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India Specific Operational Monthly and Seasonal Forecasts

Forecast for

Winter Season (Jan- March)
Precipitation

Hot Weather Season Temperature

(March to May) & (April-June)
SW Monsoon Season (June to
September) Rainfall

SW Monsoon Season (June to
September) Rainfall

South-West Monsoon Onset
SW Monsoon Season (June to
September) Rainfall

SW Monsoon Monthly Rainfall for
July and August

SW Monsoon Second half of the
Season (August- September)
Rainfall

September Rainfall

NE Monsoon Season (October to
December) Rainfall

Cold Weather Season (December
- February) Temperature
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Region for which forecast
issued
Northwest India

Subdivision wise
Country as a whole

Country as a whole

Kerala
Four broad geographical regions:
Northwest India, Northeast India ,
Central India and South Peninsula
Country as a whole

Country as a whole

Country as a whole

South Peninsula

Subdivision wise

Issued in Method/
Model

December | Statistical,
MMCFS
February & MMCFS

March

April Statistical,
MMCFS

June Statistical,
MMCFS

May Statistical

June Statistical,
MMCFS

June Statistical,
MMCFS

July Statistical,
MMCFS

August Statistical,
MMCFS

September | Statistical,
MMCFS
November MMCFS
-
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Skill of the statistical models currently used for the

operational LRF of Monsoon Rainfall over India

Operational Long Range Forecast For
the Southwest Monsoon Issued By IMD

Month of Forecast Issue
All India

All India H
June - September Rainfall Apnl

Update for All India
June — September Rainfall

All India Monthly June

(July & August) Rainfall

All India Second Half of Season JUI
August - September Rainfall y

All India Monthly
September Rainfall AUgUSt

Geographical Regions

MW India
ME India
Central India

June — September Rainfall for
Four Geographical Regions

In addition, Forecast for Date of Monsoon Onset over Kerala in May

23-Feb-16

All India

All India

All India

All India

All India

All India

Northwest
India

Northeast
India

Central
India

South
Peninsula

5-P Statistical
Ensemble Forecast
System (SEFS) (23 yrs)

6-P (SEFS)
(23 yrs)
6 —P Principal
Component
Regression (PCR) (23

yrs)
5-P PCR
(23 yrs)

5-P PCR
(23 yrs)
5-P PCR
(23 yrs)
5-P PCR
(30 yrs)
5-P PCR
(30 yrs)
5-P PCR
(30 yrs)
6-P PCR (30 yrs)

0.69
(1981-2015)

0.80
(1981-2015)

0.63
(1981-2015)

0.34
(1998-2015)

0.71
(1981-2015)
0.53
(1981-2015)
0.63
(1988-2015)
0.54
(1988-2015)
0.37
(1988-2015)
0.56
(1988-2015)
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6.70
(1981-2015)

5.48
(1981-2015)

11.02
(1981-2015)

11.36
(1998-2015)

14.60
(1981-2015)

11.40
(1981-2015)

12.5
(1988-2015)

10.75
(1988-2015)

12.4
(1988-2015)

12.54
(1988-2015)
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Statistical Ensemble Forecasting System (SEFS) for

S.No Predictor Used Issiﬁed
1 Europe Land Surface Air April
Temperature Anomaly (January) P
5 Equatorial Pacific Warm Water Aoril
Volume (February + March) P
SST Gradient Between Northeast April
3 Pacific and Northwest Atlantic and
(December +January) June
4 Equatorial SE Indian Ocean SST 'zrr)]rclll
(February) June
East Asia Mean Sea Level Ao
5 and
Pressure (February + March)
June
6 Nino 3.4 Sea Surface Temp ok,
(MAM + Tendency (MAM-DJF))
- North Atlantic Mean S und
Sea Level Pressure (May)
North Central Pacific Zonal Wind
8 ) June
Gradient 850 hPa (May)

Seasonal Rainfall over Country as a whole
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Schematic Diagram of the SEFS

ALL POSSIBLE
MR
MODELS
(31/63)

]

ENSEMBLE
AVERAGE OF
PREDICTORS BESTFEWOUT
(5/6) OF ALL
MODELS

ALL POSSIBLE
PPR
MODELS
(31/63)

FINAL
FORECAST

The average of the ensemble forecasts from best out
of all possible MR (multiple regression) and PPR
(projection pursuit regression) models gives the final
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The Monsoon Mission Experimental
MMCFS Model Forecasting System

EUnder Monsoon Mission, the state-of-
the-art Coupled Forecasting System
(MMCFS) developed by NCEP, USA was
Implemented in 2012 at the ESSO-IITM,
Pune.

EThe latest high resolution research
version of the MMCFS implemented at
IMD, Pune in 2017.

EThe model shows a moderate skill for
both temperature and rainfall forecast.

E The rainfall forecast from MMCFS was
used as an additional input to
operational forecast from 2012.

EFrom 2016, used for generating
operational subdivision wise
temperature forecast for India and
climate predicton services for South
Asia

JJAS Climatology(1982-2008)
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Forecast: probabilistic and deterministic
Model type and resolution: T382L64
Ensemble size: 12 members for hindcast
and 40 members for forecast

Initial Conditions (ICs): Atmospheric
provided by ESSO-NCMRWF and the
oceanic provided by ESSO-IITM & ESSO-
INCOIS.

