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Monsoon Intra-seasonal variability is modulated by synoptic, 
interannual and decadal variability. 

On top of this climate change also modulates MISO and hence their 
prediction is a great challenge. 

Despite several uncertainties in the representation of climate 
processes, the climate model in the current generation represents the 
hydrological cycle to the extent that the mean monsoon is predictable up 
to certain extent. 

Significant Progress on Operational forecast at various spatial 
temporal scale has been made.   

Since 2011, IITM has started Extended Range Prediction (2-4 weeks) 
using Climate Forecast System (CFS) coupled model from NCEP, under the 
“National Monsoon Mission” Project of Govt. of India.   

This prediction is playing an important role in improving the 
agricultural and water management, health, disaster management and 
other sectors. 

Extended Range Prediction 



Extended Range Prediction System Extended Range Prediction System 

It has reasonable skill in predicting the 

extreme rainfall events, genesis and 

track of tropical cyclones, heat/cold 

waves, MJO, MISO etc. 



EXTENDED RANGE PRODUCTS 
https://www.tropmet.res.in/erpas/ 

 

https://mausam.imd.gov.in/imd_latest/contents/extendedrangefor
ecast.php#. 

 

Weekly mean and daily animated 
products 

https://www.tropmet.res.in/erpas/
https://www.tropmet.res.in/erpas/
https://mausam.imd.gov.in/imd_latest/contents/extendedrangeforecast.php
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Subdivision-wise categorical forecast of rainfall (MME) IC 16 March 2022 
 
 deterministic probabilistic 



Predicted week wise temperature anomaly (by MME) 



Probability of heat waves and  

severe heat waves 

HW: Heat wave SHW: Severe heat wave 

Temperature Histogram for  

4-homogeneous regions of India 



Cyclogenesis Forecast 



MJO Forecast 



Dey et al. 2019, Pageoph 

MJO Forecast 



 1) Agromet bulletins based on  2-weeks weather forecast issued once in a week by 
CRIDA and IMD 
http://www.cropweatheroutlook.in/crida/amis/contingencyPlan/NAAS.jsp 
 
2) Hydrological and land surface products are given by IIT Gandhinagar and IMD 

https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-
forecast-cumulative/weekly-soil-moisture 

https://www.imdpune.gov.in/hydrology/Drought_Monitoring.html 
https://www.imdpune.gov.in/hydrology/hydrg_index.html 

 
3) Health bulletin issued by IMD 
https://imdpune.gov.in/hydrology/health.html 
 
4) The South Asia Drought Monitoring System (SADMS) weekly bulletin is 
produced by the International Water Management Institute (IWMI) 
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-
south_asia_drought_outlook-2021-june-issue-2.pdf 
 

EXTENDED RANGE PRODUCTS Applications 

http://www.cropweatheroutlook.in/crida/amis/contingencyPlan/NAAS.jsp
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://sites.google.com/iitgn.ac.in/expforecastlandsurfaceproducts/erf-weekly-forecast-cumulative/weekly-soil-moisture
https://www.imdpune.gov.in/hydrology/Drought_Monitoring.html
https://www.imdpune.gov.in/hydrology/Drought_Monitoring.html
https://www.imdpune.gov.in/hydrology/hydrg_index.html
https://www.imdpune.gov.in/hydrology/hydrg_index.html
https://imdpune.gov.in/hydrology/health.html
https://imdpune.gov.in/hydrology/health.html
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf
https://www.iwmi.cgiar.org/tools/drought-bulletin/2021/2-south_asia_drought_outlook-2021-june-issue-2.pdf


Heat Wave PRODUCTS Applications 



.. 

Average Heat Wave days during March-June 

1951-1960 1961-1970 1971-1980 

2001-2010 

1981-1990 

1991-2000 2011-2017 
A large region of 

southern parts and 

east coast regions 

are mostly affected 

by HWs in recent 

decades (no. of HW 

days also increasing) 

R Mandal, S Joseph, A. K. Sahai, R. Phani, A. Dey, R. Chattopadhyay1 & D. R. Pattanaik, Sci.Rep., 2020 



The area under hatches indicates the 

probability of occurrence of above normal 

frequency of particular categorical heat-wave 

spell is more than 60% chances when the 

antecedent (Lag-1)AISMR is reported as 

deficit. (1950-2019) 

Heat wave and Monsoon Rainfall 

The Role of Antecedent Indian 

Summer Monsoon Rainfall on the 

occurrence of Heatwaves over 

India and the crop productivity in 

the present global warming era 

Murali,Sahai et al, under review 



15 

News Clipping of 6th June 2017 

Tmax Power 

Demand 



Example -1  

Real-time forecast made on 16th May 2018  

Therefore extended range forecast and outlook of Tmax 
and heat wave is very important for agriculture, drinking 
water availability, power generation and distribution 
and health 



HW spell: 18May-

01Jun 2018  



Probabilities of heat waves and severe heat waves : OBS vs MME 



How might humidity influence the effects of heat? 

