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CMPG: Schedule of different Long Range Forecasts issued by IMD

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

Region for which forecast issued Issued in
Northwest India December
Subdivision wise February &
March
Country as a whole April
Country as a whole June
Kerala May
Four broad geographical regions: June
Northwest India, Northeast India ,
Central India and South Peninsula
Country as a whole June
Country as a whole July
August
Country as a whole tau
South Peninsula September
Subdivision wise November
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Statistical,
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Dynamical

Statistical,
Dynamical
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Operational Long Range Forecast For
the Southwest Monsoon Issued By IMD

Month of Forecast Issue

All India

WEAN SEASOMAL RANFALL FOR JIAS All India 1
h June — September Rainfall Aprll

Update for All India
June — September Rainfall J

All India Monthly une

(July & August) Rainfall

All India Second Half of Season JUl
August - September Rainfall / y

All India Monthly
September Rainfall
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Geographical Regions
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MWV India

MNE India
Central India

S, Peininsula

June — September Rainfall for
Four Geographical Regions
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In addition, Forecast for Date of Monsoon Onset over Kerala in May
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operational LRF of Monsoon Rainfall over India

Skill of the statistical models currently used by IMD for the

Model CC. Actual Vs
Forecast Forecast L. . Forecast Root Mean Square Error
Period Region (Training Window Rainfall (RMSE) in % of LPA (Period)
Period) (Period)
June to All India 5-P Statistical Ensemble 0.71 6.56
September Forecast System (SEFS) (1981-2014) (1981-2014)
(23 yrs)
June to All India 6-P (SEFS) 0.80 5.64
September (23 yrs) (1981-2014) (1981-2014)
July All India 6 —P Principal 0.70 10.20
Component Regression (1981-2014) (1981-2014)
(PCR) (23 yrs)

August All India 5-P PCR 0.29 11.70
(23 yrs) (1998-2014) (1998-2014)

September All India 5-P PCR 0.70 14.60
(23 yrs) (1981-2014) (1984-2011)

August- All India 5-P PCR 0.57 10.83
September (23 yrs) (1981-2014) (1981-2014)

June to Northwest 5-P PCR 0.65 12.70
September India (30 yrs) (1988-2014) (1988-2014)

June to Northeast 5-P PCR 0.56 10.97
September India (30 yrs) (1988-2014) (1988-2014)

June to Central 5-P PCR 0.44 12.1
September India (30 yrs) (1988-2014) (1988-2014)

June to South 6-P PCR (30 yrs) 0.51 13.31
September Peninsula (1988-2014) (1988-2014)
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Statistical Ensemble Forecasting System (SEFS) for
Seasonal Rainfall over Country as a whole: April

ALL POSSIBLE
MR

MODELS
(31)

ENSEMBLE
AVERAGE OF FINAL
PREDICTORS BEST FEW
(5) OUT OF ALL
MODELS

ALL POSSIBLE
PPR
MODELS

(31)

The average of the ensemble forecasts from best out of all
possible MR (multiple regression) and PPR (projection pursuit
regression) models gives the final forecast.
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New statistical models for long-range forecasting of southwest

monsoon rainfall over India

M. Rajeevan - . 8. Pai - B. Anil Kumar -
E. Lal

Received: 11 Movember 2005/ Accepled: 14 September 2006
£} Springer-Verlag 2006

Abstract The India Meteorological Department
(IMI>) has been issuing long-range forecasts (LRF)
based on statistical methods for the southwest mon-
soon rainfall over India (ISMR) for more than 100
years. Many statistical and dynamical models including
the operational models of IMD failed to predict the
recent deficient monsoon years of 2002 and 2004. In
this paper, we report the improved results of new
experimental statistical models developed for LRF of
southwest monscon seasonal (June—September) rain-
fall. These models were developed to facilitate the
IMI»'s present two-stage operational forecast strategy.
Models based on the ensemble multiple linear regres-
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respectively, and those of June models were 0,63 and
0.38, respectively. Root mean square error of these
models during the werification period (1981-2004)
varied between 4.56 and 6.75% from long period
average (LPA) as against 10.0% from the LPA of the
model based on climatology alone. These models were
able to provide correct forecasts of the recent two
deficient monsoon rainfall events (2002 and 2004). The
experimental forecasts for the 2005 southwest mon-
soon season based on these models were also found to
be accurate.
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Predictors Used in the Ensemble Prediction System