Hindcast period — 1982-2008

Forecast period: 9 months

11-Jun-18
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Long Range Forecast Products Available from RCC, Pune
Website Based on Monsoon Mission CFS

(http://www.imdpune.gov.in/Clim_RCC_LRF/Index.html).
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il Climate Monitoring ~ Climate Prediction  Climate of South Asia ~ Regional Products ~ Training ~ SASCOF

What are WMO RCCs

WMO Regional Clmate Centers (RCCs) are centres of
excellence that create regional products including long-range
forecasts that support regional and national climale actvties
and thereby strengthen the capacty of WMO Members in a
given region to deliver befter cimate services to national users

Mandatory RCC Functions

WMO RCCs perfom the following set of mandatory functions
covering the domains of long-fange forecasting (LRF), cimate
moniloring, data services and training.

+ Qperational Acfivities for Long-range
Forecasting

+ Operational Activities for Cimate Monitoring

+ Operational Data Services, to support
operational LRF and climate monitoring

+ Training in the use of operational RCC products
and services

Regional Climate Centre (RA II Region)

FARY
‘et )

India Meteorological Department, Pune

(In Demanstration Phase)

Forecast

| CFS Forecasts
A .\;- Climate Forecast System for India end South Asia

A\
a3 Region

Hindcast Verfication

e OFS Hindeast

:Jff CFS Hindcast Verfication for India and South Asia
A

=== Region

Regional Products

+ ENSO Bulletin

+ Climate Diagnostic Bulletin
+ Annual Climate Summary
+ SASCOF Forecast Outiook

A\ess
WMO

SASCOF

IMD has taken responsibity for the preparation of annual
regional forecast outiook for the SW Monsoon Season rainfal
under the regional forum known as the ... (read more)

ABOUTNCC

National Climate Centre (NCC), Pune which was established in
1995 by India Meteorological Department (MD) with an
objective to provide various climale refaled .. (read more)

mportant Links - IMD New Delhi | MoES | NCMRWE | NIOT | CLMRE | NOAA 1T Inois | WO

Developed and maintained by Climate Prediction and Monitoring Group, India Mefearological Depariment, Pune

>

>

Global monthly and seasonal
forecast anomaly maps of
rainfall and Temperature for
next 8 months (Every month)

ENSO & IOD Forecast
Bulletins (Every month)

Seasonal Forecast Outlook of
Rainfall and Temperatures
over South Asia (updated
every month)

Consensus forecast for south
Asia Under SASCOF
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Products based on CFS: LRF Maps

Global SST Ano. Forecast South Asia 2m Temp. Ano. Forecast

MMCEFS Sea Surface Temperature Ancomaly : Apr I1C 2018
MIT 2018

MMCFS Rainfall Anomaly : Apr IC 2018
JJA 2018

India Rainfall Ano. Forecast
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ENSO & IOD Forecast Bulletin (Every month)

Earth System Science Organization (ESSQ)
Ministry of Earth Sciences (MoES)
India Meteorological Department

El Nifno Southern Oscillation (ENSQ) and
Indian Ocean Dipole (IOD)
Bulletin

May 2018

Highlights:
Currently, ENSO neutral conditions are present over equatorial Pacific Ocean and the
latest MMCFS forecast indicates that these conditions are likely to continue till the end of
the forecast period.

Currently, neutral 10D conditions are prevailing over equatorial Indian Ocean. MMCFS
forecast indicates that negative 10D conditions are likely to develop during the monsoon
season and likely to tum to neutral 10D conditions by OND season.

1. Current Sea Surface Temperature (SST) Conditions over Pacific & Indian
Oceans

During April 2018, cool SST anomalies were observed over central to eastem
equatonial Pacific Ocean (Fig.1a) and wamm SST anomalies were observed over west
equatorial Pacific Ocean. Negative SST anomalies were also observed over parts of
southeast subtropical Pacific Ocean close to west coast of South America. Positive SST
anomalies were observed over northwest Pacific Ocean as well as most parts of the north
and south subtropical Pacific Ocean. As compared to the last month, increase in cooling of
SSTs is seen over the northwest Pacific Ocean. However, cool SSTs over equatorial Pacific
Ocean tumed into warm SSTs during the current month. Cool SSTs were also observed
over south subtropical Pacific Ocean near intemational dateline as compared to the last
month (Fig.1b).

Normal SST anomalies were observed in the most parts of Arabian Sea and Bay of
Bengal. Positive SST anomalies were observed over parts of west equatorial Indian Ocean
while negative SST anomalies were observed over parts of east equatorial Indian Ocean
(Fig.1a). During April, cooling of SSTs was observed over most parts of the equatorial Indian
Ocean as well as over Arabian Sea and Bay of Bengal and warming of SSTs was observed
over south west subtropical Indian Ocean near 15°S (Fig.1b) as compared to the last month
1.1.  El Nifio Southern Oscillation (ENSO) conditions over the Pacific Ocean

The monthly time series of Nifio3.4 SST anomalies for the last 12 months i.e. from
May 2017 to April 2018 (Fig.2a) suggests that ENSO neutral conditions persisted till October
2017. From November 2017 to March 2018 La Nifia conditions were prevailed. During April
2018, Nino 3.4 SST anomaly value is within the threshold of La Nifia condition and currently,
ENSO neutral conditions are present. Negative subsurface temperature anomalies were
seen (with stronger magnitude) over parts of eastern Pacific Ocean (around themmocline
depth) (Fig.2 b) around 100°W. The strong positive subsurface anomalies were observed in
the west to central equatonal Pacific Ocean within 140°E to 110°W.

