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Abstract

Climate change is perhaps the single most significant and challenging phenomenon to impact
the human race during the recent times. The present study estimates the trend and magnitude of
climate change in Chamba and Kangra districts of Himachal Pradesh using the variables of
temperature and rainfall. Data for these variables on monthly basis have been collected from
India Meteorological Department, Pune for the period 1901 to 2002. Non-parametric trend
tests (Mann-Kendall and Sen's slope estimator) are applied to detect the trends of temperature
and rainfall during the study period. Linear regression analysis has been carried out to
highlight the magnitude of trends. The results point towards a distinct warming. The warming
is particularly visible during the winter and pre-monsoon seasons. Temperature in these
districts has increased significantly to the tune of 1.5 °C during the month of February in winter
season; whereas it has declined to the tune of 0.5 °C during the July month of monsoon season.
Rainfall trends show a shift in the rainfall pattern with more rain being received in the months
of February and March than December and January. Such changes in temperature and rainfall

have their own implications for the agricultural regime of the region.

Introduction

Climate change is perhaps the most
significant and challenging phenomenon to
impact the human race during the recent times.
Temperature and rainfall are the primary
variables used for characterization of the
climatic regime of a region. Variations in these
variables are used as indicators of climate
change (Kumar et al., 2008). Climate change
refers to the state of the climate that can be
identified (e.g. using statistical tests) by
changes in the mean or the variability of its
properties that persists for an extended period,
typically decades or longer. It refers to any

change in climate over time, whether due to
natural variability or as a result of human
activity. Studies have demonstrated that global
surface warming has taken place to the extent of
0.74 + 0.18°C over 1906-2005 (IPCC, 2007).
Global annual land mean precipitation showed
a small, but uncertain, upward trend of
approximately 1.1 mm per decade (uncertainty
+ 1.5 mm) over 1901-2005. Climate change is
neither equal nor uniform over different parts of
the globe. Over the Indian region for instance,
warming will be restricted to 1.4 + 0.3°C until
the 2020s; 2.5+ 0.4°C until the 2050s; and 3.8 +
0.5°C until the 2080s, and the projected
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increase in rainfall will be limited to 2+1 per
cent in the 2020s; 3+ 1 per cent in the 2050s;
and 7+ 3 per cent in the 2080s (IPCC, 2001).

A number of studies focussing on
temperature and rainfall trends have been
carried out in India. Pingale et al. (2016)
noticed an increase in the wet day frequency,
surface temperature and evapotranspiration
(ET) during the non-monsoon season in the
Ajmer district of Rajasthan. Kothawale and
Rupa (2005) have reported substantial changes
in temperature trends, with all India mean
annual temperature showing significant
warming trends of 0.05°C/10 years during the
period of 1901-2003. The period from 1971-
2003 has seen an even more accelerated
warming of 0.22°C/10 years largely attributed
to unprecedented warming during the last
decade. Jain and Kumar (2012) have also
highlighted a rise in mean minimum
temperatures in the southern, central and
western parts of India and a fall in the annual
mean temperature in some parts of north and
north-eastern India. Jain et al. (2013) in their
study of the north-east region of India found
that all the four variables of temperature
(maximum, minimum, mean temperature and
temperature range) have shown a rising trend.
Arora et al. (2005) have investigated the
temperature trends over whole of India on an
annual as well as seasonal basis and revealed an
increase in temperature levels. The increase
during the post-monsoon and winter season has
been relatively higher than during the pre-
monsoon season. Duhan et al. (2013) also
found that seasonally, the warming is more
pronounced during the winter than the summer.
Basistha et al. (2009) in their study of rainfall
trends in the Indian Himalayas reported an
increasing trend till 1964 and a decreasing trend
thereafter. Changes have been found to be most
conspicuous over the Shiwaliks and the
southern face of the Lesser Himalayas. Ghosh

et al. (2009) have also reported spatially
varying mixed responses of global warming
towards rainfall occurrences and amounts all
over India. Deka et al. (2016) revealed a
statistically significant decreasing trend in
annual as well as monsoonal rainfall in
Brahmaputra valley with large spatial and
temporal variations. Kumar et al. (2010) in a
study of monthly, seasonal and annual trends of
rainfall for 30 sub-divisions of India reported a
decrease in the annual and monsoonal rainfall
and a simultaneous increase in pre-monsoon,
post-monsoon and winter rainfall at the
national scale. Duhan and Pandey (2013) in
their study of rainfall in Madhya Pradesh
highlighted a 2.6 per cent decrease in annual
precipitation over a period of 102 years.
Narayanan et al. (2013) have brought out a
significant increase in pre-monsoon rainfall in
north-western parts of the country. To sum up,
India as a whole or in parts reveals a tendency
towards warming. A shift in the rainfall trends is
also noticeable with an increase in rainfall
during the pre-monsoon and post-monsoon
periods and a relative decrease in the rainfall
amount received during the monsoon and
winter months.

