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lkj & ekulwu _rq es dkslh] deyk@ckxerh@v/kokjk vkSj xaMd@cw<+h xaMd esa o"kkZ izR;arj vkSj 

ifjofrZrk dk v/;;u djus ds fy, 60 o"kksZa ds nSfud o"kkZ ds dsUnzokj vk¡dM+ksa dk mi;ksx fd;k x;k gSA o"kkZ 
izR;Urj vkSj ifjofrZrk ds xq.kkad dk vkdyu djus ds fy, dsUnz vkSj tyxzg.k {ks=okj o"kkZ le; Jà[kyk,¡ 
cukbZ xbZ gSaA vf/kdre] lkekU;] U;wu vkSj fojy o"kkZ forj.k esa muds izHkko dk vkdyu djus ds fy, 
ijlsuVkby fo’ys"k.k ds vk/kkj ij nf{k.kh nksyu lwpdkad ¼,l- vks- vkbZ-½] cgqpj ,ulks lwpdkad ¼,e- bZ- 
vkbZ-½ vkSj ,ulks rhozrk dk mi;ksx fd;k x;k gSA blls izkIr gq, ifj.kkeksa ls irk pyk gS fd vU; tyxzg.k 
{ks=ksa dh rqyuk esa dkslh esa  ifjofrZrk vf/kd gSA lkekU; o"kkZ dh izkf;drk 0-75 vkSj ,y fuuksa vkSj yk fuuk 
o"kZ esa tyxzg.k {ks=ksa esa fojy o"kkZ dh dksbZ laHkkouk ugha ikbZ xbZ gSA blh rjg fefJr o"kZ esa lkekU;] U;wu] 
vf/kdre o"kkZ dh izkf;drk Øe’k% 0-67] 0-18 vkSj 0-15 ikbZ xbZA ,l- vks- vkbZ- ,d eq[; izkpy jgk ftlls 
,y fuuks vkSj yk fuuk o"kZ esa izR;arj esa lq/kkj dk irk pyk gSA fo’ks"k :Ik ls {kh.k vkSj rhoz e/;e yk fuuk 
esa Øe’k% U;wu vkSj vf/kd o"kkZ dk vkdyu djus ds fy, fefJr o"kZ esa ,ulks rhozrk lfgr ,e- bZ- vkbZ- 
vf/kd Li"V jgs gSaA 

 
ABSTRACT. Station wise daily rainfall data of sixty years is used to study rainfall departure and variability  in  

Kosi, Kamala/Bagmati/Adhwara and  Gandak/Burhi Gandak catchments during  monsoon  season. Station and catchment 
wise rainfall time series have been made to compute rainfall departure and Coefficient of Variation (CV). Southern 
Oscillation Index (SOI), Multivariate ENSO Index (MEI) and ENSO strength based on percentile analysis are used to 
ascertain their impact on rainfall distribution in the category as excess, normal, deficient and scanty. Results indicate that 
the variability is greater over Kosi as compared to the other catchments. Probability of normal rainfall is found 0.75 and 
there is no possibility of scanty rain over the catchments during El Nino and La Nina year. Similarly probabilities of 
normal, deficient, excess rainfall are found as 0.67, 0.18 and 0.15 respectively during mixed year. SOI has emerged as 
principal parameter which modifies the departure during El Nino and La Nina year. MEI along with ENSO strength  are 
more prominent  during  mixed year  particularly to ascertain deficient and excess rain in weak and strong- moderate La 
Nina  respectively .     

 
Key  words −  Coefficient of variation, Rainfall departure, Southern oscillation index, Multivariate ENSO index, 

Probability, Deficient  and scanty rainfall. 
 

 
1.  Introduction 
 

Agriculture output mainly depends on monsoon 
rainfall in India. Despite high level water infrastructure 
investment, Bihar’s agriculture yield still remains variable 
which is driven by highly variable weather sequences in 
the catchments and adjoining areas with Nepal during 
south west monsoon season.  North south oscillation of  
monsoon trough in association with  propagating upper air 
westerly trough produces plenty of rainfall  in Bihar 
plains. Gandak catchment receives  widespread rainfall 
from low pressure area/depression when the systems move 
northwestwards from the Bay of Bengal and the Kamala 
and the Kosi catchments receive the same rain when the 
systems move north northwestwards  and recurve.  