1.2. Indian Ocean Dipole (IOD) conditions over the Indian Ocean

The DMI index for the last 12 months suggests that (Fig. 2c) prevailing positive 10D
conditions turned to neutral 10D conditions in the month of September 2017 and continued
up to April 2018. Negative subsurface temperature anomalies (Fig. 2d) (stronger magnitude)
were seen spread over the parts of eastem equatorial Indian Ocean at around themocline
depth

2. ENSO & 10D Forecast

The SST forecast were prepared using the high resolution Monsoon Mission Coupled
Forecast System (MMCFS) (AGCM T382L64; 38 km and OGCM 25 km in tropics) based on
the 2018 April initial conditions. The initial conditions for the model runs were obtained from
ESSO-INCOIS and ESSO-NCMRWEF analysis. Probability density function (PDF) bias
correction was applied on the forecasts of Nifio3.4 index (Fig.4a) and DMI (Fig.4b) based on
hindcasts for the period 19959-2008 and anomalies were calculated based on 1982-2008
climatology.

The forecasted 3-month season averaged SST anomalies (Fig.3) indicate normal to
slightly cooler than normal SST anomalies are likely to continue aleng the central to eastem
parts of the equatorial Pacific Ocean up to JAS season. However, from ASO season
onwards normal SST anomalies are likely over most parts of equatorial Pacific Ocean.
North-western Pacific Ocean is likely fo have nermal to warmer than normal SST anomalies
for most of the forecasted seasons. The latest forecast indicates that current ENSO neutral
conditions are likely to continue till the end of forecast period (Fig.4a). In the Indian Ocean,
during most of the forecasted seasons, normal SST anomalies are likely in Arabian Sea and
Bay of Bengal (Fig.3). Currently, neutral 10D conditions are prevailing over equatorial Indian
Ocean. MMCFS forecast indicates that negative 10D conditions are likely to develop during
the monsoon season and likely to fum to neutral IOD conditions by OND season (Fig.4b).

MMCFS SST Anomaly Forecast : April 2018 IC
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Fig.3: Forecasted Seasonal mean SST anomalies for 3 menthly seasons, (2) May to July (MJJ), (b) June to
August [JJA), (c) July to September (JAS), {d) August to October (AS0), (e) September to November (SON), (f)
October to December (OND) (Model bias comection base period: 1999-2010; Climatology base period: 1982-
2010)
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Fig.4: Plume of (a) Nifio 3.4 SST anomalies, (b) Indian Ocean Dipole Mode Index forecasted by high resolution
CF3v2. The forecasts were PDF comected for bias and variance. The solid green line is the observed 35T
anomaly (ERSSTvS, NOAA) and solid red line is the ensemble SST anomaly forecast mean of 51 members
(MMCFS). The individual ensemble member forecasts are shown in light dotted lines of different colours.

Probability Forecast for Nifio 3.4 and India Ocean Dipole Mode Index
a) b)
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Fig.5: Probability forecast along with climatelogical probabilities of (a) Nifio 3.4 and (b) Indian Ocean Dipole
Mode Index from high resolution MMCFS. Data source for Climatology probabilities: NOAA Extended
Reconstructed S5T /5. Criteria used for Probabilistic ENSO Forecast: <-0.5 La Nifia, 0.5 to <-0.5 neutral, = 0.5
El Nifio. Criteria used for Probabilistic DMI Forecast: = -0.2 negative OMI, 0.2 to <-0.2 neutral, = 0.2 positive
DM

The probability forecast for ENSO (Fig.5a) indicates maximum probability for ENSO
neutral conditions is likely for most of the forecasted seasons.

The probability forecast for 10D (Fig.5b) indicates maximum probability for negative
|OD conditions is likely during most of the forecasted seasons
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Seasonal Climate Outlook for South Asia

@ o Afghanistan _ Myanmar
MMCFS Precipitation Anemaly Forecast = 1| w 1
T T R R o o I‘/\./.
- 10 I I -1 o - - — ] o
- a0 2
Earth System Science Organization (ESSO) rE 20 3| a0 L
Ministry of Earth Sciences (MoES) T @ Bangladesh PR Neva 2

India Meteorological Department
WMO Regional Climate Centre
(Demonstration Phase)

Pune, India
SEASONAL CLIMATE QUTLOOK FOR SQUTH ASIA
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(May to August 2018) Fig.5: Seasonal forecasts of precipitation anomalies (mmvday) for (a) MJJ (left) and (b)
JJA (right) based on Initial conditions of April 2018 Bhutan Pakistan

T T T T T T T T T
R B5E FE 105 AT P BME AR BRE 96 LOS'T

3

i} 1
10 1

0 1

o - — 0
-10 1 @ 0

Afghanistan, Pakistan, and Myanmar and normal to above normal precipitation is likely
over the remaining south Asian region for both the seasons.

