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Temperature and Humidity Profiles

Tropical general circulation is mainly governed by
convective heating. Thus NWP over low Ilatitudes is
sensitive to the four dimensional structure of parameterized
convective heating. The distribution of humidity is very
iImportant in this regard.

High Resolution Picture Transmission (HRPT) Direct Readout
ground receiving station was installed at IMD, New Delhi to
receive the NOAA Satellite ATOVS data in real time In
addition to earlier installed HRPT station since,1985.

The AMSU temperature and moisture profile pre-processed
data are received over the pass area from Equator to
latitude. 50°N and longitude. 55° to 110°E.



Using the limited area analysis and forecast fields as
inputs to ATOVS and AVHRR processing package
(AAPP), processed temperature and moisture profiles
are retrieved from AMSU data using ICI (inversion
coupled imager) developed at Meteo France and IAPP
developed at SSEC, University of Wisconsin.

These profiles have also been retrieved using Neural
Network Techniqgue on an experimental basis. Recently
training data set has been updated based on regional
Input covering all the seasons.

Daily 2 to 3 passes data from each satellite with
approx. 1100 observations in a singe pass covering the
land and ocean area available over the Indian region.



Retrieval techniques for profiles

1. Physical inversion iterative technigue

(ICl and IAPP coupled with AAPP software package)
|Cl is being used with first guess from LAM Model
run at IMD Delhi operationally while |APP is being
used without first guess from LAM Model. However,
work Isin progressto inject first guess from LAM
Model into |APP package.

2. Neural Network Technique



Pressure Levels

Validation and inter-comparisons of Temperature profiles
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Pressure Levels

Validation and inter-comparisons of Temperature profiles
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Validation and inter-comparisons of Relative Humidity profiles
July2002(land) July2002(sea)
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Validation and inter-comparisons of Relative Humidity profiles
January2003(land) January2003(sea)
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NOAA-16 (HRPT, New Delhi) Specific Humidity and Temperature
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Assimilation of profilesin NWP M odel

The impact of humidity profiles estimated from NOAA-16 ATOVS
data on initial moisture analysis in the IMD's operational
limited area forecast system has been investigated.

Method for assimilation of humidity profiles data as pseudo
observations in the analysis scheme has been developed and
Implemented in the regional analysis scheme.

The impact study was carried out for:

e Active monsoon conditions of 18-22 June 2003

e Heavy rainfall event of 9 July, 2003

e Monsoon depression 24-28 July 2003



LIMITED AREA FORECAST SYSTEM (LAFS)

ANALYSIS
OBJECTIVE ANALYSIS: 3-D MULTIVARIATE OPTIMUM INTERPOLATION

DATA INPUT : SYNOP, PILOT, SATEM, SATOB, AIREP, AMDAR, DRIBU
BOGUSSING DATA: CYCLONE INFORMATION, MOISTURE/TEMPERATURE PROFILES
FIRST GUESS: GLOBAL 24HR F/C FROM T80 GLOBAL MODEL OF NCMRWF

RESOLUTION : 1X1DEGREE LAT./LONG., 12 SIGMA LEVELS
DOMAIN . REGIONAL (30°S- 60°N; 0-150°E) & GLOBAL
VARIABLES . GEOPOTENTIAL (2), TEMPERATURE (T), ZONAL (U) &

MERIDIONAL (V) COMPONENTS OF WIND, SPECIFIC HUMIDITY

FORECAST MODEL (LIMITED AREA MODEL)

RESOLUTION : 0.75°X0.75° LAT./LONG. 16 SSGMA LEVELS

INTEGRATION . 25°E - 125°E, 30°S - 50°N

OUTPUT FIELDS 24H & 48H FORECAST SURFACE PRESSURE Z,T,U,V,RH AT 14
PRESSURE LEVELS; RAINFALL AND FIELDS OF DERIVED
PARAMETERS SUCH ASVORTICITY, DIVERGENCE, VERTICAL

