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lkjlkjlkjlkj & dbZ oSKkfud v/;;uksa esa ekSle dh fofHkUu  fLFkfr;ksa esa nSfud o"kkZ ds LFkkfud forj.k dk irk 
yxkus ds fy, iqu% vkdfyr fd, x, vkadM+ksa dk O;kid :Ik ls mi;ksx fd;k x;k gSA bl 'kks/k i= esa 
rhLrk tyxzg.k {ks= esa ekulwu ds eghuksa ds nkSjku nSfud o"kkZ dh fHkUurkvksa dk irk yxkus ds fy, O;fr 
lglaca/k fo'ys"k.k fd, x, gSaA bl v/;;u ds fy, 1995&2000 dh vof/k ds nl LVs'kuksa ds nSfud o"kkZ ds 
vkadM+ksa dk mi;ksx fd;k x;k gSA lEiw.kZr% ekulwu ds pkj eghuksa ds fy, fd, x, vuqekfur O;fr lglaca/k 
{ks= ds fo'ys"k.k ls ;g irk pyk gS fd ekuwlu ds eghuksa ds nkSjku mRrj&nf{k.k] mRrj mRrjiwohZ & nf{k.k 
nf{k.kif'peh {ks= esa 60&80 fd- eh- rd vkSj 'ks"k fn'kkvksa  esa 50  fd-eh- rd o"kkZ gqbZA nSfud o"kkZ ds iSVuZ 
dks nks nh?kZo`Rrksa ds ifjPNsnksa esa csgrj :Ik ls crk;k tk ldrk gS %& ,d mRrj  mRrjiwohZ  nf{k.k 
nf{k.kif'peh {ks= ¼75° m- & 80° m- @115° n- & 100° n-½ dh fn'kk esa izeq[k v{k lfgr vkSj nwljk mRrj 
mRrjif'peh & nf{k.k nf{k.kiwohZ ¼110° m- & 120° m @ 70° n- & 60° n-½ fn'kk esa izeq[k v{k lfgr bUgsa 
vf/kdka'k mPpHkwfe;ksa dh fn'kkvksa esa ?kwers gq, ns[kk tk ldrk gSA ;g Hkh ns[kk x;k gS fd lglaca/k xq.kkadksa ds 
LFkkfud forj.k ds nh?kZo`Rrh; iSVuksZ ds izeq[k v{kksa dh fn'kk dks NksM+dj lHkh fn'kkvksa esa nwjh lfgr 
vuqekfur lglaca/k xq.kkadksa esa deh vkbZ gS vkSj ;s 50 fd-eh- ds ikj yqIr gks x,A ;g Hkh ns[kk x;k gS fd 
tyxzg.k {ks= ds igkM+h  bykdksa esa blds nf{k.k nf{k.kif'pe dh vksj mPpHkwfe;ksa ds dkj.k mRrj mRrjiwohZ 
fn'kk ¼65° m-½ esa ty ig¡qpkusa  vojks/k vk tkrk gSA 

 
ABSTRACT.  In many scientific studies, the r-estimates were widely used to know the spatial distribution of daily 

rainfall in various weather situations.  In this present paper, the  cross - correlation analysis has been performed to 
understand the  variability of daily rainfall during monsoon months over Teesta catchment. For the purpose of study, ten 
station's daily rainfall data for the period 1995-2000 has been utilized. The analysis of estimated cross-correlation field 
entirely for four months of monsoon suggested that the rainfall area during the monsoon months extends up to 60-80 km 
distance in north-south, northnortheast-southsouthwest and 50 km in the remaining directions. The pattern of daily 
rainfall can best be represented as intersection of two ellipses, one with major axis in the direction of northnortheast-
southsouthwest (75° N-80° N/115° S-100° S) and another with major axis in northnorthwest-southsoutheast (110° N-
120° N/70° S-60° S) direction and are  seen traversing in the directions of major uplands. It is also found that the 
estimated correlation coefficients decreased with distance in all the directions other than in the directions major axes of 
elliptical patterns of spatial distribution of correlation coefficients and became insignificant beyond 50 km. It is also seen 
that in hilly regions of the catchment, the moisture feed is blocked further in northnortheast direction (65° N) due to 
presence of uplands southsouthwest of it.  
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1. Introduction 
  

The river Teesta, meaning Maiden, is often 
considered as a distorted form of Nepali word Tristora 
which means 'Three currents'. Till Yumthang, in the state 
of Sikkim, the river is a small stream often covered with 
snow and ice during the winter months. The origin of the 
river  is  a result of three river streams from Himalayan 
Glaciers joining at Chungthang, in the state of Sikkim.  