« Currently, ENSO neutral conditions are present over equatorial Pacific Ocean and the n | mw 1
latest MMCFS forecast indicates that, these conditions are likely to continue till the end
of the forecast period. (@) (b) )
. . N MMCFS Temperature Anomaly Forecast o : ¢ - °
+  The spatial pattemn of forecasted precipitation anomalies using April initial conditions for
MJJ and JJA 2018 seasons indicate normal to below normal precipitation is likely for L _ . N . -, "

+ In general, the couniry averaged monthly precipitation is likely to be normal o below
nomnal for Afghanistan, Myanmar and Pakistan and it is likely to be normal to above
nomal for Bangladesh, Bhutan, India, Nepal and Sri Lanka during all the months from
May to August.

hd India Sri Lanka

113
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« Temperature anomaly forecast for MJJ and JJA 2018 seasons indicates normal to above
nomnal temperature anomalies are likely over most parts of the Afghanistan, Pakistan,
Nepal, Bhutan, Myanmar and northem parts of Bangladesh and normal to below normal
temperature anomalies are likely over the remaining South Asian region

« The country averaged monthly mean temperature anomaly forecast indicates normal to
above normal temperatures are likely during most of the forecasted months for all other

South Asian countries except India and Sri Lanka where it s likely to be normal to below o1 mr wr | omr e e

normal.
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not been validated
The content is only for general information and its use is not intended to address particular rsquirements.
(3) The geographical boundaries shown in this raport do not necessarily comespond to the political boundariss

The long range forecasts presented here are currently experimental and are produced using techniques that have

Fig. 6: Seasonal mean temperature anomalies (°C) for (a) MJJ (left) and (b) JJA (right)
based on Initial conditions of April 2018.

Fig.7: Monthly country averaged rainfall forecast expressed
as percentage departures (%) during May to August, 2018.
(The nomal range for country averaged manthly precipitation
is taken a5 -10% to +10%].
(Left Vertical Axis Scale)

muPRECIPITATION

Fig.8: Manthly country averaged temperature anomaly (°C)
forecast during May to August, 2018. (The normal range for
country averaged monthly temperature is taken -0.25°C to
+0.25°C).
[Right Vertical Axis Scale)

-a-TEMPERATURE
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SASCOF

Target Region: South Asia (9 countries) | Ramnfan Climatology
Co-ordinating Institution: India Meteorological Department (IMD)
Target Seasons: SW Monsoon (JJAS), NE Monsoon (OND), winter (DJF)
Parameters: Rainfall for all seasons. Temperature for OND and DJF

Major forcings on the regional climate: ENSO, IOD, Winter and spring Eurasian
Snow Cover, Northern Hemisphere surface air temperature during spring
season, sea surface temperature patterns over Atlantic Ocean, mid latitude ) {
flow pattern north of Asia etc. ' ) i

Potential applications of seasonal outlooks: Agriculture (selection crops, % % % = & "
crop yield forecast), Disaster preparedness and risk reduction (impact of gunan climatology for the period 1951-2007
floods and droughts), Public health (disease outbreaks like Malaria, cholera over South Asia.

. (Data Source: APHRODITE's Water Resources
etc.), Energy sector (expected energy demand scenarios), water management ome page:

(res ervoi I’) etc. http://www.chikyu.ac.jp/precip/english/index.htm

|
| S. No. | Country [ Main rainfall periods |

RCOF frequency: Physical sessions in SN Afghanistan Winter (DJF), Spring (MAM)

April for SW Monsoon & in September for Bangladesh  Pre-monsoon (MAM), summer Monsoon (JJAS)

NE Monsoon. online session in November Bhutan Winter (DJF), JJAS (summer monsoon)

for winter season (December to India Winter (JF) for north India, pre-monsoon for south peninsula

February): and northeast India (MAM), SW Monsoon (JJAS) for most parts

Sources of funding: Financial support for of the country and post monsoon (OND) for south Peninsula.

Mean (JJAS)

conducting SASCOF activities mainly Maldives May to September (summer Monsoon ), October to January
come from WMO through its various (winter monsoon)
funding agencies like The United States Myanmar Pre-monsoon (AM), Summer monsoon (JJAS), post monsoon
Agency for International Development (ON).
(USAID), Department of the Environment, Nepal Winter (DJF), JJAS (summer monsoon)
Government of Canada etc. Participation Pakistan Winter (DJF), JAS (summer monsoon)
of the experts from IMD and IITM, Pune is Sri Lanka First inter-monsoon (MA), SW Monsoon (MJJAS), second inter-
imded by the i stitutt : monsoon (ON)
) HiIda #Hia#A == =T ﬁ\\
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SASCOF Consensus Outlook for the 2017 JJAS over South Asia
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South Asian Climate Qutlook Forum (SASCOF-10)
Thimphu, Bhutan, 24-26 April 2017
Consensus forecast for the 2017 Southwest Monscon

Season (June - September) Rainfall over south Asia

Summary

Normal rainfall is most likely during the 2017 southwest monsoon season
(.lwu scpumrlw much of South Asia. More specifically:

I calnfall is ver broad areas of north-western,
wmnl and south-sastern parts of South Asia.

. al rainfall is broad areas and the
mhmaﬂ-m parts of the regien.

