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' ABSTRACT

in this review article various aspects of real time exianded tenge forecast (ERF) based emipirical
models and dynamic modsls Including the Multi-model Ensemble (MME) generated by India
Metzorological Department (IMD) of southwest monsoen, northesst monsoon, cyclogenesis over
the Bay of Bangal (Bob) and maximum and minimum temperature during the period from 2009
to 2014 have besn discussed The prospects of its application in different sectors are slaoanalysed.

The performance of extendsd rangs forecasis for the southwast monsoon seasons claarly
captured the delay | early onset of mansoon over Kerala, active/ break spells of monsoon and alzo
withdrawal of monsoon in the resl time in providing guidance for various applications. The
MME based ERF alse provides encouraging resulis to provide useful guidance for 203 wesks
shout northeast monsoon during October to December (OND) tropical cyclogenssis over the
naorth Indian Geean during OND and maximum and minimum temperatures during wintsr and
summer. However, there iz 2 lol more nesd to be dons to provide this in smaller spatial scales

1. Introduction

Just like the interannual variability of monscon
rainfall the Indian summer monsoon precipiiation
during June to Ssptember (JJAS) shows clear
intrassasonal variation as largs-scale convactive
anomalies propagates narthward from the equator
with In the season. This northward propagation I=
knovin to be accompanied by eastivard propagation
of convective activity along the equator (Madden
dulian Oscillation: MJO) thraugh tha Rossby wave
propagation Thae MJO js the lzading mods of
tropical intraseasonal climate varability and s
characterized by organization on 3 global spatial
scale with a period typically ranging from 30-60
days (Madden and Julian, 19711994 Zhang
2005) The zctivelbreak cycles of monsoon are
manifestations of sub-seazonal fluctisations of the
northward propagating Intertropical convergence
zane ([TCZ; Sikka and Gadagil 1980; Krishnamuri
and Subrehmanyam 1982 Pattanaik 2003; ses
Goswami 2005 for a review), Thus, the forecast of
thiz active/braak cycle of monsoon, commonly
known as the Extanded Hange Foracasts [ERF)
is very useful The agriculture sectors llke farmars
are very much benefited if accuraie outlook of
monsoon conditions are provided o them In the

In arder to further strangthen IMD's capability of real time ERF. it has started collsborativa
work with:other national and international partners.

Keywords: Multr model anszmbie cyclogenesis madden lulran Oscillation, ofimate forecast system

exiended rangs Wabster and Hoyos (2004)
suggestad that forecasis of precipitation on this
intermediate timescale are critical for the
optimization of planting and harvesting. Prediction
of monsoon break 2 to 4 weeks in advance.
therafore is of great importance for agricultural
planning {sowing, harvesting etc ), which can
anable tactical adjustmenis to the stralegic
decisions that are made based on the longer-lead
seasonalforecaste; and also will help In timaly review
of the ongoing monsoon conditions for providing
outloaks ta farmers It I= not only the Agriculture
sector which is benefitad from the propar outlock
of extended rangs forecast (Tyagi and Pattanaik
2012; Pattanaik et al.. 2013a; Pattanaik 20714, a
skiliful extendad range forecast can also be very
useful for reservoir operation in reducing floods
Pattanaik and Das (2015) They have recently
demonsirated usefulness of extendad range
forecast in a pllet study over the Mahanadi River
Basin in Odishz In case of 2011 flood.

The ERF in the tropics are ong of the most
challenging tasks in atmeosphaeric sciences |t fills
the gap between medium-range weather foracasting
and seasonai foracasting. is carainly a difficult time

range for weather forecasting. since the timescale



k= sufficizntly long so thal much of the memaory
of the atmospheric initial conditions Is los!. On the
othrer hand. monthly mean lime averageis notlargs
enough for the aimespheric signal associatad with
the ocsan anomalies 1o emefge over the
atmospharic noise. In last few decades, many
groups throughout the world is werking in
developing empirical madels for pradiding the MJO
signals, which can be utllized farthe intra-szasonal

fluctuation of rainfall aver India In addition, there

are many global modeling centsrs like ECMWE,
NCEP, JMA etc: are alsoe running atmospheric
General Circulation Meds| and coupled
gtmosphere-ocean models aparationally. The latest
gﬂnerahnn caupled modals arz faund to be very
ussful in providing skillful guidanca on extended
rangea forecast.

In addition to monsoon associated haawvy rainfal
over India during JJAS, the months of Octobar-
December (ONLY are known o produce tropical
cyclenes (TCs) of severs intensﬂy in the Bay of
Bengal (BoB), which after crossing the coastcauss
damages to fife and proparty over many countrias
surrounding the BoB including India. The strong
winds, heavy ralns and large sterm surges
associated with tropical cyclones are the faciors
that eventuslly lzad to loss. of life and property
Heavy rains assoclated with cyclones are ancther
source ¢f damage. In India. many studiss have
demonstrated the utility of TCs ferecasts up to 3
days using Glebal and regional models (Sikka
1972 Singh and Saha 1878, Mohanty and Gupta
1957, Prazad and Rama Rao 2003, Pattanalk and
Rama Rao 2009 eic), Howaver, the mr&r&r—.ung of
genesis of TC and associated rainfall in the
exiended range time scale (about 2 weeks In
advance) s very useful In many respects [Fattanaik
et al. 2013b); Patianalk & Mohapatra, 2014). The
post-monsoon cyclone season during OND is-also
known as the northeast monsoen seasan The
withdrawal of southwest menscen ang
commencement of northeas! monsoon over
southiern Peninsuia is linked to one another. Tyagi
and Pattanaik (2012} have demonstrated the utility
and skil of ERF of the nartheast monsoon rainfall
gver Tamll Nadu as it s the main ralny ssason of
the year (IMD_1573; Raj2003).

 Like the utiiity of ERF of Indian monsgon rainfall,
cyciogenesis. northeast monsoon, the ERF of
surface air tempsaraturs (herzafter denopted as
rempearature) of two weeks o menthly scale has a
wide range of applivations in agriculture. energy

health, Insurance powsr firancial secior 2tc In

May 2003 the heat wave claimed over 1 600 llves
throughout the country with some 1.200 (Bhadram
etal 2005) individusls died in the state of Andhra
Pradash alone. Likein 2063, during 2005 aiso India
was under the gnp of severe heat waye towards
the third week of June (Paftanaik stal | 2013¢) over
the country covering the siale of Odisha and
neighbourkood: The pradiclion of heat waves and
cold waves with significant accuracy can save lives
and prevent damage lo property from these
dangerouz wealher events. Tyagi and Patianaik
{2012} have demonstrated the utility of extreme
lemperaturs forecasting (heatwave and cold wave]
during 2010 and 2011 wintar and summer seasons
using the outputs from coupled modal Pattanalk et
al (2008) using the hindcast from this UK Met office
coupfed modsal have shown that, alough the mode
has got warm bias the skill of forecasting of year-
to-year variation of maximum temperature during
the hotwestner saasaons fram March to June during
the perind from 1387 to 2002 is reasonably good

