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Correlation structure of daily rainfall over Teesta catchment
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ABSTRACT. In many scientific studies, the r-estimates weidely used to know the spatial distribution oflgai
rainfall in various weather situations. In thisspent paper, the cross - correlation analysisbeas performed to
understand the variability of daily rainfall dugitnonsoon months over Teesta catchment. For thpogerof study, ten
station's daily rainfall data for the period 199832 has been utilized. The analysis of estimatedsecorrelation field
entirely for four months of monsoon suggested thatrainfall area during the monsoon months extemd® 60-80 km
distance in north-south, northnortheast-southsoeghwand 50 km in the remaining directions. Theepatof daily
rainfall can best be represented as intersectiawofellipses, one with major axis in the directiohnorthnortheast-
southsouthwest (P5N-80° N/115 S-100 S) and another with major axis in northnorthwesttesoutheast (120N-
120 N/70° S-60° S) direction and are seen traversing in the ties of major uplands. It is also found that the
estimated correlation coefficients decreased wistadce in all the directions other than in thediions major axes of
elliptical patterns of spatial distribution of celation coefficients and became insignificant bely&0 km. It is also seen
that in hilly regions of the catchment, the moistfieed is blocked further in northnortheast dimtt{65 N) due to
presence of uplands southsouthwest of it.

Key words —Cross correlation, Catchment, Major axis.

1. Introduction The river Teesta flows approximately 400 km from it
origin to join the Great river Brahmaputra at Fegh

The river Teesta, meaning Maiden, is often Ghat before finally falling into Bay of Bengal. The
considered as a distorted form of Nepali word orist  approximate length of the Teesta river up to Indmda
which means 'Three currents'. Till Yumthang, in shate Border is 250 km and of this approximately Idn
of Sikkim, the river is a small stream often covereith lies in the hilly terrain with remaining 110 krn the

snow and ice during the winter months. The oriditthe plains. The river Teesta catchment extends frormo-nd

river is a result of three river streams from Hiayan China Border to Indo-Bangla Border with a total
Glaciers joining at Chungthang, in the state ofkibik catchment area of 12,500 sq.km of which 9350 sdidsn

(447)
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in the hilly region which is 75 percent of the fota TABLE 1
catchment area. The river Teesta Catchment has bee
divided into three partsi)( Upper Catchment above

Yoksum (i) Middle Catchment upto Teesta Bridge below s. Name of Altitude

Showing geogr aphical locations of selected stations

Yoksum (ii) the Lower Catchment upto Indo-Bangla  No station Lat/Long. State (amsl)
Border from Teesta Bridge. The Upper catchmergnis —
upland which lies approximately between 4000-8000 m 1. Damthang  27°14/8828'  Sikkim 1981 m
above sea level, the Middle Catchment lies appratety 2. Gangtok 27°19'/8837' Sikkim 1756 m
between 1000 - 4000 m above sea level and the Lower ‘ ‘ .
. . 3. Chungthang  27°36'/8839 Sikkim 1631 m
Catchment lies approximately between 10-1000 m abov
sea level. 4. Singla Bazar 27°07'/8814' W.Bengal 320m
. 5. Khanitar 27°11'/8830' Sikkim 302 m
It is seen that, over Teesta Catchment the monsoon 6 N 5078545 W.Bengal 164
normally sets in the first week of June and man#atself eora -oenga m
till withdrawal in the second week of October withly 7. Sevoke 26°50'/88°28' W.Bengal 152 m
month being the wettest month, followed by August a 8. Champasari  26°43/8825  W.Bengal 123 m
June during four months of monsoon. The river aamtit ,
9. Domohani 26°33'/8845' W.Bengal 84.5m

of Teesta generally gets heavy rainfall whenever th
monsoon trough shifts close to the foot hills ofridlayas 10. Jalpaiguri 26°32/8843'  W.Bengal 80.2m
from its normal position with maximum rainfall oacing
to the south of the axis of monsoon trough. Moegpthe

synoptic scale transient systems moving in nortkevBs  rajinfall totals. The estimates so obtained by whgross-
direction after originating in north Bay of Bengah  correlations can be utilized to obtain average larea
interaction with uplands of Catchment produce copio precipitation, probable maximum precipitations atte of
amounts of rainfall through enhanced convectivévit  the stations and to obtain rainfall gradients tovkrthe
Studies also indicated the upper air cyclonic ¢&Bons  distribution of rainfall over various elevation zm Here,
over the catchment or to the west of the catchraéstt  in this paper, the cross correlation pattern isstigated

give good amounts of rainfall. The mountain barrier for two different cases in the frame work of topmgfical
extends in the basin from northwest to northeastctions features and overall relationship between corriati

and is open for southerly and southeasterly orcoefficient and distances are investigated. Hefarethe

