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Trend analyses of climatic parameters in 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 analysis indicated the
decreasing in low intensity rainfall events and increasing high
intensity rainfall events in last three decades. Rate of increasing trend
for rainfall, minimum, maximum and mean atmospheric temperature
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 various climatic parameters indicated the local effect of global
warming phenomenon on local climate in remote North Eastern
Himalay a, India.
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ABSTRACT

Trend analyses of climatic parameters in 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 analysis indicated the decreasing in low intensity rainfall events
and increasing high intensity rainfall events in 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 climate in remote North Eastern Himalaya, India.
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INTRODUCTION

Climate change phenomenon is a relevant global
concern nowadays because its impacts will be felt all
over the world in varying degrees and in various forms
and will affect all organisms on earth. India is home
to 16.2% of thie world’s total population with only
about 2.4% of the earths total land surface. It has
different land forms with different regional climatic
conditions. Thierefore, there will be profound practi-
cal implication s of the changes in climate in India on
many aspects. It is the accepted view all over the
world that the smain driving factor for the global cli-
mate change is the rise in the mean global tempera-

ture since1901. This rise in global temperatureis
largely contributed by the humans because the I
style of mankind have contributed enormous amout
of green house gases in the atmosphere. These gass
along with natural sources like water vapor and aer
sols produced by volcanic eruptions etc. present i
the atmosphere trapped the heat that is reflected fron
the earth’s surface and redirected it towards the earft
The accumulation of higher concentration of the gre
house gases results in the increase of the temperatur
of the earth. The immediate consequence of glob
warming is the drastic and destructive changes in tk
climatic conditions in different regions of the worll
The increasing temperature affect the precipitatia
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patterns and disrupt and cause damaging floods and
draughts in different parts of the globe. The effects of
climate change in agriculture and on human health
caused by the increasing temperature as response to
the global warming phenomenon are likely to be very
serious, and very significant across the regions of In-
dia. The studies conducted by various re-
searches!"**67l indicated that the climate is changing
in Indian subcontinent and its impact is very tremen-
dous especially in urbanized area.

Most of the data set for climate studies is from
urban surroundings or cities because few studies have
been conducted for the remote area because of non-
availability of the weather data in those places. The
data set of the urban area is not only governed by
local atmosphere, sometimes it is affected by urban
pollution. Therefore, there is need to conduct climatic
change studies in low level urbanized, pristine areas
to evaluate the impact of climate change on local level.
Hence, some important climatic parameters from the
study area i,e. the Imphal valley were analyzed and
discussed below.

DATA AND METHODOLOGY

The area is characterized by cool summer and chilly
winter. The average rainfall in the area is more than in
the central region, the Cherapunji area in the region re-
ceives maximurm rainfall in the world. The North-East
monsoon is the predominant feature in region. The lo-
cation map of the imphal valley in Eastern Himalaya is
shown in Figure 1. 7

The study based on data set of a large area may
not represent thee true picture of climatic change in
the study area. Therefore, it is necessary to evaluate
the climatic trends at local level to find out whether
the climatic condition in the study area is being influ-
enced by the global change phenomena. Hence, the
daily weather data for the Imphal valley available with
the Indian Mete orological Department (IMD), Pune,
for the period, 1968-1998 was obtained for the

%tudy. Comparative studies of two time periods,
1969-1980 and 1981-1998 were taken up to find
out the changin g patterns of the meteorological pa-
rameters.
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Figure 1 : Location showing study area Imphal valley, Manipu
Trends of temperature change in Imphal valley

The trend line for the daily maximum temperature
for the period, 1969-98 shows a very feeble increas
with the rate of 7*107*°C/day with R? value of 0.003¢.
However, on monthly basis the negative trends wer
also observed for daily maximum temperature for th:
months of March, (pre-monsoon), and May (summe)
due to development of the cloud and the subsequen
rainfall (Figure 2a). The trend in the daily maximum tem
perature for 1969-1980 suggests non significant trend
for various months (Figure 2b). However in the March
May, September and October show negative trends
But the rate of increase in daily maximum temperaturt
for the period 1981-1998 shows positive trends for al
the months (Figure 2c). The rates of increase in maxi-
mum temperature for the periods of 1969-1998, 1969
1981 and 1981 -1998 indicate that the rate of increase

. is much higher than the other periods (2d). It indicates
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that after 1981, the warming phenomenon might have
started to intensify in full swing.
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Figure 2a : Rate of change in daily maximum temperature for
the period, (1969-1998) and in various months for the same
period.
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Figure 2b : Rate of change in daily maximum temperature for
the period, (1969-1980) and in various months for the same
period.
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Figure 2¢ : Rate off change in daily maximum temperature for
the period, (1981—1998) and in various months for the same
period.
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Figure 2d : Rate off change in daily maximum temperature in
different time peri<wds.