IMD has been issuing expanmental extanded
range forecastsince 2009 using available products
from siafistical as weall as dynamical modeis autputs
from vaticus centres in Indls and abread A brisf
review ofthe operational ERF issued by IMD along
with its skill and usefulness during the period from
2003 onwards and prospects of its application in
difterent sectors are presentad in this review adicls.
Thiz review arlicle also discusses the futurs
prospact of the real time ERF in IMD. In Section 2
the different products viz nmpinr:al madels,
dynamical models and MME basad on dynamical
modals used by IMD far operational extended rangs
forecast since 2009 is discussed Ssction 3
discusses the performance of ERF of southwast
maonsoan rainfall during JUAS aver India during last
6 years (2009 to 2014) on different spatial and
temporal domains The ERF skill of other avents.
fike the cyclogenesis during pest monsoen season,
northeast mansoon rainfall extrame temperaturas
aic are also discussedin Saction 4 The proposad
collaborative ERF produdl to be generated from
2015 monsoan seasan is discussed In Saciion 5.
Finzlly, ‘@ summary of the main resulls ars
discussed In Section 6

2. Details of Model Products used for
Real Time ERF Forecast

After the commencameant of aperation ERF
forecast by IMD in 2069, inftially both the models
(empirical and dymamical) ocutputs were
Subsequently, with the improvement in dynamicsl



modeis In recant years the MME bazad on the
dynamical models ogulputs are only used for the
preparation of real time ERF. The products used
oy IMD arz presentad below -

Z.1 Empirical model products for real time.

axtended range forecast

2.1.1 Pentad OLR anomalies forecasts

The outgoing long-wave radiation {(OLR) pentad
forecasts based on the method adoptad by Xavisr
and Geswaml (2007) was usad Initially for the
guidance to forecasiars, The methods adopted by
them are based on the analogs of the OLR
anomalies at lead time penod ef 1 pentad to 4

pentads The forecast in the form of OLR anomaliss:

are ganarated for 4 pentads, which was generated
by Long Range Foracasting Diviston of the IMD
Pune In addition 1o this forecast the pantad OLR
anomaly forecast based on Jones e al  (2004)
wers al=o used

2.1.2 Multivariate MJO indices

The group at Bureau of Metzarological
Research Centre (BMRC) Ausiralia also adopted
two approaches to emplrical pradiction of MJO. Two
reak-time Multivariate MJO  Indices "RMM1 and

BMM2" are used far the currant state of MJO as

{available fram http://cawcr.gov au/bmrc/clor/
ctstafffmatwimaproom/OLR. modesfindex htm|
diseussed in Whealer and Henden (2004} The twe
indices are defined by projsction of daily
obsarvations ento combined EOFs of OLR, uBs0

and u200 It is convenient to view the state of the
MJO in the two-dimensional phase space defined

by the two EQFs. Tha future MJO stales in térm of

RMM1 and RMM2 Indicas are obtained through
multiple regression a: discussed in Maharai and
\Wheeler (2005) and Jiang =tal (2008)

2.1.3 Forecast based on the Self Organising
Map (SOM)
Recanlly lITM. Punshad also developad-anather

empirical model for predicting intra-seasonal rainfall

activity based on the non-inear pattem recognifion
techniqua known as the Self Organizing Map
{SOM) (Sahai and Chattopadhyay 2006} The
Kohenan's SOM falls under the class of
unsupevised leaming of synapses in an Adificial
Neural Network algorithm. The wind, geopotantial
height, specific humigily and the mean sea lsval
pressure are used for the SOM classificatian of
rainfzll Tha basis of this model is that the non-insar
combinations of all the indices sufficiently represent
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the complex Intra-seasonal varlation ofthe manzoon
rainfall and the Indices themselves have the

«capability of capturing the seasonality. They used

the dynamical indices from the NCEP data in real
time mode for the forecast of rainfallanomalies till 4
pentads

2.2. Dynamical mode| products for real time
extended range forecast

For the real-time monitoring of intra-szasonal
mensaan rainfall subsequently mare emphasis
was given to Coupled model outputs. IMD utilizes
the products from thres well known coupled models
viz_. the ECMWF monthly farecast system, the
NCEPF's Climate Forecast System (CFS), the
JMA's enssmble prediction modsl (EPS) and the
Multi-model ensemble [MME) of these madels A
brief details of the models and the methodology of
MME are discussad hars

2.2.1 ECMWF monthly forecast system

The products from the ECMWF monthly
forecasting system is based on 32-day coupled
oczan—atmesphere integrations setup at ECMWE
This system has run routipely since March 2002
The GCM used in this study kas a much finer
resolution (Te39L52 for first 10 daysand T315L62
bayond 10 days) The ECMWF manthly forecasting

ayslam is fdrced by p&r‘.—‘:ﬁ.ﬁl&d S3Tsfor first 10 days

and the aimtmph ere-ocean coupling started beyond
days 10 and is having 51 enzembiz members
Fraderic {2004).

2.2.2 NCEP's Climate Forecast System [Version
1 and Version 2)

MJQ monitoring and prediction Is also carried
out at Climate Prediction Centre, NCEP. USA by
using the dynamical modsl outputs from Climate
Forecast System (CFS: version 1; Szha et al
28068}, The stmespheric companeni ef the
aperational CFSv1 is the NCEP atmospharic GFS
modzal (Te2Led). The oczanic componant is the
GFOL Modular Oczan Model V.3 (MOM3) There
is no fllix corection in atmosphete-ocean coupling
and CFSv1 I a ter-1' forecast system. Many
recent studies have demonstrated useful forscast
skill of CFSv1 for the prediction of Indian monsoon
on the seasonal and monthly scale (Pattanaik and
Kumar 2010, Pattanaik.et al,, 2010, Pattanaik et
al, 2012a, Patianaik st al, 2012b) The second
version of the NCEP €F5 [CFSvZ) was made
aparational at NCEP in March 2011 The CFSv2
has upgrades to nearly all aspecis of the data



assimilation and forecast model compenents of
the system. The atmospheric model has a tianoulal
truncation of 126 waves (T128) in the horizomtal
(»100 km gnid resclution) and a finite difizrencing
in the vertical with 64 sigma-pmessure hybrid layers
The CFSv2 runs with 16 members per day (Saha
et al 2014: Pattanalk and Kumar 2014)

2.2.3 Ensemble Prediction System {EPS) from
JMA
The other model used for ERF js the is an
atmospheric general circulation model (AGCM) that
is @ low-resolution version (TL159) of the global
madal used far short- and medium-ranase
forecasting by JMA with 50 ensemble members
Like In the ECMWF model the JMA modsl alss
generale forecasts for 32 days bassd on svery
Thursday.

2.2.4 Multi-model ensemble (MME) forecast
Based on the respective hindcasts climatalogy
of each of the three models the weekly anomaly
field i= calculated from ECMWF . CFS» 1/CFSvEZ and
JMA mode! with forecast period valid for days 5-11
(here aftar called week 1), days 12-18 (week 2}
and days 19-25 (week 3] based on every Thursday
and converted inte uniform latitude-longitude grid
(05 x 0 5% The MME_{Fig 1) Is prepared with
alving equeal weighis fo all the three modsls. The
forecast Is generated on every Friday with forscast
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Fig_1 MME Ext_en;ied rangs forecast

anomaly for weak 1 (Monday te Sunday)te week 3
(subseguent Monday te Sunday) The intta-
seasonal monsoon forecast during recent years
show useful kil in MME (Tyagi and Battanaik 2012
Pattanaik et al, 2013z, Pattanaik 2014)

3 g?emhonal Extended Range Forecast
Monsoon during 2009-2014
3.1 Operational extended range forecast
during drought year 2009

