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ABSTRACT. The paper presents the methodology and trial teesdilthe district level value-added dynamical-
synoptic forecast for rainfall. The technique waed for forecasting districtwise rainfall duringgPmonsoon, Southwest
Monsoon and Post monsoon seasons of 2005. Thetoenstdynamical models were T-80, MM5, ETA of tRational
Centre for Medium Range Weather Forecasting (NCMR®@f® the MM5 model operational at India Meteoraay
Department, New Delhi. The dynamical predictionsengrepared using the rainfall predictions of thestituent models
by assigning different weights. The dynamical preédns were converted into value-added synoptictinsaforecasts by
taking into account other inputs like circulatiopafures, vertical velocity, satellite informaticsynoptic charts and
climatology etc. The experience during 2005 hasvshitnat the value-added dynamical-synoptic systemproduce 24,
48, 72 hours district level rainfall forecast oégter skill than the skills of the constituent msde

Key words — Super ensemble, Prediction, Value-added dyredfjcoptic forecast, Constituent model,
Validation, Skill improvement.

1. Introduction with examination of characteristics of rainfall different
districts beginning from April. The neighbouringstticts
The weather forecast for smaller spatial resolution of a sub-division having similar rainfall distriboms were
such as district level is required by many usergh@ clubbed into one cluster. Figs. 1(a-d) shows thstels of
country. It is especially needed for agricultural districts for the month of July. Clustering of dists has
applications. To meet this requirement the Annual proved to be of immense use in the value-addition.
Cyclone Review (ACR)-2005 held on 18 January, 2005
recommended the constitution of a group of exparthe For district level forecast it was necessary tdizati
fields of Numerical Weather Prediction (NWP) and the model outputs at finer grid resolutions. Availigy of
Synoptic Meteorology for the development of a distr fast computer systems led a number of groups t& wor
level forecast system in the India Meteorological different versions of numerical weather predict{biwP)
Department (IMD). Consequently, the group was models. The fifth generation mesoscale model MM-5
constituted in March, 2005 with a specific task of developed by the National Centre for Atmospheric
generation of 24, 48 and 72 hr weather forecasteéfmh Research (NCAR), USA has become popular (Dudhia,
district in India. 1993) for mesoscale studies. The model is vernyifle
and can be run at different resolutions, normadigging
Initially, it was planned to develop the forecast from 50 to 5 km with various (optional) cumulus
system for rainfall. Other meteorological parameterll parameterization schemes. Regional models are fegtou
be included in due course. The group started thekwo over the global models for mesoscale regionadlistion
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Figs. 1. (a-d). Clusters of districts for the month of July
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because their resolution can be increased withauthm
computational expenditure. A comparative perforneaic
few regional models (also called limited area mpdel
namely RAMS, MM-5, U.S. Navy Operational Regional
Prediction System (NORAPS), and Relocated Window
Model (RWM) was reported by Coat al (1998). The
study ranks RAMS marginally ahead of MM-5.

The traditional NWP models are built on a
foundation of deterministic modelling which starittw
some initial conditions. The inherent limitatiom these
NWP models is that they neglect small scale esfecid
they parameterize complicated physical processas an
interactions. The models lose skills because tlesgribe
only in an approximate way the exact law of physiog
because of the growth of the inevitable uncernyaimtthe
initial conditions. In view of these facts, a napproach
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(NCMRWF) and from the MM-5 model operational at
IMD New Delhi. The rainfall charts of this model mee
available and the same have been utilized. Thetital
resolution of NCMRWF MM-5 model is 30 km and it is
run with the initial and boundary conditions frors80
model. The ETA model is run at the resolution ofks5.
IMD MM-5 model is run at the horizontal resolutioh45

km with the initial and boundary conditions of NCEP
Global Forecast System. The major difference betwee
the MM-5 model run at NCMRWF and the MM-5 model
run at IMD is in the initial and boundary valuest A
NCMRWEF, the initial and boundary fileds are obtaine
from the outputs of the global T-80 model and baugd
values are updated at every 12 hours interval.
Interpolation of T-80 outputs (horizontal resolutio
around 175 km over the tropics) to MM-5 resolutismot
suitable to retain the meso scale properties inititel
field itself. Moreover, the meso scale properti¢sthe

known as ensemble forecasting was introduced in thelateral boundaries is not captured properly duetht®