+  Mormal rainfall is most likely over the remaining areas,

This consensus cutlook for the 2017 southwest mensoon raintall over South
Asia has been developed through an sxpert assessment of the pmalllnq global
climate conditions and forecasts from different climate models the
participating National Meteorological Services (NMSs) and from around ﬂu world.
The weak La Nina conditions that prevailed over the Pacific during the latter part of
the last year [2016) weakened and turned to neutral ENSO conditions in January
2017, Currently, warm neutral ENSO conditions are prevailing. There is strong
consensus among experts that neutral ENSO conditions are likely to continue
through the spring season and weak El Ninc conditions are likely to develop in the
second half of this year. However, it is recognized that there is uncertainty about
the development and timing of El Nino conditions. There is also uncertainty about
the impast of of weak El Nifio on the monsoon
season rainfall over the region, Other regicnal and global factors that may affect
the region were also considersd in arriving at this consensus cutlock.

For mare information and further updates on the southwest maonsoon
‘outlook on national scale. the respective NMSs may be consulted.

The cutiook for southwest monsaon rainfall over South Asia is shown in Fig. 1. The
figurn iletrative th ot Bely terede catagory” ot well ag ite probability for aach of the 1%
Iatitisde x 1* longitude spatial grd boxes over the region. The box-wise tercile probabilities
were derived by synthesis of the avadable information and expert assessment, It was
derived from an mittal set of grdded objective forecasts and adjusted through expen
and buildng of climate experts.

The cutiook suggests Bhat duing the 2017 soullwest menseon scason (June —
September), normal rainfall is most lkely over much of South Asia  More specifically,
below-normal rainfal is most lkely over broad areas of north-western, central and south.

eastem parts of Soush Asia and above-nomal rainfall s most bty over broad aneas. of
eastem and the south-westem parts of the region. Normal rainfall is most ey ower the

TeMMInng areas.

Fig.1. Probability of the most likely catwgory for the 2017 Southwest Monseen Rainfall
over South Asia based on this

robabllkty ferecast map waz. pmpame based on model forecasts at global as well as
national levels through

Teercike ¢ nave equal cimatclogical probatbilities, of 33, 33% each

Introduction:

The climate outlook for the 2017 southwest monsoon season (June to Seplember)
was finalized during the tenth session of the South Asian Climate Outlook Forum (SASCOF-
10), hedd ant Thirnphu, Bhutan dunng 24-28 April 2017 attended by experts from the South
Asian countries.  The Forum deliberated on various cbserved and emerging climatic

features that influence the performance of the southwest monsoon, such as the El Nifio
Southern Osallabon (ENSQ) condibons over the equatonal Pache, Indian Ocean Dpole
{120} conditions over the Indian Ocean, winter and spring Northem Hemisphere snow cover
elc. The key leatures of these conditions
ENSO Conditions over the Pacific Ocean

The El Nifi/Seathemn Oscillation is one of the global scale cimate phenomena that
sbility of the monsoon over South Assa
The weak La Nina conditions over the equatorial Pacific prevailed during the second half the
Last year weakened to neutral ENSO level in the early part of 2017, Al present warm neutral

as follows:

have a sigribeant nfluence on the year-bo-year v

ENSO condibions are prevailng, Recent changes n abmosphene condibions over the Pacihc
reflect the border ine La Nina 1o neutral ENSO conditions.  Latest forecasts indicate neutral
ENSO condibons are kely to continue through middle of the monsoon season, Weak EI
Nifi conditions are likely to develop in the second half of this year.

Conditions over the Indian Ocean

In addition to ENSO conditions over the Pacific, other factors such as Indian Ocean
surface lemperatures have some nfluence on the South Asian southwest monsoon, At
present, close 1o normal SSTs are prevailing in the equatonal and north Ingsan Ocean. I
the subtropical seuth Indian Ccean, negative S5T anomalies are prevailing over eastem part
and positve S5T anomalies are prevaiing over westemn par. As a result, currently neutral
Indian Ocean Dipole (0D} conditions are prevailing. The recent forecasts from coupled

modets suggest the: of pessitive: 10D conditions in the Eatter pan of the monsoon

223200 and cONtNUE to earky pan of the post Monzoon Season

of outloak of 2016:

outlook map of 5.

Fig.2
for 2016 m‘ Monsoon Ranfall over
South As

Asia.

The consensus outlook map (Fig 2) for the southwes! monsoon season {Jume o
September) of 2016, developed in the esghth session of the South Asian Climate Chutiook
Forum (SASCOF-8) had indicated above-normal rainfall over South Asia as a whole
during the 2016 southwes! monsoon season (June - September)  Regionwise, the
forecast had indicated above-nommal rainfall over broad areas of central and western
South Asia, and below-normal rainfall over eastern pans of the region and the
southeastern part of the peninsula. Normal rainfall predicted over the remdaining arsas.

The observed rainfall” (Fig 3) for the 2016 southwest monsoon season was nomal
over most parts of South Asia. However above nomal rainfall was observed over some
central and westem parts of the region and befow-normal rainfall over the southerm and
north and northeastem pars of the region. Ths the large scale spatial destribution of the
observed ranfall was close 1o the forecasted minfall pattemn over the region
(Datas source: hitges Hiridl Ideo, columbia sdwSOURCES! NASA GPCP! V2p3/ CORY )
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Snow Cover over the Northern Hemisphe:
The snow-coversd area over northermn hemisphere (NH) was above nomal during December
2016 & Jan 2017 and dose to nommal in the recent two months (February & March 2017).