The river Teesta flows approximately 400 km from its 
origin to join the Great river Brahmaputra at Fulchery 
Ghat before finally falling into Bay of Bengal. The 
approximate length of the Teesta river up to Indo-Bangla 
Border is  250  km  and  of  this  approximately 140 km 
lies  in the hilly terrain with remaining  110  km  in the 
plains. The river Teesta catchment extends from Indo-
China Border to Indo-Bangla Border with a total 
catchment area of 12,500 sq.km of which 9350 sq.km lies 



 
 
448                       MAUSAM, 54, 2 (April 2003) 
 

in the hilly region which is 75 percent of the total 
catchment area.  The river Teesta Catchment has been 
divided into three parts (i) Upper Catchment above 
Yoksum (ii) Middle Catchment upto Teesta Bridge below 
Yoksum (iii) the Lower Catchment upto Indo-Bangla 
Border from Teesta Bridge.  The Upper catchment is an 
upland which lies approximately between 4000-8000 m 
above sea level, the Middle Catchment lies approximately 
between 1000 - 4000 m above sea level and the Lower 
Catchment lies approximately between 10-1000 m above 
sea level.   
  

It is seen that, over Teesta Catchment the monsoon 
normally sets in the first week of June and maintains itself 
till withdrawal in the second week of October with July 
month being the wettest month, followed by August and 
June during four months of monsoon. The river catchment 
of Teesta generally gets heavy rainfall whenever the 
monsoon trough shifts close to the foot hills of Himalayas 
from its normal position with maximum rainfall occurring 
to the south of the axis of monsoon trough.  Moreover, the 
synoptic scale transient systems moving in northwesterly 
direction after originating in north Bay of Bengal on 
interaction with uplands of Catchment produce copious 
amounts of rainfall through enhanced convective activity. 
Studies also indicated the upper air cyclonic circulations 
over the catchment or to the west of the catchment also 
give good amounts of rainfall. The mountain barrier 
extends in the basin from northwest to northeast directions 
and is open for southerly and southeasterly or 
Southwesterly moisture currents to flow into the basin. 
 
2. Data 
  

To study,  variability of daily rainfall over Teesta 
Catchment ten stations namely, Champasari, Chungthang, 
Damthang, Domohani, Gangtok, Jalpaiguri, Khanitar, 
Neora, Sevoke, Singla Bazar were selected and six years 
continuous daily rainfall data for the period 1995-2000 has 
been collected from the records of Flood Meteorological 
Office, India Meteorological Department, Jalpaiguri and 
Meteorological Office, Gangtok. In this study, the 
rainguage network density is only one rainguage per 1250 
sq.km and is not equal to the optimum rainguage network 
suggested for hilly regions (WMO, 1965). For operational 
purpose, the no. of stations should be kept minimum 
required to give acceptable estimate of average areal 
precipitation over the catchment which is numerically 
equal to arithmetic mean of 'N' values from 'N' stations 
situated within the catchment. However, determining the 
optimum density of rainguage network is a difficult 
problem in applied hydrology. In this connection, it is 
worth to mention that the purpose of study is to investigate 
variability  of  rainfall based on spatial correlation of daily 

TABLE  1 
 

Showing geographical locations of selected stations 
 

S. 
No
. 

Name of 
station Lat./Long. State 

Altitude     
(amsl) 