1990s (Molteniet al, 1996; Toth and Kalnay, 1997;
Zhang and Krishnamurti, 1997 etc.). In this method
forecasts are made with different models and difier
initial conditions, and are combined into a sinfyleecast

to take into account the uncertainty in the models’
physical parameterization schemes and initial d@s.
The ensemble forecasting approach, in concert thi¢h
statistical technique has come into vogue in weadimel
seasonal climate forecasting.

In ensemble forecasting, the main issue relatéiseto
removal of the collective errors of multi-models
participating in the making of an ensemble. The anaj
drawback of the straight average approach of aisgjgam
equal weight of 1.0 to each models is that it magjude

updatation of boundary values at the longer tinteriral.
Whereas at IMD the initial and boundary conditiare
obtained from the Global Forecast System (GFS)uistp
(at the resolution of 1° x 1° of National Centrer fo
Environmental Prediction ) to run the MM-5 modellag
resolution of 45 km over a single domain coverihg t
area between Lat. 25° S to 45° N/ Long. 30° E20°IE.
The boundary conditions are updated at every 6 shour
interval. As such, MM5 at IMD is run with betteritial
field and boundary values. Again, as the modelirsaver

a large integration domain, boundary effect ovee th
Indian region may be very little.

Out of two versions of MM5, namely the
NCMRWEF-version and NCEP-version being run at IMD,

several poor models. The mean of these poor modelsNew Delhi, we have selected IMD version for studyin

degrades the over all results. To address thislgmolof
ensemble forecasting, Krishnamueti al (2000a, 2000b)
introduced a multimodel super ensemble techniquag th
shows a major improvement in the prediction skilisthe
super ensemble approach, weight is assigned to eac

the comparative performances. A procedure was
developed to convert daily grid point rainfall outp of
each of these models into district rainfall bgmputing
areal average rainfall for each district (total nfail
bivided by number of grids falling in that dist)ictThe

model based on spatial and temporal performance ofcorresponding observed areal average rainfall forhe

respective models. The procedure can be used for th
variables such as winds, temperature, pressure
precipitation and humidity. The resulting supesemble
reduces forecast errors below those of constitoetels.
According to Krishnamurtiet al (2000b) the super
ensemble is able to provide roughly 20% improvement
over the best model.

In the present study, the technique developed for
district level forecast is based on daily datas fedm
operational MM-5, ETA and T-80 models of National
Centre for Medium Range Weather Forecasting

district was computed utilizing daily rain-gauge
pbservations. The rainfall for each district is gaied by
assigning different weights to the constituent nie.d€he
predictions are converted into value-added forsca#ier
considering the inputs from ECMWF flow pattern,
satellite information, climatology, synoptic chaets.

2. Methodology

As pointed out earlier the district level forecast
system is being developed based on the principles
of super-ensemble method. Model outputs iffergnt
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TABLE 1

District level value-added dynamical-synoptic forecast for mat

Name Name District Forecast (Rainfall in mm)
of of index ) .
the the T-80 MM5 MM5 ETA Dynamical Value-added Realized (Actua

state  district (NCMRWF) (IMD) (NCMRWF) (NCMRWF) FIC dynamical F/C (Rainfall in mm)

Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day- Day-
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Anda- Anda- 01001
man & man

Nicobar_ .
Nicobar 01002

numerical models are utilized for generation oftriis TABLE 2

Iev?l quantltatl\;g fg_re_gastI of rzm;‘al!. Whlle;c exm:jm% th?w Rainfall for categories used in value-added
performance of individual models it was found tkat dynamical-synoptic for ecast

model had certain strengths and weaknesses. Ranags

some models were able to provide good forecasts in_Category Forecast range Type of rainfall*
certain regions but in some areas they had somexdnh 1 No Rain No Rain
problems. Similarly, some models were able to mtedi :

. . . . 2 <lcm Light

light rainfall correctly but failed badly in casé beavy

rainfall. It is well known that monsoon rainfall @vindia s 1-25cm Moderate
has very high spatial variability. Based on trials real- 4 2.5-45cm Moderate
time basis during the Pre-monsoon, SW Monsoon and s 4.5-6.5 cm Rather heavy
N_ortheast Monsoon-2005 the strengths and W(_aakn(.aﬁses 6 6.5-12.5 cm Heavy
different models of NCMRWF and IMD were identified.