The seasonal drought as well as the
unprecedented deficiency of July (»-51%) rainfall
over India during 2802 wasnoet able to forecast by
any operatienal centre (Kalsl et al, 2003) Like
2002 2009 monsoonseason alse witnessad lamge
deficiency inseasonal rainfall (» -22% of long period
average} The drought year of 2009 was assodiated
with many dry spells of monsoon and soms
transition phases of monsoon from w=ak phases
to active phases and vice versa (As seen from the
dally and weskly all India rainfall depariure in Figs.
Za-b) It was noticad that various climats research
canters in India and sbroad using siatistical and
dynamical models could not predict the extent of
deficiency of 2009 seasonal morszoon rainfall during
JJAS However a proper real time monitoting of
intra-seasanal luctuation af mansoon rainfall during
2009 mansoon season by IMD was guite useful in
aszessing the extent and gravity of drought situstion
of the countiy (Tyagl and Pattanalk 2010) As

shown by them and alza shown In Fig. 3 the long

4T

dry spell of June was vary much predicted by the
modsl fram the beginning of June (initial condition
of 47 Jung). Thay have also demonstrated thatthe
dry spelis ofmonsoon during almestthe snlire June:
1 half of August and 2 half ef Saptember 2009
wers well anticipated in the model foracasts thus.
was very usaful in the real timsforecasting of thess
dry speliz of monsoon 2008

3.2-  Operational extended range forecast
during monscon seasons (2010-2014)

After the ancouraging result we got from the
maniforing-and ferecasting of 2009 mensoonin res
time the quantitative verification of ERF forecasts
during the maonsgon seasons fram 2010 10 2014
was performad, Although the products from some
of the emplrical models ware also in use the
aperational ERF product prepared by IMD was
bassd an the MME forecasts. The performanca of
real lime ERF of monseon during 2010 te 2014
monsoen s2asans aver india are discussad helow
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3.2.1  Southwest monsoon tainfall over the
country as a whole and 4 homoge
neous regions

Although IMD = not running coupled model on

operational basis the MME based ERF far 3o 4

weeks is being prepared The ssasonal monsoon

rainfall during 2010 to 2014 witnessed yearto year

veration Themonsoon seasons of 2010:and 2011

with almost identical seasonpal total rainfall [» 101%

of leng peried average (LPA) during 2010 and » 102

% of LPA during 201 'I] aver india during JJAS are

associated with ﬂ:glﬂly differant pattzms of intra-

seazaonal rainfail. Similarly, the year. 2012 with
relatively less seazzanal rainfall (»93% of LPA)

compared to 2010 and 2011, also witnessad intra-

seasonal rainfzll luciuations, leading to droughi-dke
siuations oversome parts of the country (Pattanaik
etal 2013a) The 2013 monsoon seazon rainfall
overthe country as a whole was »106% of LPA
but showed strong spatial-and temporal vanability
iDaviand Yadav, 2014, Pattanaik and Bhan, 2014)
The recent monsaon of 2014 witnessed deficient
rainfall for the country as a whole with its departure

»-22% of LPA with 12 metearologlcal subdivisions
autof 35 remained were deficient The MME foracast
rainfall departure for country as @ whole for thres
weeks during 2010 1o 2014 monsoon seasons
along with the observed rainfall departure is shown
in Figs. 4a-e respediively

As seen in Figs 4a-e tha MME forecast
performed well in predicting the intra-seasonal
rainfall activity including the dry spelts of monsoon
fransitiens of monsoon and alse the delay
withdrawal of mensoan during 2010, 2011, 2012
(FPattanaik et al | 20133) and 2013 (Pattanalk and
Bhan, 2014} monsocen ssasons. Alse during the
deficient year of 2014 the performance of MME
forscast clearly captured the delayed oanset of
monsoon over Kerala, dry spell of June ravival of
monsoan during 2nd half of July, transition of
monrsoon from active te weaker phase during
middie of-August and transihon of monsasn from
weaak 1o active phase duting early part of September
iFig. 4e), which has been discussed in details by
Pattanaik =t al.. (2015a) The corresponding
guantitative forecast verification plat in terms of
anomaly comziation cosfiicient (CC) for waskly
rainfall departure over whale of India during the
monsoon seasons from 2010 te 2013 shows
significant CC atleastup to 2weseks (Fig 5a) As
also s2en fram Fia '5a there is slight impravement
in forecast skill during week 2 and week 3 during

2012 and 2013 mensoon seasons compatead o that
of2010 and 2011 seasons

The similar CC for 2014 meonsoon season for
whole of India and 4 hemogeneeous regions of India
is shown n Fig 5b. Tha 4 homogeneous regions
are: Northeast India, Narthwest Indiz, Central India
and South Peninsula India (shown in Fie 95 later)
It shaws thal the MME based ERF for 2014
mansaon Indicates that significant CC between
ahserved and forecast rainfall departures atleast for
2 wesks for all India rainfall Overthas homogensous
regions of India the MME forecast shows significant
CCs till two weeks. except in case of Northeast
India. which shows significant €C till week-1 The
performance of monsoon forecas! over the
homogansous renlons during the other yeans (2010
to 2013) aiso indicates lower skill over Northeasi
Indiz (Patiznzlk ef:al 20133 Pattanajk 2014}

As shown by (Pattanaik etal | 2013a) the mean
CL forall the three monsoon ssasons (2010-2012)
batween cbserved all India rainfall departure.and
the correspending forecast all India rainfall
departure shown in Figs. 3a-c is given in Table 1.
As s=an from Table 1 the mean CC is found to be
signifi cant at least gbove 98% leveltill week 2 {12-
18 days) forecast, aven with slight positive CC for
week 3 (days 19-25) forecast As shown by

‘Pattanalk {2014) during the monsoon season 2012

also shows significant CCs (above 95% leval) over
the 4 homegeneous regions of India up to 2 wesks
(till 18 days) except in case of Nerheast Indis;
which shows significant CC for week 1 (days 3-
11)orily .
TABLE

Average correlation cosfficient (CL) between
veeekly obseyvad 3ll India and 4 homogensous
regions rainfall departure with the
correspanding MME forecast rainfall during
2010, 2011 and 2012, Superscript indicated the
significance level with ‘a” for 99%. ‘b’ for 98%,
‘¢! for 95% and 'd' for 90% significance level.

Mean CCof (2010, 2011 and 2012)
i Week 1 Wesk 2 Week 3

Region (Days 511) | (Days 12-4%) [Days 19-25)
A_IT Indis G66° g 570 0.23
NEindia E 0.3%: =004
NW India 047: § 53 0.30
£E India 057 0.4 0.20
3P India a7 ¢ 29 -0.03
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J.2.2 Forecasts of different episcdes during the.

southwest monsoon seasons
The real time MME foracast performed well in
predicting the Intra-seasonal rainfall activity
including the dry spelis of monsoon. transitions of
monsoon, onset and withdrawal of monsoon, revival

of monsoon eic during the mensoon ssasons of

201010 2014 (Tyaogi and Pattanaik 2012; Pattanaik
etal 2013a Paitgnaik and Bhan 2014, Pattanaik

2014 Pattanalkstal 2015a) Parformance of ERFs
during some typical monsoon fealuras are

discussed below
{i)

Delayed withdrawal of monsoon during 2010

One of the reasons for 2010 having above

normal (H 101%) rainfall was basically dus to the
contributian of September minfall (H 115% of LPA)

With the developmeant of La Nina condition from the.

beginning of the szason arcund June, the positive
impact was very prominent in Septermber It Iz also