Jenamani and Dash (2005) studied role of synoptic and 
semi permanent system during different phases of EL 
Nino vis-a-vis Indian monsoon rainfall and found that 
highest monsoon rainfall is strongly correlated with 
highest number of monsoon disturbances and trough days. 
It is observed that the findings do not conform with 
rainfall pattern in the catchments. It is observed that 
circulation pattern and movement of synoptic systems 
deviate from normal position and affects spatial 
distribution of rainfall. Historically average above (below) 
Indian monsoon rainfall has been generally connected 
with cold (warm) phase of ENSO but it is still less clear  
in regional, catchments and sub catchment scale            
(WMO, 1999). Several studies have been made to           
relate   performance  of  Indian  summer  monsoon  and its  
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Fig. 1. Catchment area (i) Kosi (ii) Kamala/Bagmati/Adhwara and (iii) Gandak/Burhi Gandak 

 
 
connection with El Nino and southern oscillation (Mooley  
and Parthasarthy, 1984; Parthsarthy and Pant, 1985 and 
Ropelewski and Halpert, 1987). Sontakke and Singh 
(1996) presented a time series of rainfall dividing India in 
six homogenous zones but within the zones there are 
number of incoherent catchment of high  variability of 
rainfall due to regional and local complexities; viz., 
geography, topography and diverse atmospheric 
processes. Singh (2001) has shown that lag correlation 
with multivariate ENSO index and Southern Oscillation 
Index (SOI) is insignificant over Bihar plains during the 
monsoon season and also found that ENSO does not have 
any adverse impact on monsoonal  rain in eastern India. 
Studies have been made to ascertain relation of El Nino 
particularly with drought (Kane, 2004)  and found that 
deficient and scanty rainfall is connected with negative 
SOI. Kripalani and Kulkarni (1997) found that there was 
no one-to-one correspondence between monsoon rainfall 
and El Nino because peak of EL Nino/La Nina phases do 
not coincide with monsoonal peak. Chattopadhyay and 
Bhatla (1996) showed simultaneous significant correlation 
of SOI, i.e., Tahiti minus Darwin   pressure with 
performance of Indian monsoon. Indeed, El Nino 
phenomenon is associated with flood and drought and is 
linked to the weather disturbances in many locations 
around the earth. Kirtman and Shukla (2000) has shown 
that SOI and monsoon rainfall relation is still very  
complex.  

 
No study has been made to connect catchment  

rainfall  with S O I , therefore , the  main objective of the 

paper is to study  rainfall  departure  in El Nino, La Nina  
year in  Kosi, Kamala/Bagmati/Adhwara and the 
Gandak/Burhi Gandak  catchments during monsoon 
season  using  SOI, MEI and strength of ENSO. 
 
 
2. Physiography of catchments 
            

Fig. 1  shows catchment of  Kosi, Kamala/Bagmati/  
Adhwara  and Gandak/Burhi Gandak. The catchments are 
situated between Lat. 25.0° - 27.5° N and Long.  83.5° - 
88.5° E and boundary of each catchment has been 
demarcated by dotted line. 
 

