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lkj & bl 'kks/k i= esa xzh"edkyhu ekulwu _rq (twu&flrEcj½ ds nkSjku Hkkjr ds fofHkUu ekSle 
foKkfud mi[kaMksa dh o"kkZ lfgr caxky dh [kkM+h vkSj fudVorhZ Hkw {ks=ksa esa fuEu nkc iz.kkyh (,y- ih- ,l-½ 
ds laca/ksa ds fof’k"V y{k.kksa dk irk yxkus ds fy, v/;;u vkjEHk fd;k x;k gSA bl mÌs’; ds fy, Hkkjr ds 
35 ekSle foKkkfud mi[kaMksa dh o"kkZ vkSj fofHkUu ekulwu ds eghuksa esa if’peh  e/; (MCY;w- lh-½ [kkMh] 
mRrj if’peh (,u- MCY;w-½ [kkM+h mRrj iwohZ (,u- bZ-½ [kkM+h, caxykns’k (ch- Mh- ,l-½] if’peh caxky ds 
xkaxs; {ks= (th- MCY;w- ch-½] mM+hlk] mRrjh rVh; vka/kz izns’k (,u- lh- ,- ih-½] iwohZ e/; izns’k vkSj NRrhlx<+ 
(bZ- ,e- ih- lh-½ vkSj >kj[kaM esa ,y- ih- ,l ds fnuksa rFkk 18 o"kksZa (1982-1999½ ls vf/kd dh vof/k ds 
lewps ekSle dk fo’ys"k.k fd;k x;k gSA Hkkjr esa mi[kaMokj ekulwu o"kkZ ij ,y- ih- ,l- ds izHkko esa izfr 
ekg vR;kf/kd fHkUurk ikbZ xbZ gSA rFkkfi fodflr lglacaf/kr ekufp= lfgr bl v/;;u esa izLrqr fd, x, 
ifj.kke ,y- ih- ,l-  ds LFkku vkSj laca) ekulwu nzks.kh ds vk/kkj ij 24 ?kaVksa dh o"kkZ dk iwokZuqeku yxkus 
esa lgk;d gks ldrs gaSA 

 
mRrj if’peh [kkM+h esa ,y- ih- ,l- ds fujarj fodkl vkSj mldh vofLFkfr iwohZ e/; Hkkjr esa ekSleh 

ekulwu dh vR;kf/kd o"kkZ ds fy, vuqdwy ikbZ xbZ gSA if’peh e/; [kkM+h esa ,y- ih- ,l- ds fodkl vkSj 
mldh vofLFkfr ml {ks= esa ekSleh o"kkZ dks izfrdwy :Ik ls izHkkfor djrh gSA nwljh vksj] if’peh e/; [kkM+h 
esa ,y- ih- ,l- ds fujarj fodkl vkSj mldh vofLFkfr rFkk ,u- lh- ,- ih-] ds ikj bldh mRrjorhZ 
if’pekfHkeq[kh izo`fr if’peh rV dks NksM+dj izk;}hih; {ks= esa vR;kf/kd ekSleh o"kkZ ds fy, vuqdwy ikbZ xbZ 
gSA bZ- ,e- ih- lh- esa ,y- ih- ,l-  dh o`f) ls mRrj if’peh Hkkjr dh ekSleh o"kkZ esa deh vkbZ gSA if’peh 
e/; Hkkjr] mRrjiwohZ Hkkjr vkSj if’peh rV dh ekSleh o"kkZ dk fopkjk/khu {ks=ksa esa ,y- ih- ,l- fnuksa dh 
la[;k ds lkFk mYys[kuh; laca/k ugha ik;k x;k gSA 

 
ABSTRACT. A study is undertaken to find out characteristic features of relationship of the low pressure system 

(LPS) over the Bay of Bengal and adjoining land regions with the rainfall over different meteorological sub-divisions of 
India during summer monsoon season (June-September). For this purpose, rainfall over 35 meteorological sub-divisions 
in India and LPS days over west central (WC) Bay, northwest (NW) Bay, northeast (NE) Bay, Bangladesh (BDS), 
Gangetic West Bengal (GWB), Orissa, north coastal Andhra Pradesh (NCAP), east Madhya Pradesh and Chattisgarh 
(EMPC) and Jharkhand (JKD) during different monsoon months and the season as a whole over a period of 18 years 
(1982-1999) are analysed. There is large month to month variation in the impact of the LPS on the sub-divisional 
monsoon rainfall over India. However, the results presented in the study including developed correlation maps may be 
helpful to predict 24 hours rainfall based on the location of the LPS and associated monsoon trough. 

