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सार –  भारत मौसम िवज्ञान िवभाग ने 1 जनू, 2008 से प्रचालना× मक आधार पर 5 िदनɉ का मात्रा× मक िजला 
è तर मौसम पवार्नमान देना प्रारंभ कर िदया है। इन उ× पाू ु दɉ म सात मौसम प्राचलɉ अथार्त वषार्Ʌ , अिधकतम और Û यूनतम 
तापमानɉ, पवन गित और िदशा, सापेिक्षक आद्रर्ता और मेघमयता के िलए मात्रा× मक  पवार्नमान शािमल है। बह िनदशर्ू ु ु -
समÍ चु य  तकनीकɉ  (MME)  के आधार  पर  वषार्  के  पवार्नमान  तैयार  िकए जात े ह। अÛ यु ु ɇ   प्राचलɉ  के  िलए ECMWF 
पवार्नमानɉ ू ु (वतर्मान म Ʌ IMDGFS) का उपयोग  िकया गया। इन पवार्नमान उ× पाू ु दɉ को MCs/RMCs Ùवारा  वेã यू एिडड 
िकया  गया और  मौसम आधािरत  िजला  किष  मौसम  परामशीर्  सेवा  बलेिटन  तैयार  करने  के  िलए ृ ु 130 किष  मौसम ृ
वैज्ञािनक  फीã ड  एककɉ  (AMFUs)  को  भेजे  गए।  यह  मौसम  वैज्ञािनक  मोनोग्राफ  वषर्  2012-14  के  शीतकाल  और 
ग्रीç मकाल म मॉनसन और तापमान के दौराɅ ू न भारत के िविभÛ न भागɉ म हई वषार् के प्रचालना× मɅ ु क िजला è तर मौसम 
पवार्नमानɉ के िनç पाू ु दन कौशल को बताता है। यह मोनोग्राफ MME मॉडलɉ के आगे और सधार के िलए भावी उÙदेæ यु  
और सीमा िनयंत्रण की िवशेषताओ ंको भी बताता है। स× यापन पिरणामɉ से पता चलता है िक मौसम पवार्नमान पयार्Ü तू ु  
Ǿप से सही है और वैã यू एिडशन से मॉडल पवार्नमान की सटीकता म सधार हआ है। ू ु ुɅ ु हालांिक MME मॉडल उ× तर के 
पवर्तीय के्षत्रɉ म मौसम की प्रागिक्त कर सकता है िकÛ तɅ ु ु पवर्तीय के्षत्रɉ वाले अÛ य भागɉ म तापमान का सही पवार्Ʌ ू नमान ु
नहीं लगा पात ेह। देश के उ× तɇ र पवीर् के्षत्र से गमर्ू , आद्रर् ग्रीç मकाल, प्रचंड मॉनसनɉ और सहावने शीतकाल मौसम के साथ ू ु
इनके प्रबलीय आद्रर् उप - उç णकिटबंधी जलवाय के कारण मौसम की बहत कम सटीकता दशार्ता है। ु ु  

 
ABSTRACT. IMD started issuing quantitative district level weather forecast upto 5 days on operational basis from 

1st June, 2008. The products comprise of quantitative forecasts for seven weather parameters, viz., rainfall, maximum and 
minimum temperatures, wind speed and direction, relative humidity and cloudiness. The rainfall forecast is generated  
based on multi model-ensemble techniques (MME). For other parameters, ECMWF forecasts (presently IMDGFS) are 
used. These forecast products are further value added, by the respective MCs/RMCs and forwarded to 130 
Agrometeorological Field Units (AMFUs) for preparation of weather based District Agromet Advisory Service bulletin.  
This Meteorological Monograph describes the performance skill of the operational district level weather forecasts over 
different parts of India rainfall during monsoon and temperature during winter and summer from 2012-14.  The 
Monograph also highlights limitations and future scope for further improvement of the MME models. The   verification 
results show weather forecasts are reasonably accurate and value addition has improved the accuracy of model forecast. 
Though the MME model could predict the weather in hill regions in the North but in other regions having some hilly 
areas, the same could not come true in respect of temperature.  North East region of the country shows very less accuracy 
due to its predominantly humid sub-tropical climate with hot, humid summers, severe monsoons and mild winter. 

 
Key words  –   NWP model, Multi-model ensemble, District level weather forecast, Indian summer monsoon,  

Medium range quantitative  forecasts, Gramin Krishi Mausam Sewa. 

