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India Specific Operational Monthly and Seasonal Forecasts  
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Sr. 
No. 

Forecast for Region for which forecast 
issued 

Issued in Method/ 
Model 

1 Winter Season (Jan- March) 
Precipitation 

Northwest India December Statistical, 
MMCFS   

2 Hot Weather Season Temperature 
(March to May) & (April-June) 

Subdivision wise February  & 
March 

MMCFS  

3 SW Monsoon Season (June to 
September) Rainfall 

Country as a whole April Statistical, 
MMCFS   

4 SW Monsoon Season (June to 
September) Rainfall 

Country as a whole June Statistical, 
MMCFS   

5 South-West Monsoon Onset Kerala May Statistical 
6 SW Monsoon Season (June to 

September) Rainfall 
Four broad geographical regions: 
Northwest India, Northeast India , 
Central India and South Peninsula 

June Statistical, 
MMCFS   

7 SW Monsoon Monthly Rainfall for 
July and August 

Country as a whole June Statistical, 
MMCFS   

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

Country as a whole July Statistical, 
MMCFS   

9 September Rainfall  Country as a whole August Statistical, 
MMCFS   

10 NE Monsoon Season (October to 
December) Rainfall 

South Peninsula September Statistical, 
MMCFS   

11 Cold Weather Season (December 
- February) Temperature 

Subdivision wise November MMCFS 



Skill of the statistical models currently used for the 
operational LRF of Monsoon Rainfall over India 

Forecast 
Period 

Forecast 
Region 

Model 
(Training Window 

Period) 

CC. Actual  Vs 
Forecast 
Rainfall 
(Period) 

Root Mean 
Square Error 

(RMSE) in % of 
LPA (Period) 

June  to 
September 

All India 5-P Statistical 
Ensemble Forecast 

System (SEFS) (23 yrs) 

0.69 
(1981-2015) 

6.70 
(1981-2015) 

June  to 
September 

All India 6-P (SEFS) 
(23 yrs) 

0.80 
(1981-2015) 

5.48 
(1981-2015) 

July All India 6 –P Principal 
Component 

Regression (PCR)  (23 
yrs) 

0.63 
(1981-2015) 

11.02 
(1981-2015) 

August All India 5-P  PCR  
(23 yrs) 

0.34 
(1998-2015) 

11.36 
(1998-2015) 

September All India 5-P  PCR 
(23 yrs) 

0.71 
(1981-2015) 

14.60 
(1981-2015) 

August- 
September 

All India 5-P  PCR  
(23 yrs) 

0.53 
(1981-2015) 

11.40 
(1981-2015) 

June  to 
September 

Northwest 
India 

5-P  PCR 
(30 yrs) 

0.63 
(1988-2015) 

12.5 
(1988-2015) 

June  to 
September 

Northeast 
India 

5-P  PCR 
(30 yrs) 

0.54 
(1988-2015) 

10.75 
(1988-2015) 

June  to 
September 

Central 
India 

5-P  PCR 
(30 yrs) 

0.37 
(1988-2015) 

12.4 
(1988-2015) 

June  to 
September 

South 
Peninsula 

6-P  PCR (30 yrs) 0.56 
(1988-2015) 

12.54 
(1988-2015) 



Statistical Ensemble Forecasting System (SEFS) for  
Seasonal Rainfall over Country as a whole 

S.No Predictor Used Issued 
in  

1 Europe Land Surface Air 
Temperature Anomaly (January) April 

2 Equatorial Pacific  Warm Water 
Volume  (February + March) April 

3 
SST Gradient Between Northeast 
Pacific and Northwest  Atlantic  

(December +January) 

April 
and 

June 

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 

7 North Atlantic Mean  
Sea Level Pressure (May) June 

8 North Central Pacific Zonal Wind 
Gradient  850 hPa (May) 

June 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. 

Schematic Diagram of the  SEFS 



The Monsoon Mission Experimental  
MMCFS Model Forecasting System 

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

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

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

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

From 2016, used for generating 
operational subdivision wise 
temperature forecast for India and 
climate predicton services for South 
Asia 
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JJAS Climatology(1982-2008) 
 

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 



Long Range Forecast Products Available from RCC, Pune 
Website Based on Monsoon Mission CFS  

 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  

(http://www.imdpune.gov.in/Clim_RCC_LRF/Index.html). 



Products based on CFS: LRF Maps 
Global SST Ano. Forecast South Asia 2m Temp. Ano. Forecast 

India Rainfall Ano. Forecast 



ENSO & IOD Forecast Bulletin (Every month) 
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Seasonal Climate Outlook for South Asia 
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SASCOF 
Target Region:  South Asia ( 9 countries) 
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. 
Potential applications of seasonal outlooks:  Agriculture  (selection crops, 
crop yield forecast), Disaster preparedness and risk reduction  (impact of 
floods and droughts),  Public health (disease outbreaks  like Malaria, cholera 
etc.),  Energy sector (expected energy demand scenarios), water management 
(reservoir) etc. 
 