  
The frequent development and persistence of LPS over NW Bay are favourable for higher seasonal monsoon 

rainfall over east central India. The development and persistence of LPS over WC Bay adversely affect the seasonal 
rainfall over this region. On the other hand, the frequent development and persistence of LPS over WC Bay and its 
subsequent westward movement across NCAP are favourable for higher seasonal rainfall over the peninsular region 
excluding west coast. The seasonal rainfall over northwest India decreases with increase in LPS days over EMPC. The 
seasonal rainfall over west central India, northeast India and west coast are not significantly related with the number of 
LPS days over the regions under consideration. 

 
Key words – Low pressure system, Rainfall, Monsoon, Correlation. 
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1.  Introduction 
 

The main synoptic systems during summer monsoon 
season (June-September) which contribute to the rainfall 
over India are semi-permanent monsoon trough and the 
westward moving low pressure system (LPS) over the Bay 
of Bengal. The existence of a closed low pressure area 
formed due to a low, depression or cyclonic storm is 
termed as an LPS. The detailed definition of LPS, as per 
criteria of India Meteorological Department (IMD), is 
discussed by Mooley and Shukla (1989). Sikka (1980) has 
first examined the relation between LPS/LPS days and 
rainfall over India based on data of five years each of 
excess and deficient monsoon rainfall. He has suggested 
that number of LPS days over Indian region within a 
season could discriminate between a good and a drought 
monsoon season. This suggestion has been later followed 
by Mooley and Shukla (1989), Jadhav (2002) and Sikka 
(2006). Mooley and Shukla (1989) analyzing the data 
during 1888-1983 have found significant direct 
relationship between LPS days over Indian region 
including Bay of Bengal and Arabian Sea and central 
Indian rainfall during monsoon season. Sikka (2006) has 
further extended the studies of Mooley and Shukla (1989) 
by considering the data upto 2003. He has concluded that 
number of LPS days can not be used to discriminate 
between incidence of a drought and excess monsoon 
season for all India and 3 homogeneous regions as 
suggested by Mooley and Shukla (1989). Sikka (2006) 
and Mooley and Shukla (1989) have further shown that 
the correlation between rainfall and LPS days over Indian 
region undergoes both regional and inter-epoch 
fluctuations. According to Jadhav (2002), when the LPS 
lies over the area of latitude 20° N- 25° N and longitude 
80° E - 90° E, there is significant increase in the rainfall 
activity in the meteorological sub-divisions of central 
India (Orissa, east Madhya Pradesh & Chattisgarh, west 
Madhya Pradesh, east Rajasthan and Gujarat state) and 
northeast India and southeast peninsular India experience 
significant decrease in rainfall in the months of July and 
August. All the above studies indicate that the number of 
LPS days is more significantly related with the monsoon 
rainfall over smaller regions like meteorological sub-
divisions and homogeneous regions traversed by the LPS. 
Also their relationship shows temporal variation. 
However, these studies deal with the detailed relationship 
between monsoon rainfall and LPS days over the specified 
grids in Indian region. On the other hand, the operational 
forecaster in IMD issues the rainfall forecast in relation to 
the location of LPS over different meteorological sub-
divisions of India and adjoining specified sub-divisions of 
Bay of Bengal and Arabian Sea. Hence, the study of 
relationship between number of LPS days over IMD 
specified regions and rainfall over different sub-divisions 
based on data of recent years may be more useful for 
operational weather prediction. 

