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Abstract

In current study, for assessment of climate change, the statistical analysis approach is
used to find out trend analysis with historical precipitation and temperature data.
Temperature and Precipitation data of 50 years for the period 1952 to 2002 has been
analysed over Barinallah catchment located between the longitudes 76°01°45”E to
76°06°18”E and latitudes 32°38°00”N to 32°40°00”N This paper analyzes the trend of
climatic parameter mainly precipitation and temperature in Barinallah catchment which
drains into river Siul, a tributary of river Ravi which contributes to Indus river basin. The
methodology adapts various statistical approaches viz. moving average method, Mann-
Kendall test, and Sen.'s estimator of slope in order to detect possible annual and monthly
trend in precipitation and temperature. The results of trend analysis confirm climatic
changes in precipitation pattern with positive insignificant trend on monthly basis, only
the month of October and December shows the negative trend over the study area.
Moreover, estimation of temperature trend over the region is insignificantly increasing
trend for annual time series.

Keywords: Trend analysis, Parametric and Non- parametric methods, Precipitation,
Temperature, Climatic parameter, Mann-Kendall test, and Sen.'s estimator.

Introduction

Climate change is one of the major challenges to researchers in recent times. The
impact of climate change on water resources around the globe has serious implications
like, changing water levels and climatic temperatures, which in turn affect the economy
and future as a whole. In addition, water resources are depleting day by day due to the
exponential demand from sectors like irrigation, domestic consumption and industry.
Water availability and quality will be the main pressures on, and issues for, societies and
the environment under climate change. Along with quantity, quality is also deteriorating
mainly due to the indiscriminate use of water to hazardous levels, pollution of rivers and
improper management of wastewater.
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India being the monsoonic country, the rain falls only for 3 to 4 months in a year
with high intensity, which results in more runoff and soil erosion. Total rain occurs in
about 100 hours out of 8760 hours in a year. Further, the rainfall is erratic and fails once
in every 3 to 4 years. This is very common in many parts of the country.

Current study area is the part of District Chamba enjoys a pleasant climate.
Summers are generally warm and winters are cold. During winter, the temperature varies
from 1°C to 12°C and in summer, it varies between 25°C to 39°C respectively. Mean
daily maximum temperature is highest in the month of June being 39°C and mean daily
minimum temperature is lowest in the month of January being 1°C. This area receives
about 1265 mm of annual rainfall, during southwest monsoon (July to September) which
contributes about 60-70% of the annual rainfall and due to western disturbances
(December to March) which contributes about 30-40% of the annual rainfall. The relative
humidity in monsoon months varies from 70% to 95%. The annual average evaporation
rate of the area is 5.6 mm/day. Evaporation in the dry season of April to June is relatively
higher than in the winter season of November to March.

One of the most important consequences resulting from the climate change may
be the alteration of the regional hydrological cycles and subsequent changes in steam
flow regimes. Studies of general circulation model (GCM) reveals that increased global
temperature could lead to increase the amount and intensity of regional precipitation.
Precipitation is a good indication in the impact from climate change on water resources.
Precipitation is one of the most important climate elements directly affecting human
society (water availability, consumption, social and political stability), natural systems
(water stress, fires, erosion) and economic activities (location of dams, water planning,
irrigation, industrial demand) (Randall et al., 2007). Many authors have indicated that
precipitation is the climate element which has spatial and temporal variability (Mitchell
and Jones, 2005; Karagiannidis et al., 2008). Thus, precipitation changes can be detected
only if a network of observations is used (Vinnikov et al., 1990; Groisman and Legates,
1994; Hulme et al., 1995; Auer et al., 2005; Brunetti et al., 2006; Valero et al., 2009).
This fact is particularly true where the amount of precipitation is concentrated in time and
space, and rainfall station data is only representative of a very small area (Cosgrove and
Garstang, 1995; Mosmann et al., 2004, del Rio et al., 2005).

Trend detection in temperature and precipitation time series is crucial for planning
of crop management system and designing of regional water resources management
system.. Changes in precipitation patterns are very important for water resources
managers to deal with the water resources planning and management. Variations in
precipitation over daily, seasonal, annual and decadal timescales influence water
resources systems. Several recent studies on climatologic trends conclude that trend in
observed precipitation comprises a complex function of the climatic environment,
precipitation intensity and season (Osborn et al. 2000; Ventura et al. 2002).