SouthWeSterly moisture currents to flow into theiba purpose of ana|ysis limited numbers of rainguagb'ﬁ:h\/
are sufficiently apart are only considered. Forghepose
2. Data of analysis, a total of 732 data points, for enflume to

September period, of each of the stations seleated
To study, variability of daily rainfall over Teest considered. Again, to study the correlation strectaf

Catchment ten stations namely, Champasari, Chungtha dajly rainfall over Teesta Catchment for heavy faln
Damthang, Domohani, Gangtok, Jalpaiguri, Khanitar, sjtuations, in total, 72 occasions on which theeobsd
Neora, Sevoke, Singla Bazar were selected andesiksy  average areal precipitation greater than or equabtmm
continuous daily rainfall data for the period 19880 has  \yere selected and daily rainfall of each of theiata (72
been collected from the records of Flood Meteoriolalg  gata points) corresponding to above occasions were
Office, India Meteorological Department, Jalpaigand  correlated. The geographical locations — of thectet
Meteorological Office, Gangtok. In this study, the stations are given in Table 1 and are depictedgateith
rainguage network density is only one rainguagel@®0  Teesta Catchment boundary in Fig 1. Of the stations
sg.km and is not equal to the optimum rainguage/ort  selected, Damthang is at a higher altitude of 1881
suggested for hilly regions (WMO, 1965). For opiersdl  followed by Gangtok 1756 m and Chungthang 1631 m.

purpose, the no. of stations should be kept minimumThe station Jalpaiguri is at a lowest altitude ®28m.
required to give acceptable estimate of averageal are

precipitation over the catchment which is numelycal 3\ ethodology
equal to arithmetic mean of 'N' values from 'N'tietas

situated within the catchment. HOWeVer, determirﬂn@ The Composite (Cross) correlation technique
optimum density of rainguage network is a difficult employed by Sharon (1979) is used in this studycihi
problem in applied hydrology. In this connection,id involves estimation of correlation coefficients afie of

worth to mention that the purpose of study is t@stigate  the key stations with the remaining stations arnotal of
variability of rainfall based on spatial corrédet of daily n(n-1) cross correlations estimated on presumptiat
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TABLE 2
- - N
T 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
Singla Bazar Neora 25.6 42.1 164
Sevoke 28.2 40.8 145
Champasari 27.0 41.4 153
Domohani 21.9 40.2 183
' Domohani Jalpaiguri 24.8 41.9 170
Cgtchment T~ AN\ spacing between rainfall areas is 50 km in case of
River AR monsoon month of August. The main purpose of thigys
10km is to identify the extent of rainfall areas and tlistances
Scale between them during the southwest monsoon seasich wh
is a synoptic scale weather situation. In thisgpaphe
Fig. 1. Basin map of Teesta rainfall area is defined as the area receivingydaiinfall

22.4mm. The ten stations were chosen as to cover the

entire basin and are evenly distributed within Haesin.
each of then stations acts as a key station to the other One pair of stations close to one another (appfokrt)
neighbouring stations. Thus, only distance andctiva of in hilly region and second pair of stations closeone
other neighbouring stations from the key statiom ar another (approx.10 km) were selected to see ttiabikiy
preserved for each correlation coefficient indeendf of rainfall between them at the same time.
the identity of the particular station. The mapsgared
and on which iso correlation lines were drawn foet 4. Resultsand discussion
purpose of analysis, thus hawe (n-1) correlation
coefficients each at appropriate direction and agisé The mean daily rainfall and corresponding standard
from key station with the location of key stations deviations are calculated for all the stations wered are
identically at the centre of the map. Each estimiate presented in Table 2. The Table.2 show high medy da
included twice in the map at diametrically oppogiténts ~ rainfall in respect of stations with less altituttean the
in relation to the centre of the map. This method Stations at higher altitude. The figures of coédfnt of
eliminates draw backs present in the methods addpte  Vvariation are also high for low altitude statiohsut high
Huff and Shipp (1969) in which iso-correlation linwere  altitude stations. The percentage coefficient afiaten
drawn around key stations taking only neighbouring lies between 145 to 183 for low altitude statiorithin the
stations without the knowledge of inter dependente  catchment and 96 to 112 for high altitude statieitsin
among n stations. The final maps prepared are the catchment. From the figures of Table 2 in ban
representative of general spatial distribution afihd ~ concluded that the temporal variability of the faihis
rainfall over the catchment area chosen. Olanit888)  small in respect of hilly regions, in comparisorittmthe
used the technique employed by Sharon(1979) toystud regions in plains. The correlations between texticsts
daily rainfall variability in southwestern Nigeriand  chosen, were estimated using the standard forroulthé
showed from the spatial distribution of correlation correlation coefficient. The significance of theimsted
coefficients that it resembles elliptical patterithamajor correlation was tested for probability point 0.0Z2 o
axis in the direction of major upland and dtsand the Gaussian distribution. The significant correlatisrfound
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TABLE 3