Mountains are among the most fragile
ecosystems on earth and are highly sensitive to
climate change and are being affected at a faster
rate than other terrestrial ecosystems (Beniston
and Rebetez, 1996; Messerli and Ives, 1997;
Diaz and Bradley, 1997; Liu and Chen, 2000;
Ceppi et al., 2010; Rangwala et al., 2012).
Several studies have revealed that mountainous
systems warm at a faster pace than their other
low elevation counterparts, often with greater
increases in daily minimum temperatures than
daily maximum temperatures (Beniston and
Rebetez, 1996; Diaz and Bradley, 1997;
Rangwala et al., 2009; Liu et al., 2009; Qin et
al., 2009; Pederson et al., 2010). A continuous
warming trend at high altitudes since the last
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century (Beniston and Rebetez, 1996; Diaz and
Bradley, 1997; Liu and Chen, 2000; Liu et al.,
2009; Rangwala and Miller, 2012), has
resulted in the modification of the hydrological
cycle (Nijssen et al., 2001; Singh and
Bengtsson, 2004; Hamlet et al., 2005; Kumar et
al., 2009; Xu etal., 2009; Kohler et al., 2010),
change in mountain snow and glaciers (Ageta,
1992; Haeberli et al., 2007; Sorg et al., 2012;
Rai et al., 2016), shift in precipitation regime
(Beniston and Rebetez, 1996; Beniston, 2003;
Mauget, 2003; Theobald etal., 2016), change in
biodiversity characteristics such as ecotone,
species diversity, habitat characteristics,
ecological succession and tree line altitude
(Weltzin and McPherson, 2000; Hampe and
Petit, 2005; Thuiller, 2007; Xu et al., 2009;
Willis and Bhagwat, 2009; Chen et al., 2011;
Booth, 2012) as well as the creation of
mountain hazards (IPCC, 2007; Keiler et al.,
2010; Manandhar et al., 2015). It is in this
context that the present paper seeks to analyse
the trends in climatic variables such as
temperature and precipitation over Chamba
and Kangra districts of Himachal Pradesh a
mountainous state of India.

Objectives
The major objectives of the study are:
° To examine the trends in mean,

minimum and maximum temperatures
on monthly, seasonal and annual basis
for Chamba and Kangra districts of
Himachal Pradesh during 1901-2002.

° To investigate the rainfall trends in
terms of total rainfall and number of
rainy days during the study period.

Study Area

The study area comprises the districts of
Chamba and Kangra of Himachal Pradesh
located between 31° 38' 35" and 33° 13' 59"
north latitudes and 75° 29' 9”” and 77° 5' 4" east

longitudes (Fig. 1). The study area is spread
over the southern and northern aspects of the
Dhauladhar range in Himalayas, and comprises
of the drainage basin of two rivers, namely
upper Ravi (Chamba district) and middle Beas
(Kangra district). The climatic conditions vary
with altitude. The lower valleys are semi-
tropical in character, where temperatures are
relatively higher during summer and the rainy
season is well marked. The winter is cold with
sporadic and light snowfall. At the higher
altitudes climatic conditions are more severe
and vary from the temperate to semi-arctic
type. Semi-arctic conditions prevail along the
high ranges for several months in winters and
the passes are then blocked with snow.

Database and Methodology

Data pertaining to temperature and
rainfall of Chamba and Kangra districts on
monthly basis have been collected from the
India Meteorological Department, Pune for the
period 1901 to 2002. Data pertain to the five
parameters including mean monthly
temperature, mean monthly minimum
temperature, mean monthly maximum
temperature, total monthly rainfall and total
number of rainy days. These have been
subjected to trend analysis. The main objective
of trend analysis is to detect whether values of
data are increasing, decreasing or trendless
over time. The detection, estimation and
prediction of trends and associated statistical
and physical significance are important aspects
of climate research. Tests for the detection of
significant trends in climatological time series
can be classified as parametric and non-
parametric methods. Parametric trend tests
require data to be independent and normally
distributed, while non-parametric (i.e.,
distribution free) test can also be used to assess
monotonic trend (linear or non-linear)
significance. In this study, non-parametric
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methods (Mann-Kendall and Sen's slope
estimator) are used to detect the climatic
variables' trends. Linear regression technique
has been applied to calculate the magnitude of
trends.

