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ABSTRACT

Modern agriculture has growing concern over the climatological impacts specially on the rainfall. Rainfall pattern
and its distribution have great effect on the economics of our country and specially to the areas where rainfed
agriculture is the major source of income for the farming community. In view of this analysis of rainfall data for
Howrah district of West Bengal under the hot moist sub-humid agro-ecological sub-region is carried out for three
equal period of time distributed over 42 years (1970-2011). The analysis of the rainfall data are made with respect
to the distribution of rainfall over different seasons (pre-monsoon, monsoon and post-monsoon), assessment of the
drought, normal and surplus years and months and probability analysis of the drought, normal and surplus months.
The data revealed that there is decreasing trend in rainfall and increase in the number of drought months over the
last 14 years under study. The drought periods are generally concentrated in between November to March whereas
the normal to surplus periods are from April to October irrespective of the period under study.
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INTRODUCTION

Rainfall is one of the most important and at thmadime one of the most difficult meteorologicatdhgiogical
parameters on which the economy of India dependwmrel has been increasing operational demand for
daily/monthly rainfall analysis for a wide range applications extending from the real time moniigriand
prediction of flood events, climate analysis (Jaiaand Arkin, 1991), climate diagnostic study (Arkand Xie,
1994), model verification (Gates, 1992) and glabsrgy and water budget studies (WMO, 1993).

Howrah district, located in between the river Hoygdnd Roopnarayan, is the smallest agriculturstridit of West
Bengal with variety of agro-ecological situatiormging from new alluvial to old alluvial as well asastal and
saline situation. Historically, the name of thetwié$ ‘Howrah’ is derived from the word ‘haor’ whicmeans a
marsh or swampy depression filled with water in thans. Therefore, traditionally this region hasamls of
receiving high rainfall. Frequency of flood occurces at the blocks of Amta-I, Il and Udaynaraysu® iout of 10.
Rainfed agriculture is generally practiced in miyoof the district area.

Detailed knowledge of rainfall pattern helps inrplang crop calendar and designing of differentagerstructures
(Rayet al., 1987) to meet out irrigation requirement duritigught periods. Analysis on long term rainfalladatith
estimation meteorological droughts for this reg®iacking. Keeping in view this background, ralh&malysis for
3 different periods of time is carried out in tigdy in order to get an idea about the changesagnitude and
frequency of meteorological drought in this regiamich will help in planning the cropping pattern.
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MATERIALS AND METHODS

Howrah, the smallest district in west Bengal isi&ied in the hot moist sub-humid agro-ecologicalgion. It is
located in between 22°12'30" and 22°46'55" nottitutde and 88°22'10" and 87°50'45" east longitlitemmed in
between the river Hooghly (Bhagirathi) on the eastl the Roopnarayan on the west and intersectethdy
Damodar, the Howrah district consists of a flatatl plain.

Monthly rainfall data of 42 years (1970-2011) weodlected from the Regional meteorological Cerkrelkata and
the entire period was divided into 3 equal perioti§1970-1983), (1984-1997) and (1998-2011) for pamative
analysis. The drought, normal and surplus montlts yaars and their limits were worked out as sugge$tly
Sharmaet. al. (1979) using the following criteria.

The years were classified as drought years whenreeived rainfall less than Y-S. Surplus yearsewaassified
as the rainfall occurring more than Y+S and norindbetween Y-S and Y+S; where ‘Y’ stands for meanual
rainfall and 'S’ is standard deviation of yearlynfall. The months were categorized under drougbhtim when
they received rainfall less than M/2. Surplus mentiere defined as the rainfall occurring more tBhand normal
in between M/2 and 2M, where ‘M’ represents the menthly rainfall.

The numbers of drought, normal and surplus montilieWsted in descending order of magnitude andadoidity
analysis had been carried out using Weibull's fdamu

P=M/N + 1

Where, P is probability of the particular drougtbymal and surplus month, M is the rank numbetiatarvith one
as highest and N is the total number of years fuclthe data are available.

RESULTS AND DISCUSSION

Monthly rainfall analysis including its distributiopatterns and probability of occurrences of dréugbrmal and
surplus months were evaluated for 3 different mkviof time-

A) RAINFALL ANALYSIS FOR THE PERIOD FROM 1970 TO 19 83
Yearly rainfall analysis indicated that the meamuwai rainfall of Howrah for the period from 1970 1683 was
1636 mm with the standard deviation of 453 mm. Tdiefall characteristics (Table 1) were moderatzpsistent
in nature depicted by the co-efficient of variatiealue (27.71 %). Further, it was found that al fears were
normal years receiving annual rainfall in betwe&8.8 and 3272.4 mm.

Monthly rainfall analysis (Table 7 & 8) indicatelat this district received more than 75 percerarafual rainfall
during the monsoon period (June to September). stuiguthe wettest month with an average of 387.1 naimfall
and it covered 32.55 % of the monsoon rainfalltfer period under study.

It is also very much clear from the data that cleanaf highest rainfall during the month of July veaected as
there had no drought month in July for the enteeqa of 14 years. Month of January was the dreshth with a
mean annual rainfall of 6.7 mm having 9 drought themwithin the period under study. But, the highasiber of
drought months (10) was found in December havirghighest value of co-efficient of variation (158).wvhich
supported the erratic pattern of rainfall durinig ttmonth.

Out of these 14 years, the drought, normal andssirponths were 30.37, 57.73 and 11.90 percenectisply. So
it can be inferred that in a year, expected nunobeirought, normal and surplus months might be 8.9,and 1.4
months respectively. Probability distribution obdght, normal and surplus months in a year (Taple&aled that
the maximum number of drought, normal and surplostirs in a year were 8, 9 and 6 respectively. Aximam
probability (0.933), there may be chances to geti®nal months. The probability analysis also resedhat there
was 2 drought months, 5 normal months with a priibabf 0.733.