The LPS either form over the Bay of Bengal or 
develop from the remnants of depressions/cyclonic storms 
which move from south China Sea to Bay of Bengal (Saha 
et al., 1981). According to Jadhav (2002) and Sikka 
(2006), a large majority of the LPS form over the Bay of 
Bengal to the north of 15° N and travel in the west-
northwest direction yielding good amount of rainfall to 
their surrounding area. The characteristics of LPS over 
different grids of 4° latitude × 4° longitude in the region of 
5° N - 35° N and 60° E - 100° E (henceforth called as 
Indian region) for the summer monsoon season (June-
September) have been analysed in detail by Mooley and 
Shukla (1989) and Sikka (2006). According to Mooley 
and Shukla (1989), about 88% of the total LPS over 
Indian region form to the east of 80° E. According to 
Jadhav (2002), who has analysed the characteristics of 
LPS days over different grids (5° latitude × 5° longitude) 
based on data of 1891-1990 over the Indian region, most 
of the LPS days are observed in the area of latitude 15° N 
- 25° N and longitude 80° E - 95° E. This area includes 
mostly north coastal Andhra Pradesh (NCAP), east 
Madhya Pradesh and Chattisgarh (EMPC), Orissa, 
Jharkhand (JKD), Gangetic West Bengal (GWB), north 
Bay of Bengal, west central (WC) Bay and Bangladesh 
(BDS). The total numbers of LPS days over this area 
bounded by  latitude 15° N - 25° N and longitude 80° E-
95° E during June, July, August, September and season as 
a whole are about 66%, 65%, 64%, 61% and 65% of total 
numbers of LPS days over Indian region respectively. 
Mohapatra and Mohanty (2004) have analysed in detail 
the characteristics of LPS and LPS days over the 
meteorological sub-divisions of Orissa, GWB, EMPC, 
JKD, NCAP and neighbouring land and sea regions like 
Bangladesh, northwest (NW) Bay, northeast (NE) Bay and 
WC Bay of Bengal based on data of 20 years (1980-1999). 
About 8 LPS form and 16 LPS days occur over NW Bay 
alone during the season as a whole.  
  

Heavy rainfall can occur upto 1000 km ahead of the 
centre of depression and 400 km to the left of depression 
track (Pisharoty and Asnani, 1957). According to 
Mukherjee and Shyamala (1978), the influence of 
depression causing rainfall extends beyond 500 km. Abbi 
et al., (1970) have found that the probability of heavy 
rainfall over Gujarat and north Konkan increases 
significantly as the depression reaches near 80° E. 
According to Kripalani and Singh (1986), the probability 
of occurrence of 24-hr rainfall, more than or equal to 2.5 
mm exceeds 0.8 over an area lying ahead of the 
depression and varying in extent from 3° - 5° latitude and 
5° - 10° longitude in length depending on the geographical 
position of the depression at the start of the 24-hr period. 
The average rain exceeds 2 cm over a rectangular belt of 
3° - 4° latitude and 7° - 10° longitude lying to the left of 
depression  track.  All  these  studies  indicate that the LPS  
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Figs. 1(a&b). (a) Meteorological sub-divisions of India and (b) map showing different homogeneous regions of India 

1. Andaman & Nicobar Islands
2. Arunachal Pradesh
3. Assam & Meghalaya
4. Naga., Mani., Mizo. and Tri.
5. Sub-Himalayan West Bengal & Sikkim
6. Gangetic West Bengal
7. Orissa
8. Jharkhand
9. Bihar
10. East Uttar Pradesh
11. West Uttar Pradesh
12. Uttarakhand
13. Haryana, Chandigarh & Delhi
14. Punjab
15. Himachal Pradesh
16. Jammu & Kashmir
17. West Rajasthan
18. East Rajasthan
19. West Madhya Pradesh
20. East Madhya Pradesh and Chattisgarh
21. Gujarat Region
22. Saurashtra & Kutch
23. Konkan & Goa
24. Madhya Maharashtra
25. Marathwada
26. Vidarbha
27. Coastal Andhra Pradesh
28. Telangana
29. Rayalaseema
30. Tamil Nadu & Pondicherry
31. Coastal Karnataka
32. North Interior Karnataka
33. South interior Karnataka
34. Kerala
35. Lakshadweep
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over the north Bay of Bengal and adjoining sub-divisions 
have large spatial impact on rainfall. 
  

Considering the above, a study is undertaken to find 
out the relation of monsoon rainfall over different 
meteorological sub-divisions with the number of LPS days 
over the regions of NE Bay, NW Bay, WC Bay and 
adjoining meteorological sub-divisions of India and 
Bangladesh [Fig. 1(a)]. The LPS days over other regions 
are not considered as they are less in number and hence 
have least influence on monthly and seasonal rainfall. The 
principal objective of this study is to find out the 
contribution of LPS over the above regions to the spatio-
temporal variability of summer monsoon rainfall over 
India. This study will help in operational short range 
forecasting of summer monsoon rainfall over different 
meteorological sub-divisions based on the location of 
LPS. It can also help in further studies for development of 
synoptic and statistical prediction models and 
interpretation of numerical weather prediction models 
guidance. 
 