S.No Predictor Used Issued in
1 Europe Land Surface Air Temperature Anomaly (January) April
2 Equatorial Pacific Warm Water Volume (February + March) April

SST Gradient Between Northeast Pacific and Northwest
3 Atlantic April and June
(December +January)

4 Equatorial SE Indian Ocean SST (February) April and June
5 East Asia Mean Sea Level Pressure (February + March) April and June
6 Nino 3.4 Sea Surface Temp (MAM + Tendency (MAM-DJF)) June

- North Atlantic Mean Juna
Sea Level Pressure (May)

8 North Central Pacific Zonal Wind Gradient 850 hPa (May) June
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Predictors used in the Statistical Ensemble Forecasting
System (SEFS) for the First Stage Forecast of the seasonal
rainfall over the country as a whole: 2019

S.No Predictor Period
1 SST Gradient Between December
Northeast Pacific and +January
Northwest Atlantic
(December +January)
2 Equatorial SE Indian February +
Ocean Sea Surface March
Temperature
3 East Asia Mean Sea February +
Level Pressure March
4 NW Europe Land Surface January
Air Temperatures
5 Equatorial Pacific Warm February
Water Volume +March
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GEOGRAPHICAL LOCATION OF PREDICTORS USED FOR
SEASONAL FORECASTING
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Performance of the
April Ensemble Forecasting System: 1981-2018

PERFORMANCE OF ENSEMBLE FORECAST SYSTEM
(1981-2018): April
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Performance of Operational Forecast (Empirical Model) for
All India Seasonal Rainfall (1989-2018):

PERFORMANCE OF OPERATIONAL FORECAST: JJAS
Rainfall Over Country as a Whole

Ay (1988-2018)

m Actual m Forecast
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Statistical ensemble forecasting system introduced in 2007.

The average absolute error (difference between forecast and actual rainfall) during the last 12 years (2007
-2018) since 2007 was 5.95% of LPA compared to the average absolute error of 7.94% of LPA during the 12
years (1995 -2006) just prior to that period.

During 1995-2006, the forecast was within the ¥8% of actual values during 8 years. Within these 8 years,
forecast was within ¥4% during 3 years. On the other hand during 2007-2018, 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 12 years period
compared to earlier 12 years period.
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PCR model for the Forecasting
date of Monsoon onset over Kerala

A2 Name of Predictor Period ( 197(5::5000) Year Actual Forecast
Onset Date Onset Date
H H i th _2th
1 Zonal Wind at 200hpa over Indonesian region 16t -30th Apr 0.48 2005 7t June 10t June
H th. 2th
2 OLR Over South China Sea 16t"- 30" Apr 0.40 2006 26t May 30t May
3 Pre-Monsoon Rainfall Peak Date Pre-m.onsoon 0.48 2007 28th May 24th May
April-May
st th
4 Minimum Surface air Tem. over NW India 15t .15t May -0.37 EUUS REIEvay il
rd th
5 Zonal Wind at 925hpa over Equatorial South 15t 15t Ma 0.52 gess el REIEY
Indian Ocean y ' 2010 31st May 30th May
6 OLR Over Southwest Pacific 1st .15t May -0.53 2011 29th May 31st May
2012 5t June 1st June
Performance of the PCR Model for Monsoon Onset over Kerala:
12 1997-2015 2013 1st June 3rd June
28 8 1 2014 6t June 5t June
55 4 2015 | 31t May 5t June
S
§= 01 2016 8t June 7t June
& 4 2017 30t May 30th May
225 -8 Model
55 2018 29th May 29th May
=t mActual MOK mForecast error
a-12
C 553858 EBIEEEEESEESEE | =4days [219] 8June | 6thlune
-— ~— ~ o~ o~ o~ o™ o~ o~ ‘;\lea;\l o~ o™~ o~ o~ o~