  
 

 

1.  Introduction 
 

There has been long demand from the user 
community for district level quantitative weather forecasts 
in short to medium range time scale.  Considering need of 
farming sector, India Meteorological Department (IMD) 
has upgraded the Agro-Meteorological Advisory Service 
from agro climate zone to district level because of high 

spatial variability of different weather parameters at 
district level which have direct impact on crop growth and 
to generate crop and location specific advisories. As a 
major step, IMD started issuing quantitative district level 
weather forecast upto 5 days from 1st June, 2008 based on 
multi model-ensemble (MME) technique upto 5 days 
[Rathore, et al., 2011; Roy Bhowmik, et al., 2012] for 
preparation of  District   Level  Agromet  Advisories.  The  
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Fig. 1. District level weather forecast 
 
 

 

 
 

Fig. 2. Generation of forecast using MME model 
 

 
products comprise of quantitative forecasts for 7 weather 
parameters, viz., rainfall, maximum and minimum 
temperatures, wind speed and direction, relative humidity 
and cloudiness. These forecast products are generated by 

National Weather Forecasting Centre, IMD, New Delhi 
and further value added by the respective RMCs / MCs 
and communicated to 130 Agrometeorological Field Units 
for preparation of district level advisories. The value 
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addition to the MME forecast is done manually by 
considering the climatology of the region, products of 
other NWP models, prevailing synoptic condition of the 
region & neighbourhood, satellite imageries on the day of 
forecast, DWR products on the day of forecast and 
knowledge gathered by comparing MME forecast with the 
observed data in the previous years. As the quality of 
agromet advisories depends on accurate weather forecast, 
there is a need to verify the forecast. Forecast verification 
serves the role of identifying the accuracy of forecasts, 
with the goal of improving future predictions and also 
emphasizes accuracy and skill of prediction. The issue of 
district level weather forecast particularly in respect of 
rainfall and other parameters are extremely challenging 
particularly in the monsoon period and minimum 
temperature in the winter months. IMD issues 647 district 
level weather forecasts daily for different weather 
parameters as shown in Fig. 1. The flow diagrams of 
forecast preparation and subsequent dissemination to 
AMFUs are given in Fig. 1. 
 
2.   Multi-model ensemble technique 

 
Multi-model ensemble samples the uncertainty in the 

model initial condition (via the different observational 
data, assimilation and initialization methods, lateral 
boundary conditions for the regional models) and model 
formulation (via the variety of model physical 
parameterization, numeric and resolution).  It avoids the 
problem of systematic bias that occurs when a single 
model is used.  (Krishnamurti, et al., 1999) Due to the 
differences in model formulation, each model has its own 
relative strength and weakness in respect to prevailing 
synoptic, geographic and orographic conditions, with no 
model clearly superior to the others. Five NWP models 
were considered for this development work are: (i) 
National Centre for Medium Range Weather Forecasting 
(NCMRWF) (presently it uses IMD GFS T-574/L64), (ii) 
European Centre For Medium Range Weather Forecasting 
(ECMWF T-799), (iii) Japan Meteorological Agency 
(JMA T-959), (iv) United Kingdom Meteorological Office 
(UKMO) and (v) National Centre for Environmental 
Prediction Global Forecast System (NCEP GFS).  

   
3.  Data and methodology 
 
 Verification in most of the states have been carried 
out using one representative district in agroclimatic zone 
taking departmental observatory (around 300 surface 
observatories spread over 200 districts) as the 
representative for the district for temperature and area 
weighted average of rainfall for all the districts (Both 
surface observatories and Daily rainfall Monitoring 
stations) (Rajeevan, et al., 2005; Roy Bhowmik and Das, 
2007) was considered for verification. The accuracy of a 

forecast is some measure of how close to the actual 
weather the forecast was. Here, accuracy of a forecast is 
defined as how many days in the season the forecast was 
close to the actual weather (correct and usable) based on 
error structure. 
 
3.1. Error structure for verification of quantitative district 
level weather forecast, if the forecast parameter is out by 
one stage compared to observed, it is considered as correct 
forecast and if the same is out by two stages and more 
than that it is considered as partially correct and wrong 
forecast respectively. The forecast has been verified with 
the help of observed data using the following error 
structure for rainfall and temperature for different districts 
in the state and inter-comparison between the states to 
observe the trend of value added forecast.  
 
(A). The error structure considered for verification of 
ttemperature forecast: 
    

Correct        Diff ≤ 1 °C                          
 
Usable          1 °C < Diff  ≤ 2 °C             
 
Unusable        Diff > 2 °C  
 
(Diff is the absolute difference between observed 

and forecast temperatures).  
 
(B). The error structure considered for verification of 
rainfall forecast: 
    

Correct     Diff ≤ 25% of observed                          
    
Usable    25% of observed < Diff ≤ 50% of 

observed             
    
Unusable      Diff > 50% of observed 
     
(Diff is the absolute difference between observed 

and forecast rainfall).  
 