Minimum daily temperature of the atmosphere in
Imphal valley indicates an increasing trend with
0.0001°C/day with R? value of 0.0042 for the period
of 1969-1998 (Figure 3a). But for the months of Oc-
tober and November the trend lines show negative
trends. This may be due to the overcast condition pre-
vailed during the retreating monsoon. For the period of
1969-1980, all the months other than F ebruary, March
and April show negative trends (Figure 3b). However,
for the period of 1 981-1998, trend for all the months
are positive and the values are also greater than the
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Figure 3a : Rate of change in daily minimum temperature for
the period, (1969-1998) and in various months for the same
period.
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Figure 3b : Rate of change in daily minimum temperature fi-
the period, (1969-1980) and in various months for the same
period.
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Figure 3¢ : Rate of change in daily minimum temperature fo:
the period, (1981-1998) and in various months for the samy
period.
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Figure 3d : Rate of change in daily minimum temperature in
different time periods.

average increase observed during the period, 1969-
1998 (Figure 3¢ & 3d). This is in contrast to the find-
ings for all Indian trend, where warming is caused by
mainly due to the increase in maximum temperature'®),
The warming in Imphal valley is mainly due to the in-
crease in minimum temperature and it conform to other
studies in both Northern and Southern Hemispheric
landmasses!>*l. The increase in minimum temperature
1s mainly due to the increase in cloud cover including
the low clouds. '

Trends of rainfall change in Imphal valley

The trend observed for rainfall during 1969-1998
shows increase in the rainfall at the rate 0of 0.0003mm /
day with R? value of 0.0037. In all the months except
November show positive rainfall trend (Figure 4a). It
indicates that the winter rainfall and retreating monsoon
rainfall is decreasing in the Imphal valley.

For the period of 1969-1980, there is no definite
trend for rainfal 1 in various months (Figure 4b). While
for the period of 1981-1998, most of the months show
positive trends except January and April (Figure 4c).
The comparativ-e rate of increase in rainfall in most of
the months of thiis period is probably due to the effect
of global climate change phenomenon}which has been
established throwuigh world climatic observations after
1980s. The comparative rate of increase in rainfall per
day fer the period of 1969-98, 1969-81 and 1981 -
1998 show a distinct change in rate of increase of slope
oftrend line after- 1981 (4d), which suggests that global
warming phenornena started giving responses.

The frequen cy analysis of daily rainfall was car-
ried out for two period, 1969-80 and 1981-1998
(TABLE 1). It iss found that lower intensity rainfall
(<5mm/day) corutributed 81.48% of the total rainfall
events in the Imphal valley during the period 1969-
1980. However, this frequency class of rainfall de-
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Figure 4a : Rate of change in daily rainfall (in mm) for the
period, (1969-1998) and in various months for the same
period.
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Figure 4b : Rate of change in daily rainfall (in mm) for the
period, (1969-1980) and in various months for the sane
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Figure 4c : Rate of change in daily rainfall (in mm) for the
period, (1981-1998) and in various months for the same
period.
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Figure 4d : Rate of change in daily rainfall (in mm) in differ:
ent time periods.

creases to 76.37% for the period 1981-1998. The
decrease in the lower intensity rainfall event is mainly
affected by the warming of the atmosphere as a resul
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of'the rise in minimum temperature. The increasing tem-
perature prevents the convective cloud over the val-
ley from turning into light rains.

The study also shows that hi gher intensity rainfalls
have increased in the Imphal valley in recent years
(TABLE 1). These higher intensity rainfall events cause
sudden and higher runoffs in the study area which in
turn result in flash floods. Our study is verified by the
occurrence of greater frequency of flash floods in the
study area.

TABLE 1: Frequency analysis of the rainfall events in Imphal
valley for two distinct periods.

Rainfall Period Period
intensity  of of % % Yo
class  1969- 1981- Pre-1980 Post-1980 of change
(inmm) 1980 1998
0-5 3525 3884  81.48 76.37 5.12

STIORIBIN a5 1 gy 8.75 51
10-15 164 274 379 5.39 -1.60
IS0MNI O 6l 2.87 -0.10
20951 155 10 R 127 2.06 -0.79
2530 44 63 1.02 1.24 0.22
30535 ) 41 0.74 0.81 -0.07
35-40 24 41 0.55 0.81 -0.25
40=4sMRN 25 0.30 0.49 -0.19
45-50 10 10N 0128 0.20 0.03
SRS 13 0.09 0.26 -0.16
55601 S 13 0.07 0.26 0.19
60-65 4 5 0.09 0.10 -0.61
650G 6 0.07 0.12 -0.05
G075 2 0.09 0.04 0.05
75-3040 ) 2 0.02 0.04 -0.02
80-85 < ARG 0.07 0.08 -0.01
8590 0 2 0.00 0.04 -0.04
90-95 I 1 0.02 0.02 0.00
95-100 1 1 002" "0l02 0.00
100-105 2 3 0.05 0.06 -0.01

Trends of Sunshine hours change in Imphal valley

The tfend of daily sunshine hour in the Imphal val-
ley is analyzed for the period 1969-1998. It indicates
that the sunshin e hours are decreasing at the rate of
0.0001 hour per- day with R? value of 0.0025. For the
period, 1969-19 80 the trend line of the sunshine hour
indicate a decre age in sun shine hours at the rate of
0.000003 hour pyer day with R? value of 0.000001.