(a) Obs anomaly (06-125ep)

{b) Obs anomaly (13-185ep)

seen from the spatial distibution of rainfall that wids
spread rainfall continued over most parts of India
during threewesks of Septemberfrom 06-12 Sep,
13-18 Sepand 20-26 Sep (Fig 6a-5¢) with positive
angmaly over nerthwest Indla continued during 20-
26 September and cansequently the withdrawal of
monsoon from northwest India was delayad as it
staried from west Rajasthan on 27th Seprember
(Pattanaik stal  2015b) With respect to the MME
farecast the three weeks foracast basad on the
initial conditions of 2 Seplember 2010 indicated
above normal rain{all distribution over most parts
of India with-an indication of delayed withgrawal (no
withdrawal till 26th September) of monsaon frem
notthwest India (Figs &d-f), which was very usefyl
information t© the organizer of Commenwealth
Games 2010 as they were invelved in outdoor work
pertaining te the Commanwealth Games
pmparﬂlmn (The Commonwealth Games held in
Deaihl during 3-14 October, 2010),

(c) Obs anomaly (20-26Sep)
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Fig 8 (a-c) Observed weekly rainfall anamaliss (mm/day) duting 08-12. 13-19 3nd 20-26 Sep, 2010
(d-f) Corresponding MME forecasts rainfall anomalies for 3 weeks based on 2% Sep 2010
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Severe flood over Pakistan 2010
it is: al=o evident that during 2010 monsoon
season there was unprecedentad flood occurrad
gves Pakistan associated with heavy rainfall during
July end-beginning of August As shown by
Webster et al, (2017) while the total rainfall over
Pakistan during 2010 monsoon season was not
unprecedented, the number and intensity of
extremely heavy rains over northem Pakistan was
very unusual Hauze stal | (2011) have alsc shown
that this flood storm of 2010 was of 3 more oceanic
character Thisaventwas ofa very regional nature
in a2 typical mensoon circulation Hauze =i al,
{2011} have further shown that the low pressure
area ovar the nerthwest and adjoining wes! cantral
Bay of Bengal during 28 July to 17 August provided
e moist environmeant across the subcontinent o

{im

the Aralian Sea and favored the occurrence of a

synoptic-scale channel of anomalously moist flow
toward theemountsin bamier. The arealcoverage of
these wide raining systams contributed fothe huge
runaff and ficoding.

(b) TRVIM rainfall (26 Jul-U11 Aug, 2010)

As shown by Pattanaik st al, (2013a) the MME
forecast had reasonably captured this rajnfall event
The obaarved low level circudation during tha period
26 July-01 August 2010 indicated vary active
mensaan traugh extanding from northem panuf'ﬁ_éy
of Bengal to scuth Pakistan (Fig. 7a) The
associated weekly raipfall duﬁng this period
obtained from TRMM s shown In Fig, 7b, which
indicated haavy rainfall over northam Pakistan that
caused severe flood conditions over Pakistan. The
MME forecast in terms of weekly mean and
anomaly rainfall for twe weeks valid for peried 28
July to 1 August 2010 are showp in Figs 7e-d
The wask 1 forscast (5-11 days) bassd on 22
July clearly captured the heavy rainfall aver nonh
Pakistan (Figs Tec-d) However, the week 2
forecast valid for days 12-18 based on the Initial
condition of 157 July [Fig. not shown). aIthnugh
indicated pocket of high rainfali, its magnitude:is
undarestimated compared to observad eainfall
shown in Fig. 7k Thus, the forecast with lead time
of about ane waek had indicated haavy mnfal over
north Pakistan

II] Obs 850 hPa mean wind (26 Jul-01 &.ll.g,! "ll'[ll','l

{
=

Fig. 7{a) Observed 850 hPa mean wind during 25 July to 1-August, 2010
TRMM {mmiday) valid for same peried. (c)

The ahseread rainfall frem

(d) MME forecast (IC 22 July) for days 5-11 mean

and ansmaly rainfall valid fot the same pariod.
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[E] Obs, 14-20 May, 2012

(b) Obs, 21-27 Mtw 2012

:r:] Obs, 28 May-03 Jun, 2012

- EE

Fig & Observad rainfall anomaly for (a) 14-20 May (b} 21-27 May and (c} 28 May-03 Jun, 2012 MME

forecast rainfall anomalies hased an 19" Ma

days 12-18 (21-27 May) and (1) days 1925 (

{iiiy Delayed onsetof monsoon over Kemla
dunng 2012

During 2012, southwest monssan current
advanced overtha Andaman Sea on 23rd May with
a delay of about 3 days and set in over Kerala on
5th Jupe. 4 days latar than its-normal date of 1~
June (Pattanaik 2014) The obsarved weskly rainfall
anomalies obtained frem TRMM during the perjed
from 14-20 May, 21-27 May and 28 May 10 3 June
2012 (Fias 8a-¢) indicatzd large nagative anomalies
of rainfall over Karala cosst over southem lip of
india and adjoining Arabian Sea region thereby ne
ensat of monsoon till 3% June The comesponding
MME forecast rainfall anomalies paitems also
indicatad delayed arival of mansaan over Kerals
based on the initial condifion of 10th May, 2012 and

valid forthree weeks forecasts coinciding from 14ih

May to 3rd June, 2012 (Flgs Bd-fi. The forecast
rainfall anomalies clearly indicated no onset of
mansoon till wesk ending 3" of June 2012 Thisis
discussed in details in Pattanaik 20714}

2

2012 and valid for (d) da 11 (14-20 May), {e
Moy 03 o ) days >-11 ¥) {2)

{iv] Fapid progress of monsoon and heavy

rainfall over Uttarakhand during June 2013

The sauthwest mensoon normally seis in over
karala around 1st Juneand it advances nothwards;
usually in surges and covers the entire country
-around 15 July. Thanortham fimi of moensoon (NLM)
is the nartharmn most limit of monsoon upto which it
has.advanced on any given day, One efthe unususl
features of monsoon 2013 1= the rapid prograss of
monsaon from sauthem tip of India as a result the
NLM moved northward very fast and the mansoaon
covered enire India by 16 June (Fig. 9a). The pace
of advanca of southwest monsoan in 2013 had baan
the fasiest during the perind 1841-2013 a5 it took
only 15 days ta cover the entire couniry afier its
normal onset on 1st June. Assaciated with this
rapid progress of monsoon northward there was
also very unusual hasvy ranfall ovar Northwest
(NW} India: patticularly over the meteorological
subdivision of Uttarakhand during this onsst phass
as seen from the met subdivision monthly rantall



depariure during Juns, 2013 [Fig ‘9b) Ths
meteoroioglcal subdivisions over NW India
indicating excess rainfall (2 departure 8" 20%) with
Uttarakhand reporied a depatiure of 191% (marked
in Fig 9b) during June 2013, The unprecedaented
rainfall over Uttarakhand can also be s=en from the
daily rainfall shown in Fig. 10. This rapid advance
of mensean with vigerous rainfall activity is
associated with mavement of a monsoon low from
NW Bay of Bengal across central India to NV Indis
during thi periad (Devl and Yadav, 2014; Fattanaik
el al, 2075¢) The minfall anomaly during these
pericds from 3 June te 23 June 2013 indicates
positive rainfall anamalles with parficularly pesiively
anomaly ovar entire nerthem and westam paris of
India during the perod from 10-16 June, 2013
indicating the coverage of monsaon aver entire India

by 18" June 2013 (Figs: 11a=c) The week during

10-16 June indicates heavy rainfall over
Uttarakhand and adioining region as glso seen in
Fig. 10.