This helped in the statistical interventon and ' 12.5-20 cm Very Heavy
determination of ‘weights’ for rainfall forecast dffferent 8 >20cm Exceptionally Heavy

models. The weights were determined objectively by
computing the correlation coefficients, between the *
model predicted and actual rainfall. The weights,were
obtained from the following equation:

These categories have been defined keeping iew vthe
requirements of value-added dynamical-synoptic dase and the
existing IMD’s classification

The aim is not a mere generation of ‘weighted mean’
prediction. The experiences in the fields of syipt

W. = C, n=1 4 meteorology, satellite applications etc. are baititized
n-4 T in the value-addition. The dynamical predictionse ar
ZCi modified wherever considered necessary and thd fina
i=1 value-added forecast is prepared. It may be poiotgd

that due to limited experience the value-additisnnot
free from subjectivity at present. It would be pbksto
The dynamical prediction which is the ‘weighted make the process objective when sufficient amotidata

mean’ of different model forecasts takes into aotdhe  pertaining to different seasons/situations becovadiable
forecasts of all constituent models. The validatiesults in future. The major inputs to the value-additiore a
in different situations showed that the methodapable IMD’s synoptic charts, satellite information, clitoéogy
of generating 24, 48 and 72 hr forecasts of greaterand the NWP products. Other than precipitation, the
accuracy than the accuracies of the individual et circulation patterns predicted by Europian Centar F
models. To begin with the weights were computedhen ~ Medium Range Weather Forecast (ECMWF) have been
basis of monthly data sets which have been useatien  found very useful in value-addition, especiallythie event
computation of dynamical predictions during sucee@d of heavy rainfall over West Coast of India and
months. In future the weights will be worked outthie  concentrated rainfall associated with disturbantiks
basis of bigger data sets being generated in ttersy Tropical Cyclones (TCs), Monsoon Depression®¢)
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TABLE 3
Forecast validation resultsfor all the districtsof India
S. Season/ F/C date Skill Percentage
No. Synoptic and
situation validity Day-1 Day-2 Day-3
Very goodSkillful  Not Poor  Very GoodSkillful  Not Poor  Very Good Skillful  Not Poor
Skillful Skillful Skillful
0) (#1) (#2) (*3) (¥4 and#5) (0) (*1) (*2) (¥3) (¥4 and#5) (0) (*¥1) (¥2) (¥3) (¥4 and5)
1 Pre-monsoon 13 May89 9 2 0 0 85 12 3 0 0 89 9 2 0 0
(14,15,1¢
May)
2 Pre-monsoon 24 May 63 32 5 0 0 69 27 4 0 0 60 36 4 0 0
(Just before  (25,26,2°
onset over May)
Kerala)
3 Southwest 8June 51 39 10 0 0 54 35 11 0 0 51 39 10 0 0
monsoon (Ons¢(9,10,11
phase) June)
4 Southwest 9June 55 39 6 0 0 58 32 10 0 0 60 30 10 0 0
monsoon (Ons¢(10,11,1:
phase) June)
5 Southwest 30June 56 22 11 6 5 54 32 10 3 1 55 31 10 4 0
monsoon (1,2,3
(Active phase)  July)
Mid-Tropospheric Cyclones (MTCs), etc. The expezeen 3. Validation

has shown that the tracks of systems predicted by

ECMWF were closer to actual which helped in the

identification of districts which were likely to ceive
heavy/very heavy rainfall amounts. The predictezition
of low level jet core at 850 hPa over the Arabiaa Svas
found to be related to heavy rainfall zones over st
coast. The
forecasting heavy rainfall cases along the wesstcdane
statistical correlations between different jet paeters
and west coast rainfall are being studied comprstiely
and the detailed results will be reported in a ratu
publication. The technique used so far is basedhen
predicted location of jet hitting the west coastheT
districts situated within 1.5° of this location wer
delineated for very heavy rainfall amounts andrttethod