The Kosi, the Kamala, the Bagmati and the Gandak 
originate from the Himalayas, plains and hills in Nepal, 
the Adhwara and the Burhi Gandak originate from 
elevated area of Sitamarhi and Someshwar hills of West 
Champaran district in Bihar respectively. The catchment 
area of Kosi, Kamala/Bagmati/Adhawara and Gandak/ 
Burhi Gandak are 13940, 5542 and 17658 sq km 
respectively. The Kosi, the Gandak and the Burhi Gandak 
merged with the Ganges at Kursela, Hazipur and Khagaria 
respectively and the Kamala and the Bagmati with the 
Kosi at Baltara. The most of their run off is built up in 
upper catchments and adjoining areas of Indo-Nepal 
border. The landscape of the catchments is mainly 
dominated by level plains  and soil is mainly alluvial and 
marshy. About 40 % of total area of Bihar lies within 
these catchments where 50 % percentage of total 
population is generally affected due to flood/heavy rain 
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every year. 95% of annual  rainfall is received during June 
- September and the largest amount of surface water is 
drained into the Ganges. Mean maximum, minimum 
temperature and relative humidity vary in the range 33-
34° C, 25-26° C and 78 - 82 %  respectively. The streams 
of the rivers follow curvilinear path and become turbulent 
during monsoon season. At time the rivers swell beyond 
danger level culminating breach of embankments. 
Economic losses based on 1950-90 data indicate that the 
aggregate tangible loss is estimated  about Rs. 35 crores 
per year during monsoon due to flood and heavy rain. 
Hereafter, the Kosi, Kamala/Bagmati/Adhwara and 
Gandak/Burhi Gandak catchment will be referred 
collectively   as entire basin. 
 
3. Data and methodology 
                  

Daily rainfall data  of  hydromet stations namely  
Galgalia, Taibpur, Chargharia, Dhengraghat, Araria, 
Basua, Nirmali, Purnea, Manihari  and Kursela of  Kosi; 
Kamtaul, Jhanjharpur, Hayaghat, Benibad, Madhwapur, 
Jainagar  and Sonbarsa of  Kamala/Bagmati/Adhwara  and  
Triveni,  Chatia, Bagaha,  Chanpatia, Samastipur, L B 
Ghat, Rewaghat, Motihari, Muzaffarpur, Rosera, Darauli, 
Chapra, Khagaria and Sikanderpur of  Gandak/Burhi 
Gandak  catchments  have been obtained  from National  
data centre, IMD, Pune from 1930-1990 for the month of 
June, July, August and September. A computer program in 
Fortran has been made to compute monthly and seasonal 
rainfall for each station utilizing available data. Catchment 
wise monthly and seasonal rainfall have also been 
computed from the station data set. Similarly seasonal 
rainfall time series for entire basin is computed using 
monthly rainfall of all the three catchments. Mean 
monthly and seasonal rainfall are computed in respect of 
each catchment to derive C.V. (Pillai and Bagavathi 
2003). Finally percentage departure from the mean 
seasonal rainfall is computed from actual rainfall in 
respect of each catchment and  for the entire basin using 
the formula as given below.  
                                    

% Departure  =  (A – N)  / N ) *100                       (1) 
 

Where,  A = Actual seasonal rainfall and                    
N =  Mean Seasonal Rainfall (MSR). 

 
The percentage departure has been  classified in the 

category  excess, normal, deficient, scanty according to  
criteria adopted in India Meteorological Department 
(Hydromet division); viz., excess +20 % or more, normal  
+19 to -19 %, deficient  -20 to -59 %  and  Scanty -60 to      
-99 %. 
              

SOI of Australian Bureau of Meteorology which 
ranges from about -35 to +35 is used to analyze 

percentage departure  which is calculated using the 
formula as given below. 
                                 

SOI = 10 (Pdiff – Pdiffav) / SD (Pdiff)                  (2)    
 

Where,  Pdiff = (average Tahiti MSLP for the 
month) - (average Darwin MSLP for   the month),         
Pdiffav = long term average of Pdiff for the month  and 
SD (Pdiff) = long term standard deviation of Pdiff for the 
month. Magnitude of monthly SOI has been examined for 
each year  and classification has been made as follows. 
         
(i)  El Nino year  :  when SOI is negative during all the 
four months. 
        
(ii)  La Nina  year  :  when SOI is positive during all the 
four months and 
        
(iii)  Mixed  year  :  when SOI is negative in any month 
out of the four month.          
  

As per above classification, 1930, 1932, 1940, 1941, 
1946,  1953, 1963, 1965, 1969, 1972, 1977, 1982 and 
1987  are El Nino, 1931, 1938, 1945, 1947, 1950, 1955, 
1956, 1964, 1967, 1971, 1973, 1974, 1975, 1978 and 1981 
are La Nina year  and  remaining  are  mixed year. 
 