As discussed by Pattanaik et al, {2015¢) the

MME based ERF In fact had captured this unusual
behavior. The MME forecast based on the initial
condlition of 30" May clearly indicated rapid
progress of mansoon and coverage overthe entire

country by 18* June 2013 as sesn from the

anomaly plots of rainfzll shown inFigs 11df The
MME forecast for week 3 valid for the period from
17-23 June alse captured the heavy rainfall over
many pasts of nerthem |ndia (Figs. 117). Thus, the
vnusual behavior of rapid progress of monsgon
during 2013 was vary much caplured in the coupled
models. However, on sub-division level over
Uttarakhand the positive dﬂpaﬁum ef rainfall
forecastad by the model was much less than that
of obzarved departure. The underestimation of
heavy rairfall In the model Is due o the fact that #
could not capture the inmteraction of upper level
wasterly trough with the low level convergence in
the muodel. Howaver, useful skill of monsoon
ferecast in the extendad range is obsarved on all
Iridia level and also gver the NW India in capluring
its rapid progress and assaciated heavy rainfall,

(a)

16 Jun (29}

10 Jun (15)
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Fig-9(a) Onset and progress of monsoon over India during 2013. (b) Met-subdivision wise rainfall during
June with ¢ircla in red indicated the meteorological sub-divisien of Uttarakhand The four
homogenecus regiens (NWI northwast India: NEI noriheast India, CEl central India. SPI south-
peninsular India).
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Fig.10 Observed dally rainfall over Uttarakhand during June 2013
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(d) MME week 1

-

Fig. 11 Observed (TRMM) and forecasts rainfall anamaly (mmiday) from MME based on 30 May, 2013
’ and valid for week-1(3-9 Junsa), wesk-2(10-16 June) and week-3{17-23 Juns)

3.2.3 Southwest menscon rainfall on the Met.
Subdivision leval.

As seen in the previous sub-section, the
performanca ofweslkly rainfall foracast for all Indiz
tevel and alse forthe four homoganszous regions of
Indiz performed regsenably well at lsast up to 2
weasks (upto days 18) However dus to increase
vanability the skill will ke very low to forecast the
actual rainfall depanture on smallerspatiai scales.
Thus, for verfication purpose over 36 mst-
subdivisions_in place of actual rainfall departure
the category of the met-subdivision basad on the
observed rainfall departurs ks compared with the
MME forecast category of the met-subdivision as
given in Table 2  Pattanaik (2014) has
demaonstrated the present skill of MME ferecast on
Met-subdivision level As shown by him the mean
percentage of correct forecast, partially comect
forecast, wrong forecast and the naot-usabls
forecast for 18 weeks of mansoon s=asen 2012
for 36 met-subdivisions is given in Fig. 12. Asitis
seen from Fig. 12 the carr=ct percentags is about

LT

45% forweek 1 forecast and is ahout 39% for wask

2 and 32% for week 3 forecasts On individual
weskly basis thera are many wesks when thes
performance was much higher than themesan value
It may be mentionad hers that in case of normal
MME forecas! (when all tha met-subdivisions are
considered te be normal (N) categery in the MME
ferecast) the mean percentage of corract forecast
during the. 18 wesks peried for2012 monsoon score
the MME based mei-subdivision level forecast is
bettar than climatolegy forecast ill three weeks up
to 25 days It is also seen from Flg 12 that the
partially correct category forecast is about 45% of
the mat-subdivisions. although with silght variations
during wesk 1 1o wesk 3 cases Flg 12 further
indicates that the wrang category and the nolusable
category of the forecasts together amounting to
13% during week 1, 17% during week 2 and 24%
during week 3 forecasts and hence the comect o
partially comect categary forecasts is found to be
87% met-subdivisions for week 1. 83% for week 2
and 76% for week 3 '



TABLE 2
Classification of forecast category for the met-subdivision level based on rainfall departure over

the met sub-division.

Forecast = Excess (E) Normal (N) Deficienmt (B} | Scanty + No Rain
(S} + [NR}
(E} Comect (C) Partially Correct (PC} | Wrong (W) Mot Lisable (L)
= F e !. = = = = —
(N) PC Cc PC W
D) W | PC c PC.
(S) = [NR} U W PC »
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3.3 Prospect of use of monsoon ERF for
Hydro-Meteoriogical Operations

Every year many paris of India suffer from
severa floods caused due to heavy rainfall,
particularly during the monsgon ssason. Nearly 40
millien hectors. (mha) of the couniry is: prone to
floads: Flaods occur in India with heavy @iniall in
ihe upper catchments of major Rivers basins such
as Marmada, Sabarmati Yamuna Mahanadi
Krishna, Godavari Ganga, Brahmaputra and Tists
in central India. Rivars like the Mahanadl the
Brahmani and the Baitarnt kave 3 commaon dekia
and cause damage in parts of =astem states of India
dus to floods associatad with the haavy rainfall
during the monssen seasan. The movement of
synoplic scale systems from the Bay of Bengal
region fo the central parts of India (Rao 1576, Gadail
2000, Sikka 2006, Pattanaik 2007; Pattanalk and
Thaplyal 2004, Mohapatra and Mahanty 2005 2006

P Cormrect {PC)
Forocast Category (MME)
Fig 12 Perfermance of met-subdivisions level ferecast during the mansoon season of 2012
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stc.) coniributes mesi of the heavy rainfall aver
diffarent parts of cantral India including the state of
Odisha. In watar resource management sector a
reliable medium to extended ranga forecast of such
heavy rainfall event can be a vital input for the
reszpvoir operations and hence on managing the
fioods condition. Thus. the ability te provide reliable
and accurate medium to extended range
hydralogicat ferecasts s fundamental far the
aeffective operation and management of water
resources systems which can be usad for tactical
adjustments to the sirategic decisions abaout the
storage level of water in any reserveir and timely
release of water particularly for reducing flood
conditions. The betterdecision making procass will
enables the dam authoritiss In moderating the flood
by kseping the feservoir al appropriaie fevel with
likely scenatios of rainfall conditions for next around
two wesaks panods



Pattanalk ‘and Das (2015) demonsirated
prospects of usefulness of ERF intha managemsant
of reservoirflowin a way to reduce the risk of flood
conditions by taking a pilot study overths Mabanadi
Hiver basin, which witnessed severe flood
conditions over Cidisha during the fate August and
early September 2011 due to abnormally high rainfall
in the uppear catchment of Mahanadi River basin
lzading to simultaneous releassa of huge velume of
water from the Hirakud ressrvelr The synoplic
analysis of the sbserved rainfall patierns
demarstirated that the heavy rainfall was
associated with active monsoon circulation during
late Augustand most parts of September, 2011 with
presence of low prassura systems and anomalous
cyclonic circulations at lower level The ERF based
on the initial condition of 25th Augus!, 2011 valid
for week 1 (days 53-11) and week 2 (days 12-18)
indicate strong monsoon conditions assoclated with
heavy rainfall over the Mahanadi River basins
during tha pearod from 29/ Augustie 11 Seplember
2011 The mode! also indicated positive rainfall
departure of about +30% over the Mahanadl River
basin scale, which is much less than the actual
rainfall departure. As shown by Pattanaik and Das
{2815) for the particular week from & te
115eptember, 2011, the modal could able 10
forecast rainfall depariure of 35 8% and 27 8 % over
the upper and lower Mahanadl calchments
respectively at teast 2 wesk in advance Thus
atthough the models are capable of giving extended
range forecast for active phase of monsoon. the
actual guantitative value of rainfall on & very smallar
domain of River basin scale may be a very difficult
problam, @ mechanism to use such climate forecast
in the decislon making process will be very useful
for effective managemeant of refemvoir operation
particulatly during this difficull peried (Pattanalk and
Das= 2015)

