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lkj & Hkkjr ekSle foKku foHkkx ¼vkbZ-,e-Mh-½ ekSle oSKkfud mi[kaM ds fy, Hkkjh o"kkZ dh psrkouh 
rc tkjh djrk gS tc mi[kaM ds fdlh Hkh o"kkZ ekih LVs’ku esa laHkkfor 24 ?kaVksa dh o"kkZ 64-5 fe-eh- vFkok 
blls vf/kd gksus dh laHkkouk gksrh gSA gkyk¡afd ;s psrkofu;k¡ Hkkjr ekSle foKku foHkkx ds vkjaHk gksus dh 
rkjh[k ls miyC/k djkbZ tkrh jgh gaS fQj Hkh bu psrkofu;ksa ek=kRed ewY;k¡du ds fy, dqNsd iz;kl fd, 
x, gSA vr% bl 'kks/k&i= esa ekulwu _rq ds eghuksa ¼twu - flracj½ vkSj lewph _rqvksa ds nkSjku Hkkjr ds 
36 ekSle oSKkfud mi[kaMksa esa  Hkkjh o"kkZ dh psrkofu;ksa dks lgh fl) djus ds fy, v/;;u fd;k x;k gSA 
bl iz;kstu ds fy, gky gh ds fiNys ik¡p o"kksZa ¼2002-2006½ ds vk¡dM+ksa ij fopkj fd;k x;k gSA bl laca/k 
esa] tc mi[kaM ds de ls de ,d LVs’ku esa Hkkjh o"kkZ okys fnu fjdkMZ fd, x, og fnu ml mi[kaM esa 
Hkkjh o"kkZ okys fnu ds :i esa ekuk x;kA 

 
xzh"edkyhu ekulwu _rq ds nkSjku Hkkjr esa Hkkjh o"kkZ dh psrkofu;ksa dh dkS’ky dh Jsf.k;ksa esa         

vR;f/kd LFkkfud vkSj dkfyd  fHkUurk,¡ gksrh gSaA lewps ekulwu _rq dks ns[krs gq, y{;}hi] nf{k.k iwohZ 
izk;}hi] fonHkZ] ejkBokM+k] tEew vkSj d’ehj] v:.kkpy izns’k vkSj ukxkySaM] ef.kiqj] fetksje vkSj f=iqjk           
¼,u-,e-,e-Vh-½ tSls de vko`fr okys Hkkjh o"kkZ ds {ks=kssa esa gkbMds dkS’ky Js.kh ¼,p-,l-,l-½ vis{kkdÑr de 
(<0.20) gksrh gSA dksad.k vkSj xksok] e/; izns’k vkSj xqtjkr {ks= esa ;g vf/kd (>0.50) gksrh gSA 
iwokZuqekudRrkvksa ds fy, miyC/k lkaf[;dh; ekSle iwokZuqeku ¼,u-MCY;w-ih-½ fun’kZ ds ekxZn’kZu ds dkj.k dbZ 
o"kksaZ ls foospukRed lQy lwpdkad vkSj gkbMds dkS’ky Js.kh esa Øfed o`f) ls iwokZuqeku ds  dkS’ky esa lq/kkj 
vk;k gSA rFkkfi nf{k.k if’peh Hkkjr] nf{k.k iwohZ izk;}hi vkSj ,u-,e-,e-Vh- ds dbZ mi[kaM+ksa esa vi;kZIr 
vk¡dM+sa dh nj vkSj Hkzked vk¡dM+ksa dh nj vHkh rd cgqr vf/kd (>0.50) gSA 

 
ABSTRACT. India Meteorological Department (IMD) issues heavy rainfall warning for a meteorological sub-

division when the expected 24 hours rainfall over any rain gauge station in that sub-division is likely to be 64.5 mm or 
more. Though these warnings have been provided since the inception of IMD, a few attempts have been made for 
quantitative evaluation of these warnings.  Hence, a study is undertaken to verify the heavy rainfall warnings over 36 
meteorological sub-divisions of India during monsoon months (June-September) and season as a whole. For this purpose, 
data of recent 5 years (2002-2006) has been taken into consideration. In this connection, the day when heavy rainfall is 
recorded over at least one station in a sub-division, has been considered as a heavy rainfall day for that sub-division. 