MEI  may be  more informative  than SOI  because it 
is based on observed  variables  in tropical pacific; viz., 
sea level pressure, zonal and meridional wind, surface 
wind, sea surface temperature, surface air temperature and 
total cloudiness fraction in the sky. So, available MEI  
from 1950 to 1990 has also been down loaded  from  
website (usclivar)  with a view to examine ENSO impact  
on rainfall departure. In order to explain complexities of 
rainfall distribution on catchment scale, strength of ENSO 
is used based on percentile analysis (Gergis and Fowler, 
2009) which are defined as 
 

Extreme  = 90th,  
Very strong =  70-90th,  
Strong  =  50-70th,  
Moderate  =  50-30th  and  
Weak                <    30th percentiles. 

 
Decimal parts of rainfall have been rounded off  as 

per meteorological  convention. In the next section the 
Kosi, Kamala/Bagmati/Adhwara and Gandak/Burhi  
Gandak  catchments   will be  referred   as zone I, zone II 
and zone III  respectively. 

 
4. Results and discussion 

 
Figs. 2-4 show actual seasonal rainfall time series  

for   zone  I,  II  and  III  respectively   and   Fig. 5   shows  
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Fig. 2. Time series of rainfall Kosi catchment 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Time series of rainfall in Kamala/Bagmati/Adhawara catchment 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Time series of rainfall in Gandak/Burhi Gandak catchment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Time series of rainfall for entire basin 
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Fig. 6. Yearly percentage departure from normal of Kosi catchment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7. Yearly percentage departure of Kamala/Bagmati/Adhwara catchment 

 
 
 
the same  for entire basin. The highest rainfall is  found 
2307 and 1919 mm in zone I and II during  the year1987 
and the same is found 2207, 1931 mm for zone III  and 
entire basin in the year 1938 respectively. During July 
1987 monsoon trough was running from Rajasthan to 
Assam across Bihar with embedded upper air cyclonic 
circulation over Bihar from 11 July 1987 to 2 August 
1987 as well as two depression passed across Jharkhand 
and adjoining  areas of Bihar close to Chaibasa during the 
month of August and September  (IDWR-1987). Four 
depressions formed over north west Bay and adjoining 
areas during the monsoon months in 1938 and under its 
influence monsoon was active over Bihar plains (IDWR -
1938). The lowest rainfall  is found as  532, 664, 662 and 
620 mm in zone I, II, III and entire basin  respectively in 

the year 1972 because one after another four depression 
formed in the North West Bay of Bengal and  all the 
systems moved westwards across Orissa and  
Chhattisgarh. Hence, break monsoon was observed rarely 
for a short period of 2-3 days. The highest and the lowest 
rainfall over the catchments are attributed to the direction 
of movement of weather system across the catchments. 
One can see from the figures that actual rainfall has 
increased  in all the three catchments  alongwith entire 
basin from 1975 to 1989. It is to be noted that the period is 
under impact of  mixed phase except 1982 and 1987. In 
addition to 3-4 years El Nino oscillation in equatorial 
Pacific, there are also inter decadal and perhaps centennial 
oscillation. They are all interacting in such a way that 
relation   has   not   yet  been  understood  (Asnani,  2001).  
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Fig. 8. Yearly percentage departure of Gandak/Burhi Gandak catchment 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 9. Yearly percentage departure for entire basin 

 
 
 
Utilizing actual rainfall of the catchments, MSR have been 
worked out as 1360, 1044 and 1178, 1195 mm for zone I, 
II, III  and entire basin respectively. 
                    

