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ABSTRACT

Trend analyses of climatic parametersin the Imphal valley show an overall
increasing in trend of atmospheric temperature. The rate of increasing is
more pronounced for the minimum temperature unlike that of the all India
and north-east India in Imphal basin. Rainfall trend exhibited increasing
trend compared with decreasing trends of regional and national trends. The
frequency analysisindicated the decreasing in low intensity rainfall events
and increasing high intensity rainfall eventsin last three decades. Rate of
increasing trend for rainfall, minimum, maximum and mean atmospheric tem-
perature observed before the 1981 and afterwards period suggests two
different growth periods. While the trends of the daily evaporation and
daily sunshine hour show decreasing trend. Observed trends for the vari-
ous climatic parameters indicated the local effect of global warming phe-
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nomenon on local climatein remote North Eastern Himalaya, India.

© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Climatechangephenomenonisardevant globd con-
cern nowadays becauseitsimpactswill befelt dl over
theworldinvarying degreesand invariousformsand
will affect dl organismson earth. Indiaishometo 16.2%
of theworld’s total population with only about 2.4% of
theearthstota land surface. It hasdifferent landforms
withdifferent regiond dimaticconditions Therefore there
will beprofound practica implicationsof thechangesin
climatein Indiaon many aspects. Itisthe accepted view
al over theworldthat themain driving factor for theglo-
bd climatechangeistheriseinthemean globa tempera-
turesincel901. Thisriseingloba temperatureislargely
contributed by thehumansbecausethelifestyle of man-

kind have contributed enormous amount of green house
gasesintheatmosphere. Thesegasesadong with natura
sourceslikewater vapor and aerosol sproduced by vol -
canic eruptionsetc. present inthe atmospheretrapped
thehest that isreflected from the earth’s surface and re-
directedit towardstheearth. Theaccumulation of higher
concentration of thegreen house gasesresultsinthein-
crease of thetemperature of theearth. Theimmediate
consequence of globa warming isthedrastic and de-
structive changesintheclimatic conditionsin different
regionsof theworld. Theincreas ngtemperature affect
the preci pitation patternsand disrupt and cause damag-
ing floods and draughtsin different partsof theglobe.
Theeffectsof climate changein agricultureand on hu-
man health caused by theincreasingtemperatureasre-
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sponsetothegloba warming phenomenonarelikely to
bevery serious, and very sgnificant acrosstheregionsof
India. Thestudiesconducted by variousresearcheg 3467
indicated that the climateischangingin Indian subconti-
nent and itsimpact isvery tremendousespecidly inur-
banized area.

Most of the data set for climate studiesisfrom
urban surroundingsor cities becausefew studieshave
been conducted for the remote areabecause of non-
availability of the weather datain those places. The
data set of the urban areais not only governed by
local atmosphere, sometimesit isaffected by urban
pollution. Therefore, thereisneed to conduct climatic
change studiesinlow level urbanized, pristineareas
to eva uate theimpact of climate changeonlocal levd.
Hence, someimportant climatic parametersfrom the
study areai,e. the Imphal valley were analyzed and
discussed below.

DATAAND METHODOLOGY

Theareaischaracterized by cool summer and chilly
winter. Theaveragerainfal intheareaismorethanin
the central region, the Cherapunji areaintheregionre-
ceivesmaximumrainfall intheworld. The North-East
monsoon isthe predominant featureinregion. Thelo-
cation map of theimphal valeyinEastern Himaayais
showninFigurel.

The study based on data set of alarge area may
not represent thetrue picture of climatic changeinthe
study area. Therefore, it is necessary to evaluate the
climatictrendsat locd level tofind out whether thecli-
matic condition inthe study areaisbeinginfluenced by
theglobal change phenomena. Hence, thedaily westher
datafor thelmpha valey availablewiththelndianMe-
teorological Department (IMD), Pune, for theperiod,
1968-1998 was obtained for the study. Comparative
studiesof twotime periods, 1969-1980 and 1981-1998
weretaken up to find out the changing patterns of the
meteorological parameters.

Trendsof temperaturechangein Imphal valley

Thetrend linefor the daily maximum temperature
for the period, 1969-98 shows avery feebleincrease
withtherate of 7* 10°°C/day with R? value of 0.0036.
However, on monthly basi sthe negativetrendswere
also observed for daily maximum temperaturefor the
monthsof March, (pre-monsoon), and May (summer)
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Figurel: L ocation showingstudy areal mphal valley, M anipur
dueto devel opment of the cloud and the subsequent
ranfal (Figure2a). Thetrendinthedaily maximumtem-
peraturefor 1969-1980 suggestsnon significant trends
for variousmonths (Figure2b). However inthe March,
May, September and October show negative trends.
But therate of increasein daily maximum temperature
for theperiod 1981-1998 shows positivetrendsfor all
themonths (Figure 2c). Therates of increasein maxi-
mum temperaturefor the periods of 1969-1998, 1969-
1981 and 1981 -1998indicatethat therate of increase
ismuch higher than the other periods(2d). Itindicates
that after 1981, the warming phenomenon might have
sartedtointensfyinfull swing.