The forecast issued for the 2019 monsoon onset over Kerala was accurate. Thus the forecast issued for MOK date
since 2005 has been within the forecast limits during all the 15 years except in 2015.
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ESSO-IMD Operational Forecast for
2019 Monsoon Rainfall & Verification

Region Period Forecast (% of LPA) Actual
Rainfall
15t April 31th May 15t August (% of LPA)

All India June to September 96 £ 5 9% t4 110
Northwest India June to September 948 98
Centralindia June to September 100+ 8 129
Northeast India June to September 91+8 88
South Peninsula June to September 97+ 8 116
All India July 95+ 9 105
All India August 99+ 9 115
All India August to September 100x 8 130

The forecasts for the seasonal rainfalls over two broad geographical regions
(Northwest India and Northeast India) and that for July rainfall over the country
as a whole were with in the forecast limit and correct. Also, the forecasts for
the rainfall over the country as whole during the season and second half of the
monsoon season and forecast for the Central India and South Peninsula were
underestimate to the actual rainfall and were not correct.
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Probabilistic Forecast 2019

April Forecast

May 318t Forecast

Rainfall Range Forecast Climatological
Category
(% of LPA) Probability (%) | Probability (%)
Deficient <90 17 16
Below Normal 90 - 96 32 17
Near Normal 96 -104 39 33
Above Normal 104 -110 10 16
Excess >110 2 17
Category Rainfall Range Fore_c_ast Climatqlpgical
(% of LPA) Probability (%) | Probability (%)
Deficient <90 15 16
Below Normal 90 - 96 32 17
Normal 96 -104 41 33
Above Normal 104 -110 10 16
Excess >110 2 17
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Rainfall Anomalies Predicted by the CFS T382
(Initialized with April & May Initial Conditions)

MMCFS Rainfall % Departure JJAS 2019 ( May Ic )
MMCFS Rainfall % Departure JJAS 2019 ( Apr Ic )
35°N —
35°N —
N —
30°N 30N
255N 25°N —
20°N | 20°N —|
15°N — 15°N —|
10°N — 10°N —
T T T T T T T T I T T T T T
70°E 75°E 80°E 85°E 90°E 95°E 100°E 70°E 75°E 80°E 85°E 90°E 95°E 100°E

I1C C.C Forecast for 2019
(1981-2008) (% of LPMA)
0.35 94

0.23 97
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Forecasts from various Indian Institutes

S.No. Institute Model Forecast (% of LPA)
Space Applications R
1. | Conve(sac) | EmeTealmodeibased | gy
Ahmedabad
2. IMD, New Delhi Hybrid Model (CFS) 97%
Onkari Prasad South Indian Ocean
3. : convergence zone Weak monsoon
(Retired IMD) :
based relation
Stacked Auto-encoder A
4. [ISc, Bangalore T 99.5%
School of Earth
5 Ocean and MME of 6 dynamical i
" | Climate Sciences, models
|IT, Bhubaneswar

The experimental forecasts from most of the models indicated normal
monsoon season rainfall over the country as whole.
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S. No| Centre issuing the Method
Forecast
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Inference for 2019

JJA & JAS (Issued: May 2019):
Normal rainfall is likely over most parts of India. Normal to below normal rainfall is likely,
over parts of eastern India and neighboring regions near foothills of Himalaya.

JJA and JAS (Issued: May 2019):

Normal to below normal rainfall is likely over the most parts of the country. However,
there is slight possibility to have above normal rainfall over some of the west coastal
region.

JJIA & JAS ( Issued: May 2019):

Above normal rainfall is likely over some of the west central and eastern parts of India.
Below normal rainfall is likely over some parts of south peninsular and northeastern
India.

JJA (Issued: May 2019):

Positive rainfall anomalies are predicted over most parts of south, northeast and east
coast region of India. Negative rainfall anomalies are predicted over remaining areas like
west central, northwest and north India.

June, July, August & September (Issued: May 2019):

Normal to below normal rainfall is likely over parts of northwest India. Below normal
rainfall is likely over parts of south India. Above normal rainfall likely over some parts of
the eastern India.