 
There is a large spatial and temporal variability in skill scores of heavy rainfall warnings over India during summer 

monsoon season. Considering the monsoon season as a whole, the Heidke Skill Score (HSS) is relatively less (<0.20) 
over the regions with less frequent heavy rainfall like Lakshadweep, southeast peninsula, Vidarbha, Marathwada, Jammu 
& Kashmir, Arunachal Pradesh and Nagaland, Manipur, Mizoram & Tripura (NMMT). It is higher (> 0.50) over Konkan 
& Goa, Madhya Maharashtra and Gujarat region. There has been improvement in the forecast skill with gradual increase 
in the critical success index and Heidke skill score over the years mainly due to the Numerical Weather Prediction (NWP) 
models' guidance available to the forecasters. However, the false alarm rate and missing rate are still very high (> 0.50), 
especially over many sub-divisions of northwest India, southeast peninsula and NMMT.  

 
Key words ‒ Heavy rainfall, Monsoon, Forecast verification. 
 

 
1. Introduction 
  

There is large spatial and temporal variability in the 
occurrence and intensity of heavy rainfall over India 

during monsoon season (Rakhecha and Pisharoty, 1996). 
Dhar and Nandargi (1993 & 1993a) have found that 
severe rainstorms over different parts of India do not 
occur  uniformly.  According  to  them,  during  the period  
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Fig. 1. Meteorological sub-divisions of India 
 
 
from 1880 to 1990, 97 rainstorms have occurred over the 
country. The number of rain storms has been maximum 
over undivided Madhya Pradesh (15) followed by 
Maharastra (12), Gujarat and Karnataka (9 each) and 
Orissa (8). Also the break up of meteorological 
disturbances causing the rainstorms indicates that most of 
the rainstorms are caused due to Low Pressure Systems 
(LPS). Dhar and Nandargi (1993) found that the 
boundaries of zones of occurrence of rain storms broadly 
tally with the orographic boundaries of mountain ranges in 
the respective region indicating significant role played by 
orography in heavy rainfall distribution and intensity. 
Apart from the LPS, the off-shore trough/vortex near the 
west coast and mid-tropospheric cyclones also cause 
heavy rainfall over the west coast, Madhya Maharashtra 
and Gujarat region. Similarly, the northward shifting of 
the monsoon trough towards the foothills of the 
Himalayas causes the heavy rainfall along the foothills of 
the Himalyas (Rao, 1976). All these studies indicate that 
interaction of basic monsoon flow with the synoptic 
systems and orography due to the Western Ghats, Eastern 
Ghats, other hill peaks and above all, the Himalayas leads 

to spatial variation in occurrence and intensity of heavy 
rainfall.  
 