VELOCITY, MOISTURE FLUX DIVERGENCE ETC.,

BOUNDARY CONDITIONS: GLOBAL MODEL T80 FORECASTS, NCMRWF, NEW DELHI



4EN

ESMC(IMD) New Delhi 850 hPa Analysis Con
MEAN (Con.) 1B—22 Jun 2008 wind {lct)

40N

35N

30N

2OM

20N

15H

10N

B

EQ

58

/l.\k___/‘f;zvu—’/‘

T

o
E I SR S s s A 2
- % g Y IR
) /1 . s B B i s e e S SN A Z T
FREN L7 P I
PR 7 //’/’////’///// A
s s Al AT e s PR

1 J?]]]EJ?I]lllLk T T T T
mi D N R N
khJ#ﬁ R N N S

\ \\.\\'\\\\'\\_u e e e e
%\“‘\ \ \\\\\\\\‘x‘\;'&. B S e L L R I S

108 = A T e . . .
0B Ai-UE 50K B0E 70K BOE a0k
{Background doem nob depint politioal boundary) 30
REI3MCO(IMDY New Delhi 850 hPa Analysis EX
MEAN (Exp.) 18—22 Jun 2003 wind (lt) F)
45N ———————
A

40N

35N

30N

2N

20N

15M

10N

=10

EQ

53

\\g/ {_ﬂ-? - E T T e I

-~ P ///f”/f}f*ﬂ’/f:}-—}ﬁﬁ oA e e
- % R e NS,

P / ; /f//},/’/:/’)—'—f_'—* - BT

PR | /’/’/’/’ﬂ/’/’/’//‘// L] (AG TS

AN j // e e N S

Pk L A e e P
mt 13JT];“?IJ|\\\\ P R T T S

i % LI ST [ oo B

Lx&#, N o S ot Y.

\/{\ ;\QQQ\'\\\\\.\_«_ e el e e e e o —— e T

Ny s Tt LS 7 PR S S U Py = "
% s Wr‘
E 40E S08 ADE VOE BOE 9DE LDOE 110E 120E

{Beckground doem nob depict political boundary) 10




46N

40N

ESMC({IMD) New Delhi 850 hPa Analvsis Con
MEAN (Con.} 18—-22 Jun 20032 Humidity

35N =

B0M

25

20N

15M

10N

oM

EQ

58

o) S

1050E EBE £0E BEE 70E EGE BOE B5E 0K 95E  100E 10EE  110E  115E 120
[Background dosm not depiot politioal boundary)
RSMC(IMD) New Delhi 850 hPa Analysis EXp
MEAN (Exp.) 18—22 Jun 2003 Humidity
46N

40N

35N

30N

L=l

20N

15M

10N

51

B0E BEE TOR TaE BOE BoE SOE 95F 100E 10GE 110E 11GE 120E

[Background doss not depict political boundars)




40N

3N

30N

26N

20N

15N

10N

&N

EQ

63

RSMC(IMD) New Delhi 850 hPa Day—1 Forecast (Con)
5 Day Mean for 15—23 June 2002 wind (kt)

R I e T E S|
RN I N N A VAV AV B BN

RSMC(IMD)} New Delhi 850 hFa Day—1 Ferecast (Exp)
5 Day Mean for 15-£23 June 2002

wind (kt)

N

W
| S
| o e
N | o e

NOW

E

GEE  80E BGE VOB  YEE  BOE

B5E

108

Sl P
_LLL\'\'\"\::L:Z\(:\\\{\NZLJ e . . _\_\_\r\(\\[:\a\/\,\/www\f\»\,\,\,wdd
\y\y\z/\/\\"\"‘ —y — e et e - N J— “JH/W&/%J%JHJW\/\/'\/‘J )
quqngqqqqngqnggq_JﬂlJl /ld e ﬁ Ww-ﬂy-ﬂjd—"—"d—f—_ﬂ—_ﬂdddqquuq—jJ A

iy 2

SSoe

Y

A )
VRV

9IE  95E 100E 106E  110E 116E 120K 50E  B6E  BOE  BGE 7O

YEE 0K

[Background doom not depiot politioal by

Verification
Analysis

]