Thus, for better interpretation of the results in 

different categories, following criteria was made to 
observe the worthiness of the forecast.  

 
 
Good :  Correct and usable forecasts for 

>70% days in the district.  
 
Moderate :  Correct and usable forecasts for            

50-70% days in the district. 
 
Poor :  Correct and usable forecasts for            

<50% days in the district. 
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Besides, various skill scores like Probability of 
Detection (POD), False Alarm Rate (FAR), Missing Rate, 
Correct Non-Occurrence (C-Non), Critical Success Index 
(CSI), Bias for Occurrence (Bias), Percentage correct 
(Pc), True skill score (Tss), Heidke skill score (Hss) 
(WMO Technichal Circular No. – WMO/TO No.1023 
Guidelines on Performance Assessment of Public Weather 
Services) have also been used to verify the forecast using 
the following formulae based on the matrix (2 × 2) given 
below: 

 
Forecast / observation Rain No Rain

 

Rain A (YY) B (YN) 
 

No Rain C (NY) D (NN) 
  

A = No. of  Hits (predicted and observed) 
  
B = No. of False Alarms (predicted but not 

observed) 
  
C = No. of misses (observed but not predicted) 
  
D =  No. of correct predictions of no rain.  

(neither predicted nor observed) 
 
(i). Forecast Accuracy (ACC) or Ratio Score or Hit 
Score : It is the ratio of correct forecasts to the total 
number of forecasts.  
 

 
Correct Forecast A + D YY + NN

ACC = = =
Total Forecast N YY + NN + YN + NY

 
(ii). Hanssen and Kuipers Scores or True Skill Score (HK 
score): It is the ratio of economic saving over climatology 
due to the forecast to that of a set of perfect forecasts 
 

 
 

random

random,unbiased

Correct  Forecast - Correct Forecast
HK =

N - Correct Forecast
 

 

      
1

events non events

AD BC
HK Acc Acc

A C B D


   

 
 

Range       :  -1  to +1  
 

Perfect    :  1 
 

Advantage   :  equal emphasis to   yes/no events 
 
(iii). Probability of detection (POD)  
 

 POD = 
Correctrain forecast A

=
rain observation A + C

 

 Range : 0 to 1; Perfect Score  1 
 

(iv). False alarm ratio =  
Falsealarms

Hots + Falsealarms
               

 

B
FAR =

A + B
 

 

(v). BIAS score  =
Rain forecast

Rain observation
   

 

 
A + B

BIAS =
A + C

 

 
3.2. Verification procedure 
 

Verification of forecast has been done on day basis, 
i.e., first day, second day, third day, fourth day and fifth 
day from the date of issue of forecast.    

 

Day of issue    
of forecast 

Ist     
Day 

2nd   
Day 

3rd   
Day 

4th    
Day 

5th   
Day 

Tue Tue Wed Thu Fri Sat 

Fri Fri Sat Sun Mon Tue 
 

  If the district has more than one observatory 
temperature should be an arithmetic mean of total 
number of observatories. 

 

 Rainfall should be area weighted average 
     
4.  Results & discussion 
 
 It is observed that the weather parameters show a 
good accuracy with the value added forecast during non-
rainy / less rainfall seasons, i.e., winter, pre monsoon and 
post monsoon. In the present verification report extensive 
analysis has been made in the monsoon followed by 
minimum temperature particularly in the winter season 
and maximum temperature for the pre monsoon season. 
Results have been discussed region wise covering all the 
states of the country.  The forecast verification has been 
carried out day wise for forecasted weather parameters, 
viz., rainfall, maximum and minimum temperature both 
qualitatively and quantitatively. Correct forecast plus 
usuable forecast together represents the total accuracy of 
the forecast. The average value of the verification is given 
below: 
  
(A). Rainfall verification  
  

 Based on the criteria mentioned above verification 
has been carried out for the monsoon season region wise. 
Qualitative  rainfall  skill score for all the regions is shown  
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TABLE 1 
 

Skill score of rainfall 
 

DAY-1 DAY-2 DAY-3 DAY-4 DAY -5 
S. 