2.  Data and methodology 
 

The percentage departures of rainfall from long 
period average for different summer monsoon months and 
the season as a whole (June-September) over the period of 
1982-1999 have been collected from the articles, 
‘weather’ published by IMD (1983-2000) in the Journal, 
‘Mausam’. The data on LPS and its characteristics like 
intensity, movement and region of occurrence during 
different summer monsoon months and the season as a 
whole for the period of 1982-1999 have been collected 
from the weather reports published by IMD. A day has 
been considered as an LPS day over a region, if the 
system is detected over the same region in the synoptic 
weather chart based on 0300 UTC observation. In 
addition, the first day of formation of the LPS over any 
region has also been considered as an LPS day for that 
region if the system is detected either at 0300 UTC or 
1200 UTC observation.  The region with centre of LPS 
has been considered as region of LPS, e.g., the LPS over 
NW Bay and adjoining areas of NE Bay / Orissa has been 
considered as LPS over NW Bay.  The simultaneous 
occurrence of the LPS over two different regions, e.g., 
LPS over NW Bay and LPS over EMPC, though rare 
cases, is taken care by considering the day of occurrence 
as LPS day for both the regions. The time series of the 
number of LPS days over different regions under 
consideration during 1982-1999 have been prepared for 
different summer monsoon months and the season as a 
whole. 
 

The average rainfall over different meteorological 
sub-divisions of India during the period under study is 
analysed. The linear correlation coefficients (CC) of 

rainfall departure over different meteorological sub-
divisions of India  with the number of LPS days over           
9 different regions under consideration [Fig. 1(a)] during 
different monsoon months and the season as a whole are 
calculated. The CC values are tested for 99% level of 
confidence using Student’s t-test. The significant 
relationships are brought out and analysed. In addition to 
above, the rainfall over broad homogeneous regions of 
India are analysed in relation to LPS. For this purpose, 
India has been considered to consist of four homogeneous 
regions, viz., (i) north India, (ii) northeast India,                  
(iii) central India and (iv) peninsular India [Fig. 1(b)]. 
Further, the sub-divisions with S. No. (11-16) and S. No. 
(6, 8, 9, 10) of north India to the west and east of 80° E 
are considered as western and eastern parts of north India 
respectively. Similarly, the sub-divisions in central India 
lying to the east of 80° E, viz., EMPC and Orissa 
constitute east central India and west Madhya Pradesh, 
Gujarat and Rajasthan to the west of 80° E constitute west 
central India. The sub-divisions along the west coast and 
remaining sub-divisions of the peninsular India have been 
considered to constitute two separate sub-homogeneous 
regions of the peninsular India. The area weighted rainfall 
departures from long period average over different 
homogeneous regions are calculated and time series are 
prepared for different monsoon months and the season as 
a whole over the period of 1982-1999. The CCs between 
number of LPS days over different regions under 
consideration [Fig. 1(a)] and the rainfall over different 
homogeneous regions of India are also calculated and 
analysed.  
 
3.  Results and discussion 

 
The average sub-divisional summer monsoon rainfall  

during the period under study is presented in Sec. 3.1. The 
correlations between sub-divisional rainfall and LPS days 
over 9 different regions under consideration are analysed 
and discussed in Sec. 3.2.  
 

3.1.  Average sub-divisional rainfall 
 

The seasonal rainfall has been normal (rainfall 
departure from the long period average is within –19% to 
+19% of long period average) over all the meteorological 
sub-divisions of India (not shown). It may be due to the 
fact that there is no significant change in the number of 
LPS days over Indian region during the period under study 
compared to long period average (Jadhav and Munot, 
2004 and Sikka, 2006), though the frequency of 
depressions and depression days have decreased 
significantly. Even the number of LPS days over Indian 
region has increased slightly during all the months and the 
season as a whole except July when it has remained 
almost  same.  The number  of  LPS  days  over  the whole  
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Figs. 2(a-f).  Correlation coefficients (CC) of rainfall over different meteorological sub-divisions of India with  (a-e) number of LPS days over WC Bay 

and (f) number of LPS days over NCAP during summer monsoon season 
 
 
 
 
region under consideration in this study also shows no 
significant change from the long period average 
(Mohapatra and Mohanty, 2004). The adverse impact due 
to decrease in frequency of depression and depression 
days has been compensated due to increase in low and low 
days.  
  