Table 2 shows mean monthly rainfall and C. V.  of 
zone I, II  and III.  It is found that  the highest  rainfall 
occurred  in  zone I and the lowest in zone  II during the  
monsoon month. Comparing C.V. of  of the catchments 

one can find that the variability is least in zone  III. The 
highest variability in zone I is attributed to the topography 
of the catchment and monsoon trough. At time low 
pressure area and cyclonic circulation recurve in 
September and remain stationary for 2-3 days which 
causes  widespread  and heavy rain  in zone I and II. 
Station wise actual monthly and seasonal rainfall           
have  also  been  analyzed  and  the highest MSR  is found  
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  TABLE 1 
 

Southern  Oscillation  Index (S.O.I.) and Multivariate ENSO Index (M.E.I.)  during June -  September 
 

Year 

SOI  MEI 

Jun Jul Aug Sep Jun Jul Aug Sep Remark 

1930 -5.5 -4.3 -1.8 -7     N 

1931 18.8 9.4 0.1 5.1     N 

1932 -4.7 -5 -6.9 -8.8     D 

1938 18 18.5 13 7.5     E 

1940 -19.3 -15.4 -18.5 -19.6     N 

1941 -14.4 -20.6 -19.1 -8.2     N 

1945 8.3 3.5 11.7 8.7     N 

1946 -9.6 -10.2 -4.4 -16     N 

1947 2.6 9.4 7.2 11.7     N 

1950 26.9 21.1 12.3 6.9 -1.37 -1.31 -1.06 -0.59 N 

1953 -2.3 -1 -17.3 -13 0.24 0.43 0.26 0.56 N 

1955 16.4 19.2 14.9 14.1 -2.25 -1.88 -1.99 -1.78 E 

1956 12.3 12.6 11 0.2 -1.51 -1.19 -1.11 -1.35 N 

1963 -9.6 -1 -2.4 -5.2 -0.07 0.38 0.66 0.75 N 

1964 7.4 6.8 14.3 14.1 -1.13 -1.38 -1.54 -1.29 N 

1965 -12.8 -22.6 -11.4 -14.2 0.94 1.44 1.52 1.45 N 

1967 6.6 1.6 5.9 5.1 -0.31 -0.62 -0.49 -0.7 N 

1969 -0.6 -6.9 -4.4 -10.6 0.8 0.43 0.27 0.21 N 

1971 2.6 1.6 14.9 15.9 -1.47 -1.24 -1.27 -1.47 N 

1972 -12 -18.6 -8.9 -14.8 1.13 1.82 1.77 1.54 D 

1973 12.3 6.1 12.3 13.5 -0.77 -1.07 -1.36 -1.71 N 

1974 2.6 12 6.6 12.3 -0.65 -0.8 -0.69 -0.61 E 

1975 15.5 21.1 20.7 22.5 -1.18 -1.5 -1.69 -1.82 N 

1977 -17.7 -14.7 -12.1 -9.4 0.49 0.85 0.69 0.78 N 

1978 5.8 6.1 1.4 0.8 -0.53 -0.38 -0.2 -0.35 N 

1981 11.5 9.4 5.9 7.5 -0.03 -0.04 -0.14 0.14 E 

1982 -20.1 -19.3 -23.6 -21.4 0.99 1.61 1.77 1.8 N 

1987 -20.1 -18.6 -14 -11.2 1.93 1.83 2.01 1.89 E 
 
                    N =  Normal, D = Deficient and E = Excess 
 

 
 
 
2093 mm at Galgalia in zone I, 1172 mm at Kamtaul in 
zone II  and 1746 mm at Triveni in zone III. Similarly, the 
lowest MSR is found 1031 mm at Manihari in zone I,          

968 mm at Jainagar in zone II and 973 mm at Khagaria in 
zone III. There is significant difference between the 
highest and the lowest rainfall within the catchment and 
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the entire basin. All the station recorded the highest 
rainfall in the month July and lowest in June.  