No. 
State 

PC HK POD FAR BAIS PC HK POD FAR BAIS PC HK POD FAR BAIS PC HK POD FAR BAIS PC HK POD FAR BAIS

1. A & N 77 - - - - 85 - - - - 75 - - - - 81 - - - - 75 - - - - 

2. Bihar 60 - - - - 75 - - - - 72 - - - - 71 - - - - 66 - - - - 

3. Delhi 91 0.2 0.4 0.71 1.4 79 0.43 0.78 0.56 1.8 68 0.45 0.75 0.44 1.3 92 0.56 0.75 0.63 2 87 0.35 0.67 0.69 2.2 

4. Gujarat 68 0 0.8 0.5 0.5 65 0 0.8 0.4 0.5 65 0 0.8 0.5 0.5 67 0 0.8 0.5 0.5 70 0 0.6 0.4 0.5 

5. Haryana 45 0.62 0.9 0.44 1.6 64 0.68 0.86 0.45 1.57 71 0.22 0.54 0.5 1.08 58 0.33 0.56 0.29 0.78 49 0.34 0.56 0.29 0.8 

6. HP 90 - - - - 93 - - - - 80 - - - - 80 - - - - - - - - - 

7. J & K 67 - - - - 64 - - - - 63 - - - - 63 - - - - 68 - - - - 

8. Jharkhand 69 - - - - 54 - - - - 54 - - - - 54 - - - - - - - - - 

9. Kerala 90 - - - - 88 - - - - 88 - - - - 88 - - - - 87 - - - - 

10. MP 83 - 0.28 0.67 0.15 84 - 0.04 0.98 0.12 90 - 0.38 0.81 0.09 85 - 0.38 0.87 0.16 87 - 0.19 0.79 0.15

11. 
Maha and 
Goa 

73 0.18 0.81 0.21 1.1 68 0.09 0.8 0.27 1.22 76 0.34 0.83 0.2 0.99 71 0.19 0.82 0.24 1.11 70 0.16 0.84 0.27 1.14

12. Odisha 87 - - - - 81 - - - - 81 - - - - 82 - - - - 87 - - - - 

13. Punjab 68 0.4 0.74 0.47 1.42 62 0.36 0.54 0.36 0.85 48 0.52 0.67 0.23 0.87 74 0.56 0.78 0.22 1 52 0.56 0.68 0.23 1 

14. Rajasthan 74 0.46 0.49 0.06 0.52 66 0.33 0.39 0.13 0.45 69 0.3 0.43 0.29 0.61 71 0.26 0.47 0.57 1.09 74 0.16 0.34 0.74 1.28

15. 
Tamil 
Nadu 

58 - 0.78 0.52 1.17 57 - 0.78 0.53 1.16 57 - 0.77 0.54 1.15 57 - 0.78 0.54 1.15 59 - 0.79 0.5 1.18

16. Vidarbha - 0.92 0.63 0.12 0.15 - 0.64 0.56 0.11 0.12 - 0.76 0.61 0.14 0.09 - 0.19 0.49 0.29 0.16 - 0.4 0.57 0.27 0.15

17. Utt 85 - 0.93 0.11 1 79 - 0.83 0.08 1 85 - 0.88 0.08 0.89 82 - 0.89 0.11 1 76 - 0.8 0.08 1.04

18. UP 66 - - - - 70 - - - - 68 - - - - 63 - - - - 69 - - - - 

19. WB 81 0.3 1 0.2 1.1 85 0.4 1 0.5 1 83 0.4 0.9 0.1 1 79 0.3 1 0.2 1.1 79 0.1 1 0.2 1.2 

 

Note : PC : percentage correct, HK : Hanssen and Kuipers Scores or True Skill Score , POD : Probability of Detection, FAR : False Alarm Ratio 
 

 
 
in the Table 1 and individual state is described in the 
Table 2. 
 

Eastern Region : Orissa, Bihar, West Bengal,
Jharkhand, Sikkim and Andaman
& Nicobar 

 
In this region, it is observed that qualitatively the 

rainfall forecast during past three years was >70% in most 
of the districts in West Bengal, Odisha, Sikkim and 
Andaman & Nicobar for all the five days whereas, 
qualitative forecast in Bihar and Jharkhand showed skill in 
the range of 50 - 70%. However, quantitatively the 
forecast accuracy has been noticed as moderate in Bihar, 
West Bengal and Andaman & Nicobar and poor in 
Jharkhand in 2014 as compared to good in 2012 and 2013. 
In Odisha, accuracy of rainfall forecast improved 
moderately during 2014 as compared to 2012 and 2013.  

In Sikkim, even though, rainfall forecast was moderately 
accurate for most of the districts in 2014, there was 
marginal improvement in accuracy level in 2014 
compared to 2012 and 2013. As observed, the accuracy 
level of rainfall forecast in Jharkhand needs improvement. 
Results for the six states are presented in Tables 1 and 2. 
 