Snow-covered area over Eurasia was above normal from December 2016 to February 2017

and was close to normal in March 2017, NH snow cover during winter and spring has a
general negative relationship with the subsequent Asian summer monsoon. ("Data source
Rutgers Uinkversity global sanow cover (link. Mipofchmate rigers eduw'snowoover )

Consensus Outlook for the 2017 Southwest Monsoon Rainfall over South Asia:

A consensus outlook for the 2017 Scuthwest monsoon season minfall over South

Asia was prepared based on the expert of large-scate global clmate
abowve, models during  capacity-building

workshops conducted for the South Asian countries in association with the previous and the

current SASCOF sessions, and as well as [

based on and madels by WMO Global Producing Centers

(GPCs) of long range forecasting, Regional Climate Centers (RCCs) and other climate

research centers of the world
There s strong consensus among the experts that the prevailing neutral ENSO
conditions in the equatorial Pacific will develop into weak El Nifio conditions during the
second hall of this year. However, uncertainty in the timing and intensity of the event was
1. Anal of indicate thal developng El Nifio though has

a general negative impact on the monsoon rainfall over the region, there is no ane to one

association between El Nino and below-normal rainfall.  Particularty durng positive 100
years, impact of El Niflo on the monscon rainfall over the region was found 1o be significantly
weakened. Therefore, it was recognized that there is some uncertainty in the impact of the

developing weak El Nifio conditions on the 2017 southwest monsoon over the region. It is

also important to note that developing El Nifio or positive 100 conditions are not the only

factors that ine the of the over the region. Other
refevant climate drivers such as the state of the tropical Atlantic temperatures, Eurasian land

heating, it y during the seascn are also important. The net

impact of all these the: state of the over the region

The SASCOF-10 (24-26 April 2017) session was attended by participants from six of
the eight South Asan countries, namely, Bhutan, India, Makdves, Myanmar, Nepal,
Pakistan, and Sni Lanka.  The session was also attended by experts from IMD, Indian
Institute of Tropical Meteorology (IITM), WMO, Japan Meteorological Agency (JMA),
National Centers for Environmental Prediction (NCEP), USA, and Regional Integrated Mot
hazard Earty-waming Systern (RIMES), In addition, experts from vanous user seclors of
> l waler resources 100k actve
paart in the dediberations for assessing the available forecast information and for finalizing the
consensus outiook for the southwes! monsoon rainfall over South Asia For prepanng the
consensus forecasts, the forecast products from vanous centers. such as IMD, HTM, NCEP,
Météo France, Met Office, UK, European Centre for Medium Weather Forecasting
{ECMWF), Canadan Meteorologecal Centre (CMC), Bureau of Meteorology, Austraka, IR1,
IMA, Korea Meleorclogical Adminestrabon [KMA), China Meteorologecal Adminisiration
(CMA), Bureau of Meteorology, Australia, WMO's Lead Centre for Long Range Forecasting
Multi-Model Ensemble (WMO LC-LRFMME), Japan Agency for Marine-Earth Science and
Technology (JAMSTEC), and APEC Climate Center, APCC were also considered

The long-term histoncal pattens of the Soutfwest Monscon rainfall over Scath Asia
(Fig.4), charactenzed by remarkabie spatial vanabslity, provide the general reference points
at the respective locabons for the rminfall anomalies ndicated in e outiook.

Rainfall Climatology -
Mean (AR ™
. Fig.4. Rainfall Climatelogy
.. for the period 1951-2007
‘ o over Sauth Asia
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Preparation of the Consensus Forecast

» The consensus outlook is reached based on the prevailing large scale global Consensus forecast
climatic patterns (like ENSO, 10D, Snow Cover etc.) and seasonal forecasts , forJJAS2015 ~
for the relevant season from both statistical and dynamical models. At least
50% of the forecast information is derived from various dynamical models.

» Predictand data used in the statistical models are Grid point (GPCP) data
from IRI data library & station data brought by the participating NMSs.
Predictor data used are observed data (SST, precipitation, mslp, wind etc.)
and model simulations (mainly NCEP CFS).

> Representatives from NMSs uses CPT to recalibrate the predictor data,
assesses the skills of the methodology, and generate forecasts for the
respective country.

» Forecast information derived from the participating NMSs of the region based
on the exiting forecasting system, WMO GPCLRFs and RCCs, and other
climate research centers like IRI, IITM, APEC Climate Center etc. is also used.

» During 2011-2015, the probability forecast map depicted areas of most likely Consensus forecast

tercile categories (below normal, normal and above normal using yellow, for JJAS 2016
green and blue colour shades) over the region, as well as the probabilities for ..~

each tercile categories over broad areas of same colour shade. From 2016 7| { - !”L;’E’\Q\ )
onwards the probability forecast map depicted grid wise most likely tercile - %S “‘:ﬁf’g
category as well as its probability for each of the 1° latitude x 1° longitude 7 \ e %
spatial grid boxes over the region. The box-wise tercile probabilities were - J{) .
derived by synthesis of the available information and expert assessment. It t

was derived from an initial set of gridded objective forecasts and modified | = cesm oo

through a consensus building discussion of climate
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Recent Success In Predicting
Extreme seasonal Events
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Improved Performance of the Operational Forecast (Empirical Model) for
All India Seasonal Rainfall (1988-2017):

PERFORMANCE OF OPERATIONAL FORECAST
(1988-2017)

m Actual m Forecast

YEAR
Error 210% in 7 yrs with highest in 2002 (20%) and 1994 (18%). Error in 2009 15%.

