MAUSAM, 57, 3 (July 2006), 411-418

551.509.313

Value addition in district level dynamical forecast during intense
rainfall spells over the west coast of India

B. LAL, O. P. SINGH and ONKARI PRASAD
India Meteorological Department, New Delhi, India
(Received 17 April 2006)

AR — W?@Eﬁw ART & IReH de R 9N quf $T T 34;2_? IRT AR & W

Joell @1 &HdT 9gM Bg AAId ugfa @ faem fear o Wcm <Er T 8
mewﬁwwmﬁwmwﬁwﬁaﬁwvﬁzﬁnaézﬁé
wmw.mﬁmwwﬁmeﬁﬂmmmﬁa%wﬁaﬁaﬁwww%%
et fawr @1 aRerdl 9 W ua @ Afdead Y @ B (PR) & AT AEaqUl dEHe g |
59 AE—UF H Wwwé%mﬁﬂfm@ﬁﬂwm$aﬁ?ﬁw$wﬁaﬁra€ww

It & 72 €S HT YAGAA B B g gaHl &@Wﬂﬁ%ﬂ‘déE%t@jmﬁﬂaﬁe(aﬁ?)
IR fowRr @1 daar ik Rafy @ emar gg & forg |wifad gdgee!l & w9 § Swanr fear <
GEZI

ABSTRACT. Occurrences of intense rainfall events over weststof India during monsoon are intimately
linked to the core of maximum winds over the ArabBea. ECMWF (Europian Centre for Medium Range Waat
Forecasting ) predicted 72 hr flow pattern at BB@ has been used to develop a quantitative mébhaglue addition
in the district level dynamical forecast systemifaense rainfall over the west coast. It has Heand that the amount of
rainfall over the west coast is significantly cdated to 72 hr ECMWF forecast of maximum wind speeer the
Arabian Sea along the west coast. The latitudindthwof the heavy rainfall belt over the west cdaas$ got significant
correlation with the location of maximum wind ccang the west coast. It has been shown thattieagth and
location of the 72 hr predicted core and fetch @ximum winds could be used as potential predictorthe value
addition for 72 hr heavy rainfall forecast along thest coast of India during summer monsoon.

Key words — District level dynamical forecast, Value aduliti Predictor, Summer monsoon, Low Level Jet
(LLJ), Model Output Statistics (MOS).

1. Introduction The prediction of intense rainfall events along the
west coast for smaller spatial resolution such iatrict
The west coast of India receives copious rainfall level is a very challenging task. The task becomese
during summer monsoon. On some occasions the Hainfa difficult if the predictions are attempted for 3ydain
may be exceptionally heavy exceeding 25 cm perthag.  advance as the conditions change very rapidly over
dynamics of convection leading to such intensefallin  Arabian Sea during the monsoon. The system foriclist
events along the west coast of India is an impodesra of level rainfall forecast, being developed in the idnd
investigation associated with the monsoon varighili Meteorological Department (Ladét al., 2006) requires
Keeping in view the importance of intense rainfatents quantitative methods in the value addition for $-da
along the west coast, recently an observationapeagn, district level heavy rainfall forecast along thesiveoast.
the Arabian Sea Monsoon Experiment (ARMEX), was Several predictors were tried for this purposerdu2005
conducted under Indian Climate Research Programmemonsoon. The ECMWF's 3-day forecasts of 850 hPa flo
(ICRP) during 2002-03. One of the main objectivés o patterns over the Arabian Sea were used to dedinbat
ARMEX was to collect reliable observational dataeov  core of maximum winds along the west coast. As 858

the Arabian Sea and west coast for detailed inyaistin level was the height most favoured by the lower
of intense rainfall events during monsoon (Sikk@0%, tropospheric wind maximum (Joseph and Raman,
Bhatet al., 2005; Routrayt al., 2005). 1966) the core parameters of this levetewased in
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TABLE 1

Heavy to very heavy R/F spellsover the west coast of I ndia during Southwest M onsoon, 2005