North Eastern 
Region 

: Assam and Tripura 

 
During 2014, District level weather forecast was 

good for most of the districts in Tripura, and it was 
moderate for most of the districts in Assam. Tripura 
maintained good accuracy level for the past three years, 
whereas, Assam showed considerable improvement 
during this period. Forecast accuracy was more for first 
three days in Tripura and for first four days in Assam as 
compared  to later parts of the forecast period. The rainfall 
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TABLE 2 
 

Verification of district level weather forecast :  Rainfall  
 

Day 1 Day 2 Day 3 Day 4 Day 5 
States 

Good Moderate Poor Good Moderate Poor Good Moderate Poor Good Moderate Poor Good Moderate Poor 

A P 5 4 2 2 8 1 2 8 1 4 5 2 3 5 3 

A & Nicobar 0 2 1 0 3 0 0 2 1 0 1 2 0 1 2 

Assam 3 18 6 3 18 6 2 19 6 3 20 4 2 11 14 

Bihar 0 2 1 1 1 1 0 2 1 0 2 1 1 0 2 

Chatt. 0 14 4 0 7 11 1 5 12 2 7 9 0 9 9 

Delhi 1 0 0 1 0 0 0 1 0 1 0 0 1 0 0 

Haryana 0 0 3 0 3 0 0 3 0 0 3 0 0 0 3 

HP 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

Gujarat 2 3 3 4 4 0 4 3 1 4 3 1 4 3 1 

Jharkhand 0 1 2 0 0 3 0 0 3 0 0 3 0 4 3 

J and K 0 3 4 0 2 5 0 2 5 0 2 5 0 2 16 

Karnataka 0 1 17 0 2 16 0 3 15 0 1 17 0 0 10 

Kerala 0 0 10 0 0 10 0 0 10 0 0 10 12 2 10 

Maha & Goa 15 6 3 12 9 3 8 11 7 9 10 5 0 2 7 

MP 0 2 7 0 9 0 0 1 8 0 2 7 1 20 9 

Odishha 1 2 3 0 24 6 20 10 0 2 22 6 0 3 0 

Punjab 0 3 0 0 3 0 0 0 3 3 0 0 6 4 0 

Rajasthan 2 8 0 0 7 3 1 7 2 6 2 2 0 2 0 

Sikkim 4 4 0 0 3 1 0 3 1 0 2 2 3 1 0 

Tripura 4 0 0 4 0 0 4 0 0 3 1 0 0 1 18 

Tamilnadu 4 3 16 0 2 17 0 1 18 0 1 18 6 4 0 

Telangana 1 6 0 3 7 0 5 3 2 4 6 0 1 0 0 

Uttar Pradesh 0 6 0 1 0 0 1 0 0 1 0 0 4 2 1 

West Bengal 1 10 7 4 3 0 5 1 1 6 1 0 0 8 9 

Uttarakhand 1 0 0 0 11 6 0 9 8 0 9 8 0 5 5 

Vidarbha 0 2 8 0 1 8 0 4 6 0 7 3 - - - 
 

Note : Figures in the Table indicate the number of districts in the respective category of forecast accuracy 
 
 
events could also be captured qualitatively by the model in 
this region. 
 

Western Region : Maharashtra (except Vidharbha),
Gujarat and Goa 

 
The states of Maharashtra and Goa showed moderate 

skills for all five days during 2012 and 2013 but               
accuracy improved considerably during 2014 and 
forecasts were good for first two days for majority             
of the districts. Forecasts were even good for many 
districts of the state for subsequent three days. Forecast 

skill varied mostly between 60 - 80% for all five days for 
these States. In the state of Gujarat forecast was good to 
moderate on all five days and accuracy level improved 
from 2012.  

 
Northern Region : Jammu & Kashmir, Himachal 

Pradesh, Uttarakhand, Uttar 
Pradesh, Punjab, Haryana, 
Rajasthan and Delhi 

 
 In Delhi, there was marked improvement in quality 
of   rainfall   forecast   in  2014  and   forecast  was    more  
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TABLE 3 
 

Verification of district level weather forecast :  Minimum temperature  
 

Minimum temperature distribution  

Day 1 Day 2 Day 3 Day 4 Day 5 States 

Good Moderate Poor  Good Moderate Poor Good Moderate Poor Good Moderate Poor  Good Moderate Poor 