4. TheERF of Cyclogenesis, Northeast
Monsoon and Temperatures
Like the performance of real tims forecast =kill
of southwest mensoon in extended range time scale
i€ discussed abave the Torecasi skill of ather
weathar svenis ke the cyclogenesiz during post
moRsSoon ssason, northeas! monsoon rainfall

extreme tempersture el are discusssed in this

section

4.1 Cyclogenesis over north Indian Ocean
Cverthe Nonh Indian Ocean (NID), the manths

of October-Decamber are known to producs

tropical cyclones (TCs) of severs intansity in the

ha

Say of Bengal which afler crezsing tha coast cause
damages to life and properly over many countiss
surrounding the Bay of Bengal The strong winds,
heavy rains and large storm surges-associated with
tropical cyclones are thefactors thataventually lzad
to loss of life and properly. The combinafion of a
shallow coastal plain elong with a
thermadynamically faverable environment allow
TCs to impart high surface winds, tarrential rains
and significant wave hzlghts {wave setup plus storm
surge) as thase systams mova inland In Indla,

many studies kave demonstratad the utiity of TCs
forecasts up to 3 days using Glebal and reglenal
models. However, the farecasling of genesis of
TC and associated rainfall in the extendad range
time scale (gboul 2 weeks in advance) is very
useful In many FE!.EﬂEE!"; There have been very
Imited works done in the area of predictabifity of
NIO TCs using the latest generation of global
numerical weather pradiction systems. Pattanaik
=t al.. (2013b) in their recent study have
damonstrated useful skill in predicting tropical
cyclogenssis over the porth Indian Oc2an using
present ganeration coupled modsals for 2010 post-
maonsoan seasen over north Indian Ocean

Similarfy tha ERF of cylogenesis during 2011 post-
monsaon season is alse discussad by Patianaik
and Mahapatra (2014}, The conirasting pattems of
eyclogenesis during 2010 and 2011 post-monscon
seasons ndicate active Bay of Bengal during 2010
and active Arabian S=a during 2011 (Figs. 135-b)
As shown by Fattanaik 21 al . (2013b) and ziso

shown here In Figs 14a-d the genesis of the

cyclone “Jal during first week of November, 2010
was vary much captured in the MME forecasts of
wind and vorticity for week 1 and week 2 basad on
initial condition of 28 Cctober and 21 October
respectivaly, As:also shown by them the MME
farecasts alse clearly indicated large positive
rainfall anomalies aver Tamil Nadu ceast and
adjoining coastal Andhra Pradesh regien fike that
of observed rainfallanomalies Thus, the-exiended
range forccast indicates useful skill in predicting
the genesis and also the associated rainfall
distribution due to the tropical cyclones of post-
monsoon seasen of 2010

Pattanalk and Mohapatra (2014) have ako
demonstraied that the MME sxtendsd range
faracast (2 to 3 wesks) hased on coupled models
indicate vary weil the genesis of the- system and
assogiated rainfall distribution due to the tropical
cyclonic disturbances of post monsoon seasons



2011, The forecast for days
dynamical parametars Ike |

511 (week 1) of
& low-level varlicity.

low lavel circulation and the modef rainfall clearly.

demonstrated the genesis of the tropical cyclone -
“Kaila” overthe Arabian Sea during 28 Oct-04 Nov.

2011 The genesis of the very severs eyclone

“Thane" was also indicated in waek 1 (days 5-11)

MME forscast valid for the period from 1&-:‘!5_

December and its intensification during th p:
26 Decsmber-1 January 2012 Thus. an 3

Arablan Sza and inactive Bay of Bangal was my:

much indicatad in the MME forecastbased on 27th

G:tuh—arﬁ?itﬁﬂ condition andﬁamr.ﬂt vadem‘ the.

__j.':’eﬁﬁi:lfl'nm"ﬁ‘l Oct-13 November, 2911

‘are capable n‘l'-pmﬁdng

Thus, the present gsneration coupled models
usaful nee in the

‘=xtended range for the tropical cyclogenesis
.;mtenhiﬂ for about 15 to 15 days: However, mors
‘work is:neaded to define an appropriate forscast

-systam in to cyclons and pon-developing

genssis pﬂtEﬂﬁa{ index to distinguish devaloping
system

(dissipatad as depression) by considering additionsl
dynamical and therme-dynamical paramaters fike
‘wind shear, convergence middle tropospheric
humidity 2nd the phase and a

mplitude of MJO stc.

Fig 133) Cydum :Hsmrbanms ufpﬁs'l mnmn season from October- ﬂwemher Eﬂw ﬂme dark

ndicate two savere cyclones “Jal’ nn:i"ﬁri' over
d:shﬂbanm of post monsaon season from Qctober-Decembar

ot Bengal (b) Cyclonic
%?ﬂﬂﬁﬂilﬁ
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Fig 14 MME 853 hFa forecast mean winds valid for 01-07 Nov 2018 (a)

(b) MME 850 hPa wirid for days 12-18

o

Ll e & e

Based on 28 Oct (days 5-11

forecast) and (b) Based an 21 Oct (days 12-18 forecast)  MME 850 hFa mean relative vortitity
(1x 10 Sec ") valid for 18-24 Oct 2010 (c) Based on 28 Oct (days 5-11 forecast) and (d) Basad

on 21 Gct {days 12-18 forecast]

4.2 Northeast monsoon rainfall over
south peninsula

The period from October to December is

generally kniown as the past monsoon season of

northeast monsgon seasan. [he withdrawal of

southwest monsean and commencement of

northeast mensoon is Iinked to one-another The

five metgoroicgical subdivisions of India where the

northeast mensoon activity occurred are Coastal
Andhra Pradesh, Rayalssesma, South interior
Karnataka and Kerala and Tamil Nadu with Tamil
Nadu iz the main area where most of the annual
rainfall nccwred during this perod of northeast

61

mansgon seasan. The anset ofnertheast monsoon
is declared after any date of 10° Cctobar whan the
withdrawal of south west Monsoon takes place upto
15N, having fairly widespread rainfall over the
coastel Tamll Nadu and adiaining ateas and
‘persistent surface sasteries over Tamil Nadu coast
up to B50 hPa. Asshown by Tyagl and Patianalk
{2012} the arrval of northeas! mansoon over Tamil
Nadu was delayadin 2010 The enset was on 25th
October, 2010 against its normal date of about 20"
October As documented by them associated with
delay withdrawal of southweast mensaan during
2018 {he onsst of northeast manseen over Tamil



Madu was alsd delayed by abolt 8 days The onsst
was on 29t Octebar, 2010 sgainst its normal date
of about 20 October. After the onset of northeast
monsoen tha rainiall activity ovar Tamil Nadu
remain-above normal on most ef the days from last
week of Octoberto first week of December, 2010
{Fig. 15a) 1he comparizon of MME forecast rainfall
with abssrved rmainfall over Tamil Nadu en weskly
basis is shown In Fig 15b. As seen fram Fig. 15b
many waeks outof 13 wesks tha observed rainfall