For the seasonal analysis monthly data
have been averaged to obtain seasonal
temperature and rainfall for both districts.
Seasons have been taken as winter (December,
January and February), pre-monsoon (March,
April and May), monsoon (June, July and
August) and post-monsoon (September,
October and November). These seasons have
been adapted from the classification given by
India Meteorological Department and have
been modified keeping in mind the specific
regional character of the climate of study area.
Since, monsoon in the Dhauladhar is restricted
to the three months of June, July and August;
September has been included in post-monsoon
season. Similarly, since there is a relatively
early onset of winter in this region, December
has been included in the winter season.

A brief description of all the non-
parametric and parametric trend test methods
used for analysing the climatic data in the
present study are given below.

Mann-Kendall Trend Test

The Mann-Kendall test is a non-
parametric rank based test (Kendall, 1975;
Mann, 1945), which is suitable for cases where
the trend may be assumed to be a monotonic
and normal distribution and thus no seasonal or
other cycle is present in the data. The test
statistic 'S', which means zero and a variance
computed by Eq. (3), is calculated using Egs.
(1)and (2) as given below:

EHE | i

5= E = E E (.-LJ ) (1)

i1 j=i—1

where, n is the number of data points, xi and Xj
are the data values in time series i and j (j>1),
respectively and sgn (xj—xi) is the sgn function

as:
+1, if %, —x;=0

sanlx, x,)= { U, if x—xi= l.'l} 2)
-1, if x, —x;=0

/

The variance is computed as:
e —IW2ne + 2y — T8 ool — 10025 + 55
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arnrr [

3)
where, n is the number of data points, m is the
number of tied groups and t, denotes the number
of'ties of extent i. A tied group is a set of sample
data having the same value. In cases where the
sample size n > 10, the standard normal test
statistic Z, is computed using Eq. (4):

F-1
fE=a

JTarE 4)

ifs=1

Fs=0

Positive values of Z_ indicate increasing
trends while negative Z values show
decreasing trends. Testing of trends is done at
the specific a significance level. When | Z, | >
Z, ., the null hypothesis is rejected and a
significant trend exists in the time series. In this
study, significance levels 0=0.01 and 0=0.05
were used which indicate a confidence level of
99% and 95% respectively on the results
produced.

Sen's Slope Estimator

Sen's method assumes a linear trend in
the time series and has been widely used for
determining the magnitude of trend in hydro-
meteorological time series. Sen (1968)
developed the non-parametric procedure for
estimating the slope of trend in the sample of N
pairs of data:
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Xj — X (%)

j—f{ fﬂf‘ i= 1, ......I!J_.

Qi =

where, x; and x, are the data values at times j and
k (7>k), respectively.

If there is only one datum in each time
period, then
n—(n—1)

.
where n is the number of time periods. If there
are multiple observations in one or more time
periods, then

N =

n—(n-—1)

2
where n is the total number of observations.
The N values of Qi are ranked from
smallest to largest and the median of slope or
Sen's slope estimator is computed as:

‘-'F.'I1.'.'+1 M '|
. i T e
Qe = "!‘!ll"i'_lfii + ':t'lll..'\'—:];;l (6)
2 '

N =

if Wi add

The Q,., sign reflects data trend reflection,
while its value indicates the steepness of the
trend. To determine whether the median slope is
statistically different than zero, one should
obtain the confidence interval of Q,, at specific
probability.

Linear Regression Method

Linear regression method is used to
estimate slope of trend. The slope indicates the
mean temporal change of the studied variable.
Positive values of the slope show increasing
trends, while negative values of the slope
indicate decreasing trends.