 

S. No. Country Main rainfall periods 
1 Afghanistan  Winter (DJF), Spring (MAM) 
2 Bangladesh Pre-monsoon (MAM), summer Monsoon (JJAS) 
3 Bhutan Winter (DJF), JJAS (summer monsoon) 
4 India Winter (JF) for north India, pre-monsoon for south peninsula 

and northeast India (MAM), SW Monsoon (JJAS) for most parts 
of the country and post monsoon (OND) for south Peninsula. 

5 Maldives May to September (summer Monsoon ), October to January 
(winter monsoon) 

6 Myanmar Pre-monsoon (AM), Summer monsoon (JJAS), post monsoon 
(ON). 

7 Nepal Winter (DJF), JJAS (summer monsoon) 
8 Pakistan Winter (DJF), JAS (summer monsoon) 
9 Sri Lanka First inter-monsoon (MA),  SW Monsoon (MJJAS), second inter-

monsoon (ON) 

RCOF frequency: Physical sessions in 
April for SW Monsoon & in September for 
NE Monsoon. online session in November 
for winter season (December to 
February): 
Sources of funding: Financial support for 
conducting SASCOF activities mainly 
come from WMO through its various 
funding agencies like The United States 
Agency for International Development 
(USAID), Department of the Environment, 
Government of Canada etc. Participation 
of the experts from IMD and IITM, Pune is 
funded by the respective institutions.   

Rainfall Climatology for the period 1951–2007 
over South Asia. 
(Data Source: APHRODITE’s Water Resources 
Home page: 
http://www.chikyu.ac.jp/precip/english/index.htm
l ) 

http://www.chikyu.ac.jp/precip/english/index.html
http://www.chikyu.ac.jp/precip/english/index.html


SASCOF Consensus Outlook for the 2017 JJAS over South Asia  



Preparation of the Consensus Forecast 
 The consensus outlook is reached based on the prevailing large scale global 

climatic patterns (like ENSO, IOD, Snow Cover etc.) and seasonal forecasts 
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 
tercile categories (below normal, normal and above normal using yellow, 
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 
onwards the probability forecast map depicted grid wise most likely tercile 
category as well as its probability for each of the 1o latitude x 1o longitude 
spatial grid boxes over the region. The box-wise tercile probabilities were 
derived by synthesis of the available information and expert assessment. It 
was derived from an initial set of gridded objective forecasts and modified 
through a consensus building discussion of climate 

Consensus forecast 
 for JJAS 2015 

Consensus forecast 
 for JJAS 2016 



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):  

 Error ≥ 10% 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.  
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Successful forecasting of Successive Large Scale Deficient monsoons 
(2014 & 2015):  

IMD Operational Forecast for 2014 Monsoon Rainfall & Verification 

11/06/201
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Region Period 

Forecast (% of LPA) 
Actual Rainfall 

(% of LPA) 24th  April 
9th June   

(1st Update) 

12th August    

(2nd Update) 
All India June to September 95 ± 5 93 ± 4 87 ± 4 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 ± 8 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 
August to 

September 
  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.   



ESSO-IMD Operational Forecast for  
2015 Monsoon Rainfall & Verification 
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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. .   

Region Period Forecast (% of LPA) Actual 
Rainfall 

(% of LPA) 
22thApril 2th June            

(Update) 
2nd 

August 
All India June to September 93 ± 5 88 ± 4 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 90 ± 9 78 
All India August to September 84 ± 8 77 



Rainfall anomalies Predicted by the MMCFS T382  
(Initialized with Feb. & April Initial Conditions) 

11-Jun-18 

Category 
Rainfall 
Range 

(% of LPA) 

 Forecast 
Probability (%) 

Climatol. 
Probability 

(%) April 
Deficient <90 61 16 

Below Normal 90 - 96 24 17 
Normal 96 -104 13 33 

Above Normal 104 -110 2 16 
Excess > 110 0 17 

91% 86% 



SASCOF: 
Below normal Rainfall Consensus Forecast for South Asia – JJAS 2014 

11/06/2018 18 

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.    

a) JJAS 2014 

  
 



SASCOF: 
Below normal Rainfall Consensus Forecast for South Asia-JJAS 2015 

11-Jun-18 

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. 

a) JJAS 2015 

 
 

 



Above Normal Rainfall southern Parts of S. Asia: 
2015 NE monsoon consensus Forecast 

20 11/06/2018 

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. 

a) OND 2015 

  
 



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.  

 
 



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 
incorporate 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 
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Southwest Monsoon Rainfall over South Asia 
Consensus outlook for 2015 for Karnataka and Rajasthan state 

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