The average rainfall in different monsoon months 
have been normal during the period under study over most 

of the sub-divisions except one or two sub-divisions in 
northwest and adjoining west-central India, south 
peninsula and northeast India (not shown). The rainfall 
has been excess (rainfall departure from the long period 
average ≥ 20%) over Punjab, Haryana, Chandigarh & 
Delhi, Rajasthan and interior Karnataka in June, west 
Rajasthan in July, Haryana, Chandigarh & Delhi, coastal 
Karnataka and Rayalaseema in August and Arunachal 
Pradesh   in   September.    It  has  been  deficient  (rainfall  

: Positive CC significant at 99% level of confidence     

: Positive CC not significant at 99% level of confidence

: Negative CC significant at 99% level of confidence 

: Negative CC not significant at 99% level of confidence
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TABLE 1 
 

Significant correlation coefficients (at 99% confidence level) of rainfall over different homogeneous regions of India  
with number of LPS days over different regions during summer monsoon season 

 
Homogeneous region Jun Jul Aug Sep Season 

 
West central India 
 

- - - - - 

East central India GWB (0.71) GWB (0.55), 
Orissa (0.56) 

 

Orissa (0.63) - NW Bay (0.54) WC Bay (-0.57) 

North India (west of 80° E) NE Bay (0.64) 
 

- - - EMPC (-0.51) 

North India (east of 80° E) NW Bay (0.74),      
NE Bay (0.61),   

GWB (0.63) 
 

- - JKD (0.52) - 

Northeast India - Orissa (-0.64) 
 

- GWB (-0.53) - 

West coast - BDS (-0.65) 
 

- - - 

Peninsular India excluding west coast EMPC (0.52) WC Bay (0.60) - - WC Bay (0.78), NCAP (0.55) 
 

The correlation coefficients are shown inside the parentheses 
 
 

departure from the long period average ≤ -20%) over 
Nagaland, Manipur, Mizoram & Tripura (NMMT) in 
June, Saurastra & Kutch and Uttarakhand in July and 
Vidarbha and Telangana in September.  

 
3.2.  Sub-divisional rainfall in relation to LPS 

 
The CCs of sub-divisional rainfall with the number 

of LPS days over 9 different regions under consideration 
are presented and discussed in Sec. 3.2.1 to 3.2.8.  
 

3.2.1.  Sub-divisional rainfall in relation to LPS over 
WC Bay and NCAP 

 
The relation between the sub-divisional rainfall and 

the number of LPS days over WC Bay is more significant 
during the monsoon season as a whole than during 
individual monsoon months [Figs. 2(a-f)]. The seasonal 
rainfall over Andhra Pradesh, interior Karnataka, Madhya 
Maharashtra and Marathawada in the south peninsula 
significantly increase with increase in LPS days over WC 
Bay as these regions lie in the southwest sector with the 
west-northwestward moving LPS over WC Bay 
(Rajamani and Rao, 1981). Considering individual 
months, direct influence of LPS over WC Bay is limited to 
rainfall over Andhra Pradesh, north interior Karnataka and 
Marathawada in July. Considering different homogeneous 
regions (Table 1), the rainfall over peninsular India 
excluding west coast increases with increase in LPS days 
over WC Bay during July and season as a whole. The 
seasonal rainfall over EMPC [Fig. 2] and east central 
India (Table 1) decrease with increase in LPS days over 
WC Bay, as the monsoon trough shifts southward with the 

LPS over WC Bay and the minimum rainfall zone lies to 
the north of the monsoon trough (Pathan, 1993). 

 
Since the number of LPS days over NCAP in 

individual monsoon months are very less, only the LPS 
days during the season as a whole has been considered to 
find out their relationship with the sub-divisional rainfall. 
The seasonal rainfall over all the sub-divisions of Andhra 
Pradesh [Fig. 2(f)] significantly increases with the 
increase in number of LPS days over NCAP like that due 
to increase in LPS days over WC Bay. Considering 
different homogeneous regions (Table 1), the seasonal 
rainfall over the peninsular India excluding west coast 
significantly increases with the increase in number of LPS 
days over NCAP like that due to increase in LPS days 
over WC Bay. 
 