 
The departures of actual rainfall in respect of  zone I, 

II and III have been  shown in Figs. 6, 7 and 8  
respectively. During the El Nino years i.e., 1930, 1932, 
1940, 1941, 1946,  1953, 1963, 1965, 1969, 1972, 1977, 
1982 and 1987  departures are found  -4 %, -27 %,            
-33 %, -21 %, 2 %,  -18 %, -21 %, -10 %, -6 %, -61 %,       
-7%, -8 %  and  70 % in zone I;  -20 %, -27 %,  -4  %,       
1 %, -13 %, -21 %, -12 %, 22 %, -16 %,  -37 %, -26 %,       
-24 % and  83 %  in zone II  and these are found  -15 %,      
-26 %, -3 %, -1 %, -5 %, 12 %, 3 %, -17 %, -1 %, -44 %, 
9 %, 18%  and  23 %  in zone III respectively. All the 
three catchments received excess rain in 1987 and 
deficient in 1932 and 1972. Similarly during La Nina 
years i.e., 1931, 1938, 1945, 1947, 1950, 1955, 1956, 
1964, 1967, 1971, 1973, 1974, 1975, 1978 and 1981  
departures  are found  11 %, 33 %, -4%, 0 %, 14 %, 12 %, 
7 %, -10 %, -35 %, -1 %, -31 %, 34 %, -16 %, -3 %  and       
53 % in zone I  ; 3 %, 70 %, 4 %, -18 %, -25 %, 36 %,      
38 %, 31%,  1%, 31%, -6%, 34%, 0%, -22 % and 43 % in 
zone II  and these are -4 %, 88 %, -16 %, -8 %, -30 %,     
32 %, 13 %, -21 %, -18 %, 17 %, -16 %, 13 %,  -18 %,      
9 %  and 43 % in zone III  respectively . There are excess 
rain in the year 1938 and 1981 and no occurrence of 
scanty rain during both the events.  More or less number 
of cases of excess rain is larger in La Nina  than EL Nino 
year . Similarly rainfall departures during mixed year are 
also investigated and it is found that 1951 and 1959 are 
deficient and 1980, 1985 and 1988 are excess rain years in 
all the three catchments. In this case also number of 
excess rain  are larger in  each catchment  compared to El 
Nino year.  Therefore, explicit statement can  not be made 
that rainfall departure is likely to  be normal or excess or 
deficient.  
                

Fig. 9 shows rainfall departures for the entire basin. 
During the year 1930, 1932, 1940, 1941, 1946,  1953, 
1963, 1965, 1969, 1972, 1977, 1982 and 1987 departures  
are found   -12 %, -26 %, -15 %, -8 %, -5 %, -9 %, -10 %, 
-3 %, -7 %, -42 %, -7 %, -4 %  and  58 % respectively. 
Similarly during  1931, 1938, 1945, 1947, 1950, 1955, 
1956, 1964, 1967, 1971, 1973, 1974, 1975, 1978 and 1981  
the same  are found   4 %, 62 %, -6 %, - 8 %, -12 %,       
25 %, 18 %, -1 %, -19 %, 14 %, -19 %, 27 %,  -12 %,       
-6 %  and  47 % respectively. Mostly normal rain occurred 
during both the events. There are two deficient cases in El 
Nino and none is found in La Nina year. Rainfall 
distribution depends on the oscillation of synoptic scale 
systems particularly monsoon trough over the zones 
(Krishnamurthy and Bhalme, 1976). Numbers of cases of 
excess rain are greater in La Nina than El Nino year. 
Similar pattern of rainfall departure is also found in mixed 
year  on  inter  annual scale but there are cases of deficient  

TABLE 2 
 

Catchments mean monthly rainfall and coefficient of variation  in % 
 

Catchment  Name 
Month  

Jun Jul Aug Sep C.V. 

Kosi 270 514 323 253 28 

Kamla/Bagmati/Adhwara 141 406 294 207 26 

Gandak/Burhi/Burhi Gandak 184 422 320 252 25 
 
 
 
rain during mixed year. Intricacy of the rainfall 
distribution over the entire basin may be attributed to 
dynamics of monsoon flow associated with synoptic 
conditions (Ramaswamy, 1962). Dynamically it is also 
found that vertical wind circulation over monsoon trough 
accompanying with upward moisture and convective 
clouds dominate over eastern India and downward motion 
over western India without rain  (Das, 1962).     
                        