201

15N

10N

24l

EQ

55

RE3MC(IMD) New Delhi 850 hPa Analysis
5 Day Mean for 19—-23 June 2003 wind (kt)

3 B
S N e N
\V\V\-\J‘i 'g\ﬁ.\ax_\ﬁ\w\qug‘-/\ Lr— N‘u‘ﬂ-{‘_‘))

- i i i
N 70

B i e S N N U T T
R A R
P e

U I [ e

W—WWQM—‘)J’JJ‘JW’;
SR Nt e DR R R e
),JJ))

A
/\_\’\?_,Q\, -

N 1

S0E BOE TOE BOE Y90E 1DOE 110E

{Background docm oot dopiot political boundary)

120E

100E

106

110E 116 120F




40N

SBM

S0M

ZBN

20N

15N

10M

=1

Limited Area lModel
Davy—1 Forecast rainfall {cm) {Con)

5 Day Mean for 19—23 {03 UTC) of June 2003

Con

40
30
=0

10

E T T T T T T T T T
%UE 85FE TOR TSR EBEQOE BSE 2L 3 H5E 100F 105E 110E
Limited Area Model
Daw—1 Forecast rainfall {cm) {(Exp)
5 Day Mesan for 19—23 {03 UTC) of June 2003
40N ~
AR p
A0W
ZBN 30

20N

15N

10K

5N

%

< |0

b
3
O e N .

OE 65E 7OE 75E GOE B5E 90k Q5K LODE 105E 110E

{Bockground deas oot depict politicel boundaers]




45N

40N

oM

30N

=gl

0N

15T

10N

&I

EQ

BB

R3MC({(IMD) New Delhi 850 hPa Analysis
g Jul 2003 Hurnidity

o0 UTC of

Con

\/20

&

T
It ~ AN

80

103 0E GBE 80E B6E 7OE 7EE BOE B5E S0F 95E 100 106E  110E 116K  120E
RSMC(IMD) New Delhi B850 hPa Analvsis EXp
o0 UOTC of 9 Jul 2003 Hurmmidity
45N =
(G ST
40N =
an
da
gl
a5N 80—y [ " ﬂ
e a0 20
ikl
N [, _~
10
zon |t = 305
11} EI.G
20N / 50 —
10N ? a0
a0
20
|- N SN
-
@ I Q 80 po ‘iﬁ 737
o B0 GO (ﬁ g F
ﬁ_/ 70 2 a0 @ = E\
58 1) a0 = é
-D BD {/) < .’- -
108 80 70 f— o an [ =
50F BBE 608 BER 7OR 7EE BOE BGE 206 95E  100E  10EE  110E  116E  120E

[Eeckground doem not depist pelitioal boundars)




Limited Area Model
24 hra Forecast rainfall {mm)
upto 03 UTC (08:30 IST) of 10 Jul 2003
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Concluding Remarks

The training data set based on the regional input for all the seasons has
improved the accuracies of temperature and moisture profiles retrieved
from AMSU measurements of NOAA satellite series. During actual
operations of temperature and humidity retrieval, the scheme uses only
the satellite measurements and satellite geometry data, without
requiring additional first-guess from modeled profiles. This gives
advantage to many operational sites including those with Ilimited
Internet connections.

The study has brought out a distinct positive contribution of the ATOVS
derived humidity profile data, used as pseudo observations in the
limited area analysis scheme. The forecast model runs to study the
iImpact of the additional humidity data on the rainfall predictions have
shown a considerable improvement over northwestern parts of India,
as seen from the corresponding observed rainfall. Maximizations of use
of such satellite-based observations are expected to considerably
iImprove the initial humidity analysis and subsequent forecasts
produced by NWP models.
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