Showing cross correlation coefficients between selected stations for southwest monsoon season (Period 1995-2000)
when one of the stationsreporting rainy day (22.4mm)

Chungthang Damthang Khanitar Singla Bazar Neora anf@fasari Domohani  Jalpaiguri Sevoke  Gangtok

Chungthang 1.00 0.00 0.06 -0.01 0.01 0.01 -0.01 00 0. 0.07 -0.01
Damthang 0.00 1.00 0.32 0.34 0.12 0.24 0.08 0.04 230. 0.31
Khanitar 0.06 0.32 1.00 0.26 0.06 0.10 0.00 -0.01 .140 0.14
Singla Bazar -0.01 0.34 0.26 1.00 0.07 0.07 0.04 030. 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 0.84 270 -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 215 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 caeffts are  cross-correlation coefficients can be utilized for
presented in Table 3 when at least one of theoswti generating missing daily rainfall at these statitmased
reported>2.4 mm rainfall. The estimated cross correlation on empirical linear regression equations of themfor
coefficients are presented in Table 4 when therbse S;,- Sm = 1 SQ/Sy (S — S) Where $,,Sy, are the
average areal precipitation obtained by isohyetaihod standard deviations,.§Sy, are the mean daily rainfalls. It
using 25 rainguage stations situated in and arabed is based on the presumption that the distribution i
Teesta Catchment was greater than or equal to 15 mmGaussian. The pattern of cross correlation coefiisi is
The stations selected all lie within a distance of mapped in Fig. 2 estimated when one of the stations
130 km. That means, the estimated correlations tiige  reported rainfall greater than or equal to 2.4 rtris seen
pattern of rainfall within 130 km and not more than from the map that the pattern resembles two intéirse
130 km. It is seen that significant correlation flioents ellipses with their major axes oriented in the di@ns
found between stations separated by 60-80 km duringsouthsouthwest-northnortheast and  northnorthwest-
southwest monsoon. It can be said that the raifuiyig southsoutheast when the field of significant catieh
cloud or rainfall area in southwest monsoon, gdhera line (0.07) is considered. Numerically high sigeefint
extends up to a distance a 60-80 km. The estimatedross-correlations are also found in the directiais
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Fig. 2. Spatial distribution of correlation coefficierdtenated from daily rainfall data of southwest
monsoon (June-September) when one of the statmntieg rainfall22.4 mm

north-south, northeast-southwest, northwest-sosthea 60-80 km distance with highly significant corretati
directions up to 50-60 km. It is also found thagngicant between stations within 10 km in plain areas with
correlation 0.84 found within a radius of 10 kmnfrdhe significant correlation showing less value withid Em in
particular station in the plain areas. Howevedetreased hilly areas. The decrease in the correlation coieffit may
0.32 in the hilly terrain within the same distamdée 0 km. be attributed to the presence of ridge line betwibem.
The observed pattern of correlation coefficientsfigwo
5. Conclusions intersecting ellipses with their major axes trawggsn the
directions of major uplands of catchment. The ugéan
For the southwest monsoon season, as suggested hyresent in the middle and upper catchments blodktaore
the cross-correlation analysis, the rainfall argtereds to  feed further in northnortheast direction. The cative
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activity is enhanced in the south of the uplandgngi area obtained in this paper with satellite imagerie
good amounts of rainfall at least up to 50 km dista beyond the scope of this paper.

High mean daily rainfall and high variability in itla
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