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IMD Operational Medium & Extended Range 

Forecast Models 
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Temporal 
scales  

 Numerical  NWP/Climate 
Models  

Resolutions and Frequency 
of Update  

Medium 
range  
forecast 

• Global Forecast System (GFS) 
atmospheric model   
 

• Global Ensemble Forecast 
System (GEFS) atmospheric 
model (20 members) 

• 12 km  (Run four times a day ; 
00,  12 UTC) for 10 days  and 
06 & 18 for 3 days) 
 

• 12 km (Run once a day) for 10 
days 
 

Extended 
range 
forecast (ERF)  

• Climate Forecast System 
(CFS) coupled models (16 
members) 

• 38 km (Run once in a week) 
for 32 days with 16 years 
hindcast (2003-2020) 



  Model  Agency Resolution 

1 GFS IMD 12 km 

2 GEFS IMD 12 km 

3 GFS NCEP 25 km 

4 UM NCMRWF 12 km 

5 GSM JMA 25 km 

District Level MME Rainfall generation (For 5 days) 

NWP Model data used 



Based on 04 Sep  2021 



Seasonal (JJAS) rainfall forecast verification  

DAY 2 DAY 1 

 CC of MME rainfall forecast is high 

compared to individual rainfall 

forecast  up to day 5. 

 RMSE of MME rainfall is less than 

individual rainfall forecast up to 

day 5.  

 Generally under prediction of high  

rainfall events 

CC 
RMSE 

MME GFS GEFS NCEP NCUM JMA 

DAY 3 0.48 
14.22 

0.34 
16.33 

0.37 
14.99 

0.35 
21.39 

0.4 
19.39 

0.33 
15.2 

DAY 4 0.43 
14.75 

0.29 
16.96 

0.34 
15.35 

0.32 
21.82 

0.35 
20.7 

0.29 
15.6 

DAY 5 0.4 
15.85 

0.26 
17.52 

0.3 
15.77 

0.3 
29.95 

0.32 
21.21 

0.26 
16.0 



Spatial distributions of Correlation, RMSE, and bias 

 The rainfall forecast over Central India is 

comparatively good in terms of CC and 

RMSE. 

 CC of MME is marginally high over most of 

the districts than individual model.  

 RMSE of MME is marginally less over most 

of the districts than individual model.  

 Still forecasts over Northeastern and part 

of south peninsular districts needs 

improvement.  

 

CC CC RMSE RMSE Bias Bias 

GFS 

GEFS 

NCEP 

NCUM 

JMA 

MME 



2020 

18 



2021  Southwest Monsoon Season  



2021  Southwest Monsoon Season  



2021 Monsoon – Forecast Skill 

Region No of Districts 

NE India 190 

NW India 203 

Central India 179 

South India 104 

Total 676 

Categories Subdivision 
Rainfall Departure 

in a week 

Classification 

Excess ( E)  

Large Excess 

(LE) 

 

+ 20% or more 

+ 60% or more 

 

Above Normal 

(AN) 

Normal (NN) -19 % to + 19 % Normal (NN) 

Deficient (D)  

Large Deficient 

(LD)  

No Rain (NR) 

 

- 20% or less 

- 60% or less 

-100 % 

Below 

Normal (BN) 



Correct Partially Correct Wrong 

10%       20%      30%      40%      50%      60%  

WEEK-1 

Correct Partially Correct Wrong 

WEEK-2 



Correct Partially Correct Wrong 

10%       20%      30%      40%      50%      60%  

WEEK-3 

Correct Partially Correct Wrong 

WEEK-4 



Met-subdivision forecast skill; 2021 Monsoon season  



Extended Forecast Over District level During Monsoon- 2021 

 Operational ERF based on CFSv2 coupled model- ling system has been evaluated at 

different spatial scales starting from All India to 36 met-subdivision levels for the 
2020 & 2021 monsoon season. 

 
 The ERF also captured different intra-seasonal episodes of monsoon  

 

 The spatial distribution of the met-subdivision level mean forecast skill of predicting 
above normal, normal and below normal categories in terms of correct forecasts 

(forecast and observed category matching) for the 36 subdivisions 
 

 The ERF captured very well the transitions from normal to weaker phase of monsoon 



Slide: 2 

 A large-scale hydrologic model developed at the University of 
Washington (Liang et al. 1994). 

 Simulates water and energy fluxes in each grid cell considering 
soil and vegetation parameters, and meteorological forcing as 
input. 

 Sub-grid heterogeneity (e.g. elevation, land cover) is handled via 
statistical distributions. 

 The VIC model has three soil layers and water can only enter a 
grid cell via the atmosphere 

 Infiltration is estimated using a variable infiltration capacity 
curve (REF). 

 The VIC model has been widely used in India for hydrologic 
assessment (Mishra et al. 2014). 