Minimum daily temperature of theatmospherein
Imphd valeyindicatesanincreasingtrendwith 0.0001'C/
day with R? value of 0.0042 for the period of 1969-
1998 (Figure 3a). But for the months of October and
November thetrend linesshow negetivetrends. Thismay
be dueto the overcast condition prevailed during the
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retreating monsoon. For the period of 1969-1980, all
themonthsother than February, Marchand April show
negativetrends (Figure 3b). However, for the period of
1981-1998, trend for dl themonthsare positiveand the
values are also greater than the average increase ob-
served during the period, 1969-1998 (Figure3c & 3d).
Thisisincontrag tothefindingsfor dl Indiantrend, where
warmingiscaused by manly duetotheincreasein maxi-
mum temperature®. ThewarminginImphal valleyis
mainly duetotheincreasein minimumtemperatureandit
conformto other studiesin both Northern and Southern
Hemi sphericlandmasses?. Theincreasein minimum
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FigureZ2a: Rateof changein daily maximum temper aturefor
theperiod, (1969-1998) and in variousmonthsfor the same
period.
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Figure2b : Rateof changein daily maximum temper atur efor
theperiod, (1969-1980) and in variousmonthsfor the same
period.
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Figure2c: Rateof changein daily maximum temper aturefor
theperiod, (1981-1998) and in variousmonthsfor the same
period.
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theperiod, (1969-1998) and in variousmonthsfor the same
period.
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Figure3b : Rateof changein daily minimumtemper aturefor
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Figure3c: Rateof changein daily minimum temper aturefor
theperiod, (1981-1998) and in variousmonthsfor thesame
period.

temperatureismainly duetotheincreasein cloud cover
includingthelow douds.
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Trendsof rainfall changein Imphal valley

Thetrend observedfor rainfal during 1969-1998
showsincreaseintherainfall at therate of 0.0003mm/
day with R? value of 0.0037. In al the months except
November show positiverainfall trend (Figure4a). It
indicatesthat thewinter rainfall and retresting monsoon
ranfal isdecreasinginthelmpha valey.

For the period of 1969-1980, thereisno definite
trend for rainfall in various months (Figure4b). While
for the period of 1981-1998, most of the months show
positivetrendsexcept January and April (Figure 4c).
Thecomparativerateof increaseinranfal in most of
the months of thisperiodis probably dueto the effect
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Figure4c: Rateof changein daily rainfall (in mm) for the
period, (1981-1998) and in various monthsfor the same
period.
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of global climate change phenomenon, whichhasbeen
established through world climatic observations after
1980s. Thecomparativerateof increaseinrainfall per

TABLE 1: Frequency analysisof therainfall eventsin Imphal
valley for twodigtinct periods.

Rainfall Period Period

E 0004 — intensity  of of % % %
T o class 1969- 1981- Pre-1980 Post-1980 of change
A e U OOl a 0O _(nmm) 1980 1998
- e [ 05 3525 3884 8148 7637 512
2 o T T TS e & 510 313 445  7.24 8.75 -1.51
S0 &£ 9 1015 164 274 379 539  -160
< . 1520 120 146 277 287  -0.10
Figureda: Rateof changein daily rainfall (in mm) for the 20-25 55 105 127 2.06 -0.79
period, (1969-1998) and in various months for the same 25-30 44 63 1.02 1.24 -0.22
period. 30-35 32 41 0.74 0.81 -0.07
oo 3540 24 41 055 0.81 -0.25
~ 40-45 13 25 0.30 0.49 -0.19
g 4550 10 10 023 020 003
< 50-55 4 13 0.09 0.26 -0.16
z 55-60 3 13 0.07 0.26 -0.19
i 60-65 4 5 0.09 0.10 -0.01
g 65-70 3 6 0.07 0.12 -0.05
E 70-75 4 2 0.09 0.04 0.05
* 75-80 1 2 0.02 0.04 -0.02
80-85 3 4 0.07 0.08 -0.01
Year and Month 85-90 0 2 0.00 0.04 -0.04
Figure4b : Rateof changein daily rainfall (in mm) for the 90-95 1 1 0.02 0.02 0.00
period, (1969-1980) and in various monthsfor the same 95-100 1 1 0.02 0.02 0.00
period. 100-105 2 3 0.05 0.06 -0.01
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day for the period of 1969-98, 1969-81 and 1981 -
1998 show adigtinct changein rate of increase of dope
of trend lineafter 1981 (4d), which suggeststhat globa
warming phenomenastarted giving responses.