(a)

RAINFALL [ 4 MM

ovar Temil Nadu & matching with tat of MME farscast
rainfal valid for week 1 and week 2 forecasts. The
comelation co-sfficent (CC) between cbservad and
foracast rainiall shown in Fig. 15bisfoundtobe B 5 for
days 5-11 and §.2 for days 12-18 Considenng the
difficulty of forecasting the rainfallin the extendsd 1ange
scaie over a mat subdivision scale the realised shill of
northeast monsoon rainfall forecast is found 1o be
reazonably good, although it need furthier improvemert
for wesk 2 forecast

— W orrrial

[ =

(h)
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B Obssrved rainfall deparure
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B MMVE weekl FC. dayve 5-11 (CC=U.54)
W MMVE, week2 FC, daws 12-18 (CC=0.2)
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Weeks during 2010 North-East Monsoon Season

Fig.15{a) Dally actual and normal rainfall over Tamil Nadu matecrological subdivision during Octoberto
Decambar 2010 (b} Wesekly sbsarved and MME forecast rainfall over Tamil Nadu during 2010
northeast menscon seasan from Cctaberio December 2010
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During the season the two weeks' fram 22
MNovember to 5 December s found 1o be the period
of active northeast monsoon rainfall aver Tamil
Madu 25 seen from the obsarved rainfall obtained
frem TEMM (Fig. 16a &) The active week of 22
to 28 November Is very well capturad in the MME
forecast for days 5-11 and days 12-18 (Fig, 1&h-
¢}, During the aclive week of 25 Novembear to 5th
December, the MME forecast rainfall performed
betterin days 5-11 farecasts (Fig. 16¢) comparad
io that of days 12-18 forecast (Flg. 16f). Thus. the
main rasults are -

{a) TRMM 22-28 Nav, 2000

(b} MME weel 1, 1C =18 Noy

Uperationsl exianded range forecast caphurad
the onssl and aclive phasez of northeast
meniseon during 2010 reasonably well
The coupled models and MME ars very
useful particularly for days 5-11 forscast
ovar Tamil Nadu. followed by days 12-18
forecasts with a significant CC for days 5
11 forzcast

Further analysls aver other met: Subdivisions
of northaast maonsaon rainfall will through kight
on skill of extended range pradiciion over the
narf east monsoon region

fe) MME week 2, I =11 Nov

-ry
}

i oF 0 oE W

Fig 16 TRMM observed rainfall (mm/day) during (a) 22-28 November, 2010, (d) 23 Nov-05 Dec, 2010_(b)
& (e} MME forscast Tar da}fs 5-11 and days 12-18 valid for 22-28 Nov, 2010 {g) & if) NME
forecast for days 5-11 and days 12-18 vafid for 29 Nov-05 Dec | 2010

43 Extreme temperatures

An agro-sconomic country like India places
greal importance on the climaie forecasting of
precipitation and surface air temperature an
extendad ranges time-scale for policymaking and
strengthening the national =conomy. Like the utility
of ERF of Indian monzaon rainfall as discussed
above the extended range forecasting of surface

b3

alr temperature (hereafter denctad as temperature
on two weeks o menthly scale has a wide range of
appumnﬂna in agriculture, power. health, insurance,
financial sector 21c. As lemperaturs aiso plays a
crucial role at some stanges of growth of the p1ant

skiliful queq_astmg of maximum and minimum

lemperature in the extended range tims scale can
also benefil farming community particularly for
wintar crop:  In May 2003 the heat wave claimed



aver1 500 lives throughaut the counfry with some
1,200 individuals died In the siale of Andhra
Pradesh alone: Like in 2003, during 2005 also India
was under the: grip of savers haat wave towards
the third week of June and about 200 peuple died
in the-eastemn parts of the country cavering the state
of Orissa and nelghkourhood The prediction of heat
waves and cold waves (during summer and wintar)
with significant accuracy can save lives and
pravent damage 1o propedy from these dangarous
weather evanls. The forecasting of thess extrame
temperaturas s also very useful for powar sector
as it will be utilized to optimize the power
requirement-and distribution. Tyagi-and Pattanaik
(2012) discussed the performanca of the
cperational extreme temperature forscasts
(madimum and minimum temparaturg) in the weekly
to manthly scale for few cases of abnomally high
& low temperaturss during 2010-2011

4.3.1 Fall in maximum & minimum temperature
during 3-16 Jan 2011

During the two wesks perind from3 to 9 and 10

fo 18 January, 2011 there was sudden fall in

minimum temperature over many parts of India as

(8} Obs Triin anom, 0309 Jan, 2011

shown from the observed minimum temperature

anomalies in Fla 172 and Fa 17h respactively
As seen from Fig. 17a the-fall in minimum
temparature was noticad in large parts of India
during the peried from 02-03 January, and
subseguantly the anomalies shifizd fittle southward
during 2= wesk from 10-16 January, 2011 (Fig.
17b), The §5-11 days forecast and 12-16 days
feracast of minimum lemperaiture anomalles based
on tha Initial condition of 30 Decembear, 2010 sis0
indicated fafl in minimum temperaturs in the northem
parts in wesk 1 from 03-89 January. 2011 (Fig 17¢)
and migration southward dunng wesk 2 from 18-16
January (Fig 17d) Thus, the sudden fallin minimum
tempearaturs during the ﬁrst‘ﬁ:rtmght of the New Year
2011 was well caplured in the extanded range
forecast.

It i= not only the fzll In minimum temperature,
but alse iafl In the maximum tamperalure was noticed
during the period fram 03-16 January, 2011
particularly over the narthern India. As shown by
Tyagi and Pattanaik (2012} the fall in maximum
temperature was also clearly capturad in the MME
forecast field basad on the initial condition of 30
Decamber, 2010.

{15} Obs Trminy: ez, 10-18 Jan, 2013

e ) MME dsgs 511 [baseon 30 Dsc)

¢ #-3 % .9 B -4 ® §
T

E 3

Fig 17 Observad minimum temperatute snomalies during the peried (a) 63-05 January. 2011 and (b) 10-

16 January,

2011 Thz comesponding forecast minimum tempe

ratlrz anomalies bassd on 30

Becamber and valid for (c) 03-0% January. 2071 and (d) 10-16 January, 2011

b4



432Rise of maximum and minimum
- temperature during 3-16 May 2010

Unlike the 2011 pre-monsoan season the pre-
monsoon s2ason of 2010 was & selatively warmear
season with occurrence of many spelis of heat
wave during the period. The guidance about this
extreme high temperature will not only help to know
about the impending heat waves but also for the
Agricultural purpose as-some time high maximum

and high minimum temperaiurs can causs damage

to ceriain crops and afizcl its praductivity

During the perlod from 3 May fo 16 May 2010
there was occunence of high temparaturs (hafh high
maximum and high minimum fempearaiure) as seen
from the observad weekly anomalies of maximum
temperature (Fig 18a-b). The positive anomaly of

--r_-i-:m-'l-ﬁiﬁ'-:l:n:ﬁ

maximum femperaturs during the pariod from 3-8
May 2010 l= mainly aver westem, caniral and
southam parts of the country. The maximum
temperature fusthar increased and the wamming of
maore than 4°C was reported over the entire country
except the parts of northaast Indla during the period
from 10-15 May 2010 (Fig. 18b) The camesponding
forecast maximum temperature anomalies for two
wesks with 3 lead time of 4 days ss shown in Fig.
18c and Fig. 18d also indicsted warming over large
parts of India during 3-9 May 2010 and it further
ncreased during the period from 10416 May 2010,
Like the: maximum temperature anomalies the
minimum temperaturs anomaliss during the two
weaks panod from 3-18 May 2010 aiso indicated
warming by 3°C 16 4°C aver most parts of India. As
shown by Tyagi and Patlanaik (2012) the

|

S S " ™ [T T T !