Land surface products using VIC model  
[in collaboration with  IIT Gandhinagar] 

Images from: http://www.hydro.washington.edu/Lettenmaier/Models/VIC/Overview/ModelOverview.shtml 
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Land surface products using VIC model  
[in collaboration with  IIT Gandhinagar] 

1. Weekly Observed Conditions: 

Prec, Tmax, Tmin, Tmean, SM, Runoff  
2. Daily Forecast Variables: 

Prec, Tmax, Tmin, Tmean, SM, Runoff  

3. Weekly Forecast Cumulative: 
Prec, Tmax, Tmin, Tmean, SM, Runoff  

4. Anticipated Weekly Change: 
Tmax. Tmin, SM, Runoff 

5. Standardized SSI and SRI: 
SM, Runoff 

GMT Plots 

State file (Initial condition) 
{1st Jan. 1951 to 31st Dec.2020} 

Daily observed data (IMD): 
Rainfall, Tmax, Tmin 

Regrid to [0.25] 

U & V wind (NCEP/NCAR) 

Forcing for VIC model from 
1st Jan. 2021 to forecast date 

Observed data forcing 

ERF data (CFSv2 MME): 
Rainfall, Tmax, Tmin 

Regrid to [0.25] 

Final forcing for VIC model 
till 32 days future from the 

forecast date 

Forecasted data forcing 

U & V wind climatology 

Run VIC model (time step:1 day) 

Soil and vegetation parameters 

Meteorological forcing 

Land surface ERF products 

Output 
Evaporation, Runoff, Baseflow, Moisture 

content of each soil layer 
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Weekly Forecast Cumulative 3 



Anticipated Weekly Change 4 

Slide: 8 



Inputs for Preparation of Agromet Advisories 

             Past Weather 

 

 

 
          Quantitative medium range 

     weather Forecast for next Five days 

 

 

 

 

 

Crop stage & state and 
advisories 

 

Groundnut 

During vegetative 

period soil moisture 

stressed delays 

flowering 

An efficient 

interceptor of solar 

radiation 

Moist soil condition from 

flowering to pod 

development, warm climate 

(24 
0
C to 34

 0
C), plenty of 

sunshine highly favourable 

for crop. 

High atmospheric 

humidity stimulates 

greater flowering and 

peg setting 

Rain at maturity 

reduces yield 

Soil temperature 14 
0
C 

to 16
0
C is optimum for 

seed germination 

Temperature above 44 
0
C and 

below 4
0
C are not desirable. 

Sensitivity of Crop to 

weather 

Diagnose weather related stresses 
Moisture, weather based pest & disease 

occurrence, excessive Heating & desiccation, 

cold injury and frost, soil born biotic stress, soil 

health & nutrient related issues, extreme 

weather related issues. 

AND ADVISE MITIGATION Location wise Contingency action  



         

Met-subdivision wise forecast for two weeks based on 04 August 2021 IC and forecast for  

(a) 06-12 August, 2021 and (b) 13-19 August 2021. 
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Applications in Agriculture  



Medium range forecast (District) & Subsequent 1 week (ERF) outlook 

As per ERF products maximum temperature may be moderately below normal, minimum 

temperature may be below normal and rainfall may be above normal in Marathwada region 

during 09th June to 15th June 2021.   

Plantation of citrus crop should not be done until sufficient amount of rainfall 

is received. Intercultural operation should be done in citrus orchard. for 

uniform flowering in Citrus take a spray of 13:00:45 @ 15 gram per litre along 

with sticker during clear weather condition.   



Subsequent week forecast is used in AAB 

ERF based agromet advisory (RF was above normal): 

Management practices should be done to drain out excess amount of water from 

Soybean, Sorghum, Sugarcane,  pearl millet, turmeric and orchards like pomegranate, 

sapota, citrus  as well as vegetable crops etc.  



Temperature Forecast: (Met Sub-Division and District level) 
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Actual Temperature (C) 
District Level 

Temperature Anomaly (C) 
District Level 



Medium range forecast (District)&Subsequent 1 week (ERFS) outlook 

As per ERFS products, max. temperatue may be 

moderately below normal and min. temperature may be 

below normal in Marathwada during 21-27 April 2021.  ERF

S 



Economic impact study of Gramin Krishi Mausam Seva 

Study by National Centre for Applied Economic Research (NCAER), New Delhi 

conducted in year 2019 by. Salient findings- 

(interviewed 3,965 farmers across 121 districts of 11 states of India)  

 

• 98% of surveyed farmers made modifications to at least one of nine  

practices based on weather advisories- 

• 80% of farmers receiving information on high resolution weather events 

reported to have reduced losses. 

• An estimated additional annual income of Rs. 12,500 per agricultural 

household belonging to Below Poverty Line category in rain-fed areas. 

• Total income gain is estimated at Rs. 13,331 crore per annum in rain-fed 

districts. 



 

MME based district level forecast provides useful skill uo to 5 
days.  

Implementation and operationalization of coupled modelling 
system at IMD has led to the improvement of Extended Range 
Forecasting to provide services to various users.  

 The ERF provides useful skill up to 2 to 3 weeks and the 
products are being prepared routinely for applications in 
Agriculture and for providing advisories to the farmers.  

The advisory to farmers issued based on medium and 
extended range forecast has large economic benefits.  

 

Summary 