A P 9 2 0 10 1 0 8 3 0 9 2 0 9 2 0 

A & Nicobar 2 1 0 2 1 0 0 1 2 2 0 1 0 2 1 

Assam 11 0 0 11 0 0 11 0 0 11 0 0 11 0 0 

Chatt. 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

Delhi 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 

Gujarat 8 0 0 2 3 3 0 7 1 2 4 2 3 0 5 

Haryana 0 3 0 2 1 0 2 1 0 1 2 0 0 3 0 

HP 1 0 0 1 0 0 0 0 1 0 1 0 0 1 0 

J and K 1 4 2 2 4 1 4 3 0 4 3 0 1 6 0 

Karnataka 15 1 0 16 0 0 13 2 1 13 3 0 10 4 1 

Kerala 9 1 0 10 0 0 10 0 0 10 0 0 10 0 0 

Maha 3 0 0 3 0 0 2 1 0 0 3 0 0 3 0 

Punjab 0 3 0 1 2 0 1 2 0 1 2 0 1 2 0 

Rajasthan 8 2 0 2 6 2 1 8 1 0 9 1 0 8 2 

Sikkim 3 1 0 4 0 0 4 0 0 4 0 0 3 1 0 

Tripura 4 0 0 4 0 0 4 0 0 4 0 0 4 0 0 

Tamilnadu 15 2 2 12 6 1 14 4 1 11 7 1 13 5 1 

Telangana 8 2 0 9 1 0 7 2 1 6 4 0 8 2 0 

Uttakhand 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

Uttar Pradesh 1 6 0 0 4 3 0 2 5 0 4 3 0 2 5 

West Bengal 15 2 0 10 7 0 9 7 1 4 12 1 5 9 3 

Goa 1 0 0 1 0 0 1 0 0 0 1 0 0 0 1 

Vidarbha 4 6 0 6 3 1 2 5 3 1 8 1 3 4 3 
 

Note : Figures in the Table indicate the number of districts in the respective category of forecast accuracy 

 
 
 

than 70% correct quantitatively as well as good 
qualitatively.  Districts of Amritsar, Ludhiana and Patiala 
of Punjab and Ambala, Karnal and Hisar of Haryana have 
been considered as representative districts to study the 
performance of rainfall forecast. The state of Punjab 
maintained the same level of accuracy of forecast during 
past years. As observed in 2014, forecasts were good for 
all five days quantitatively. For Haryana, accuracy level 
reduced in 2014 as compared to 2012 and 2013. However, 
in 2014, forecasts were good for first three days, whereas, 
moderate for subsequent two days. Qualitatively forecast 
skill varied between 50-75% for Punjab and 45-70% for 
Haryana in 2014. Based on the verification carried out for 

six representative districts of Jammu and Kashmir, the 
State showed moderate accuracy of forecast quantitatively 
in 2014 as compared to good forecasts in 2012 and 2013.  
Qualitatively forecast skill varied between 55-75% in 
various districts on different days. Accuracy of forecasts 
in Himachal Pradesh was good quantitatively for all the 
five days during past three years. Qualitatively, forecasts 
were more than 80% correct. In Uttar Pradesh, 
considering seven districts for verification of forecasts, it 
is noticed that the skill of forecast improved qualitatively 
showing skill in the range of 60-80% for most of the 
districts in 2014 as compared to last two years.  Accuracy 
of quantitative forecasts was also good in 2014 showing
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TABLE 4 
 

Verification of district level weather forecast:  Maximum temperature 
 

Maximum temperature distribution  

Day 1 Day 2 Day 3 Day 4 Day 5 States 

Good Moderate Poor  Good Moderate Poor Good Moderate Poor Good Moderate Poor  Good Moderate Poor 

A P 4 5 2 1 6 4 1 8 2 2 5 4 2 7 2 

A & Nicobar 3 0 0 3 0 0 3 0 0 2 1 0 3 0 0 

Assam 9 2 0 9 2 0 9 2 0 9 2 0 9 2 0 

Chatt. 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 

Delhi 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

Gujarat 2 5 1 1 5 2 1 5 2 0 6 2 1 4 3 

Haryana 2 0 1 3 0 0 2 1 0 1 2 0 2 1 0 

HP 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

J and K 1 3 3 1 3 3 0 4 3 1 4 2 1 4 2 

Karnataka 15 0 0 15 0 0 12 3 0 13 2 0 10 4 1 

Kerala 10 0 0 9 1 0 9 1 0 9 1 0 10 0 0 

Maha 3 0 0 3 0 0 3 0 0 3 0 0 2 0 1 

Punjab 0 3 0 3 0 0 1 2 0 0 3 0 2 1 0 

Sikkim 3 0 1 1 2 1 0 3 1 1 3 0 0 4 0 

Tamilnadu 19 0 0 17 1 1 17 0 2 15 3 1 18 1 0 

Telangana 5 5 0 5 5 0 2 8 0 3 7 0 7 3 0 

Uttakhand 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

Uttar Pradesh 1 5 0 5 1 0 5 1 0 0 4 2 2 4 0 

West Bengal 16 1 0 13 4 0 11 6 0 6 10 1 4 11 2 

Goa 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

Vidarbha 8 0 1 7 1 1 7 1 1 7 0 2 4 3 2 
 

  Note : Figures in the Table indicate the number of districts in the respective category of forecast accuracy 

 
 
 
 
improvement as compared to 2012 and 2013. In 
Rajasthan, rainfall forecast showed moderate accuracy 
quantitatively in 2014.  
 