Validation of any quantitative forecast for smaller
spatial scales is not an easy task. On severabiorathe
actual weather information is not available frommso
districts. Development of an appropriate validation
method for any forecast for spatial scale of 4k80is in

relationship was extensively used foritself an interesting exercise. Several technigmey be

adopted for this purpose. The accuracy of any fmEec
will depend upon the criteria used in the validati the
present system we have adopted an objective me#tibd.
available observations from a particular distriet picked
up by the computer by specifying the boundary & th
district. Then the actual rainfall is compared withe
quantitative forecast for that district. Other nueth using
objective analysis will also be tried in future.

yielded good value-added forecasts. Thus the presen

system based on dynamical-cum synoptic approadérslif

from the super ensemble method adopted by Krishrtamu
et al (2000a, 2000b) in which an objective technique is
used to arrive at the super-ensemble. The trialge ha

shown that value-added forecast scores handsomely o
the individual dynamical model predictions. Theefoast
format is given in Table 1.

3.1. Quantitative rainfall forecast categories

In value-added dynamical-synoptic forecast system
the forecast is given quantitatively in differeahges that
cover various types of rainfall amounts. The cartiomal
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TABLE 4

Performances of models and value-added dynamical-synoptic 3-day forecast for the districts affected by the Bay of Bengal cyclone of

17-25 September, 2005. The numbersindicate the rainfall category

Affected district: Rainfall Difference in category
Date State (heavy to very between value-added
heavy rainfal) T-80  MM5(IMD) ETA T-170 Value-added Actual gynamical F/c and actual
(NCMWRF) (NCMWRF) dynamical F/c
20 Sep  Andhra PradeshEast Godavari 2 3 3 4 6 7 -1
Khammam 2 1 3 6 6 7 -1
Visakhapatnar 3 3 3 3 7 7 0
Krishna 2 1 2 2 2 7 -5
21 Sep  Andhra PradeshKhammam 3 2 3 6 7 6 1
Medak 3 2 2 2 6 7 -1
Nizamabad 3 2 2 2 7 6 1
Karimnagar 3 2 2 2 7 6 1
Maharashtra Ratnagiri 3 2 6 2 6 6 0
22 Sep  Gujarat Dangs 2 2 3 2 4 6 -2
Maharashtra Nasik 2 4 4 2 5 6 -1
Thane 2 3 6 3 6 6 0
23Sep  Maharashtra Thane 3 3 6 7 7 6 1
Goa North Goa 3 3 3 6 4 6 -2
24 Sep  Gujarat Patan 2 1 1 1 5 6 -1
Kheda 3 2 4 2 5 6 -1
25 Sep  Uttaranchal Almora 2 2 2 2 5 6 -1
Nainital 2 2 2 2 5 6 -1
Tehri Garhwal 2 2 2 2 5 6 -1
Dehradun 2 1 2 2 2 6 -4
TABLES
Performance of models and value-added dynamical-synoptic 3-day forecast during Deep Depression of northeast monsoon, 2005.
The numbersindicate the rainfall category
Affected Rainfall Difference in category
Date State districts (heav , o between value-added
to very heavy Models’ prediction dynamical F/c and actual
rainfall)  1.80  MM5(IMD) ETA T-170  Value-added Actual
(NCMWRF) (NCMWRF) dynamical F/c
27 Oct  Tamil Nadu Chennai 2 2 3 2 4 7 -3
Tiruvallur 2 2 3 2 4 6 -2
Kanchipuram 2 3 3 2 4 6 -2
28 Oct  Tamil Nadu Chennai 3 2 6 4 6 7 -1
Tiruvallur 3 3 3 4 6 7 -1
Kanchipuram 3 2 6 4 6 7 -1
Andhra Pradesiellore 3 3 2 4 6 7 -1
Prakashan 3 3 2 2 6 6 0
Srikakulam 2 3 1 2 4 6 -2
29 Oct  Andhra PradedKellore 2 2 6 4 7 6 1
Visakhapatnam 2 3 3 1 6 6 0
Hyderabad 2 3 1 2 2 6 -4
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(b) 28 Oct 2005