JJA & JAS (Issued: May 2019):
Normal to below normal rainfall is likely over most parts of the country. However, above
normal rainfall is likely over some of the northeastern parts of the country.

JJA (Issued: May 2019): Below normal rainfall is likely over most parts of the country.
Climatological probabilities are likely for rest of the Country.

JJAS (Issued: May 2019):

Positive rainfall anomalies are predicted over some of the northeastern parts of the
country. Indian region. Negative rainfall anomalies are predicted over most parts of the
country.
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Observed Rainfall Patter

The seasonal rainfall pattern was typically non El
Nino type with below normal rainfall over NE India
with normal rainfall over remaining region. This
indicates absence of El Nino impact (except in the
month of June).

67 105 115 152 110
68 101 99 111 98

69 109 139 107 129

63 111 62 114 88
70 89 156 149 116
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1.2

ENSO & IOD Conditions during 2019

Time series of SST anomalies (°C)

in the Nifio regions

SST Anomalies

JAN  FEB MAR  APR  MAY
2019

JUN JUL AUG  SEP OCT  NOV

INO 3.4
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NINO 142
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JN FEB WAR APR MAY JUN JUL AUG SEP OCT  NOV

2019

Weak EI Nino Conditions
prevailed over Equatorial
Pacific during the first half
of monsoon season.

Atmospheric conditions
were also indicating El
Nino in the first half of the
monsoon season and
ENSO Neutral condition in
the second half.

Positive IOD conditions
prevailed during the
monsoon season (strong
+ve in September month)
over the Indian Ocean.

30 Day Moving SOI
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MJO Index JJAS 2019

MTJO Phase Diagram for JTAS 2019
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MJO activity was absent over Indian Ocean
during most part of the season except
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beginning of Monsoon season.
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MJO and West Pacific Storms

West Pacific Storm Tracks

Track on NW Pacific Tropicel Cyclone Tracks 2015 ( JIAS)
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Verification of SASCOF-14 forecast
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Consensus outlook for 2019 Southwest Monsoon Rainfall over South Asia
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Normal rainfall is most likely during the 2019 southwest monsoon season (June — September) over most
parts of South Asia. However, above normal rainfall is likely over some northern parts of the region,
eastern coastal areas of Peninsular India, Sri Lanka, southern parts of Myanmar, and most parts of
Andaman Nicobar Islands. Below-normal rainfall is likely over some areas of southern Pakistan, some
areas along the west coast of Peninsular India, northern parts of central India and some areas of
northeastern part of the region. Remaining areas are likely to experience normal rainfall.
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Summary

After 1994 (110% of LPA), rainfall received in 2019 (110 % of LPA) is the highest season
rainfall received by the country as a whole

El Nino conditions prevailed over the tropical Equatorial Pacific during the beginning
of monsoon. But turned into ENSO Neutral conditions in the second half of the
season.

Positive Indian Ocean Dipole (IOD) with strong Positive IOD in the second part of the
Season prevailed over Indian Ocean.

June rainfall was deficient (67% of LPA) due to the negative impact of the prevailing El
Nino and delayed onset of monsoon over Kerala

After 1931, this is the first time, the seasonal rainfall is more than LPA even after the
June rainfall deficiency was more than 30% of LPA.

Due to weakening of the El Nino conditions and emergence of the positive |IOD during
July, rainfall activity increased significantly

East and Northeast India received only 88% of LPA.

The seasonal forecast issued by IMD was within the forecast limit up to 25th
September 2019, the last week rainfall was 181% of LPA makes all India rainfall to
above normal category.