B) RAINFALL ANALYSIS FOR THE PERIOD FROM 1984 TO 19 97

Critical analysis of the rainfall during this palichowed that mean annual rainfall of Howrah distias 1732.2
mm with standard deviation of 352.2 mm (Table 3)e To-efficient of variation value of 20.39 % cdrooated to
the fact that rainfall characteristics was mordess consistent and all the 14 normal years redaiamfall within

the range of 864.1 to 3464.3 mm.
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It had been found that more than 79% of the tataual rainfall was contributed by monsoon seasoareds 11.9

% and 8.9 % were contributed by pre-monsoon (Feprta May) and post monsoon (October to January)
respectively (Table 7). Out of the total monsooimfedl during 1984 to 1997, July was observed tmtdbute
maximum with 27.33 %, followed by August with 26.9%(Table 8). Similar trend of monsoon rainfadl. ihighest
contribution by the month of July was also foundJay et. al. (2005). It had been observed from Table 3 that the
months of May, June, July and August had chancegbfrainfall as they had very low drought monthsch were
only 1 to 2. December was recorded as the driestimeithin the entire period with a mean rainfdliomly 1.9 mm
and maximum number of drought months (9). Very highue of co-efficient of variation (227.06 %) shedvlack

of uniformity in rainfall pattern during this montisimilar trend for the December rainfall was atdmserved by
Saha and Mishra, 2005 for Umiam district of Megkala

The drought, normal and surplus months were 34623238 and 13.10 percent respectively within 1984967.
Therefore, expected number of drought, normal amglgs months might be 4.1, 6.3 and 1.6 monthsecsgely.
At minimum probability (0.067), there might be cleas to get 8 drought months, 9 normal months asdr@lus
months. But, at the highest probability level &33B there was a chance to get only 1 drought m@rathle 4).

C) RAINFALL ANALYSIS FOR THE PERIOD FROM 1998 TO 20 11

The latest period of data i.e. from 1998 to 2014b(€ 5) showed that mean annual rainfall and standeviation
was 1532.2 and 255.9 mm respectively maintainiogresistent nature of distribution through this tispan which
was reflected by the co-efficient of variation walaf 15.40%. The difference between the annualadidy surplus
limit was 2280.3 mm and all the years were normal.

The distribution patterns of rainfall in three éifént seasons were 13.7, 74.6 and 11.7 percemréamonsoon,
monsoon and post-monsoon respectively (Table 7§ fhlonth of July had the highest contribution (30640
whereas the months of June, August and Septemliemuae or less comparable distribution to the monso
rainfall (Table 8).

It was also very much clear that the chances df hégnfall during July to September were assurethag had the
lowest drought month (Table 5). December was thestiimonth with a mean rainfall of only 3.8 mm hayi
maximum number of drought months and highest caiefft of variation value (204.89), which showedkuenness
of the rainfall pattern for the month within theriogl under study.

Critical analysis of the rainfall data during 19882011 revealed that 38.1, 50.0 and 11.9 percktltieomonths
were drought, normal and surplus respectively &edefore expected number of these months might&e64and

1.4 within a year. The month of December had thgimam contribution as far as drought months weneceoned,
accounted for 11 years out of 14 years followed Noyyvember, January, February, March and September.
Probability distribution of drought, normal and glus months in a year (Table 6) depicted that treximum
number of drought, normal and surplus months irear ywere 8, 9 and 6 respectively. At maximum praigab
value of 0.933 there might be chances to get 2ghbomonths and 3 normal months.

D) COMPARISON OF RAINFALL PATTERN OVER THE THREE PE RIODS UNDER STUDY

Rainfall pattern of Howrah district over the 42 ggavere critically compared within three equal pdriof
distribution. It had been found that average anal tainfall was the least during the last 14 ydaable 9). But the
mean rainfall during the drought year was highektlavthe same during the normal and surplus yeas tha
minimum during the period from 1997 to 2011. It reldo been observed that numbers of drought moméne
increased from a minimum of 51 during 1970-83 tmaximum of 64 during 1997-2011. Total deviatiorramfall
during the drought and surplus years were alsatake account and it had been found that the megyaeviation
for the drought months was decreased consideratnty {-) 352.1 mm during 1970-83 to (-) 284 mm betwé 984
and 1997 and to only (-) 71.1 during 1997-2011. &hmunt of positive rainfall for the surplus yearas also the
least during the last period under study i.e. frt®®7 to 2011. Increasing number of drought montbegawith
decreasing rainfall during the last 14 years mage to the effect of global warming during thisméi. Trenberth,
2011 in his study also indicated the direct infleenf global warming on the precipitation pattern.

Percent distribution of monsoon rainfall revealedttrainfall during the months of June, July insezhsharply and
narrowly for September from the first 14 years (@-9P83) till the last 14 years (1997-2011). Butcmpletely

reverse trend in case of August rainfall, whereeaywsharp decline to the monsoon rainfall contidnutwas

observed over the three different periods in aesesing trend from 1970-83 to 1998-2011 (Fig.1).
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CONCLUSION

It can be concluded that the drought periods wereegally concentrated in between November to Marclre as
normal to surplus periods were from April to OctobEhe surplus monsoon rainfall water may be usedrfigation
by rainwater harvesting technology during droughtiquis. Increasing global temperature over thetlastdecades
may be the cause of decrease in mean annual tanthincrease in drought months over the lastelats;
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