Fig 18 Obssrvad maximum temperalure anomalies during the periad (a) 03-09 May 2010 and (b) 10-18
" May 2010 The corresponding forecast maximum temperature anomalies based on 2% Apnl, 2010
and valid for (c) 03-09 May, 2610 and (d) 10-16 May . 2010.
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corresponding foraczst minimum fempersture

antmalies during the two week pericds alsa’

indicated the large-scale rise in minimum
temperaturs, atthough the spatial distnbution of
positive and negative anomalies are not matching
very acturalely

5 Proposed Operational MME ERF
Forecastfrom 2015 Monsoon Season

After the monsoon ssason 2014 the
expermental MME forecastis being preparad based
on the mods| outputs availabls from [ITM and other
international centres. Forthe preparation of wesakly
forecast real time eutputs from three different
models are considered viz |, The outout of coupled
medel run operationally at iTM. Pune once in evary
five day. which is the NCEP Climaie Ferecast
System version 2 (CFSv2) couplsd modal at two
herizontal reselutions (=38km and 100km
respectively ). IITM also runs the atmospheric
component of CESv2 model L2 the Glohsl Farecast
System (GFE) at two different resolutions (= 38km
and 100km raspectively). The atmasphernc modsal
GFS is foread with the bias conected S5T from
the CFSvZ run. Using these sulies of models [ITM
i generating the extended range pradiction of
aclivel/brzak spells of Indian summar mansoon up
io 4 peniads (Abhilash st al , 20148, Sahal et al.
2013, Borzh =t al. 2013) The detzils about the
Enszembls Prediction System (EPS) of lITM can ba
found in Abhilash et al [(2014b)-and Borah et al.
(2013). As shown by Joseph atal, (2014)the EPS
ruin &t T, Pune based on two versions of CFSyv2
1362 and T126)is able o predict the rapld pragress
of monsoen during 2013 and asseciaied heavy
rainfall over Uttarakhand about 10 days In advance
Howsvar, the model could net caplure the mid-
iatitude influence on the svenl.

The othar modal included in the MME forecast
is the realtime outputs from EPS of the Japan
Meteorological Agency (JMA) which is a low-
resolition varsion (TL159) of the Global Spectral
Model (GSM) The horizontal resolution is about
110 km with 80 verfical layers and it run on svery
Wednessday with 50 ensemble members Similarly
the NCEP also runs the CFSv2 model avery day
with 16 ensembie members (Saha sl al 20141
which is being ussd tor preparaﬁnn of extended
rangse forecast Thus, i is proposed o use the
following outputs for preparation of rzal time
extanded rainfall from 2015 monsoon seasan

I CFSv2 7382 with 11 ensemble members

66

i CFSv2 _T126with 11 enseambie members

fit GFShc_TEﬁE'with 11 ensenmble membars

iv. GFSbe T1Z6with 11 ensembla membars

v. NCEP CFSvZ T126 with 16 ansemble
membars

vi JMA_EPS with 50 ensemble membears

For the first four run performed -at IITM the
Ccean and Atmospheric |Cs are obtained frem the
MCEF and the mode! i intagrated for 45 days with
11 ensemble mambars each far T382 and T126
The average ensamble forscast anomaly of boih
model runs of 11 members each is calculated by

‘subtracting EﬂlTEEp‘Dnd]Tm 105ear model hindcast

dimatclogy.

From JMA model outputs bassd gn every
Wednesday initial conditien and the outputs from
neatest pentad initial conditions from the CFS un
of HTM at two reselutions are used for the
preparation of mean and anemaly forecast on every
Thursday, which is valld for 4 weeks for days 3-9
iwesk1, Friday 10 Thursday). days 10-15 (week 2 |

‘Friday to Thursday), days 17-23 (week 3  Friday

to Thursday) and days 24-30 (wesek 4 _ Friday 1o
Thursday) Similarly the CFSv2 run of NCEP is
avallable every day with 16 ensemble members

6 Summaryof Results

The perfarmance of real time extendad rage
forecasts generated by IMD are discussed since
its commeancemant in 200%. The outputs from the
coupled models like that of ECMWF monthiy
farecast, NCEP CFS coupled model, Japan
Metzoralogical Agency (JMA) model are used for
preparing Multimodel ensembles (MME) forecast for
a period of about 3 weeks Variods aspects of
sxtendad renge forecast of southwest monsoon,
northaast monsoon, cyclegenesis ovar the Bay of
Bengal and also the-extendad range forecasting of
maximum and minimum temperatura have bean
discussad The active and break cycle prediction
af southwest mensoon from June te Septamber
the extendad rangs forecast of northeast monsoon
during Octaber to December, sxtended rangs
forecast of tropical cyclogenesis over the north
Indian Oczan and finally exiznded rangs forscast
of maximum and minimum temperaturs during the
period from 2010 to 2014 have beep discussad »
With respect to the eperationsl extended range
forecast of southwest maonsgoon rainfall first
encouraging resufts weare obtained in 2009 when it
could forecasi the dry spells of menseon during



almast the =ntire Juni, 1° half of August and 2™
half of September. The MME forecast performed
w2l in predicting the intra-seasonal ralnfall activity
including the dry spalls.of monsoon. transitions of
monsaen, onset and withdrawal of monsaon, revival
of monsaon stc during the monsoon seasons of
2010 to 2014 Parformancas of these typical
mansoon episodes are aiso discussed. In
particular, the delayed withdrawal of mensoon
during 2010, sevare flood over Pakisian in 2010,

delayed onset of monsoon ovar Kerala during 2012
and rapld progress of monsoon and heavy rainfall
oves Uttarakhand during 2013 wera well captured
in the medel. Cuantiative verfication indicates that
the MME forcast of all India rainfall shows
significant CC between obsemved and forscast
rainfall departure at least for 2 wesks Over the
hemogeneous regions of India the MME forecast
shows signiflcant CCs Ul two weeks, sxcepl In
case bf Northeast India, which shows significant
CC il week-1 {days 5-1 1 anly). On meteorological
sub-division levels the MME based met-subdivision
lzve| forecastis found to be bettar than climatology
forecast till threa weeks up 1o 25 days

With respect to the application of MME
based extended range forecast on river
basin scale for applicalion in reservoir
oparation during monsoon season, ILis
found that such forecasts can be used in
the dacision making process for affective
management af reservoir aperation
particularly for managing fiocod.

The real time axtended range forecast of
northeast monsoon during Octover o
Dzcember tropical cyclogenasis over the
north Indlan Ocean and finally extended
rarge forecast of maximum and minimum
temperature based gn MME also provides
useful guidance te various users. However
3 mare detailed quantitativa verification i=
requirad for gstiing the magnitude of the
arrars and also the skill scores

The real time exiended range forecast
capabllity of IMD Is being strengthensd
through the collaborative work with [T
NCMRWF NCEP and JMA The CFSv2/
GFSbc models un at IMM, CFSv2 run at
NCEF and EPS of JMA arz being used in
the MME forscast prapared by IMD
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