3.2.2.  Sub-divisional rainfall in relation to LPS over 
NW Bay  

 
The rainfall over GWB, Orissa and Jharkhand 

significantly increases in June with increase in LPS days 
over NW Bay [Figs. 3(a-e)]. It is due to the fact that the 
LPS over NW Bay mostly moves west-northwestwards 
along the monsoon trough across GWB-Jharkhand 
(Mohapatra and Mohanty, 2005) during this month, (ii) 
southwest sector of the LPS gets maximum rainfall 
(Rajamani and Rao, 1981) and most parts of GWB, Orissa 
and Jharkhand lie in the southwest sector of LPS over NW 
Bay. However, the seasonal rainfall over Orissa only 
increases with increase in number of LPS days over NW 
Bay confirming the earlier findings of Mohapatra and 
Mohanty  (2004).  Considering  the  homogeneous regions  



 
 
                                      MOHAPATRA : MONSOON RAINFALL OVER BAY OF BENGAL                                       333 

 

 
 
Figs. 3(a-e).  Correlation coefficients (CC) of rainfall over different meteorological sub-divisions of India with number of LPS days over NW Bay 

during summer monsoon season (a) June, (b) July, (c) August, (d) September and (e) Season (JJAS) 
 
 
 
 
(Table 1), the rainfall over eastern part of north India 
during June and east central India during the season as a 
whole increase with increase in LPS days over NW Bay. 
The rainfall over Uttar Pradesh and Uttarakhand also 
increases in June with increase in LPS days over the NW 
Bay. Srinivasan et al., (1972) has shown that these regions 
can get good rainfall due to interaction of mid-latitude 
westerly systems affecting the region with the LPS over 

NW Bay. The rainfall over Arunachal Pradesh in July 
decreases with increase in LPS days over NW Bay           
[Figs. 3(a-e)]. The rainfall over some sub-divisions of 
south peninsula, viz., north interior Karnataka in June and 
north interior Karnataka, Rayalaseema and Tamil Nadu in 
August decreases with increase in LPS days over NW 
Bay. The contrasting nature of the seasonal rainfall 
distribution  over   northeast India and southeast peninsula  

: Positive CC significant at 99% level of confidence     

: Positive CC not significant at 99% level of confidence

: Negative CC significant at 99% level of confidence 

: Negative CC not significant at 99% level of confidence
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Figs. 4(a-e).  Correlation coefficients (CC) of rainfall over different meteorological sub-divisions of India with number of LPS days over Orissa during 

summer monsoon season (a) June, (b) July, (c) August, (d) September and (e) Season (JJAS) 
 
 
 
to that over central India has also been found out by 
previous studies of Bedi and Bindra (1980), Prasad and 
Singh (1988) and Gregory (1989).  
 

3.2.3.  Sub-divisional rainfall in relation to LPS over 
Orissa 

 
The sub-divisional rainfall over Vidarbha, west 

Madhya Pradesh and east Rajasthan in July and EMPC in 
August increases with increase in number of LPS days 

over Orissa [Figs. 4(a-e)] as these sub-divisions lie in the 
left forward sector of mainly west-northwestward moving 
LPS over Orissa and left forward sector gets maximum 
rainfall (Rajamani and Rao, 1981). The seasonal rainfall 
over Orissa increases with increase in number of LPS  
days over Orissa. Considering the homogeneous regions 
(Table 1), the rainfall over the east central India increases 
in July and August with increase in LPS days over Orissa. 
The rainfall over some sub-divisions of peninsula, viz., 
Tamil   Nadu,   interior  Karnataka  and  Rayalaseema  are  

: Positive CC significant at 99% level of confidence     

: Positive CC not significant at 99% level of confidence

: Negative CC significant at 99% level of confidence 

: Negative CC not significant at 99% level of confidence
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Figs. 5(a-e).  Correlation coefficients (CC) of rainfall over different meteorological sub-divisions of India with number of LPS days over GWB during 

summer monsoon season (a) June, (b) July, (c) August, (d) September and (e) Season 
 
 
adversely affected during August due to increase in LPS 
days over Orissa like that due to increase in LPS days over 
the NW Bay. The rainfall over Arunachal Pradesh and 
Assam & Meghalaya in July and over sub-Himalayan 
West Bengal & Sikkim in July, August and season as a 
whole are adversely affected with increase in LPS days 
over Orissa. Considering homogeneous regions (Table 1), 
the rainfall decreases over northeast India in July with the 
increase in number of LPS days over Orissa. Hence, there 
is opposite type of rainfall distribution over some sub-
divisions in northeast India in July and peninsular India 

excluding west coast in August compared to that over 
some of the sub-divisions in central India due to LPS over 
Orissa. 
 