The heavy rainfall events lead sometimes to flood 
conditions and hence need to be predicted well in 
advance. India Meteorological Department (IMD) has 
been issuing heavy rainfall warning on a regular basis as 
and when it is expected. As per criteria of IMD, the heavy 
rainfall is said to have occurred over a station, if the 
accumulated rainfall during past 24 hrs as recorded at 
0830 hrs (IST) is 64.5 mm or more. Accordingly, IMD 
issues heavy rainfall warning for a meteorological sub-
division when the expected 24 hours rainfall over any rain 
gauge station in that sub-division is likely to be 64.5 mm 
or more. However, a few attempts have been made for 
quantitative evaluation of these warnings. The verification 
of heavy rainfall warning is essential to monitor its value 
and quality.  It also helps to compare the quality of 
different forecast systems and to find out the better one. 
According to Murphy (1993), the goodness of forecast is 
distinguished by consistency, value and quality. Murphy 
(1993) has described nine aspects (attributes) that 
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1.Andaman and Nicobar Islands 
2.Arunachal Pradesh 
3.Assam and Meghalaya 
4.Nagaland, Manipur, Mizoram & Tripura (NMMT) 
5.Sub-Himalayan West Bengal 
6.Gangetic West bengal (GWB) 
7.Orissa 
8.Jharkhand 
9.Bihar 
10.East Uttar Pradesh (EUP) 
11.West Uttar Pradesh (WUP) 
12.Uttarakhand 
13. Haryana 
14. Punjab 
15. Himachal Pradesh 
16.Jammu and Kashmir (J & K) 
17. West Rajasthan 
18. East Rajasthan 
19. West Madhya Pradesh (WMP 
20. East Madhya Pradesh  
21. Gujrat region 
22. Saurastra and Kutch (S & K) 
23. Konkan and Goa 
24. Madhya Maharastra 
25. Marathawada 
26. Vidarbha 
27. Chhattisgarh 
28. Coastal Andhra Pradesh (CAP) 
29. Telengana 
30. Rayalseema 
31. Tamil Nadu 
32. Coastal Karnataka (CK) 
33. North Interior Karnataka (NIK) 
34. South Interior Karnataka (NIK) 
35. Kerala 
36. Lakshadweep Islands 
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contribute to the quality of a forecast. These include bias, 
resolution, accuracy, skill, discrimination and uncertainty 
etc.  

 
Considering all the above, the heavy rainfall 

warnings issued by IMD, New Delhi for 36 
meteorological subdivisions (Fig. 1) during the monsoon 
months  and season as a whole have been verified for 5 
year period (2002-2006). The objective of choosing the 
recent 5 year period is to assess the impact of numerical 
weather prediction (NWP) models' guidance on heavy 
rainfall warning. The forecast of occurrence/non-
occurrence of an event like heavy rainfall is a 
deterministic forecast (Thornes and Stephenson, 2001 and 
Jolliffe and Stephenson, 2003). Accordingly, the 
appropriate method has been applied in this study to verify 
the heavy rainfall warning. The detailed methodology of 
verification and data used in this regard is described in 
Sec. 2. 
 
2.  Data and methodology 

 
For the recent 5 years (2002-2006), the heavy 

rainfall warnings valid for next 24 hours  as issued by 
Northern Hemispheric Analysis Centre (NHAC), IMD, 
Mausam Bhavan, New Delhi in respect of 36 
meteorological sub-divisions of India during monsoon 
months and season as a whole have been verified . For this 
purpose, the daily rainfall as recorded at different rain 
gauge stations in these sub-divisions under the District-
wise Rainfall Monitoring Scheme (DRMS) have been 
taken into consideration. The days of occurrence of heavy 
rainfall events, when at least one rain gauge station in a 
meteorological sub-division reports heavy rainfall have 
been found out. The data have been quality checked by 
comparing heavy rainfall with rainfall over the 
surrounding stations. The days of forecast issued by 
NHAC, IMD, New Delhi for occurrence of heavy rainfall 
for each of the meteorological sub-divisions under 
consideration have been collected from the Special Daily 
Weather Reports (SDWR) published by NHAC. 
  

Heavy rainfall occurrence is a dichotomous and 
deterministic variable. Accordingly, the suitable 
verification methods have been used in the study using a  
2 × 2 contingency table (Wilks, 1995), as given below.  
 

Observed Forecast 
 Yes No 
Yes A B 
No C D 
 
Using this contingency table, the following indices 

have been calculated. 
 
Probability of detection (POD) = A / (A+B)                

False alarm rate (FAR) = C / (C+A) 
 
Missing rate (MR) = B / (B+A) = 1 - POD                  
 
Correct non-occurrence (C-NON) = D / (C+D) 
 
Critical success index (CSI) = Threat score                
= A / (A+B+C)         
 
Bias for occurrence (BIAS) = (A+C) / (A+B) 
 
Percentage correct (PC) = (A+D) / (A+B+C+D)*100 
= Hit rate * 100 
 
Heidke skill score (HSS) = 2(AD-BC) / [(B2 + C2           

+ 2AD + (B+C) (A+D)] 
 
For a perfect forecast, POD = 1, FAR = 0, MR = 0, 
CSI = 1, BIAS = 1, PC = 100% 
 
C-NON = 1 and HSS = 1. 
 