Central Region : Chattisgarh, Madhya Pradesh
and Vidharbha 

 
The state of Madhya Pradesh maintained 

qualitatively the same skill of predicting rainfall nearly 
80% on all five days during past 3 years, whereas the 
accuracy of quantitative forecast reduced in 2014 
compared to 2012 and 2013. Quantitative rainfall forecast 
in 2014 was not upto the mark for 2014. In Chhattisgarh, 
value addition to the model output showed improvement 
in forecast skill in all the three years qualitatively. 

However, quantitatively rainfall forecast showed moderate 
accuracy only on first day, whereas for other four days, 
quality of forecast was not upto the mark. All the districts 
in Vidarbha showed marginal improvement in accuracy of 
forecast, both qualitatively and quantitatively, in 2014 
compared to 2012 and 2013. However, quantitative 
rainfall forecasts were not upto the mark for most of the 
districts during 2014. Skill of forecast in all these regions 
needs improvement.  

 
Southern Region : Andhra Pradesh, Karnataka, 

Kerala and Tamil Nadu 
 
In the state of Tamil Nadu accuracy which was 

moderate  in  2012 decreased in 2013 and 2014  alongwith  
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Fig. 3. Performance of temperature forecast in various districts in some of the states 
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the skill score of predicting rainfall. Kerala receives 
copious rain (average 3000 mm) each year, Southwest 
monsoon is the main rainy season of Kerala. The state of 
Telangana showed a moderate improvement in the skill of 
predicting the value quantitatively in 2014 compared to 
2013 and 2012. The accuracy level in Kerala, Karnataka 
and Andhra Pradesh need improvement as it showed very 
less values during consecutive three years.  
 
(B). Verification of temperatures 
 
 Based on the above criteria mentioned above 
verification has been carried out for the minimum 
temperature in winter and maximum temperature in Pre-
monsoon season for 300 departmental observatories in 
200 districts. Some of the district wise performance of 
temperature is shown in the Fig. 3. Further the 
performance of state as a whole are reported in the         
Tables 3 and 4.  

    

 
Eastern Region : Orissa, Bihar, West Bengal,

Jharkhand, Sikkim and Andaman
and Nicobar 

 
On an average the maximum and minimum 

temperature forecasts showed good accuracy level in the 
region. The value added forecast was good in all three 
years in the states of West Bengal and Andman and 
Nicobar.  Sikkim also showed good accuracy level for 
minimum temperature forecast in winter season, whereas, 
skill was moderate for maximum temperature in pre-
monsoon season. Temperature forecast verification results 
for Bihar, Jharkhand and Odisha are not available.  

 
North Eastern 
Region 

: Assam and  Tripura 

 
Assam showed improvement in accuracy level 

showing good quality forecasts for both the minimum 
temperature in winter and maximum temperature during 
pre-monsoon season in 2014 compared to last two years. 
The accuracy of minimum temperature forecast for 
Tripura is also good in 2014 showing improvement over 
2012 and 2013. Though district level forecast has been 
issued for other states in this region the verification could 
not be carried out due to sparse observatories. 

 
Western Region : Gujarat, Maharashtra and Goa

(except Vidarbha) 
 

Maharashtra and Goa (except Vidarbha) showed 
good level of accuracy for both the minimum and 
maximum temperature during the past there years. Gujarat 
state minimum temperature was more accurate than 
maximum temperature. The accuracy of temperature 

forecast for Gujarat is also good in 2014 showing 
improvement over 2012 and 2013.    
 

Northern Region : Jammu & Kashmir, Himachal 
Pradesh, Uttarakhand, Uttar 
Pradesh,    Punjab, Haryana, 
Rajasthan and Delhi 

 
On an average the temperature both maximum and 

minimum showed a good accuracy in the region with 
improving trend for the past three years. Himachal 
Pradesh where more than 80% of the region fall under 
Himalayas the value added forecast minimum temperature 
was nearly equal to observed values. In Punjab the 
accuracy level of predicting maximum and minimum  
improved slightly compared to 2012 and 2013 whereas in 
Haryana the slight fall in prediction of minimum 
temperature was observed compared to 2012 whereas 
maximum temperature maintained the same level of 
accuracy in past three years. Delhi maintained on an 
average same accuracy level during the last three years for 
maximum and minimum. The state of Uttar Pradesh where 
more than 60% is in plain land the maximum temperature 
showed a better accuracy compared to minimum 
temperature and level of accuracy improved moderately 
compared to last two years in 2014. Dehradun district in 
Uttarakhand was taken as representative district to study 
the verification of forecast. All the three years it 
maintained same accuracy level falling in good category. 
In Jammu and Kashmir the moderate fall in accuracy level 
of forecast was observed during 2014 compared to 2013 
and 2012.  