(a) 27 Oct 2005
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Figs. 2. (a-c). 24 Hours rainfall



216

MAUSAM7, 2 (April 2006)

TABLE 6

Compar ative skills of different models and value-added dynamical-synoptic forecast during Bay of Bengal cyclonic storm 17-25, September
2005. Numbersin brackets indicate the skill during Deep Depression of 26-29 October 2005

S. Model Skill Category
No. Very good Skillful Not Skillful Poor
(0 and £1) (x2) (£3) (x4 and 15)
1 T-80 0 0 7 13
(0) (0) (1) (11)
2 MMS5 (IMD ) 0 1 3 16
(0) (0) (5) (7)
3 ETA 3 2 3 12
(3) (0) (3) (6)
4 T-170 4 0 2 14
(0) (1) (4) (7)
5 Value-added dynamical F/c 16 2 0 2

(7)

(3) (1) (1)

moderate rainfall category is broken into two ranged
exceptionally heavy rainfall is covered under catgg
8 (>20cm). The rainfall forecast categories areegiin
Table 2.

3.2. Criteria for validation

The following objective criteria has been usedhia t
forecast validation. The forecast is categorizedvasy
good’ if the difference in categories between vaidded
dynamical forecast and actual rainfall is O or skjllful’
if the difference is £2, ‘not skillful’ if the dirence is
+3 and ‘poor’ if the difference is +4 or 5. Thestdts
presented in subsections 3.3 and 3.4 differ insese
that the results of section 3.3 pertain to the watins for
all 586 districts of India whereas the results exdton 3.4
pertain to specific synoptic situations like Tragdic
Cyclone/Depression. Thus the evaluations in 3.4ased
on differences in value-added forecast or
predictions with the actual rainfall over the aftst

districts only {.e., the districts receiving heavy to very

heavy rainfall).

3.3. Validation results

Real-time trials of value-added dynamical forecast

accuracy (zero difference in category between wvalue
added dynamical forecast and actual) of 3-day fsmEec
varied between 51-60%.

Though there is a clear drop in the accuracy betwee
pre-monsoon and monsoon onset periods, it is felt t
with further experience 60-70% accuracy of quatinia
district-wise rainfall forecast is achievable fbetcountry
as a whole. During the active phase of monsoon Jh3
2005) when the country was affected by a Monsoon
Depression (MD) and a Mid-Tropospheric Cyclone
(MTC) the skill decreased further though a 55% sacy
of 3 day forecast was achieved. It may be mentighat
the SW Monsoon had covered the entire country by 30
June and some forecasts for 1-3 July were notfikill
However, for the country as a whole it was possible
achieve high percentages of ‘very good’ and ‘skillf
forecasts. The success rates decreased when the

model evaluations were made only for these districts tviere

affected by synoptic systems like cyclone/depressio
3.4. Tropical cyclone case of SW Monsoon-2005
3.4.1. Formation and track of movement

During the Southwest Monsoon season-2005 a low

commenced in Pre-monsoon 2005. The validation t®sul pressure area formed over north Andaman Sea and
presented in Table 3 show that the accuracy ofy3-da adjoining east central Bay of Bengal on"18eptember.

forecast can reach up to 85-90% during the pre-pmms

Moving northwards it concentrated into a depressioer

During the onset phase of SW monsoon-2005, thenortheast Bay of Bengal near Lat. 20.5° N / Lory59 E
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on the morning of 1% It further intensified into a
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useful in the identification of heavy rainfall dists.

cyclonic storm and crossed Andhra Pradesh coast neaHowever, with further experience only it would be

Kalingapatnam in the morning of 19 Moving in a
westerly/west-northwesterly direction it weakenatbia

possible to assign weights objectively to these ehod
outputs. Same is the case with the vertical veldatd at

depression over west Madhya Pradesh near Khandwa700 hPa predicted by COLA which was also usefuhin