The quantitative evaluation of heavy rainfall warning 

based on rainfall observation from one station as a 
representative of meteorological sub-division may not be 
justified at some occasions. Though the warnings are 
issued at meteorological sub-division scale, some of the 
sub-divisions are exceptionally larger in size for such 
studies. These are some of the limitations of the present 
study. 
 
3. Results and discussion  
 

The mean patterns of heavy rainfall events during 
different monsoon months and season as a whole are 
presented and analysed in Sec.3.1. The various 
verification scores including POD, MR, FAR, BIAS,         
C-NON, PC, CSI and HSS of heavy rainfall warnings are 
analysed and discussed in Sec.3.2-3.8. The verification 
scores for India as a whole considering all the 
meteorological sub-divisions together are presented and 
discussed in Sec.3.9. The major implications of the study 
are also presented at the end of the Sec.3. 
 

3.1. Average number of days of heavy rainfall 
 
The average number of days of heavy rainfall events 

over different meteorological sub-divisions during 
different summer monsoon months and season as a whole 
are shown in Figs. 2(a-e). The number of heavy rainfall 
days is higher over orographically dominant regions like 
west coast including Gujarat region, Madhya Maharashtra 
and Assam & Meghalaya during main monsoon months of 
July and August as well as season as a whole. It endorses 
the earlier findings of Srinivasan et al., (1972), Dhar          
and  Nandargi  (1993, 1993a)  and  Rakecha and Pisharoty  
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Figs. 2(a-e). Average number of heavy rainfall days during (a-e) summer monsoon months and season as a whole 
 
 
 
(1996) that orography plays a dominant role on the 
occurrence of heavy rainfall. 
 

Higher number of heavy rainfall days over Orissa 
during July, August and season as a whole may be due to 

the fact that the heavy rainfall over Orissa mainly occurs 
due to the LPS over northwest Bay of Bengal (Mohapatra 
and Mohanty, 2005) and the LPS mostly develops over 
northwest Bay of Bengal during July, August and season 
as a whole (Mohapatra and Mohanty, 2004).  
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Figs. 3(a-e). Probability of detection (POD) of heavy rainfall over India during (a-e) summer monsoon months and season as a whole 

 
 

The number of heavy rainfall days is less over 
southeast peninsula during July, August and season as a 
whole. It may be due to the fact that it lies on the lee side 
of the Western Ghat with basic southwesterly monsoon 

flow being anticyclonic over the region. However, the 
southeast peninsula gets more frequent heavy rainfall 
during June and September. The heavy rainfall occurs           
in  association  with  thunderstorm  activity  due  to  north-  
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Figs. 4(a-e). Missing rate (MR) of heavy rainfall events over India during (a-e) summer monsoon months and season as a whole 
 

 
south oriented trough/wind discontinuity in lower 
tropospheric levels in June. During September, the LPS 
sometimes forms in the lower latitude and move across 
south peninsula causing heavy rainfall over southeastern 
parts. The number of days of heavy rainfall is also less 

over northwest India covering west Rajasthan, Punjab, 
Haryana and Jammu & Kashmir (J&K) during July, 
August and season as a whole as these regions are rarely 
affected by westward moving LPS developing over the 
Bay of Bengal (Jadhav, 2002 and Sikka, 2006). 

 



 
 
                                                MOHAPATRA et al. : HEAVY RAINFALL WARNING OVER INDIA                           481 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figs. 5(a-e). False alarm rates (FAR) of heavy rainfall events over India during (a-e) summer monsoon months and season as a whole 
 
 