Results and Discussion
Temperature Trends

Temperature is most important variable
to understand the change in the climate of any

region. Because, all other variables associated
with climate, like precipitation, atmospheric
pressure, winds etc. are controlled by it. In this
study, therefore trends in all the aspects of
temperature like mean monthly temperature,
mean monthly maximum temperature and
mean monthly minimum temperature are
analysed and presented as under:

(i) Mean Monthly Temperature Trends
Temporal variations in mean monthly
temperature trends over the period 1901-2002
reveal statistically significant rising trends at
99% and 95% confidence levels for both
Chamba and Kangra districts during the months
of February, March, April, November and
December (Table 1).This gets reflected in
statistically significant rising trends of
temperature at the annual scale as well as
during the winter and pre-monsoon seasons.
However, statistically significant decreasing
trends in mean monthly temperature at the 99%
confidence level are observed for the months of
July and August in the district of Kangra (Table
1; Fig. 2). The monsoon season in both the
districts of Chamba and Kangra exhibits
decreasing trends in mean monthly temperature
that are significant at the 95% and 99%
confidence levels, respectively (Table 1; Fig.
2). The Sen's slope estimator reveals an
increase of 1.53°C in Chamba district and
1.52°C in Kangra district in the mean monthly
temperature of February. The month of July on
the other hand has become cooler by 0.38°C in
Chamba district and 0.59°C in Kangra district
respectively. Thus, while the winters are
becoming warmer, the monsoon months are
becoming cooler leading to a decrease in the
annual range of temperature by close to 2°C.

(ii) Mean Monthly Maximum Temperature
Trends
An analysis of mean monthly maximum
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temperature trends (Table 2) reveals that the
months from November to May comprising the
seasons of winter and pre-monsoon show an
increasing trend for both the districts of
Chamba and Kangra. Leaving aside, the
months of January and May in Chamba district
and January, March and May in Kangra district,
the trends are significant at the 95% and 99%
confidence levels (Table 2). The Sen's slope
estimator indicates an increase of 1.54°C over
the last century in the mean monthly maximum
temperature for the month of February in the
district of Chamba. The mean monthly
maximum temperature for the month of
February in the district of Kangra has increased
by 1.47°C during the same period. The mean
monthly maximum temperature shows a
declining trend from June to October
comprising the seasons of monsoon and post-
monsoon. Such trends for the months of July
and August are particularly significant at the
95% and 99% confidence levels for both the
districts of Chamba and Kangra (Table 2; Fig.
3). The Sen's slope estimator indicates a drop of
0.52°C during the month of July for Chamba
and 0.6°C for Kangra in the mean monthly
maximum temperature during the study period.
Viewed at the seasonal scale the trends of mean
monthly maximum temperature are found to be
significant at the 99% confidence level during
the winter and pre-monsoon seasons for the
district of Chamba and the winter, pre-monsoon
and monsoon seasons for the district of Kangra
(Table 2). Whereas during the winter and pre-
monsoon seasons mean monthly maximum
temperatures have increased by 1°C in both the
districts, but for the monsoon season these have
decreased by 0.5°C in Chamba district and
0.6°C in Kangra district (Fig. 3).

(iii) Mean Monthly Minimum Temperature
Trends
The analysis of the mean monthly and

seasonal minimum temperature series using the
Man-Kendall test trend and Sen's slope
estimators shows a rising trend of mean
monthly minimum temperature for the months
of December and February in both the districts
of Chamba and Kangra (Table 3; Fig. 4). These
have been found to be statistically significant at
a confidence level of 99%. The rising trend in
temperature indicated by the Sen's slope
estimator is to the tune of 1.6°C for Chamba and
1.46°C for Kangra in the month of February
Minimum temperature shows a rising trend
throughout the winter and the pre-monsoon
seasons (Table 3). The only exception is the
month of January which shows a statistically
weak increasing trend in temperature. The
monsoon season shows declining, though
statistically insignificant trend in mean
minimum temperature, again indicating a fall in
the range of temperature.

To sum up, it has been observed that in
the winter and pre-monsoon seasons, mean
monthly maximum temperatures have
increased by 1°C, while in monsoon season
these have decreased by 0.5°C in the study area.
Similarly, the monsoon season shows declining
trend, though statistically insignificant, in
mean minimum temperature indicating a fall in
the range of temperature. Thus, the study
concludes that, while the winters are becoming
warmer the monsoon months are becoming
cooler suggesting about 2°C decrease in the
annual range of temperature.

