(1) take place. The data 1n tablie 1 enabie us to conclude that
(1) 15 a gatisfactory approximation of "truth" relation between
N and D. :

Numerical experiment has been done Lo prove the utiiity of
formulas (1).The <sample of colocated pairs.of satellite and
RACB 'dataiﬁ (p), D“( p)}was divided on two groups: Pairs for
which the relation (1) fulfils compile group 1, the other form
group 2.The values &=M*F B, -D;*| ror total sampie and two
other are presented in table 2.
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Tabie Z

~~
Accuracy of [ for dirferent samples
Sampl es pressure levels, mb

250 [ 700 1 . 500

=
(<J]
=
@i
=
07

group 1 41 2,7 27 v
group 2 13 3,9 38 3,5 34 87
Lotal

campl e 28 2,8 7G 2,8 31 2.7

—-
(¥ H
—
-

o

Here M i3 a4 number of cases 1n correspond:ng sample. Note Lnarn
r for group 2 i3 higher Than For group L Procai: vy,
Lhe most essential cause ol Lhis s Lhe errors 1n ol ood
parameter eostrmates. According to table 2 1t ig pessible to use
(1) as 2 rejection test for riltering estimates D . The main
drawback of such filtering i< that it rejects many realications.

The methoy used for editing or =zpace filtering of
retrievals i3 baved on poiynomi 2l smeothing. The procedurs of
swootiing 16 local  and similar Lo procedures of  pol yviom ai
objective analysis /Rizzi, 1985/ Extensive details of the
anal ysi s screme can be found 1n Jlcpenski, Tret’jakov, 1858
a,b/. We use varmaticnal approach and for der:ivation of smoothed
fields T or O momimze regul ar 2ed functional of least square
method. Accerding te experiments with real data it is cat:onal
Lo use Lhe foilowing formul ae for weights 'an regul ari zed func-
Lional:
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a\-41 ) . . »
WL= X (9 + (5 ) (temperature sSmootiy ng)

Ji

W = (dew point depression smoothing)
(8,+ % )(8 + D)
where {, J:,,e 6, are empx rical constants and Y7 is the dis-
Lance between the grid point (central for local area of
smoothing) and sounding point
Consider the results of ths procedure  rLestj 5
cation was made to Lhe te region limted by 50 - 82 of
tatitude and 25 - 52 dewl've'_-. of east longitude, This area
S 221 reguiar grid point th 1 degree jatitude and 1,5
ongxrur*v steps. In thig area nearly 30 radiocondes are
&

The offtctency of pelynemial filters ng was estimated by
Lnbercompart son the col ocabed smoothed and inificﬁ data. The
val ues of mean absol utﬂ di fferences between T and T (noted as
E‘»T),boi:w»:en [ and noted d...% are presented in lines 1,2
of table 3. The =ame valuee for RAOK data are presented in
lines 3,4.

3 |

Table 3

Accuracy of polynomial filteri ng procedure

n Type of data pressure level, mb

1000 350 700 500 400

L Satellite & 0,5 0,6 0,6 0,5 0,4
2 retrievals 53 U, & 0,4 1,1t 1,4 0,7
3 RAOB &% 06 02 03 0,7 0,6
4 data 53 - 1,6 2,2 1,5 -
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According to table 3 the method of smoothung has demonstrated
its capability.

resul ts in the retrieval of atmospheric parameters

The experimental running the scheme Il has been made in
1986-1988 using data from '"NOAA-9,-10". The retrievals were
compared wi Ln the nearest data produced by hem spheric objective
s scheme of  Hydrometfeorol ogical Centre /Bagrov
e.a,, 18867, The statistice f =mean, Oestandard deviat:on) for

f s between retrievals T and anal ysis data
e presented in table 4,

Takle 4

Retrievals ve numerical analysi1s data for three days 1n 1926

Pressure, mb 14.05 [ 16. 05 [ 26. 05
[ I

§ I o 5§ 1 o 5§ 1 o
1000 - - -4.1 3.7 -3, 2 1.9
850 -3.4 2.8 -2.4 2.3 -2.3 1.8
700 -1.6 2.1 -1.5 .0 =24 1.6
500 -0.8 1.9 -0.9 2.0 -1.7 1.5
400 -1.8 2.5 -1.7 2.4 -2.1 1.7
200 0.1 3.1 -0.7 ol 0.1 2.8

The retrievals were made for test region described above. The
editing procedures (smoothing) was not used for data in table
4,5.The table 4 demonstrates that systematic biases in



391

retrievals are qute simlar for each date. Their removal
enables to attain the values of 2,0 - 2,5 C for root mean
square dirferences (averaged for 11 levels up to 100 mb).

The supplementary accuracy estimates are presented 1 n
table 5. 1L contains the values of standart deviation and re-
lative error 2@ =O’-c7°"' for several dates in october 1936,

S 9 1
Table 5
Accouracy of eshipares ?,a

r v oi‘, 'Z
0, b Q;, 2 %t )

1000 2,3 26

35D 1.4 42

700 2,0 a1

300 2,0 26

400 % | S0
M=507 M=152

The ~omparison of data in Lables 4,5 showes that the dependence
of refrieval acouracy on atmospheric condition 18 not  sirong.
Zome retr:evals were produced with utilisation of editing
(filtering) procedures. The values of mean absolute differences
petween filtered retrievals and RAOB data are presented 1n
table 6. The values in lines 1-3 refer to retrievals derived
with incorporation of near ground measurements of air
temperature T . The systematic biases in T were removed.
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Table 6
Compaari son of fields ":f. D obtained from satellite and RAOB data

nn Date Diffe- pressure level
rence

1000 850 700 500 400
L 16.10.86 O 0.5 1.6 1.2 0.3 0.8
7 & - 4.1 4.3 3.4 -
1 26.0L.86 o 1.3 1.5 3. 3 2.0 %
4 &r .0 1.3 1.0 2.0 2.0
5 18.02.87 & 1.6 1.9 4 1.5 2.2
5 $» 1.9 2.6 2.1 2.5 2.9
7 26.02.87 & 2.1 1.4 1.5 1.7 1.9

According Lo table 6 the incorperation the <supplementary data
‘Ta) and filtering procedures enhaces the accuracy of vetrivals.
To visualize resiulte of sounding the charts of fields T, D,
H for standart pressure levels were plotted using "Pericol or-
~000", see fig.1-8. The charts of differences ?-'T""'ue presented at
fig.4,6. Tt is possible al sobuse standard piotter for
visualization of retrieval after their smooLhing, see f1yg.9-11,

CONCt ust ons

Experiments with TOVZ daLa processing nighiignbted a number
of weaknesses of methods and algorithms in =cheme I[I. It is
necessary to continue the development of more sofisticated
al gori thins for cloud detection, models adjustment etc. It seems
rational also to install TOVS data processing scheme on
PC/AT. These refinements are now under devel opment.

There i actual problem concerning data assimlation: how
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muen mesoscal e rnformation 1s contained 1 saterlite data and
now  bhest Lo use them To answer these questions 1t 15 rational
Lo make close 11nks belween mesoscale model and retrieval scheme.
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