S. Heavy R/F spell Date Heavy R/F belt Principal R/F Amounts (in cms recorded at 0300 UTC)
No. duration over the west coast
1. 17-30 June 17 June 11°-14° N Kozhikode-11, plgp7
18 14°-16° N Panjim-11, Karwar-8
19 12°-19° N Alibag-11, Mangalore-9, Goa-8, Harax
20 9°-16° N Mangalore-22, Ratnagiri-9
21 9°-16° N Cochin-15, Mangalore-13, Panjim-12ant#ar.12, Agumbe-12, Kozhikodet,
Penambur-11, Mercara-10
22 11°-17°N Karwar-23, Honavar-22, Goa-21, Rgitird4, Mangalore-13, Kozhikode-7
23 13°-20° N Mumbai (Colaba)-21, Alibag-21, H&h@, Ratnagiri-12, Honavar-10, Agumbe-7
24 17°-20° N Mumbai (Santacruz)-12, Bhira-11, &ah7
25 13°-20° N Surat-18, Agumbe-15, Porbandar-7
26 20°-23° N Bulser-38, Baroda-15, Surat-14
27 21°-24° N Ahmedabad-12, Surat-11, Baroda-hdaR21
28 140-23° N Broach-27, Valsad-25, Mahuva-23a8li, Dahanu-8, Mumbai (Santacruz)-7
29 20°-23° N Amreli-29, Bhavnagar-17, BarodaSéat-8
30 190-23° N Surat-22, Rajkot-15, Dahanu-15
2. 21-27 July 21 July 18°-20° N Mumbai (Santacd@)Dahanu-9
22 16°-19° N Alibag-19, Ratnagiri-14
23 13°-19° N Panjim-10, Ratnagiri-8
24 13°-19° N Honavar-19, Panjim-18, Karwar-15
25 15°-18° N Goa-22, Harnai-15, Ratnagiri-9
26 140-17° N Agumbe-12, Bhira-16, Ratnagiri-9
27 18°-20° N Mumbai (Santacruz)-94, Bhira-16, Nvam(Colaba)-7
3. 1-6 August 1 August 16°-19° N Mumbai (Santacfilz)Mumbai (Colaba)-16, Alibag-13
2 17°-19° N Mumbai (Santacruz)-18, Ratnagiri-Aibpag-15, Harnai-10, Mumbai (Colaba)-9
3 150-17° N Ratnagiri-9
4 120-17°N Mangalore-10, Ratnagiri-8
5 19°-21° N Dahanu-10, Surat-7
6 17°-18°N Harnai-9
4. 11-12 Septembetl September ~ 17°-19° N Bhira-9
12 17°-19° N Mumbai (Santacruz)-9, Bhira-9
5. 22-24 SeptembeP2 September  16°-20° N Panjim-17, Dahanu-15, Mumbai (Santac8)f)ahanu-15
23 16°-20° N Goa-12, Mumbai (Santacruz)-9
24 16°-20° N Goa-12, Bhira-10

computations. It was found that the location and th The relationship between the strength of winds dier
strength of the core of maximum winds provided Arabian Sea and the monsoon rainfall along the oess$t
predictive indications of the quantity and Iatitoali of India dates back to 1966, when Findlater (1966)
location of intense rainfall along the west codste 72 hr discovered that the strength of low level jet ovke
prognostic outputs of ECMWF were used to develap th Arabian Sea was closely linked to the west coaafalh
statistical relationships between the predictede cof Further studies by Joseph and Raman (1966) andakénd
maximum winds and the intensity of rainfall alofget (1969, 1977) have established that the oegsstorial
west coast. flow and the strength of winds over the Arab&ea are
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important components of Indian monsoon. What is observed along the west coast. A total of 32 irgens

required is the judicious use of model output st&s to

rainfall days have been considered for determirtimg

determine the exact location and the amount of yeav statistical relations between low level jet pararetand

rainfall along the west coast during the monsoaas in
advance. This is precisely the aim of the presemkw