3.2.4.  Sub-divisional rainfall in relation to LPS over 
EMPC 

 
The correlation of the number of LPS days over 

EMPC with the rainfall is significant only for one or two 
sub-divisions in different monsoon months and the season 
as a whole (not shown). The rainfall over Vidarbha and 

: Positive CC significant at 99% level of confidence     

: Positive CC not significant at 99% level of confidence

: Negative CC significant at 99% level of confidence 

: Negative CC not significant at 99% level of confidence
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Marathawada in June and only Vidarbha in August 
increase with increase in LPS days over EMPC, as they lie 
in the southwest sector of this mainly west-northwestward 
moving LPS. Considering homogeneous regions           
(Table 1), the rainfall increases over peninsular India 
excluding west coast in June with increase in LPS days 
over EMPC. The rainfall increases over GWB in July and 
Jharkhand (JKD) in September with increase in LPS days 
over EMPC. The rainfall over Assam & Meghalaya in 
July, east Uttar Pradesh in August and Haryana, 
Chandigarh & Delhi during the season as a whole 
decrease with increase in LPS days over EMPC. It may be 
due to the fact that with the LPS over EMPC, the 
monsoon trough lies to the south of its normal position. 
The region of minimum rainfall lies about 2-3 degree 
latitude north of the axis of the mean sea level position of 
the monsoon trough (Pathan, 1993). Due to the above 
reasons, the seasonal rainfall decreases over western part 
of north India (northwest India) with increase in LPS days 
over EMPC (Table 1). 
 

3.2.5.  Sub-divisional rainfall in relation to LPS over 
GWB 

 
The rainfall over the region extending from GWB-

Orissa to EMPC - west Uttar Pradesh significantly 
increases with increase in LPS days over GWB during 
June [Figs. 5(a-e)] like that due to increase in LPS days 
over NW Bay [Figs. 3(a-e)]. The rainfall increases over 
GWB, EMPC and west Madhya Pradesh in July with 
increase in LPS days over GWB. Considering 
homogeneous regions (Table 1), the rainfall over eastern 
part of north India in June and east central India in June 
and July increase with increase in LPS days over GWB. 
The rainfall increases only over GWB with increase in 
LPS days over GWB during August. All the above results 
may be due to the fact that the monsoon trough passes 
through relatively northerly latitude during June and shifts 
southward as the season advances further. The number of 
LPS days over GWB is also maximum in June compared 
to other monsoon months (Mohapatra and Mohanty, 
2004). The rainfall over northeast India in September 
decreases with increase in LPS days over GWB (Table 1). 
 

3.2.6.  Sub-divisional rainfall in relation to LPS over 
Jharkhand (JKD) 

 
Considering the impact of LPS over JKD on sub-

divisional rainfall (not shown), the rainfall over some sub-
divisions in north India like west Uttar Pradesh and GWB 
increases in June with increase in LPS days over JKD. It 
may be due to the fact that with the LPS over JKD, the 
monsoon trough shifts relatively northward and hence the 
zone of maximum rainfall. The rainfall over Bihar 
increases during September with increase in LPS days 

over JKD. It may be due to the fact that in the month of 
September, the LPS over JKD moves on many occasions 
in a  northeasterly direction (Rao, 1976) under interaction 
of upper tropospheric westerly trough. As a result, Bihar 
lies in the left forward sector and gets more rainfall.  
Considering the homogeneous regions (Table 1), the 
rainfall increases over eastern part of north India with 
increase in LPS days over JKD in September due to the 
above mentioned reason. Also, the occurrence of LPS 
over JKD is more frequent in September, compared to 
other monsoon months (Mohapatra and Mohanty, 2004). 
The correlation of LPS days over JKD with the rainfall is 
not significant during main monsoon months of July and 
August for any meteorological sub-division. However, the 
seasonal rainfall over east Uttar Pradesh decreases with 
increase in LPS days over JKD. 
 

3.2.7.  Sub-divisional rainfall in relation to LPS over 
NE Bay  

 
The rainfall increases over JKD and Bihar during 

June (not shown) with increase in LPS days over NE Bay. 
It may be due to the fact that the LPS over NE Bay mainly 
moves across BDS during this month (Mohapatra and 
Mohanty, 2005). As a result, most parts of JKD and Bihar 
lie in the left forward sector to get more rainfall. Also, the 
number of LPS days over NE Bay is maximum in June 
and less in other months (Mohapatra and Mohanty, 2004). 
The rainfall also increases over Jammu & Kashmir, 
Uttarakhand and west Uttar Pradesh with increase in LPS 
days over the NE Bay in June. Srinivasan et al., (1972) 
has shown that some sub-divisions of northwest India may 
get good rainfall due to LPS over north Bay of Bengal, if 
there is interaction of the mid-latitude westerly systems 
over the region with the monsoon trough and the LPS. 
Considering homogeneous regions (Table 1), the rainfall 
also increases over both western and eastern parts of north 
India with increase in LPS days over NE Bay in June. The 
rainfall decreases over Marathwada in June and Orissa in 
September with increase in LPS days over the NE Bay. It 
increases over Andaman & Nicobar Islands and Tamil 
Nadu in July with increase in LPS days over NE Bay.  
  