1. Damthang 27°14'/88°28' Sikkim 1981 m 

2. Gangtok 27°19'/88°37' Sikkim 1756 m 

3. Chungthang 27°36'/88°39' Sikkim 1631 m 

4. Singla Bazar 27°07'/88°14' W.Bengal 320 m 

5. Khanitar 27°11'/88°30' Sikkim 302 m 

6. Neora 26°52'/88°46' W.Bengal 164 m 

7. Sevoke 26°50'/88°28' W.Bengal 152 m 

8. Champasari 26°43'/88°25' W.Bengal 123 m 

9. Domohani 26°33'/88°45' W.Bengal 84.5 m 

10. Jalpaiguri 26°32'/88°43' W.Bengal 80.2 m 

 
 
rainfall totals. The estimates so obtained by way of cross-
correlations can be utilized to obtain average areal 
precipitation, probable maximum precipitations at each of 
the stations and to obtain rainfall gradients to know the 
distribution of rainfall over various elevation zones. Here, 
in this paper, the cross correlation pattern is investigated 
for two different cases in the frame work of topographical 
features and overall relationship between correlation 
coefficient and distances are investigated. Hence, for the 
purpose of analysis limited numbers of rainguages which 
are sufficiently apart are only considered. For the purpose 
of analysis, a total of 732 data points, for entire June to 
September period, of each of the stations selected are 
considered. Again, to study the correlation structure of 
daily rainfall over Teesta Catchment for heavy rainfall 
situations, in total, 72 occasions on which the observed 
average areal precipitation greater than or equal to 15 mm 
were selected and daily rainfall of each of the stations (72 
data points) corresponding to above occasions were 
correlated. The geographical locations   of the selected 
stations are given in Table 1 and are depicted along with 
Teesta Catchment boundary in Fig 1. Of the stations 
selected, Damthang is at a higher altitude of 1981 m, 
followed by Gangtok 1756 m and Chungthang 1631 m. 
The station Jalpaiguri is at a lowest altitude of 80.2 m.   
 
3. Methodology 
  

The composite (Cross) correlation technique 
employed by Sharon (1979) is used in this study which 
involves estimation of correlation coefficients of one of 
the key stations with the remaining stations  and a total of 
n(n-1)  cross  correlations  estimated  on  presumption that  
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Fig. 1. Basin map of Teesta 

 
 
each of the n stations acts as a key station to the other 
neighbouring stations. Thus, only distance and direction of 
other neighbouring stations from the key station are 
preserved for each correlation coefficient independent of 
the identity of the particular station. The maps prepared 
and on which iso correlation lines were drawn for the 
purpose of analysis, thus have n (n−1) correlation 
coefficients each at appropriate direction and distance 
from key station with the location of key stations 
identically at the centre of the map. Each estimate is 
included twice in the map at diametrically opposite points 
in relation to the centre of the map. This method 
eliminates draw backs present in the methods adopted by 
Huff and Shipp (1969) in which iso-correlation lines were 
drawn around key stations taking only neighbouring n 
stations without the knowledge of inter dependence of 
among n stations. The final maps prepared are 
representative of general spatial distribution of daily 
rainfall over the catchment area chosen. Olaniran (1988) 
used the technique employed by Sharon(1979) to study 
daily rainfall variability in southwestern Nigeria and 
showed from the spatial distribution of correlation 
coefficients that it resembles elliptical pattern with major 
axis  in  the  direction  of  major upland and also found the  

TABLE 2 
 

Showing mean daily rainfall (mm) and standard deviation, 
coefficient of variation of selected stations during southwest 

monsoon season  (June-September, Period 1995-2000) 
 

   Name of the station   Mean Std CV% 

Damthang 17.9 20.1 112 

Gangtok 21.0 22.1 105 

Chungthang 11.8 11.3 96 

Singla Bazar 11.3 18.1 160 

Khanitar 10.7 16.7 156 

Neora 25.6 42.1 164 

Sevoke 28.2 40.8 145 

Champasari 27.0 41.4 153 

Domohani 21.9 40.2 183 

Jalpaiguri 24.8 41.9 170 

 

 
spacing between rainfall areas is 50 km in case of 
monsoon month of August. The main purpose of this study 
is to identify the extent of rainfall areas and the distances 
between them during the southwest monsoon season which 
is a synoptic scale weather situation.  In this paper, the 
rainfall area is defined as the area receiving daily rainfall 
≥2.4mm. The ten stations were chosen as to cover the 
entire basin and are evenly distributed within the basin. 
One pair of stations close to one another (approx.10 km) 
in hilly region and second pair of stations close to one 
another (approx.10 km) were selected to see the variability 
of rainfall between them at the same time. 
 