Table 1 shows SOI and MEI for the month of June, 
July, August and September alongwith category of rainfall 
departure for the entire basin during El Nino and La Nina. 
Positive and negative sign of SOI is exactly matching with 
MEI as per usual convention except in 1963 where  MEI  
is negative  in the month of  June whereas SOI is negative 
during the all the four months. There are 10 cases of 
normal rainfall out of 13 events of El Nino  and 11 cases 
of normal rainfall out of 15 events of La Nina. There is  
single case of  excess  rain in El Nino  year and 
probability of normal, deficient   and excess rainfall  are 
found  0.77,  0.15 and  0.08  respectively  while in La 
Nina year the probability of  normal and excess  are  0.73, 
0.27  respectively. Similarly, there are 22 normal cases out 
of 32 mixed  years and probability of normal, deficient 
and excess rainfall  are 0.67, 0.18 and 0.15  respectively. 
In this way the departure of rainfall for each year has been 
examined in order to find out probability of rainfall 
distribution in general. There are 42 normal out of 60 
years and probability has also been computed which is 
found 0.70, 0.13 and 0.17 for normal, deficient and  
excess rain respectively.  
                             

From 1951-1990 all  mixed years have been 
examined to ascertain  impact of SOI and  MEI on  
rainfall departure in the category excess, normal, deficient  
and scanty.  It is found that 1952, 1954, 1957, 1958, 1962, 
1968, 1970, 1976, 1979, 1983, 1986 and 1990 are  normal 
year over  the  entire basin. During 1952, SOI was 
negative during the month of August and September while 
MEI was negative in the month of June, July and August 
and during 1970 also SOI was negative in the month July 
whereas MEI was negative during all the four month. 
During 1990, SOI was negative in the month of August 



 
 
                      JHA  & RAM : RAINFALL DEPARTURE OVER CATCHMENTS OF BIHAR PLAINS                        195 

 

and September while MEI was positive  during all the four 
months. Similarly 1951, 1959, 1960, 1961 and 1966 are 
found deficient year. During 1951, SOI was found 
negative in the month of July, August and September 
while MEI was in positive during all the four months and 
during 1960 and 1961, SOI was negative during June only 
while MEI was negative during all the four months and 
similar is the case for both the indices during 1966. Excess 
rain occurred in the year 1980, 1984, 1985, 1988 and 
1989. During 1984, SOI was negative in June while MEI 
was negative in all the four months and in 1989, SOI was 
negative in the month of August whereas MEI was 
negative in all the four months. In this way all normal, 
deficient and excess years have examined and found no 
one-to-one relation except excess rain. Obviously impact 
of MEI is also not clear on rainfall departure during mixed 
year. With a view to find distinctive signal of ENSO, the 
strength of the event has been considered to analyze the 
departure during mixed years. It is found that deficient 
rain occurred during weak La Nina and moderate El Nino 
and excess rain  during very strong to moderate La Nina 
episode. Normal rain occurred at all ramifications of  
ENSO strength, viz., Very strong - moderate  La Nina, 
strong - moderate  El Nino.  
 
 
5.   Conclusions 
 
(i)  Variability of rainfall over  Kosi   is  greater  than   
Kamala/Bagmati/Adhwara and  Gandak/Burhi  Gandak  
catchment.  
 
(ii)  Probability of normal  rain  is found  about  0.75 
during EL Nino and La Nina year and no possibility of 
scanty rain over the catchments.  
 
(iii) Deficient rain  may  be ruled out  over the entire 
basin during La Nina year and there is least probability of 
excess rain during El Nino year. 
 
(iv) MEI together with strength  of ENSO  have been 
found viable parameter to estimate rainfall distribution  
particularly for deficient and excess rain during  mixed 
year. Normal to excess rain occurred during very strong to 
moderate La Nina and deficient rain during weak La Nina 
and strong-moderate El Nino and probability of         
normal,  deficient and excess rain are found as 0.67, 0.18 
and 0.15 respectively. 
  
(v) SOI  has emerged  prominent indicator of  rainfall  
departure during EL Nino and La Nina year  over the 
catchments.  
 
(vi) Water storage and drainage system may be 
augmented in the entire basin particularly in  

Kamala/Bagmati/Adhwara and  Gandak catchments for  
water management during weak  monsoon.  
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