Moving westward it further weakened into a well ket
low pressure area over north Maharashtra and adgpin
south Gujarat and southwest Madhya Pradesh 8f 22
Thereafter the low pressure area moved in a nantti'n
northeasterly direction and lay over west Uttardesh
and adjoining Uttaranchal on ®5morning. It become
unimportant over the same area by the morning 8f 26
September. The system caused widespread rainfdil wi
heavy to very heavy falls in several districts afamber

of meteorological subdivisions (Table 4). Developtse
in the life-history of this system led to a sigo#nt
improvement in total monsoon rainfall over the doyn

3.4.2. Value-added dynamical-synoptic forecast

during the cyclonic period

identification of districts that were likely to reige
heaviest rainfall amounts. It is seen from Tabkhat for
value-added dynamical-synoptic forecast on ™ 20
September two coastal districts of Andhra Pradesh,
namely East Godavari and Visakhapatnam and one
interior district, Khammam were identified for maxdm
rainfall. The actual rainfall amounts received fthgently
showed that the maximum rainfall occurred over ¢hes
districts. However, very heavy rainfall belt exteddupto
Krishna which could not be anticipated in value-edid
dynamical forecast prepared on™September. Needless
to mention, none of the models predicted heavyfalin
over Krishna district for 20 September.

Over the interior districts of Andhra Pradesh dls®

Table 4 shows the performance of models and value-value-added dynamical forecasts of heavy rainfathed

added dynamical-synoptic forecast during the cyiclon
period. The cyclonic storm yielded very heavy ralhf
amounts over the coastal districts of Andhra Pradiesn
Visakhapatnam to Krishna on2@eptember. As revealed

out to be correct where again models failed to iptete
heavy rainfall amounts. Subsequently, during

depression stage also the districts receiving heaiwnfall
were correctly identified. Even when the systenureed

the

by Table 4 the constituent models T-80 and IMD-NCEP northeastward as a low pressure area dfi @8ptember

MM5 version could not predict such heavy rainfall
amounts over these districts. This was mainly aduéhé
models’ failure in the cyclone track predictionultisg in
displaced maximum rainfall zones. The model préafist
during cyclonic situations for smaller spatial ssalike
district level becomes a challenging task as aoreof
40-50 km in the prediction of cyclone centre woasldft
the focus of heavy rainfall zone. This is what elyac

the maximum rainfall belt forecast was correct wotlly
exception of Dehradun where heavy rainfall occurmad
25" September but the forecast rainfall was only light

As revealed by Table 6, out of total 20 events of
heavy to very heavy rainfall the value-added dymami
method generated 16 ‘very good’ forecasts during th

happened during the cyclonic storm of September5200 cyclonic period (a score of 80%) followed by T-150’

monsoon. The comparative skills of different modsmtsl
value-added dynamical forecast is presented ineT@bl

As mentioned earlier IMD-NCEP MMS5 version has
been selected for studying the comparative perfoces.
NCMRWF MM5 version’'s performance was slightly
better than T-80 and poorer than the IMD-NCEP wersi
for cases studied here. The value-added dynamietiod
showed good skill in the forecast of district leviavy
rainfall amounts. As revealed by Table 4 majorifytiee
forecasts were within 0 and +1 category. The migputs
to the value-addition were the forecast charts g t

20% and ETA’s 15%. T-80 and MM5 could not produce a
single ‘very good’ prediction. None of the predicts of
T-80 could be categorized even ‘skillful’ whereadvisl
produced only one ‘skillful’ prediction. All modekaken
together could produce 7 ‘very good’ and 3 ‘skillfu
forecasts whereas the value-added method vyielded 16
‘very good’ and 2 ‘skillful’ forecasts showing agsificant

skill improvement.