2. Dataand methodology

ECMWF-predicted 72 hr winds at 850 hPa have

been used to determine the locations and stremgttie

the rainfall over west coast.
3.2. ECMWF-predicted maximum wind core
parameters during intense rainfall spells over
the west coast

ECMWF-predicted maximum wind core parameters

core of maximum winds over the Arabian Sea. The at 850 hPa during the intense rainfall spells dkierwest

predicted core parameters valid for previous da30Q1
UTC) have been used to compute the correlatiors 24t
hr rainfall recorded at 0300 UTC. Several correladi

coast have been presented in Table 2. The prognosti
charts alongwith the satellite imageries and redliz
rainfall for the periods 24-28 June and 23-27 hdye

(CCs), namely, the CC between maximum wind speedbeen presented in Figs. 1 and 2 respectively. DQuriny,

over the western Arabian Sea and the west coadilai

15°N seems to be the most favoured location foe cdr

amount, the CC between maximum wind speed over themaximum winds along the west coast. There was a

west coast itself and the rainfall, the CC betwdlea
latitudinal location of maximum wind core and the
corresponding location of heavy rainfall belt etwé been
tried. Only significant correlations have been praed
and used in the regressions. All heavy rainfalllsgdong

systematic northward shift of maximum wind corenfro
10° N to 20° N along the west coast during the adea
phase of monsoon (17-28 June). It may be mentitimed
the heavy to very heavy rainfall over Gujarat off 2&ne
occurred in association with the Cyclonic Circidatover

the west during 2005 monsoon have been considered f Saurastra & Kutch and adjoining areas whereas 1% cm

developing the statistical relations. The longgstlisin

rainfall over Karnataka coast occurred in assammtvith

2005 monsoon occurred during the advance phase othe core of maximum winds. Thus the 3 day predistiof

monsoon along the west coast from 17-30 June.
3. Resultsand discussion

3.1. Intense rainfall spells over the west coast
during southwest monsoon, 2005

ECMWF of maximum wind core at 850 hPa could be used
as potential indicator for monsoon advance aloegwhst
coast. As seen in Table 1 the maximum wind core was
stablized at 15° N after the monsoon covered thizeen
west coast. This is reflected in core locationsrduduly
spell. The exceptionally heavy rainfall over Malsdtaa
coast during July spell resulted from the constatiing

The onset of southwest monsoon, 2005 over Keralaof maximum wind core at 15° N for about one week.
was on & June. The longest heavy rainfall spell over the Another factor which might have contributed to

west coast occurred during the advance phase of@oon
during June. There were 5 intense rainfall spelsr dhe
west coast during 2005 monsoon. Table 1 summaitiizes
latitudinal extents and heavy rainfall amounts xgrthe
observed five spells. During June spell a systemati
northward shift of heavy rainfall belt could be se&he
rainfall activity was quite intense during 20-2fhéuvhich
mainly extended from Karnataka to Gujarat coash wit
systematic northward progression with monsoon ackvan

In July one week’s intense rainfall spell was
observed from 21-27 July. Exceptionally heavy ralinf

exceptionally heavy rainfall was the jet speed other
Arabian Sea (60 kts). It is seen from Table 2 thaing
the entire monsoon season, 2005 the winds at 830 hP
reached 60 kts for 3 days orilg., from 1200 UTC of 24

to 1200 UTC of 26. Not only were these, the highest
maximum winds of 40 kts over the west coast predict
for this period. The unique feature preceding the
occurrence of 94 cm rainfall in Mumbai was the
appearance of jet speeds over a long fetch of dusqg.
kms over the Arabian Sea. These qualitative reiatigps
will become clearer when the statistical correlatiare
discussed in next section. Table 2 brings out amwoth

94 cms occurred at Mumbai (Santacruz) during thisfactor which contributes to the intense rainfaltivty

particular spell. The intense rainfall activity atpthe west
coast continued in the first week of August. Curtivéa
rainfall of 143 cms was reported at Mumbai (Sanizacr
during these two spells showing the severity obd

situation in Mumbai.

During September two brief spells of intense rdinfa

over the west coaste., the northeastward shift of the
centre of maximum wind fetch.