Overall, the impact of synoptic scales systems on the monsoon performance was very
significant this year resulting in increased uncertainty in the predictability of monsoon
at extended and seasonal scales
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ENSO & IOD F

Ministry of
Earth Sclences

Ministry of Earth Sciences
Government of India

EI Nifio/La Nifia
Indian Ocean Dipole
Update (15" October 2016)

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

Dunng September 2016, cool SSTs anomalies persisted along much of the equator m the
eastern and central Pacific crossing the date line, while positive SST anomalies were observed over
north and south of this band. Cool SST anomalies (since August 2016) were observed over North
Pacific Ocean off the west coast of North America, which was warmer as observed m July month
Cool SST lies persisted in the subtropical north and south Pacific. SST anomaly difference
from August to September (Fig.1b) shows there was SST cooling of up to -1°C over the small patches
along the equator m the eastern and central Pacific and a smaller region 1n east pacific showing
warming of SSTs. Slight increase in SST positive anomaly over some pockets of east Pacific Ocean
was observed as compared to August month, where cooling was observed over the entire equatorial
Pacific Ocean.

During September 2016, cool SST anomalies were observed over most parts of Arabian Sea,
equatorial Indian Ocean and south subtropical Indian Ocean (Fig.1a) and warm anomalies is observed
over Bay of Bengal and over manitime continents in the east equatonial Indian Ocean. The positive
anomalies which were observed over the maritime continents in August continue to exist. During
September, cooling of SST was observed over the entire Indian Ocean while warm SSTs persisted
over maritime continents 1n east equatorial India Ocean (Fig.1b).

1.1.  ElNiiio Southern Oscillation (ENSO) conditions over the Pacific Ocean

The monthly time series of Nifio3.4 SST anomalies for the last 12 months (Fig.2a) suggest
that the El Nifio conditions which started since April 2015 after peaking dunng December 2015 have
continued to weaken to neutral conditions in summer 2016. In association with the decay, cool
subsurface anomalies were observed in the western Pacific crossing the date line towards east (Fig.2
b)
1.2.  Indian Ocean Dipole (IOD) Conditions over Indian Ocean

‘Warm subsurface (Fig. 2d) anomalies were observed in the eastern Equatorial Indian Ocean
Cool subsurface anomalies which were seen over a region centred at 50E at thermocline level
(approximately about 100m depth) in September. The subsurface dipole strength is stronger in
September compared to August. The September Dipole Mode index (DMI) suggests negative IOD
condifions currently present in the Indian Ocean (Fig. 2c).

orecast Bulletin (Every month)

2. ENSO & IOD Forecast

The SST forecast were prepared using the ESSO-IMD-IITM high resolution Coupled
Forecast System (AGCM T382L64; 38 km and OGCM 25km in tropics) based on 2016 September
initial conditions. The imitial conditions for the model runs were obtained from ESSO-INCOIS and
ESSO-NCMRWF analysis. Probability density function (PDF) correction, based on hindcasts for the
period 1982-2008 was applied over the forecasts of Nifio3.4 index (Fig.4a) and DMI (Fig 4b).

The forecasted 3-month season averaged SST anomalies (Fig.3) indicate cooler SST
anomalies in the central equatorial Pacific Ocean in OND season, which persisted till DJF with
reduced intensity. Warming of SST conditions is observed in either side of this narrow band till JEM
season. There is neutral El Nifio condition currently prevailing in Pacific Ocean which is likely to
remain the same for the forecasted seasons (Fig.4a). In the central Indian Ocean, cool SST anomalies
are observed in OND season and are likely to remain near normal in the later forecasted seasons
(Fig.3). The IOD conditions over Indian Ocean are likely to remain negative in OND season (Fig.4b)
and remain neutral in the later forecasted seasons

IITM CFSv2 SST Anomaly Forecast : September 2016 IC

OND 2016
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Fig.3: Forecasted Seasonal mean SST anomalies for 3 monthly seasons, (a) October through December (OND), (b)
November through January (NDJ). (c) December through February (DJF) (d) January through March (JEM). (¢) Febmary
through April (FMAY). (£) March through May (MAM) and (g) April fhrough June (AMT)