The experience during the cyclone period estaldishe
the importance of value-addition in dynamical-sytop
forecasting at district level. None of the modé€ls80,

ECMWF, especially the sea level chart and the flow MM5, ETA etc could predict such high amounts of

pattern at 850 hPa, climatology and the satelitageries.
The track predicted by ECMWF was closer to actisal a
compared to other models due to which its outpudsew

rainfall over several affected districts. But after
consideration of the ECMWF's flow patterns,
climatology, satellite imageries etc. the valueedid
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rainfall amounts were quite close to the actual@good method both forecast was moderate rainfall over ilfTam
number of districts due to which the value-added Nadu districts. Thus none of the models includihg t
dynamical-synoptic forecast produced the lowestt roo dynamical-synoptic one could predict such heavgpfadii
mean square errors over the country during theoojcl  amounts over coastal Tamil Nadu of"2@n 28" October
period of September-2005. With further experiente i though all models showed an increase in the raiofadr
would be possible to assign weights objectivelythese coastal Tamil Nadu but the predicted amounts wdre o
products to minimize the subjectivity in the value- moderate category only. However, ETA predicted keav
addition. Sufficient data pertaining to cyclonisea are to  rainfall over two districts. The value-added forgtsavere
be generated for this purpose which is being done. very close to actual over all the three districBver
coastal Andhra Pradesh districts of Nellore and&sham
also the heavy rainfall forecast was given by thtue-
3.5. Deep Depression case of northeast monsoon,added dynamical-synoptic method but over Srikakulam
2005 none of the models including the value-added onddco
predict the heavy rainfall. The heavy rainfall oestreme
3.5.1. Bay of Bengal Deep Depression 26-29 north coastal Andhra Pradesh appears to be a sagond
October 2005 rainfall maximum zone which could not be anticiphts
the Deep Depression was located over south coastal
A low pressure area formed over southeast andAndhra Pradesh and adjoining north Tamil Nadu coast
adjoining southwest Bay of Bengal on the mornin@8t on 29" October, ETA predicted heavy rainfall over
October and became well marked in the evening. ItNellore while the value-added dynamical-synoptic
concentrated into a depression and lay centred3@0 0 forecast was very heavy. All models including treue-
UTC of 26" October near Lat. 12.0° N / Long. 84.5° E added method failed to predict the heavy rainfalero
about 500 km east-southeast of Chennai. It furtherHyderabad on 29October.
intensified into a Deep Depression and lay centexed
2330 UTC near Lat. 12.5° N / Long. 84.0° E about
400 km eastsoutheast of Chennai. It moved Table 5 shows that during the Deep Depression
westnorthwestwards and lay centred at 0300 UTC78f 2 period of 27-29 October, 2005 there were 12 cages o
October near Lat. 13° N / Long. 82.5° E about 259 k heavy to very heavy rainfall over the districtsAridhra
east of Chennai. The system moved northwestwasd aft Pradesh and Tamil Nadu out of which 9 cases were
1200 UTC and crossed south Andhra Pradesh coast negredicted well by the value-added dynamical-syropti
Ongole around 0800 UTC of 980ctober. It weakened method. Barring ETA's prediction of heavy rainfaler
into a depression over the same area by 1200 UTCNellore on 28 none of the constituent models could
Remaining practically stationary it weakened intdoa predict such heavy amounts. The error of value-ddde
pressure area in the evening of"28nder the influence of ~ dynamical-synoptic forecast was minimum. This again
this system heavy to very heavy rainfall occurrad3i demonstrates the importance of value-addition in
north coastal districts of Tamil Nadu and 5 distiof dynamical forecasting.
Andhra Pradesh. The rainfall distribution duringisth
period is given in Figs. 2 (a-c).
It is seen from Table 6 that out of 12 heavy toyver
heavy rainfall events the value-added method gésra
‘very good’ forecasts (a score of about 58%). Hoavev
3.5.2. Performances of models and value-added large number (5 out of 12) were within +2 to +4eggry.
dynamical-synoptic forecast Among the constituent models ETA’s performance was
satisfactory with a score of 25% of ‘very good’ doast.
Performances of different models and value-addedGenerally, the success rate was lower during titheast
dynamical-synoptic method during the Deep Depressio monsoon system. However, more comprehensive aralysi
period from 27-29 October, 2005 are presented i€éka  would be required with more number of cases tovarait
5 and 6. The Deep Depression caused heavy to eawyh  definite conclusions about relative success/faitates in
rainfall over three districts of Tamil Nadu, namely different seasons and different type of synoptiaadions.
Chennai, Tiruvallur and Kanchipuram on™and 2§' The skill improvement due to value-addition was
October and five districts of Andhra Pradesh namely significant during northeast system also whichviglent
Nellore, Prakasham, Visakhapatnam, Srikakulam andfrom Table 6. Out of 12 events all models coulddoae
Hyderabad on 28 and 29' October. T-80 and T-170 only 3 ‘very good’ and 1 ‘skillful’ forecasts whexs the
could predict only light rainfall over Tamil Nadustticts value-added method generated 7 ‘very good’ and 3
on the 2%. ETA and value-added dynamical-synoptic ‘skillful’ forecasts.
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4. Futureplansand requirements
4.1. Operationalisation