The predicted fetch centre at 1200 UTC of' 26ily
was 12.5° N, 62° E which was the northeastern most
location of the low level jet core over the ArabiSea
during the entire season. Thus ECMWF-predicted svind

activity i.e.,, from 11-12 and 22-24 September were over the Arabian Sea seem to provide enough inditat
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Fig.1. ECMWF predicted 72 hr winds at 850 hPa for 1200CUINSAT IR pictures of 0900 UTC and 24 hr reatize
rainfall during 24-28 June
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TABLE 2

ECMWEF predicted max. winds at 850 hPa along the West Coast/Arabian Sea (valid for 1200 UTC)

Date Max. wind speed Max. wind speed Location of Longitudinal extent of max. Centre of the rax.
along the West over the Arabian Sea  max. wind core wind region over the wind region over the
Coast (kts) (kts) along the West Coast Arabian Sea Arabian sea
16 June 2005 20 40 10°N 20° 9.5°N, 60° E
17 30 45 12.5°N 20° 7.5° N,60° E
18 30 45 15°N 18° 9.5°N, 59° E
19 30 50 15°N 20° 11.2° N, 60° E
20 30 50 15°N 18° 11.2° N, 59° E
21 25 50 14°N 19° 11° N, 59° E
22 25 45 15°N 15° 12°N, 57.5°E
23 25 45 15°N 17.5° 12.5°N, 58.5° E
24 25 45 15°N 15° 11°N, 57.5°E
25 30 45 17.5°N 17.5° 11°N, 58.5°E
26 30 45 20°N 15° 13°N, 59° E
27 30 50 (2 grids) 20°N 18° 13°N, 59°E
28 30 50 17.5°N 18° 13° N, 59° E
29 30 50 17.5°N 18° 13° N, 59° E
20 July 2005 20 45 15°N 15° 11°N, 52.5°E
21 30 55 15°N 15° 11.5°N,52.5°E
22 30 50 15°N 13° 9.5°N, 56.5°E
23 40 55 15°N 100 11°N, 55° E
24 40 60 15°N 11° 11°N, 56° E
25 40 60 15°N 12.5° 12.5°N, 56.5°E
26 40 60 (2 grids) 14° N 13° 12.5°N, 62°E
31 40 50 18°N 18° 11°N, 59° E
1 August 2005 40 55 18°N 20° 12.5° N, 60° E
2 30 45 18°N 10° 10°N, 55° E
3 30 45 18° N (about 5° width) 10° 10° N, 55° E
4 30 50 18° N (about 5° width) 10° 12.5° N, 60°E
5 30 50 18° N (about 5° width) 9° 12.5°N, 58.5°E
10 September 2005 30 40 15° N (about 5° width) 100 10°N, 55° E
11 30 40 14° N (about 3° width) 10° 10°N, 57°E
21 30 25 16.5° N (about 3° width) 20° 12.5°N, 60° E
22 30 30 15°N 13° 12.5°N, 58.5°E
23 20 25 15°N 8° 12.5° N, 54° E

of amount and location of heavy rainfall over thestv =~ maximum wind core over the west coast and centre of
coast of India. Four maximum wind core parame]jees, fetch of maximum winds over the Arabian Sea could
maximum wind speed over the west coast, maximund win Provide enough indications of amount and locatidn o

speed over the Arabian Sea, latitudinal location of heavy rainfall along the west coast.
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Fig. 2. ECMWF predicted 72 hr winds at 850 hPa for 1200CUINSAT IR pictures of 0900 UTC and 24 hr reatize
rainfall during 23-27 July
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TABLE 3

Linear regressionsfor 72 hr heavy rainfall forecast over the west coast

Predictor Correlation Regression equation
coefficient (R = rainfall in cms, W=wind speed in kts,
L, = heavy rainfall latitude in ° N,
L,= location of max. wind core in °N)