3.2.  Probability of detection (POD) and missing 
rate (MR) 

 
There is large scale spatial and temporal variability 

of POD over India Figs. 3(a-e). It is higher over the region 
with more frequent heavy rainfall events and vice versa. It 

is higher along the west coast including Gujarat region 
and Madhya Maharashtra during different monsoon 
months and season as a whole. It is higher over Assam 
and Meghalaya and Sub-Himalayan West Bengal and 
Sikkim only during June and July, the months of higher 
rainfall   (Srinivasan et al., 1972).  The  POD  is  relatively  
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Figs. 6(a-e). Bias for occurrence (BIAS) of heavy rainfall events over India during (a-e) summer monsoon months and season as a whole 
 
 
higher over central India extending from Orissa to Gujarat 
region, as it lies to the south of the normal position of the 
monsoon trough and to the south of the usual track of 
movement of LPS developing over the north Bay of 
Bengal (Pathan, 1993; Jadhav, 2002 and Sikka, 2006). 
The southwest sector of the westward moving LPS gets 

more heavy rainfall due to maximum low level 
convergence and upward vertical motion (Rajamani and 
Rao, 1981). All the above results indicate that the heavy 
rainfall due to interaction of basic monsoon flow with the 
orography and the heavy rainfall due to the LPS could be 
predicted more successfully.  
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The heavy rainfall over the less prone regions like 
southeast peninsula and northwest India went undetected 
more frequently. It may be stated that the heavy rainfall 
generally occurs over southeast peninsula and northwest 
India in association with cyclonic circulations/trough 
during all India weak monsoon conditions and interaction 
of mid-latitude westerly systems with monsoon flow 
respectively.  

 
The MR is mirror image of the POD as discussed in 

data and methodology section. Hence, the MR is less over 
the heavy rainfall prone region and more over the region 
with less frequent heavy rainfall [Figs. 4(a-e)].  
 

3.3.  False alarm rate (FAR) 
 
The FAR is less than 25% over heavy rainfall prone 

regions of Madhya Maharashtra, Gujarat region and east 
Rajasthan during the season as a whole [Figs. 5(a-e)]. 
Considering individual months, it is less (<25%) over 
heavy rainfall prone regions of Madhya Maharashtra in 
June, August and September, Gujarat region during July 
and August and east Rajasthan in August and September. 
It is also less than 25% over the less prone region of 
Saurashtra and Kutch in August and September. It may be 
due to the fact that the occurrence of heavy rainfall over 
these regions are more systematic and mainly occur in 
association with well defined synoptic systems like west 
coast trough, mid-tropospheric cyclones and westward 
moving low pressure systems developing over the Bay of 
Bengal. The FAR is also relatively less over east central 
India, especially Orissa during all the months and the 
season as a whole. It may be due to the fact that heavy 
rainfall warnings are mainly issued for this region when it 
is likely to be affected by the LPS. 

 
The FAR is more than 75% over J&K, NMMT and 

parts of interior peninsula covering Vidarbha, 
Marathwada, north interior Karnataka and Rayalaseema 
which are also less prone for heavy rainfall as seen from 
Figs. 2(a-e). The FAR over these regions can be reduced 
by objective evaluation of interaction of basic monsoon 
flow with the orography and synoptic scale systems. It is 
only possible with statistical and dynamical downscaling 
of NWP model products.  
 

3.4.  Bias for occurrence (BIAS) 
 
The BIAS greater than 1 is considered as over-

warning and smaller than 1 is considered as under-
warning. However, considering an arbitrary threshold of 
BIAS > 1.2 as over-warning, there is over-warning over 
central parts covering Jharkhand, Chhattisgarh, Madhya 
Pradesh, Vidarbha, Marathwada and coastal Andhra 
Pradesh during the season [Figs. 6(a-e)]. As the LPS over 
the north Bay of Bengal show large variability in its 