Ave. absolute error during the last 11 years (2007-2017) was 5.95% of LPA compared to
that of 8.56% of LPA during the 11 years (1996-2006) just prior to that period.

C.C between the actual and forecast rainfall for (2007-2017) & (1996-2006) are 0.46 & -0.42
respectively.

During 1996-2006, the forecast within the £8% of actual values during 7 years. Within
these 7 years, forecast was within £4% during 2 years. On the other hand during 2007-
2017, the forecast was within the £8% of actual values during 8 years with forecast within
+4% during 5 years. These clearly indicate improvement made in the operational forecast
system in the recent 11 years period compared to earlier 11 years period.

e =y == 5= 11-Jun-18 %“\
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Successful forecasting of Successive Large Scale Deficient monsoons
(2014 & 2015):
IMD Operational Forecast for 2014 Monsoon Rainfall & Verification

Fort:: ast (% of LPA) " Actual Rainfall
Region Period - 9" June 12™ August
(1%t Update) (2nd Update) (% of LPA)
All India June to September | 95+ 5 93+4 874 88
Northwest India | June to September 85+8 76 £ 8 79
Central India | June to September 94 + 8 89+8 90
Northeast India | June to September 99+38 93+8 90
South Peninsula | June to September 93+8 87+8 93
All India July 93+9 90
All India August 96+9 96+ 9 91
All India SAel;f::;Zr 95 +8 98

The season rainfall over the country as a whole and that over four broad geographical regions
(northwest India, central India, northeast India and south Peninsula) were within the limits of
the forecasts updated in August and accurate. Similarly, the forecasts for the monthly rainfall
(for July and August) as well as that for the rainfall during the second half of the monsoon
season over the country as a whole were also accurate.

=Ea Hias Asrs & 11/06/201 %\
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ESSO-IMD Operational Forecast for

2015 Monsoon Rainfall & Verification
Region Period Forecast (% of LPA) Actual
22thApril | 2thJune 2nd Rainfall
(Update) | August | (% of LPA)

All India June to September 935 884 86
Northwest India | June to September 85+8 83
Central India June to September 90+ 8 84
Northeast India | June to September 90+ 8 92
South Peninsula | June to September 92 +8 85
All India July 92 +9 84
All India August 909 78
All India August to September 848 77

The operational forecasts for the 2015 season rainfall over the country as a whole and that
over four broad geographical regions (northwest India, central India, northeast India and
south Peninsula) were within the limits of the forecasts issued in June and accurate.
Similarly, the forecasts for the July as well as that for the rainfall during the second half of the
monsoon season over the country as a whole were also accurate. However, the August
forecast was an overestimate to the realized rainfall and was not accurate. .
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Rainfall anomalies Predicted by the MMCFS T382
(Initialized with Feb. & April Initial Conditions)

February IC April IC INDIA Mmmmmﬂmem
JJAS prate Anomaly (-8.86%) mm/day JJAS prate Anomaly (-14%) mm/day
| [ | 1 . I . | i — 7 ® @ e w EC—
s
s _ {
86% ! ol SW Monsoon Rainfall
mi June-September 2015 sz
30N — 30N ) -" (Real Time)
R 1
20N — 20N t
L=
10N 10N . ’
, .-" d A .
70E 80E 90E 100E OE 100E = :::L'(“_:'m -
L DU _ _ = e
3 25 -2 -15 -1 -05 0 05 1 15 2 25 3 3 25 -2 15 -1 05 0 05 1 15 2 25 3 A"';‘;ﬁg;."’%gﬁéi‘% .
cC =0.53 CC = 0.51 4 | f\ e R o
Rainfall Forecast Climatol.
Category Range Probability (%) | Probability JIAS
% of LPA April % Forecast
— ( ) P (%) Initial conditions | C.C | Corrected | ¢ 5015
Deficient <90 61 16 (IC) of (1981- RMSE (% of
% of LPMA
Below Normal | 90-96 24 17 2008) | O 1008 | LPMA
Normal 96 -104 13 33 February ~0.55 7.4% 91%
Above Normal 104 -110 2 16 April ~ 0.4 8.3% B86%
Excess >110 0 17
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SASCOF:

Below normal Rainfall Consensus Forecast for South Asia—-JJAS 2014
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SW Monsoon Rainfall
June-September 2014 &
(Real Time) "