(a) Plume of Ning 3.4 Model Forecast - Sep IC

(o) Plume of 10D Wodel Forecast - Sep IC
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Fig.4: Plume of (a) Nifio 34 SST anomalies, (b) Indian Ocean Dipole Mode Index forecasted by high resolution CFSv2
The forecasts were PDF corrected for bias and variance. The solid red line is the observed SST anomaly (INCOIS-GODAS)
and dashed black line is the ensemble SST anomaly forecast mean of 47 members (CFSv2). The individual ensemble
member forecasts are shown in light dotted lines of different colours.
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Probability Forecast for Nifio 3.4 and Dipele Mode Index
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Probabiistic: ENSO Forecast Sep IC
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Fig.5: Probability forecast along with climatological probability of (a) Nifio 3.4 and (b) Indian Ocean Dipole Mode Index
from high resolution CESv2. Data source for Climatology probabilities: NOAA Extended Reconstructed SST V3b. 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 DMI, 0.2 o <-0.2 neutral, = 0.2 positive DMI

The probability forecast suggests that there is highest probability for ENSO neutral conditions for the
season OND and later seasons, which gradually reduces to about 70% in the AMTJ forecasted seasons.
The probability for neutral ENSO condition remain significantly above the climatological probability
throughout the forecast range, which indicate high confidence for the forecast of neutral ENSO
condition. The probability for a La-Niiia condition 1s very small and not at all sigmficant. while there
1s a slight probability for the revival of another episode of EI-Nifio in the coming pre-monsoon season
(AMLI). which is further subjected to the limitations of the spring barrier of ENSO predictability.

The DMI probability forecast for OND season indicates high probability (63%) for negative IOD
mode conditions but reduces sharply during NDJ and remain not significant based on climatological
probability. Neutral DMI forecast probability indicates increase from OND season to NDJ season and
thereafter a slight decrease from DJF season and continue to remain constant and significant till AMY
season.
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Seasonal Climate Outlook for South Asia
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Fig. 6: Seasonal mean temperature anomalies (°C) for (a) SON and (b) OND (right) based SEP  OCT NOV DEC SEF  OCT NOV DEC
on Initial conditions of August 2016. Fig.7: Monthly country averaged rainfall Fig.8: Monthly country averaged
f D! d  as temperature anomaly (°C) forecast
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orrespond to the poliical boundaries
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Nino3.4 SST Anomaly (°C)

Latest Model Forecast for
ENSO Conditions over Pacific

IRI, USA

Mid-June 2019 IRI/CPC Model-Based Probabilistic ENSO Forecasts
Model Predictions of ENSO from Jun 2019
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Season

Currently tropical Pacific reflected Weak El Niho conditions. The official CPC/IRI
outlook suggests El Nifo is favored to continue with chances nearing 50% in Northern
Hemisphere fall and winter.
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Monthly Snow Cover Area - 2019

Departure from normal

January 2019 February 2019 March 2019
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Eurasian Snow Cover Anomalies
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Data source:
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Eurasian Snow Cover Anomalies
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urasian Snow Cover Anomalies
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“+The snow-covered area over NH as well as Eurasia was normal during Dec 2018, Jan & Feb 2019. Over
Eurasia, below normal snow cover area was observed during March 2019. NH snow cover during winter
and spring has a general negative relationship with the subsequent Asian summer monsoon.
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ENSO Forecast - MMCFS:

MMCFES SST Anomaly Forecast :Apr 2019 |C Plume of Nino 3.4 PDF Corrected Model Forecast

-------- El-Nino Ghmatology B E1-Nino Forecast
Probabilistic ENSO PDF Corrected Model Forecast Apr IC Neutral Glimatology | B Neural Forecast

-------- La-Nina Climatology| g | a Nina Forecast
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Prevailing weak EIl Nifio conditions are likely to continue
during the early part of the monsoon season
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Latest Model Forecast for
ENSO Conditions over Pacific: IRI

@ Early-April 2019 CPC/IRI Official Probabilistic ENSO ForecastsIRI, USA
Lost update: Sat Apr 13 2019
NWS /NCEP/CPC \n\\jhsul :ﬁdgiogns: ziprzgwrg—wmprzms ENSO state based on NINO3.4 SST Anomaly
. . Neutral ENSO: -0.5 °C to 0.5 °C
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Season

Currently tropical Pacific reflect weak El Nifio conditions. The official CPC/IRI outlook
suggests at least weak El Nino conditions to continue through monsoon season. About
60% probability of weak El Nino conditions prevail during the SW monsoon season.
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