movement across land (Mohapatra and Mohanty, 2005), 
there is large uncertainty in the occurrence of heavy 
rainfall over these sub-divisions of the country. As a 
result, the over-warning of heavy rainfall in association 
with the LPS increases over these sub-divisions. Also, 
there is over-warning over orographically dominant 
regions like Konkan & Goa, coastal Karnataka, Arunachal 
Pradesh and NMMT. The over-warning over Arunachal 
Pradesh and NMMT may be due to the fact that warnings 
are very often issued over whole northeastern region 
without discrimination based on orographic interaction 
with basic monsoon flow, though heavy rainfall occurs 
more frequently over Assam & Meghalaya than over 
Arunachal Pradesh and NMMT [Figs. 2(a-e)]. The over-
warning over coastal Karnataka and Konkan & Goa may 
be attributed to the fact that the warnings are more biased 
towards the climatology of heavy rainfall events over 
these regions. As the present methodology which is 
mostly based on synoptic methods and interpretation of 
NWP models guidance is still very subjective, the 
warnings issued are highly biased to over-forecasting and 
cause frequent false alarms. However, the deliberate over-
forecasting of an event like heavy rainfall over a flood 
prone region may be justified, even though it may lead to 
a large number of false alarms as the heavy rainfall events 
over such flood prone regions have high cost on being 
missed. 

 
There is under-warning (with BIAS < 0.8) over the 

region with less heavy rainfall like southeast peninsula, 
west Rajasthan, Punjab and Haryana during individual 
monsoon months and season as a whole [Figs. 6(a-e)]. It 
may be attributed to the fact that the interaction of mid-
latitude westerly systems with the monsoon flow leading 
to heavy rainfall events could not be well simulated by the 
NWP models. There is also under-warning over heavy 
rainfall regions like Gujarat, east Rajasthan, Madhya 
Maharashtra, Uttar Pradesh (UP), Bihar and Gangetic 
West Bengal during most of the months and season as a 
whole.  The analysis of synoptic systems suggests that the 
heavy rainfall over Uttar Pradesh and Bihar which lie to 
the north of the normal location of the monsoon trough 
can occur even due to small scale systems like low level 
cyclonic circulation. These heavy rainfall events could not 
be detected either by NWP model products or synoptic 
tools leading to under-warning. The under-warning over 
Madhya Maharashtra, Gujarat region and east Rajasthan 
may be reduced by giving proper weightage to the west 
coast trough, mid-tropospheric cyclones and other small 
scale synoptic and sub-synoptic systems and suitable 
downscaling of NWP model products.  
 

3.5.  Correct non-occurrence (C-NON) 
 
The forecast of non-occurrence of heavy rainfall 

over  a  meteorological  sub-division  has  high quality but  
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Figs. 7(a-e). Correct non-occurrence (C-NON) of heavy rainfall events over India during (a-e) summer monsoon months and season as a whole 

 
 
 
little value. However, the results indicate that the C-NON 
is higher over the region with less heavy rainfall and vice 
versa [Figs. 7(a-e)]. It is less (< 70%) over the west coast, 
northeastern states, Sub-Himalayan West Bengal & 

Sikkim, Lakshadweep and Andaman & Nicobar Islands 
duing June, west coast, Orissa, Sub-Himalayan West 
Bengal & Sikkim and northeastern states in July, Orissa, 
Chhattisgarh  and  west  Madhya  Pradesh  in  August  and  
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Figs. 8(a-e). Percentage correct (PC) of heavy rainfall warnings over India during (a-e) summer monsoon months and season as a whole 

 
 
coastal Karnataka, Arunachal Pradesh and NMMT during 
the season as a whole. It is even less than 50% over 
Assam & Meghalaya and NMMT during June, the month 
of most frequent heavy rainfall events over these sub-
divisions [Figs. 2(a-e)].  

3.6.  Percentage correct (PC) 
 
The PC is more than 70 % for most parts of the 

country except coastal Karnataka, northeastern states and 
Sub-Himalayan  West Bengal & Sikkim during the season  
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Figs. 9(a-e). Critical success index (CSI) of heavy rainfall warnings over India during (a-e) summer monsoon months and season as a whole 
 
 
as a whole [Figs. 8(a-e)]. In general, the PC is less         
over the region with higher frequency of heavy            
rainfall in different months and season as a                
whole. Comparing different monsoon months,                  
the number of sub-divisions with PC > 90% is             
maximum in September and minimum in August.              