ECMWF predicted max. wind speed over the West Cd2§0 UTC of previous day) 0.4* R =1.01W - 15.58
ECMWF predicted max. wind speed over the Arabiam 3200 UTC of previous day) 0.4* R =0.61W —13.76
ECMWF predicted Latitudinal location of the max.ndicore over the coast (1200 U 0.6* L;=0.69L+ 6.31

of previous day)

*significant at 99% level

3.3. Ktatistical relations between ECMWF-predicted days in advance. The maximum winds over the western
maximum wind speed and amount of rainfall Arabian Sea could also be used as predictors fat we
over the west coast coast rainfall. It is advisable to predict exceptilly

heavy rainfall over the west coast when jet speeds

The correlations between the maximum wind speedsexceeding 60 kts appear over the Arabian Sea in the

over the Arabian Sea/west coast and the west caiagall prognostic charts. Maximum wind speed of 35 kitsrove
amount have been presented in Table 3. Thoughtheth the Arabian Sea would correspond to heavy rairfedr
correlations are 0.4, the west coast rainfall isreno the west coast.

sensitive to the core strength at the coast itdelis

evident from the regressions that the coefficiehtvimd For predictions aimed at smaller spatial resolion
maximum at the coast is 1.01 whereas the coeftiaén such as district level it is necessary to pinpoimt exact
Arabian Sea maximum is only 0.61. Thus the actuallocations (districts) of intense rainfall. This asp is
rainfall is more responsive to the maximum windgrov discussed in the next section.

the coast itself. The correlations are significaht99%

level and have enough predictive value due to large 3.4. Satigtical relations between maximum wind

degrees of freedom. Very high magnitudes of cotitzia core location/fetch with intense rainfall over
should not be expected due to the fact that thdigtiens the west coast

of maximum winds were based on 3 days old analyses.

Obviously, highest correlations will be found withe Several correlations between the predicted locstion
predictions based on latest analysis but these haille fetch of wind maxima over the Arabian Sea and the
very little forecasting value as the lead time wik intense rainfall belt over the west coast were oatexh

reduced to less than 24 hrs. For a lead time o0&y ch Two correlations.e., the CC between the longitude of the
statistically significant CC of 0.4 is reasonablyod for fetch centre over the Arabian Sea and the inteaisdatl
heavy rainfall predictions. As all intense rainfajbells belt over the west coast and the CC between thiedatof
pertaining to different monsoon months were conside wind maximum over the west coast and intense rkinfa
in computations, the CCs could be treated asbelt over the west coast were found to be stadilbyic
representative for the entire monsoon season. Thesignificant. As seen in Table 3 the correlationestn the
regressions show that a predicted maximum wind ofpredicted location of maximum wind core (for 1200@
40 kts over the west coast of India would produceua of previous day) and the latitudinal location ofeimse
25 cms of average heavy rainfall (exceptionallyvigga rainfall (24 hr rainfall recorded at 0300 UTC ofxhelay)
over the west coast. Heavy rainfall (exceeding @) is 0.6. The regression between these two parameters
warnings for west coast should be given when theshows that if maximum wind core over the west casst
predicted maximum winds over the west coast exceedocated at 15° N then the intense rainfall woulccbstred
22 kts. Very heavy (exceeding 12.5 cms) rainfall around 16.5° N. Thus it would be advisable to idsesvy
corresponds to the predicted maximum winds of 29 kt rainfall warnings for the districts located in tlagitudinal
The predicted maximum wind speed exceeding 40skés i  belt of 14° - 17° N. Maximum wind core and rainfall
necessary and sufficient condition for exceptionhtavy relationship shows that the extension of heavyfallibelt
rainfall (exceeding 25 cms) over the west coasindfa is more towards north of the core which can belgyasi
during monsoon. Such predictions could be easilgex®  understood from the dynamical consideration astieng
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positive vorticity zone is located north of the eoihe sensitive to the longitudinal location of the fetober the

identification of the districts for intense rairfad days in Arabian Sea.

advance using the above-mentioned relationshipveleri

from ECMWF model outputs are very useful in heavy Acknowledgements

rainfall predictions for smaller spatial resolutsoover the

west coast of India during the monsoon. Thanks are due to Shri S. R. Kalsi, Addl.