4. Results and discussion 
 

The mean daily rainfall and corresponding standard 
deviations are calculated for all the stations considered are 
presented in Table 2. The Table.2 show high mean daily 
rainfall in respect of stations with less altitude than the 
stations at higher altitude. The figures of coefficient of 
variation are also high for low altitude stations than high 
altitude stations. The percentage coefficient of variation 
lies between 145 to 183 for low altitude stations within the 
catchment and 96 to 112 for high altitude stations within 
the catchment.  From the figures of Table 2 in can be 
concluded that the temporal variability of the rainfall is 
small in respect of hilly regions, in comparison, with the 
regions in plains.  The correlations between ten stations 
chosen, were estimated using the standard formula for the 
correlation coefficient. The significance of the estimated 
correlation was tested for probability point 0.02 of 
Gaussian distribution. The significant correlation is  found  
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TABLE 3 
 

Showing cross correlation coefficients between selected stations  for southwest monsoon season (Period 1995-2000)  
when one of the stations reporting rainy day (≥≥≥≥2.4mm) 

 

 Chungthang Damthang Khanitar Singla Bazar Neora Champasari Domohani Jalpaiguri Sevoke Gangtok 

Chungthang 1.00 0.00 0.06 - 0.01 0.01 0.01 -0.01 0.00 0.07 -0.01 

Damthang 0.00 1.00 0.32 0.34 0.12 0.24 0.08 0.04 0.23 0.31 

Khanitar 0.06 0.32 1.00 0.26 0.06 0.10 0.00 -0.01 0.14 0.14 

Singla Bazar -0.01 0.34 0.26 1.00 0.07 0.07 0.04 0.03 0.19 0.17 

Neora 0.01 0.12 0.06 0.07 1.00 0.40 0.36 0.33 0.44 0.17 

Champasari 0.01 0.24 0.10 0.07 0.40 1.00 0.38 0.36 0.53 0.10 

Domohani -0.01 0.08 0.00 0.04 0.36 0.38 1.00 0.84 0.27 -0.02 

Jalpaiguri 0.00 0.04 -0.01 0.03 0.33 0.36 0.84 1.00 0.25 -0.03 

Sevoke 0.07 0.23 0.14 0.19 0.44 0.53 0.27 0.25 1.00 0.20 

Gangtok -0.01 0.31 0.14 0.17 0.17 0.10 -0.02 -0.03 0.20 1.00 

 
 
 

TABLE  4 
 

Showing cross correlation coefficients between selected stations for the southwest monsoon season  
when average areal precipitation ≥≥≥≥15 mm (Period 1995-2000) 

 
 Chungthang Damthang Khanitar Singla Bazar Neora Champasari Domohani Jalpaiguri Sevoke Gangtok 

Chungthang 1.00 −0.04 −0.03 −0.04 −0.03 −0.13 −0.09 −0.11 −0.03 −0.01 

Damthang  −0.04 1.00 0.52 0.16 0.15 0.20 0.06 0.14 0.13 0.31 

Khanitar −0.03 0.52 1.00 0.25 0.14 0.02 0.17 0.13 −0.02 0.25 

Singla Bazar −0.04 0.16 0.25 1.00 0.14 0.08 0.08 0.04 0.00 0.01 

Neora  −0.03 0.15 0.14 0.14 1.00 0.37 0.13 0.10 0.62 0.11 

Champasari     −0.13 0.20 0.02 0.08 1.37 1.00 0.69 0.62 0.46 −0.03 

Domohani        0.09 0.06 0.17 0.08 0.13 0.69 1.00 0.89 0.08 −0.11 

 Jalpaiguri −0.11 0.14 0.13 0.04 0.10 0.62 0.89 1.00 0.16 −0.11 

Sevoke −0.03 0.13 −0.02 0.00 0.62 0.46 0.08 0.16 1.00 0.18 

Gangtok −0.01 0.31 0.25 0.01 0.11 0.03 −0.11 −0.11 0.18 1.00 

 
 