Below-normal to normal rainfall is most likely during the 2014 summer monsoon season (June
— September) over south Asia as a whole. Below-normal rainfall is likely over broad areas of
western, central and southwestern parts of South Asia and some areas in the northeastern-
most parts of the region. Normal rainfall is likely over broad areas of northwestern and eastern

parts and some island areas in the southernmost parts of the region.
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SASCOF;
Below normal Rainfall Consensus Forecast for South Asia-JJAS 2015

a) JJAS 2015

Rainfall (Percentage Deperture)
Year 2015 (JTAS)
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The observed rainfall for the 2015 southwest monsoon season was below
normal over most parts of the south Asia except over some northeastern
parts of region suggesting below normal rainfall over the region as whole in
general agreement with the consensus forecast. However, there were some
differences in the spatial distributions of the observed and forecasted rainfall
over the region.
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Above Normal Rainfall southern Parts of S. Asia:
2015 NE monsoon consensus Forecast
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Normal to above normal rainfall is likely during the 2015 Northeast monsoon season
(October—December)over southern parts of South Asia including southeast peninsular
India, Sri Lanka and Maldives. Above normal rainfall is likely over northern most parts
of the region. Other areas of the region that generally receive very little rain during the
season are likely to receive normal rainfall. During the season, normal to above normal
temperatures are likely,

over most parts of the region.
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Downscaling

»At present, Global Climate Models (GCMs) are unable to provide
information at the spatial scale required by many stakeholders.
Hence, regionalisation/ downscaling methods are necessary for
adapting the global-model predictions to smaller spatial scales,
providing suitable products for a range of applications.

»Downscaling is the derivation of regular scale (10-100 km)
information from large scale modelled or observed data. It can be
carried out on spatial and temporal aspects of climate prediction

»Spatial downscaling - derives climate information at finer spatial
resolution from coarser spatial resolution GCM output. The
fundamental basis of spatial downscaling is the assumption that
significant relationships exist between local and large-scale climate.

»Temporal downscaling - derivation of fine scale temporal data
from coarser-scale temporal information (e.g., daily data from
monthly or seasonal information). Its main application is in impact
studies when impact models require daily or even more frequent
information.
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Downscaling Approaches

»Downscaling relies on the assumption that local climate is a
combination of large-scale climatic/atmospheric features (global,
hemispheric, continental, regional) and local conditions (topography,
water bodies, land surface properties). Representation of the latter is
generally a challenging job for the GCMs. There are two main
approaches; dynamical downscaling and statistical downscaling.

»Dynamical downscaling (DD) relies on the use of a regional climate
model (RCM), similar to a GCM in its principles but with high resolution.
RCMs take the large-scale atmospheric information supplied by GCM
output at the lateral boundaries and incorporate more complex
topography, the land-sea contrast, surface heterogeneities, and detailed
descriptions of physical processes in order to generate realistic climate
information at a higher spatial resolution.

Since the RCM is nested in a GCM, the overall quality of dynamically
downscaled RCM output is tied to the accuracy of the large-scale forcing
of the GCM and its biases. Despite recovering important regional-scale
features that are underestimated in coarse-resolution GCMs, RCM
outputs are still subject to systematic errors and therefore often require
a bias correction as well as further downscaling to a higher resolution.
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»Statistical downscaling (SD) involves the establishment of empirical
relationships between historical and/or current large-scale atmospheric and
local climate variables. Once a relationship has been determined and
validated, future atmospheric variables that GCMs predict are used to
predict future regional/local climate. Statistical downscaling can produce
site-specific climate prediction, which RCMs cannot provide since they are
computationally limited to some specified spatial resolution. However, this
approach relies on the critical assumption that the relationship between
present large-scale circulation and local climate remains valid under
different forcing conditions of possible future climates. It is unknown
whether present-day statistical relationships between large- and regional-
scale variables will be upheld in the future climate system

»e. Main advantage of SD is that they are computationally cheap, thus
allowing to efficiently downscale the enormous ensembles of seasonal
hindcasts. Moreover, statistical downscaling techniques directly
iIncorporate  observations into the method, so no further
calibration/correction is needed for the resulting outputs
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Selection of Downscaling Approaches

»The approach should be selected based on the information needs and also,
importantly, on available resources (data, computing resources, expertise, and
time-frames).

» For example, the dynamical downscaling has numerous advantages but is
computationally intensive and requires large volumes of data as well as a high
level of expertise to implement and interpret results, often beyond the
capacities of institutions in developing countries.

»In contrast to the dynamical method, the statistical methods are easy to
implement and interpret. They require minimal computing resources but rely
heavily on historical climate observations and the assumption that currently
observed relationships will carry into the future. However, high quality
historical records often are not available in developing countries.

»Often, dynamical and statistical approaches are used in conjunction.
Dynamical-statistical downscaling involves the use of an RCM to downscale
GCM output before statistical equations are used to further downscale RCM
output to a finer resolution. Dynamical downscaling improves specific aspects
of regional climate modeling and provides better predictors for further
statistical downscaling to higher-resolution output. Statistical-dynamical
downscaling is a somewhat more complex approach but is less
computationally demanding in comparison to dynamical downscaling.
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Interpretation of seasonal forecast at district level and
organizing state level monsoon preparedness meetings

Seasonal rainfall forecast which has been overlaid by district map
for Rajasthan and Karnataka

Seasonal rainfall probability for o
Northern Karnataka ol ‘__‘“

Abovenormal  25% & \\ e
Normal % o - ,?_f-\ 7
Below normal 0% “(—"" >

vj- N — -

-

Seasonal rainfall probability
I for Rajasthan state

“Seasonal rainfall probability for

I I southern Karnataka
Normal 35% Above normal 25%
| Belownormal  asx | Normat 0%

Below normal 35%
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Southwest Monsoon Rainfall over South Asia
Consensus outlook for 2015 for Karnataka and Rajasthan state
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