Director General of Meteorology (Services), ShrikS.

Another predictor which is useful in value addition Subramanian, Dy. Director General of Meteorology

for 3-day forecasts is the longitude of the maximuimds (Cyclone Warning) and Dr. H. R. Hatwar, Dy. Direr

fetch centre over the Arabian Sea. It was fountftirathe General of Meteorology (Dynamic Meteorology) for

same wind speed a more easterly location of thermar useful discussions during the course of the study.

wind fetch is conductive for heavier rainfall owbe west ~ Smt. Indu Bala, Assistant Meteorologist, Smt.rRlegta

coast. The heavy rainfall amount over the west tcoas Kataria, Smt. Vandana Agrawal, Shri R. P.r8tza
found to be very sensitive to the maximum winccliet and Shri K. K. Pokhriyal, Scientific Assistantsear
location over the Arabian Sea. thanked for their assistance in the preparationthef

manuscript. Shri Chander Prakash prepared theadiem

4. Conclusions
References

The results of the model output statistics havewsho
that Bhat, G. S., Rao, P. L., Sangoli, V. G., Bhat, G.Ghandelkar, A. B.,
Rao, H. and Kadav, V. B., 2005, “Diurnal and ingasonal
variations observed on the west coast of IndMausam, 56,

(i) The ECMWF-predicted flow pattern at 850 hPa can 97-106.

be used quantitatively in the value-addition for @&

heavy rainfall forecasts over the west coast ofdmfliring Findlater, J., 1966, “Cross-equatorial jet streamslow level over
southwest monsoon. The potential predictors forhsuc Kenya’, Meterol. Mag., 95, 353-364.

forecasts are the strength and location of maximimals ' ) ' . .
over the west coast and the Arabian Sea which cbeld F'”d'ateguiihglgt‘;% rfo major '(S’uWn']?%’:r' SL;ﬁUfgﬂ'gz;thﬁeltndgg Ogcsan
determined from ECMWF outputs 3 days in advance. 362-380. - <. Roy. Met. 0C., 95,

(if) The statistical correlations computed on thesa$i  Findlater, J., 1977, “Operational aspects of thelevel cross-equatorial
intense rainfall spells during 2005 monsoon havewsh jet stream of the Western Indian OceaRtre and applied
that the predicted maximum wind speeds in the core Geophysics, 115, 1251-1262.

region of the IOW level Jet over the Arabian Seafast Joseph, P. V. and Raman, P. L., 1966, “Existendeweflevel westerly
could be_ pOtentlal predlctors for the average amhad ,jet. stl.’eams over p’en.ins.L,JIar In(’jia during Julyidian J. Met.
heavy rainfall along the west coast. Geophys., 17, 407-410.

(iii) The predicted latitude of the core of maximumagn  Lal, B., Singh, O. P., Prasad, O., Roy BhowmikKS.Kalsi, S. R. and

along the west coast could be used in the ideatibn of Subramanian, S. K., 2006, District level value-add

districts that are Iikely to be affected by the eimge dynamical-synoptic forecast system for rainfaMausam, 57,
. L 7 - 209-220.

rainfall activity. The districts located within 2forth and

1°_South of the core axis should be pinpointechaviest Routray, A., Mohanty, U. C., Das, A. K. and Sam,\Al. 2005, “Study

rainfall. of heavy rainfall event over West Coast of Indiingsanalysis

nudging in MM5 during ARMEX-I",Mausam, 56, 107-120.

(iv) The movement of the fetch of maximum winds over

the Ar?b'?” /Sea kCOl.JId bfe #se.d in_the _prfeﬂ_lc_tlon 0 (IOE) to the Arabian Sea Monsoon Experiment (ARMEX

strengthening/weakening of the .'ntense ra'_n a 'V'_Iyt four decades of major advances in monsoon metaprélo

along the west coast. Heavy rainfall magnitude @syv Mausam, 56, 19-36.

fSikka, D. R., 2005, “From the International Indi@tean Experiment