to be 0.07. The estimated cross correlation coefficients are 
presented in Table 3 when at least one of the stations 
reported ≥2.4 mm rainfall. The estimated cross correlation 
coefficients are presented in Table 4 when the observed 
average areal precipitation obtained by isohyetal method 
using 25 rainguage stations situated in and around the 
Teesta Catchment was greater than or equal to 15 mm.   
The stations selected all lie within a distance of             
130 km. That means, the estimated correlations give the 
pattern of rainfall within 130 km and not more than       
130 km. It is seen that significant correlation coefficients 
found between stations separated by 60-80 km during 
southwest monsoon.  It can be said that the rain yielding 
cloud or rainfall area in southwest monsoon, generally, 
extends up to a distance a 60-80 km. The estimated     

cross-correlation coefficients can be utilized for  
generating missing daily rainfall at these stations based    
on empirical linear regression equations of the form        
S1 -  Sm1  =   r Sd1/Sd2 ( S2 – Sm2) where Sd1,Sd2 are the 
standard deviations, Sm1,Sm2 are the mean daily rainfalls. It 
is based on the presumption that the distribution is 
Gaussian. The pattern of cross correlation coefficients is 
mapped in Fig. 2 estimated when one of the stations 
reported rainfall greater than or equal to 2.4 mm. It is seen 
from the map that the pattern resembles two intersecting 
ellipses with their major axes oriented in the directions 
southsouthwest-northnortheast and northnorthwest-
southsoutheast when the field of significant correlation 
line (0.07) is considered. Numerically high significant 
cross-correlations are also found in the directions of 
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Fig. 2.  Spatial distribution of correlation coefficient estimated from daily rainfall data of southwest 
monsoon (June-September) when one of the station reporting rainfall ≥2.4 mm 

 

 
north-south, northeast-southwest, northwest-southeast 
directions up to 50-60 km. It is also found that  significant 
correlation 0.84 found within a radius of 10 km from the 
particular station in the plain areas. However, it decreased 
0.32 in the hilly terrain within the same distance of 10 km.  
 
5. Conclusions 
  

For the southwest monsoon season, as suggested by 
the cross-correlation analysis, the rainfall area extends to 

60-80 km distance with highly significant correlation 
between stations within 10 km in plain areas with 
significant correlation showing less value within 10 km in 
hilly areas. The decrease in the correlation coefficient may 
be attributed to the presence of ridge line between them. 
The observed pattern of correlation coefficients is of two 
intersecting ellipses with their major axes traversing in the 
directions of major uplands of catchment. The uplands 
present in the middle and upper catchments block moisture 
feed further in northnortheast direction. The convective 
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activity is enhanced in the south of the uplands giving 
good amounts of rainfall at least up to 50 km distance.  
High mean daily rainfall and high variability in daily 
rainfall are observed in the stations situated in plains 
rather than at stations in upland areas. The observed 
pattern of correlation coefficients is a result of movement 
of the storms over the catchment. There is a sufficient 
evidence to conclude (Huff and Shipp, 1969) that the 
storm tracks are primarily responsible for observed 
patterns of the spatial correlation. The quasi-linear 
relationship observed in case of correlation coefficients 
and distance is an indication of the homogeneity of the 
cloud. However, it is mentioned that the estimate of 
average areal precipitation based on the above ten stations 
is truly representative of area-wide rainfall or not need 
some supporting documentation based on research. Hence, 
the estimates may not be considered as strict analytical 
solution but as an approximate method of calculation 
based on empirical relations and particular magnitude of 
error always persists. Substantiating the extent of rainfall 

area obtained in this paper with satellite imageries is 
beyond the scope of this paper. 
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