Thefrequency analysisof daily rainfall was car-
ried out for two period, 1969-80 and 1981-1998
(TABLE1). It isfound that lower intensity rainfall
(<5mm/day) contributed 81.48% of thetota rainfall
eventsinthe Imphal valley during the period 1969-
1980. However, thisfrequency classof rainfall de-
creases to 76.37% for the period 1981-1998. The
decreaseinthelower intengity rainfal eventismainly
affected by thewarming of the atmosphereasaresult
of therisein minimum temperature. Theincreasing tem-
perature preventsthe convective cloud over theval-
ley fromturningintolight rains.

The study also showsthat higher intensity rainfalls
haveincreased in the Imphal valley in recent years
(TABLE1). Thesehigher intengity rainfa | eventscause
sudden and higher runoffsin the study areawhichin
turn resultinflash floods. Our study isverified by the
occurrence of greater frequency of flash floodsinthe
study area.

Trendsof Sunshinehourschangein Imphal valley

Thetrend of daily sunshinehour inthe lmphal val-
ley isanalyzed for the period 1969-1998. It indi cates
that the sunshine hours are decreasing at the rate of
0.0001 hour per day with R? value of 0.0025. For the
period, 1969-1980 thetrend line of the sunshine hour
indicate a decrease in sun shine hours at the rate of
0.000003 hour per day with R? value of 0.000001.

Thetrendsof sunshinehour invariousmonthsfor
the period of 1969-80 show negativetrendsin May
and September (Figure 5a). However, for the period
of 1981-98, except for the months of January, April
and September, rest of the months show negative
trends (Figure5b). The comparativerate of change of
sunshine hour for the periods, 1969-80 and 1981-98
show adrastic decreasein therate of sunshine hour
after 1981 (Figure5c).

Comparative anaysisof thetrends showed in 5¢
graphsindicated that, the rate of sunshinehhoursdra-
matically decreased after 1980 and onwards. Itisa
clear indication of climate change becomeactivein
thistime.

Trendsof evaporation changein Imphal valley
Thetemporal variation trend of evaporationinthe
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Figureb5a: Rateof changein daily sunshinehour for period,
(1969-1980) and in variousmonthsfor thesameperiod.
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Figure5b : Rate of changein daily sunshine hour for the
period, (1969-1980) and in various monthsfor the same
period.
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Figure5c: Rateof changein daily sunshinehour in different
timeperiods.

Imphal valley indicatesthat, evaporationisdecreasing
a therateof 7* 10° mm/day with R? vaueof 0.0087mm
for the period, 1969-1998. In al the months except
January, the evaporation shows negative trendswith
varying rates (Figure 6a). The decreaseintherate of
evaporation isprobably dueto thegreater cloudiness
and lesser sunshinehour observedinthestudy areafor
the same period. For the period 1969-1980, in the
months of May, July and September show negative
trends of sunshine, indicating lesser evaporation rates
than that of therest of the months (Figure 6b). How-
ever for the period 1981-1998, al of the months show
negativetrend except January and March (Figure 6¢).
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Figure6a: Rateof changein daily evaporation for theperiod,
(1969-1998) and in variousmonthsfor thesameperiod.
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Figure6b: Rateof changein daily evapor ation for theperiod,
(1969-1980) and in variousmonthsfor thesameperiod.

0.001

0.0005

0 4

-0.0005

-0.001

-0.0015

Year (1981- 98)

-0.002

Rate of evaporation (mm/day)

-0.0025

Year and Month
Figure6c: Rateof changein daily evaporation for theperiod,
(1969-1980) and in different monthsfor the same period.
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Figure6d : Rateof changein daily evaporation in different
timeperiods.

Therateof changein daily evaporationfor the pe-
riod of 1969-1980 and 1981-1998 clearly indicate a
positiverdationshipwith thedecreasingtrendinthesun-
shinehour. The comparativetrends of thedaily evapo-
ration for the period 1969 — 80 and 1981- 1998 indi-
cate that the after 1980 the daily evaporation is de-
creasingsincethat time.

231

—== Qurrent Research Papser

CONCLUSIONS

Observed trendsfor the various climatic param-
etersindicated thelocal effect of globa warming phe-
nomenon inremote Eastern Himalaya.

Itisevident from thetrend analysisthat therate of
increaseintemperaureinthelmphd valeyismorepro-
nounced intheminimunmtemperature. Overdl rainfal
showsincreas ngtrend a ong with increasein contribu-
tion of highintensity rainfal whichisconcentratedin
shorter period. Thelow intengity rainfal whichisspreaed
over longer period shows a decreasing trend. Daily
evgporation and sunshinehoursshow decreasi ng trends.
Thetrendsof climatic parametersin different periods
indicated that theintensity of the climate change pro-
cesses hasbeen changed with intensity after 1980. Af-
terwardstheclimatic parametersstarted responding with
differentintengty.
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