Relative humidity 
forecasts are 

experimental! 

Probability of heat waves and severe heat waves 2m relative humidity forecast (MME) 

Regions 
where 
humidity 
may 
worsen 
the effects 
of heat 



Heat-wave Related Deaths in India 

Heatwave Forecast used for Disaster Risk Reduction 

2019 226 

2020     4 
2021      4 

2016: 0.71°C  (Warmest year since 1901) 

2017 3rd warmest, 2021 5th, 2019 8th, 2020 9th   

Years  
Deaths due to 

heat wave 

1992 -2020 25692 

2011-2015 6973 

2016-2021 1743 



Hydrological PRODUCTS Applications 
 
 



VERIFICATION OF SPI OUTLOOK  GENERATED BASED ON ERF 2018 Monsoon 

Criteria No. Of Grid Points Percentage Of Grid Points 

Total 316   

Same Category 95 30.1 % 

1 Category Out 137 43.4 % 

2 Category Out 52 16.5 % 

3 Category Out 26 8.3 % 

4 Category Out 5 1.6 % 

5 Category Out 1 0.3 % 

6 Category Out 0 0.0 % 

7 Category Out 0 0.0 % 

Within 1 Category Out 232 73.4 % 

                          

CONTINGENCY TABLE 

STATISTICS 
 

Observed 

Drought Monitoring 



Prediction up to 45 days lead (IC 15 July 2009 

 Predicted anomalies of 
hydrologic variables for 
lead 7, 15, 30, and 45 days. 
(a) Observed (standardized) 
anomalies in (VIC-
simulated) runoff at lead-7 
days (b) anomalies in (VIC-
simulated) runoff using 
bias-corrected IITM-
ensemble for lead-7 days. 
(c and d) same as (a and b) 
but for root-zone soil 
moisture (e-h), (i-l), (m-p) 
same as (a and b) for lead 
15, 30 and 45 days, 
respectively.  
  

Shah et al. (2017) 

  Runoff                               root-zone soil moisture 
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Values shown by m indicate median values for the five river basins. 

Outlook Example for a week centred on August 09 (August 6th -12th ,2009)  

Tiwari, Sahai and Mishra (communicated) 



Agricultural PRODUCTS Applications 
 
 



National Agromet Advisory Service Bulletin  

Based on  

Extended Range Weather Forecast 

 

Validity – 27 October – 9 November 2017 
Date of issue : 27 October 



REALIZED RAINFALL 

12TH TO 18TH OCTOBER, 2017 19TH TO 26TH OCTOBER, 2017 



EXTENDED RANGE FORECAST: Sub-division-wise rainfall forecast maps 
for the next 2 weeks (IC –25 October) 

27th October to 2nd November 2017 3rd to 9th November 2017 



Strategic Agricultural Planning based on rainfall during next two weeks till 
09th November 2017 

Agromet Advisories 
 

Maharashtra : Rainfall received during 1-26 October 2017 in major meteorological sub-divisions : Vidarbha: 
57.5 mm (3% surplus); Marathwada: 100.2 mm (49% surplus); Madhya Maharashtra: 112.4 mm (52% surplus) 
and Konkan: 153.6 mm (34% surplus) The extended range weather forecast provided for next two weeks: 
Vidarbha (scanty and normal); Marathwada (scanty and deficient); Madhya Maharashtra (scanty for both 
weeks) and Konkan (scanty for both weeks).  
ADVISORIES:  
Marathwada  
• Sowing of rabi sorghum should be done as early as possible to avoid loss of soil moisture which may affect 
germination  
• Sowing of rabi sunflower should be done as early as possible.  
• Picking of cotton should be done early in the morning to keep cotton clean 
Vidarbha  
• Undertake harvesting/threshing of matured soybean and keep the produce safely during the first week as 
scanty rainfall is forecasted.  
• Adoption of minimum tillage planting is advisable for rabi sowing to conserve residual soil moisture. 
 • With prevailing condition of decline in humidity and increase in maximum temperature, foliar spray of 2% 
DAP (200 g DAP +10 litre water) mixed with 4 ml Planofix at boll development stage is advisable in cotton to 
reduce boll shedding and improve boll growth. etc 



Agromet Advisories 

Odisha : Rainfall received during 1-26 October 2017 over Odisha is 161.0 mm (58% surplus) .The extended 
range weather forecast provided for next two weeks is Scanty and Excess, respectively. 
ADVISORIES : • Sowing of rabi groundnut is recommended. Choose high yielding varieties like Smruti, TAG- 27, 
TAG – 24 and JL-24. Use 60 kg pods /acre. Treat the seeds with 1.5 g Carbendazim or 3 g Thiram/kg of seeds 
one week before sowing.  
• Optimum time for sowing mustard under rainfed condition. Choose high yielding varieties like Parbhati, 
Anuradha, and TS-29 & M-27. Use 3 to 4 kg seeds/acre. Treat the seeds with 1.5 g Carbendazim or Thiram 
3g/kg of seeds one week before sowing. 
 