 
Central Region : Vidarbha, Madhya Pradesh and 

Chhattisgarh 
 
For Chhattisgarh value addition to model output 

showed improvement for both maximum and minimum 
temperature forecast. The forecast showed good skill and 
remained steady during all the three years. In Vidarbha 
accuracy level improved during 2014 compared to 2012 
and 2013. But the accuracy level decreased for most of the 
districts from day 3 onwards for both the maximum and 
minimum temperature forecast. 

 
South Region : Andhra Pradesh, Tamilnadu, 

Kerala, Karnataka and Telangana
 
The states of Tamil Nadu, Kerala, Telangana and 

Karnataka the accuracy level for both minimum and 
maximum temperature  fell in good category during the 
past there years. The state of Andhra Pradesh the accuracy 
for maximum temperature needs improvement during pre-
monsoon season whereas minimum temperature 
prediction remained steady for the past three years. 
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(C). Day-wise performance and inter-state comparison 
of forecast  
 

Rainfall (Monsoon season): Qualitatively the rainfall 
forecast was able to capture the event for most of the 
regions of the country. But quantitatively the accuracy still 
needs to be improved for some regions of the country, 
especially Southern (Karnataka, Kerala and Tamil Nadu) 
and Central India (Madhya Pradesh, Chhattisgarh and 
Vidarbha) as well as Jharkhand in eastern India. Some 
states like Delhi, Maharashtra (except Vidarbha), Goa, 
Assam and Uttar Pradesh showed a considerable 
improvement in quantitative rainfall forecasts and states 
like Jammu & Kashmir, Himachal Pradesh, Punjab and 
Tripura maintained accuracy level. In general the accuracy 
level in the country is more on the first three days and 
decreasing thereafter. Results for the inter-state 
comparison in country day wise are presented in Table 2. 
 

Minimum temperature (Winter season) : It is 
observed that in the country as whole the minimum 
temperature accuracy, on an average, was 60% or more on 
all the five days in most of the districts. In general the 
accuracy level in the country is more for the first three 
days and decreasing thereafter. In Punjab, Haryana and 
Rajasthan, compared to other states, the accuracy level 
was less, falling in moderate category on most of five 
days. Mostly it is observed that on fourth and fifth day, 
many districts in the country observed reduced accuracy 
level. As compared to other regions, south region showed 
good accuracy in predicting the minimum temperature. 
Results for the inter-state comparison in country day wise 
are  presented in Table 3. 

 
Maximum temperature (Pre-monsoon season) : It is 

observed that in the country as whole the maximum 
temperature accuracy, on an average, was 50% or more on 
all the five days in many districts. In general the accuracy 
level in the country is more on the first two days and 
decreasing thereafter. In Andhra Pradesh, compared to 
other states, the accuracy level was less on all five days. 
Mostly it is observed that on fourth and fifth day, accuracy 
level decreased for many of the districts in the country. 
Comparative to other regions States of South region 
(except Andhra Pradesh), Maharashtra, Goa and Andaman 
& Nicobar showed a good accuracy in predicting 
Maximum temperature. Maximum Temperature forecast 
in Andhra Pradesh needs improvement. Results for the 
inter-state comparison in country day wise are presented 
in Table 4.  

 
5.  Conclusions 
 

In view of importance of District Level Weather 
Forecast (DLWF) for preparation of good quality Agromet 

advisories, initiative has been taken by the Regional 
Meteorological Centres (RMCs) and Meteorological 
Centres (MCs) of IMD to verify the quality of DLWF for 
further improvement of accuracy of forecast. Initially 
three parameters namely rainfall for monsoon season, 
minimum temperature for winter season and maximum 
temperature for pre-monsoon season, have been 
considered for in depth verification. The verification 
report has been prepared based on three years data and 
extensive efforts have been made by the RMCs and MCs 
in collaboration with National Weather Forecasting Centre 
(NWFC) and Agricultural Meteorology Division, IMD, 
Pune for improvement of quality of forecast. The 
observations from the verification results of the above 
mentioned parameters are summarised below :  

 
(i) Qualitatively the model forecast for rainfall is able to 
predict correctly and capture the event in most of the 
regions of the country. Quantitatively the accuracy level 
varied for different regions. 
 
(ii) Quantitatively the accuracy level still needs to be 
improved for some regions of the country, especially 
Southern (Karnataka, Kerala and Tamil Nadu) and Central 
India (Madhya Pradesh, Chhattisgarh and Vidarbha) as 
well as Jharkhand in eastern India.  
 
(iii) Compared to rainfall forecast, the accuracy level of 
Temperature forecast is better for most of the States. 
However, maximum temperature forecast in Andhra 
Pradesh needs improvement. 
 
(iv) There is need to improve forecast skill for fourth and 
fifth day. 
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