Rainfall and Rainy Days Trends

Rainfall is another important variable to
study the change in climate. An examination of
the magnitude and direction of rainfall trends
visible from the time series data, as determined
by the Man-Kendall trend test and Sen's slope
estimator on monthly, seasonal and annual
basis reveals that the amount of rainfall has
witnessed an increasing trend at the annual as
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well as seasonal levels (Table 4). The
increasing trend is statistically significant at
99% confidence level for the pre-monsoon
season for the month of February, March and
May in Chamba and statistically significant at
the 95% confidence level for the pre-monsoon
season in Kangra, for the month of March
(Table 4). This indicates an increasing trend in
rainfall received during the pre-monsoon
period in both Chamba and Kangra districts
(Fig. 5). The maximum increase in rainfall as
indicated by the Sen's slope estimator has been
noticed for the months of February and March
with the amount of rainfall increasing by 18
mm during each of these months in Chamba
district and by 12 mm in Kangra district, over
the entire span of 102 years. There appears an
increasing trend in the amount of rainfall
received in almost all months and seasons of the
years. However, this trend is not statistically
significant for the seasons other than pre-
monsoon. A decline in the rainfall received
during the month of January in both the districts
is also visible. According to the Sen's slope
estimator rainfall received in Chamba district
during this month has decreased by 1.3 mm and
that in Kangra district by 4.4 mm. However, the
level of significance of the trend is weak. It may
be highlighted that Chamba district received 18
mm more rainfall in each of the months of
February and March at present than it received
in 1901. This has translated into 36 mm more
rain for Chamba district and 24 mm more rain
for Kangra district during the pre-monsoon
season.

The total number of rainy days as well as
the seasonal and monthly distribution of these
days has a significant impact on the climatic
regime of the study area. The increase or
decrease in the total number of rainy days
influences the intensity of rainfall, while the
season/month during which these occur
determines the form of precipitation received

which could be snow, hail or rain. An analysis
of the trends in the number of rainy days using
the same tests reveals an increase in the number
of rainy days for the month of March. This
increasing trend is statistically significant at the
95% confidence level for both the districts
(Table 5). A fall in the number of rainy days in
the months of January and December for both
the districts has also been noticed. The trend
however, is not statistically significant (Fig. 6).
Similarly, no significant trends are noticeable at
the seasonal or annual levels. The Sen's slope
estimator indicates an increase in the number of
rainy days experienced during a year by 3.8
days in Chamba district and 3.3 days in Kangra
district over the study period of 102 years.

Thus, from the above it can be
concluded that the Chamba and Kangra
districts at present are receiving 36 mm and 24
mm more rainfall, respectively during the pre-
monsoon season than they have been receiving
in 1901. Itis due to an increase in the number of
rainy days to the extent of 4 days during a year
in Chamba district and 3 days in Kangra district
during the study period. On the whole, the study
shows significant rising trends in temperature
during winter and pre-monsoon seasons, while
declining trends of temperature have been
noticed in the monsoon season resulting
increase in range of temperature. Similarly
increase in number of rainy days and amount of
rainfall has been noticed in the study area
during the study period. Hence, the study
suggests a significant change in the climate of
the study area.

Conclusions

An analysis of the incidence of climate
change and its detection in terms of the trends in
temperature and rainfall for the districts of
Chamba and Kangra in Western Himalayas
points towards a distinct warming of the
climatic regime. The warming is particularly
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visible during the winter and pre-monsoon
seasons, where temperatures have increased by
up to 1.5°C during the month of February. The
temperature during the monsoon months of
July on the other hand shows a statistically
significant declining trend to the tune of 0.5°C.
This translates to a decrease in the annual range
of temperature in the study area. Rainfall trends
show a shift in the rainfall pattern with more
rain being received in the months of February
and March than December and January. While
the total rainfall received during the monsoon
period shows no significant trends, there is a
statistically significant increasing trend in the
total rainfall received during the pre-monsoon
period with an increase of 36 mm for Chamba
district and 24 mm for Kangra district. The
number of rainy days has decreased for the
months of December and January and increased
significantly during the month of March with
the total number of rainy days during the year
having increased by 3.8 for Chamba district and
3.3 for Kangra district. The trends in
temperature and rainfall have significant
implications for the agricultural regime. The
most visible impact is in terms of a reduction in
the number of chilling hours available to the
winter crops, due to a rise in mean temperature
particularly during the months of February and
March and a shift in the temporal trends of
rainfall with more rainfall being received in the
months of February and March as against
December and January. This translates into
more rainfall than snow and leads to reduction
in chilling hours, which may have subsequently
affected the quantity and quality of the winter
crops in these two districts.
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