Assam : Rainfall received during 1-26 October 2017 over Assam is 190.2 mm (36% surplus). The extended 
range weather forecast provided for next two weeks is scanty and excess, respectively.  
ADVISORIES :  
• Spray Malathion 5% dust @ 20 kg/ha as weather is congenial for rice Gundhi bug infestation.  
• Farmers are advised to prepare land for sowing of rapeseed, and mustard crop. Apply lime @ 65.5 kg/bigha 
at least 15 days prior to sowing of seeds. The recommended varieties of rapeseed and mustard are M-27, TS-
36, TS-38 etc.  
• Farmers are also advised to prepare the field for potato cultivation. 
 
 



Rainfall forecast maps for the next 2 weeks  

(IC – 6th June) (8th to 28th June 2018)  

An Example of Extended Range Forecast application in Agriculture 



 Realized Rainfall for month 

Date 01-

Jun 

02-

Jun 

03-

Jun 

04-

Jun 

05-

Jun 

06-

Jun 

07-

Jun 

08-

Jun 

09-

Jun 

10-

Jun 

11-

Jun 

 Rainfall 

(mm)  

50 5 65 0 0 75 0 45 0 0 0  Rainfall Forecast 

Date 12-Jun 13-Jun 14-Jun 15-Jun 16-Jun 

 Rainfall (mm)  1 0 0 0 1 

Advisory for sowing operation 
Even though there was sufficient realized rainfall during first 10 days of 

June fulfilling the criteria for sowing, based on Extended range forecast, 

farmers were advised to wait for sufficient rainfall to undertake sowing.   

Pre-monsoon shower 

Realization 

• Farmers followed the advisory as there was wide publicity by the State 

Department of Agriculture, Maharashtra. 

• Only 8% area was sown by 25th June 2018, as compared to 45% area 

during previous year. 

• As the forecast was correct and sowing was not undertaken, there was 

no report of crop loss.   

Vidarbha 

An Example of Extended Range Forecast application in Agriculture 



Districtwise forecast of Rainfall over Maharashtra (IC 5Aug 2020) 

Anantpur District  



Health PRODUCTS Applications 









                OBS 
FCST                 
 

YES NO 

YES 7 15* 

NO Nil 2 

Malaria Week-1 Forecast Verification for Patna District  
(April to Sep 2019) 

Yes : Means Satisfy WMO Criteria (33⁰C< Tmax <39⁰C and 14⁰C <Tmin <19⁰C) for both  
P. Vivax and P.Falciperum parasite 

Contingency table is prepared for Weekly Malaria Cases and Week 1 Forecast using 
ERPS of Patna District from Bihar.  
 
*More False alarm is seen during April and May, while correct Week 1 Forecast is seen 
during June to September IC.  WMO criteria does not include rainfall while there is a 
clear link with rainfall season and malaria season. This could be a reason for large false 
alarm. 

(Malaria>=6) 



Nagpur 2013 Malaria 
Forecast is based on climatic data only  

Deterministic Forecast 
BN:  Q1 

NN: ≥ Q1 and ≤ Q3 

AN:  Q3 and ≤ P95 

EXT:  P95 

Q1= lower tercile 

Q3= upper tercile 

P95= 95th percentile 

Probabilisticistic Forecast 
% Probability of Below Normal, Near Normal, Above 
Normal and Extreme occurences. 
For Observation and clim forecast any of the  
above probabilities is 100% 

Type of events CC RMSE BSS 

BN  NN  AN  
 

Nagpur MAL 0.74 15.4 0.21 0.15 0.29  Sahai et. al (2020) Sci. Rep. 



 There are spatio-temporal errors in most of the extreme cases.  

 Improvement has seen up to three weeks for multi-physics multi-

model strategy over current operational system.  

 Experiments with increased vertical resolution are going on. 

 Fully coupled data assimilation is being attempted under MM. 

 Efforts are underway to improve the skill and downscale to higher 

resolution using AI/ML. 

However, for better services in various sectors, a strong 
collaboration between weather/climate scientists and stake 
holders (research and data exchange) and co-production is very 
much needed. Also the disaster managers have to be very active to 
take full benefit of the forcasts/warnings/advisories. 

Summary  



Thank You!!! 

http://www.tropmet.res.in/erpas/index.php 