The real-time trials of district level dynamical

forecast during Pre-monsoon, SW Monsoon and Naosthea (V)
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experience and availability of huge data resould® is
better equipped to prepare the district level valdded
forecasts.

Necessary communication facilities for quick

Monsoon 2005 have shown that with limited resourcesdissemination of the forecast to different unitsMbD and

and manpower it was possible to generate 3-daygdste
for each district of India having far greater a@mies than
the individual constituent models or the existing
conventional synoptic methods. The district-wisleston

of gridded model forecasts and actual (realized)falh

data are completely computerized. The quantitative

dynamical forecast is being computerized simultasgo
by assigning different ‘weights’ to different model
forecasts. On real-time basis it is possible to @ete this
exercise every day including the value-additionvjted
the model outputs of all constituent models arelabke
within 6-7 hours of analysis time. It is worth miening

the users. A feedback mechanism would be essdatial
constant improvement of the forecast system.

5. Concluding remarks

The district level value-added dynamical-synoptic
forecast system was able to generate 3-day rainfall
forecasts of greater accuracy than the constithBNP
models. The experience has shown that the valuitiadd
utilizing the synoptic, climatological, satellitenéh NWP
inputs (other than rainfall) improved the dynamical
prediction computed on the basis of rainfall prédits of

here that the model outputs of ECMWF and COLA baseddifferent models. The root mean square errors dieva

on 0000 UTC are generally available by 0600 UTC.

4.2. Requirements

(i) Availability of real-time model predictions and
outputs within 6-7 hrs of observations time. It mbg

mentioned that 48 and 72 hrs forecasts will havitebe
utility compared to 24 hrs forecast as the valudead

added forecasts were lowest when all the distoftthe
country were considered as ‘no rain’ cases imprabed
forecast skills. When the forecasts were evaluéiedhe
districts affected by the systems like cyclone epréssion

the accuracy decreased. It is possible to imprdwe t
forecast accuracy when more data sets pertaining to
different synoptic situations and seasons becoragadle

in future. The success rates were higher during the
monsoon system as compared to the northeast monsoon

forecasts will not be ready up to 12 hrs after the system. However, more comprehensive evaluationsdbas

observation time even if model predictions are labée
on time.

(i) Suitable manpower for the district-level forecast
unit / division. A strong group having comprehemgsi
research experience in the fields of weather fataog
and numerical weather prediction related developgaten
work would be required.

(i) Necessary computational and related facilitielse T
district level forecast group should have direatess to
the grid-point forecasts of all constituent modetel the
real-time observations.

(iv) District-wise daily/weekly climatologies of relent
meteorological parameters. Preparation of distise
daily/weekly climatology for meteorological paramest
like rainfall, maximum and minimum temperature,udo
cover, humidity wind etc involves a voluminous data
processing work and possession of such climatadogit
be a clear advantage for IMD in the value-additibomay
be pointed out that due to comprehensive foreaastin

on sufficiently large number of cases/situationsilicbe
required to arrive at definite conclusions aboue th
variability of success/failure rates in differentnsptic
situations and seasons. It is proposed to refiaedibtrict
level rainfall forecast technique further by comsidg
bigger data sets being generated. It is also pthrine
develop similar techniques for other meteorological
parameters like maximum/minimum temperatures,
humidity, cloud cover etc.
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