The patterns of PC are dominated by the patterns of             
C-NON [Figs. 7(a-e)] as the frequency of heavy rainfall 
events is less [Figs. 2(a-e)]. The PC is less than 50% over 
NMMT during June, reflecting the pattern of C-NON, 
though the POD is higher (> 50%) over this region            
[Figs. 3(a-e)]. 
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Figs. 10(a-e). Heidke skill score (HSS) of heavy rainfall warnings over India during (a-e) summer monsoon months and season as a whole 
 

 
 
3.7.  Critical success index (CSI) 
 
The CSI is higher (> 0.30) over Bihar, Sub-

Himalayan West Bengal & Sikkim, Assam & Meghalaya, 
Orissa, west coast and Madhya Maharashtra  and less          

(< 0.20) over southeast peninsula, NMMT, Jharkhand, 
Saurashtra & Kutch, west Rajasthan, Punjab and J & K 
during the season as a whole [Figs. 9(a-e)]. The CSI is      
> 0.50 over Konkan & Goa during June, July and August 
and over  Gujarat region and Sub-Himalayan West Bengal  
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TABLE 1 
 

All India verification scores of heavy rainfall warnings during summer monsoon season 
 

Parameters Score 

June July Aug Sep Season 

POD 0.48 0.46 0.40 0.39 0.43 

MR 0.52 0.54 0.60 0.61 0.57 

FAR 0.62 0.53 0.56 0.55 0.56 

BIAS 1.26 0.98 0.91 0.87 0.99 

C-NON 0.86 0.83 0.86 0.91 0.87 

PC 81 74 76 83 78 

CSI 0.27 0.30 0.26 0.26 0.28 

HSS 0.31 0.29 0.27 0.32 0.30 
 

 
 
 
 
& Sikkim during July. The CSI is generally higher over 
the heavy rainfall prone regions including windward side 
of hilly regions and the region affected by LPS. It is less 
over the region with less heavy rainfall events including 
the regions lying on the lee side of major hill ranges. The 
number of sub-divisions with lower CSI (< 0.20) is 
maximum in June and with higher CSI (> 0.30) is 
maximum in July. 
 

3.8.  Heidke skill score (HSS) 
 
The HSS gives a relative measure of the skill of the 

forecast compared to random forecast. The HSS is > 0.50 
over Madhya Maharashtra, Gujarat region and west 
Rajasthan in June, Gujarat region in July, Konkan & Goa 
in August, Madhya Maharashtra and west Uttar Pradesh in 
September and Gujarat region in the season as a whole 
(Fig. 10). It is also relatively higher (>0.30) over 
remaining parts of west coast and some parts of central 
India including Orissa, east Madhya Pradesh and east 
Rajasthan during the season as a whole. Hence, the HSS is 
higher over the regions with more frequent heavy rainfall 
events and also over the regions of movement of LPS. 

 
The HSS is less (<0.20) over southeast peninsula and 

NMMT in different months and season as a whole. Hence, 
the HSS is less over the regions with less heavy rainfall 
events and the regions lying on the lee side of the major 
hill ranges. It is also less than 0.20 over J & K during 
season as a whole and all individual months except 
September and over Arunachal Pradesh during June, July 
and season as a whole. The number of sub-divisions with 
lower HSS (<0.20) is maximum in June and with higher 
HSS (> 0.30) is maximum in July like the CSI. 

3.9.  All India scores 
 
The various score parameters of heavy rainfall 

warnings considering all the meteorological sub-divisions 
together, are shown in Table 1. The POD varies between 
0.4 and 0.5 with FAR between 0.5 and 0.6 during different 
monsoon months and season as a whole. The PC varies 
from 74% in July to 81% in June and is dominated by the 
C-NON. The CSI varies from 0.26 to 0.30 and HSS from 
0.27 to 0.32. All these indicate that there is no significant 
variation in the score parameters during individual 
monsoon months and the season as a whole.  
 