Rate of change sunshine (hour
/day)

The trends of sunshine hour in various months for
the period of 1969-80 show negative trends in May
and September (Figure 5a). However, for the period
of 1981-98, except for the months of J anuary, April
and September, rest of the months show negative trends
(Figure 5b). The comparative rate of change of sun-
shine hour for the periods, 1969-80 and 1981-98 show
adrastic decrease in the rate of sunshine hour after 1981
(Figure 5¢).
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Figure 5a : Rate of change in daily sunshine hour for periad,
(1969-1980) and in various months for the same period.
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Figure 5b : Rate of change in daily sunshine hour for the
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Figure5c : Rate of change in daily sunshine hour in different
time periods,

Rate of change sunshine

Comparative analysis of the trends showed in 5¢
graphs indicated that, the rate of sunshine hours dra-
matically decreased after 1980 and onwards. Itisa
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clear indication of climate change become active in
this time.

Trends of evaporation change in Imphal valley

The temporal variation trend of evaporation in the
Imphal valley indicates that, evaporation is decreasing
attherate of 710~ mm/day with R? value 0f 0.0087mm
for the period, 1969-1998. In all the months except
January, the evaporation shows negative trends with
varying rates (Figure 6a). The decrease in the rate of
evaporation is probably due to the greater cloudiness
and lesser sunshine hour observed in the study area for
the same period. For the period 1969-1980, in the
months of May, July and September show negative
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Figure 6a : Rate of change in daily evaporation for the period,
(1969-1998) and in various months for the same period.
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Figure 6b : Rate of change in daily evaporation for the period,
(1969-1980) and im various months for the same period.
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Figure 6d : Rate of changein daily evaporation in different
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trends of sunshine, indicating lesser evaporation rates
than that of the rest of the months (Figure 6b). How-
ever for the period 1981-1998, all of the months show
negative trend except January and March (Figure 6c¢).
The rate of change in daily evaporation for the pe-
riod of 1969-1980 and 1981-1998 clearly indicate a
positive relationship with the decreasing trend in the sun-
shine hour. The comparative trends of the daily evapo-
ration for the period 1969 — 80 and 1981- 1998 indi-
cate that the after 1980 the daily evaporation is de-
creasing since that time.

CONCLUSIONS

Observed trends for the various climatic param-
eters indicated the local effect of global warming phe-
nomenon in remote Eastern Himalaya.

Itis evident from the trend analysis that the rate of
increase in temperature in the Imphal valley is more pn-
nounced in the minimunm temperature. Overall rainfz1
shows increasing trend along with increase in contribi-
tion of high intensity rainfall which is concentrated n

™ shorter period. The low intensity rainfall which is spreai

over longer period shows a decreasing trend. Daily
evaporation and sunshine hours show decreasing trend,
The trends of climatic parameters in different perioc
indicated that the intensity of the climate change pro
cesses has been changed with intensity after 1980. A
terwards the climatic parameters started responding witi
different intensity.

ACKNOWLEDGMENTS

The authors would like to express their thanks tq
Chairman, Department of Geology, Aligarh Muslim Uni
versity for providing the laboratory and library facili.



8 Trends of some climatic parameters under climate change scenario

Currene Research Peaper

ties. They also appreciate the financial assistance pro-
vided by, Department of Science and Technology, New
Delhi, Government of India to conduct the present re-
search work.

REFERENCES

[1] S.K.Dash,J.C.R.Hunt; Current Science, 93(6), 782-
788 (2007).

[2] J.Hansen, M.Sato, R.Reudy; Atmos.Res., 37, 175-
209 (1995).

(3]

[4]
(3]
(6]
(7]

(8]

IPCC; Climate Change. The Scientific Basis Third
Assessment Report of the IPCC, 2001 Cambridge,
Cambridge University Press, (2001).
D.R.Kothawale, K.Rupa Kumar;
Geophys.Res.Lett., 32, L 18714 (2005).
L.O.Mearns, F.Giorgi, L.McDaniel, C.Shields;
Clim.Dynamics, 11, 193-209 (1995).

G.S.P.Rao, A K.Jaiswal, U.S.De; Tropmet., 533-539
(2000).

S.S.Roy, C.Robert, Balling Jr.; Mausam, 57(3), 431-
436 (2006).

K.Rupa Kumar, K.Krishna Kumar, G.B.Pant;
Geophys.Res.Lett., 677-680 (1994).