3.2.8.  Sub-divisional rainfall in relation to LPS over 
Bangladesh (BDS) 

 
The rainfall over GWB increases with increase in 

LPS days over BDS during June and July (not shown) as 
the LPS over BDS mostly moves west-northwestwards 
and most parts of GWB lie in the southwest sector and 
hence get more rainfall during these months. The rainfall 
significantly decreases over Konkan & Goa during July 
with the increase in LPS days over BDS. Considering 
homogeneous regions (Table 1), the rainfall also decreases 
over west coast in July with increase in LPS days over 
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BDS. It may be due to the fact that the monsoon trough 
shifts northward in association with the LPS over BDS. 
As a result, the strength of westerlies over the peninsular 
region decreases leading to less orographic interaction of 
Western Ghat and hence less rainfall over the west coast. 
The rainfall over Assam & Meghalaya significantly 
increases with increase in LPS days over BDS during 
September and season as a whole. It may be due to the 
northward location of associated monsoon trough and 
interaction of the basic monsoon flow with the LPS and 
orography of the region. In addition, the LPS over BDS 
very often moves northeastward under the influence of the 
upper tropospheric westerly trough in September (Rao, 
1976). In this case, Assam & Meghalaya lies in the left 
forward sector to get more rainfall.  
  

The    structure of   CC and their spatial distribution 
are different in different monsoon months as per 
expectation. It may be due to the fact that the CC mostly 
depends upon the characteristics like intensity and 
movement of LPS and the associated monsoon trough. For 
example, during monsoon advance period (month of 
June), the monsoon trough is not well established. 
Similarly, during the withdrawal phase of monsoon 
(month of September), the monsoon trough is ill defined. 
Hence, the structure and spatial distribution of CC in June 
and September are different from that in July and August. 
Also there is interaction of mid-latitude westerly trough 
with the LPS, mainly in September and June.  The 
characteristics of LPS, formed  at prior to break and the 
end of  break could also be different.    
 
4.  Conclusions 
 

The following broad conclusions are drawn from the 
above results and discussion.  
 
(i)  The average seasonal monsoon rainfall has been 
normal during 1982-1999 over all the meteorological sub-
divisions of India.  
 
(ii)  There is large month to month variation in the 
impact of the LPS on the sub-divisional monsoon rainfall 
over India. However, the results presented in the study 
including the correlation maps may be helpful to predict 
24 hours rainfall based on the location of the LPS and 
associated monsoon trough. 
 
(iii)  The frequent development and persistence of LPS 
over NW Bay are favourable for higher seasonal monsoon 
rainfall over east central India. The development and 
persistence of LPS over WC Bay adversely affect the 
seasonal rainfall over this region. On the other hand, the 
frequent development and persistence of LPS over WC 
Bay and its subsequent westward movement across NCAP 

are favourable for higher seasonal rainfall over the 
peninsular region excluding west coast. The seasonal 
rainfall over northwest India decreases with increase in 
LPS days over EMPC. The seasonal rainfall over other 
homogeneous regions are not significantly related with the 
number of LPS days over the regions under consideration. 
 
(iv)  Considering monthly rainfall, the higher number of 
LPS days over GWB in June, GWB/Orissa in July and 
Orissa in August causes higher rainfall over east central 
India. The rainfall over eastern part of north India 
increases with increase in LPS days over NW Bay, NE 
Bay and GWB in June and JKD in September. The rainfall 
over northwest India also increases with increase in LPS 
days over NE Bay in June. The rainfall over the peninsular 
India excluding west coast increases with increase in LPS 
days over EMPC in June and WC Bay in July. The rainfall 
over west coast decreases in July with increase in LPS 
days over Bangladesh. The rainfall over northeast India 
decreases with increase in LPS days over Orissa in July 
and GWB in September.  
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