The scores during individual years are presented in 
Figs. 11(a-h). There is gradual improvement in CSI and 
HSS over the years. It may be mainly attributed to the 
improved analysis and forecast products available through 
NWP models to the forecasters in recent years. However, 
consistent efforts need to be made to reduce FAR and MR 
and to increase POD of heavy rainfall events. This is 
possible only either by improving the quality of the NWP 
models and/or by   statistical interpretation of the NWP 
outputs by objective linking of forecast with realised 
rainfall. Verifying the skill of ECMWF forecasts based on 
T213L31 model, Petroliagis et al., (1997) have shown that 
probabilistic precipitation predictions are less skilful for 
predicting extreme weather events, possibly due to less 
model resolution. Bohra et al., (2006) have also outlined 
the inadequacy of the numerical guidance, while 
analyzing exceptionally heavy rainfall over Mumbai on 26 
July 2005. Their study indicates that a high resolution 
numerical model with good physics and dynamics that 
uses the modern sophisticated 4DVAR data assimilation 
technique  should be able to resolve this problem of heavy  
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Figs. 11(a-h).  Verification measures of heavy rainfall warnings over India during summer monsoon 
season based on data of 2002-2006. (a) POD, (b) FAR, (c) MR, (d) C-NON, (e) CSI,            
(f) BIAS, (g) PC, and (h) HSS 

 
 
 
rainfall prediction. Further, Maini et al., (2002) have 
verified the direct model output obtained from NWP 
models from ECMWF and the statistical interpretation 
forecast obtained by Perfect Prognostic Method (PPM) 
based on ECMWF analysis. Their study shows that the 
statistical interpretation forecast has good skill and is an 
improvement over direct model output. 
 
4.  Conclusions 
 

The following broad conclusions are drawn from the 
above results and discussion. 

 
(i)  There is a large spatial and temporal variability in 
the skill scores of heavy rainfall warnings over India 

during summer monsoon season. Considering the 
monsoon season as a whole, the HSS is relatively less 
(<0.20) over the regions with less frequent heavy rainfall 
like Lakshadweep, southeast peninsula, Vidarbha, 
Marathwada, J&K, Arunachal Pradesh and NMMT. It is 
higher (> 0.50) over Konkan & Goa, Madhya Maharashtra 
and Gujarat region.  
 
 
(ii)  There has been improvement in the forecast skill 
with gradual increase in the CSI and HSS over the years 
mainly due to the NWP models guidance available to the 
forecasters. However, the FAR and MR are still very high 
(> 0.50), especially over many sub-divisions of northwest 
India, southeast peninsula and NMMT. 

 
0.46

0.44

0.37

0.440.45

0.3

0.4

0.5

2002 2003 2004 2005 2006

0.48
0.52

0.54

0.62
0.65

0.4

0.5

0.6

0.7

2002 2003 2004 2005 2006

0.54

0.56

0.63

0.56
0.55

0.5

0.55

0.6

0.65

2002 2003 2004 2005 2006

0.880.88
0.89

0.82

0.87

0.8

0.85

0.9

2002 2003 2004 2005 2006

0.32

0.30

0.260.250.25

0.2

0.25

0.3

0.35

2002 2003 2004 2005 2006

0.910.92

0.81

1.16
1.26

0.6

0.8

1

1.2

1.4

2002 2003 2004 2005 2006

797979

74

81

0.7

0.75

0.8

0.85

2002 2003 2004 2005 2006

0.36
0.33

0.28
0.24

0.29

0

0.1

0.2

0.3

0.4

2002 2003 2004 2005 2006
 

(a) POD (b) FAR 

(c) MR (b) C-NON 

(e) CSI (f) BIAS 

(g) PC (h) HSS 



 
 
490                            MAUSAM, 60, 4 (October 2009) 

 

(iii)  In addition to the inadequacy of NWP models 
guidance, the poor performance is due to the subjectivity 
involved in the present method of heavy rainfall warning, 
which largely depends on the expertise/ability of decision 
making of the forecaster. In addition to improvement of 
NWP models, the statistical interpretation of the NWP 
models guidance by suitable linking of the location/grid 
specific precipitation forecast from the numerical 
model(s) with the actual precipitation can reduce the 
subjectivity and hence improve the accuracy of heavy 
rainfall warning.  
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