Relevant reviews on trend analysis in temperature and precipitation time series

include the studies of Andrighetti et al. 2009; Gadgil and Dhorde 2005; Feidas et al.
2004; Turkes and Sumer 2004; Mosmann et al (2004), Yue and Hashino 2003; Xu et al.

30



Khare et al., / Environ. We Int. J. Sci. Tech. 9 (2014) 10-18

(2003), Ventura et al. 2002, Zhang et al. (2000), Turkes (1996) , Lettenmaier et al.
(1994).

In order to investigate climate changes scenarios and enhance climate impact
research of the trend detection is an active area of interest for both hydrology and
climatology. Monthly temperature and precipitation records from the recording stations
were summed to provide annual totals for each year. Monthly and annual time series
were analyzed statistically by using Mann-Kendall (MK) test. Therefore, the objective of
this study was to investigate a long-term trend detection of climatic parameter likewise,
precipitation and temperature which is essential for understanding the potential impact on
water resources resulting from climate change in Barinallah catchment.

Study area

Barinallah catchment in the Ravi river, Chamba district of Himachal Pradesh has
been selected for present study. Himachal Pradesh, situated north of India, is also known
as the 'Land of Snow' rests in the foothills of Himalayas. The total area of the state is
55,673 km?. It is surrounded by landforms from all sides, Uttaranchal on the southeast,
Punjab on the west, China on the east, Haryana on the southwest and Jammu and
Kashmir on the north. It lies between the latitudes 30°22°40” North to 33°12°40” North
and longitudes 75°45' 55" East to 79°04' 20" East. The entire region of Himachal Pradesh
is hilly with the altitude ranging from 350 m to 7000 m above MSL. The altitude
increases from west to east and from south to north.

Chamba district is situated North West of Himachal Pradesh. The Barinallah
catchment is located between 76°01°45°°E to 76°06°18°’E longitudes and 32°38°00°’N to
32°40°00°°N latitudes on the western hills in Chamba district. This catchment has some
springs and small nallahs. Water supply schemes for drinking water have been
constructed to the nearby villages from these springs and nallahs. This area is
characterized by elevation 760 m to 1880 m ranging mountains and valleys with drainage
features. The location map of the study area is shown in Figure 1.
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Figure 1 Map of Study area
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Meterial and Methods

The methodology adopted consist of review the climate change using statistical
method to evaluate the trend that the climate has exhibited in the past in order to
determine recent climate behaviours. Observational and historical hydro-climatic data are
generally used for planning and designing water resources projects. Therefore
precipitation is important to study the climate change trends in the Barinallah catchment.
Employing the statistical methods discussed below, the temporal trends and their spatial
distribution of historical annual precipitation series in the study area has been examined.
The diverse statistical approaches involved in the assessment of the precipitation trend
in the study area based on long term data are Mann-Kendall test, Sen.'s Slope Estimator
and moving average method.

Mann Kendall (MK) Test

There are many parametric and non- parametric methods which have been applied
for detection of trends. Non-parametric trends tests only require the data to be
independent and can tolerate outliers in the data. The Mann-Kendall test is a non-
parametric test for identifying trends in time series data. The test compares the relative
magnitudes of sample data rather than the data values themselves (Gilbert, 1987). One
benefit of this test is that the data need not conform to any particular distribution.
Moreover, data reported as non-detects can be included by assigning them a common
value that is smaller than the smallest measured value in the data set. The procedure that
will be described in the subsequent paragraphs assumes that there exists only one data
value per time period. When multiple data points exist for a single time period, the
median value is used. The data values are evaluated as an ordered time series. Each data
value is compared to all subsequent data values. The initial value of the Mann-Kendall
statistic, S, is assumed to be 0 (e.g., no trend). If a data value from a later time period is
higher than a data value from an earlier time period, S is incremented by 1. On the other
hand, if the data value from a later time period is lower than a data value sampled earlier,
S is decremented by 1. The net result of all such increments and decrements yields the
final value of S.

The Mann Kendall test searches for a trend in a time series without specifying
whether the trend is linear or nonlinear. The trend test is applied to a time series x; ranked
fromi=1,2.......... n-1, and X; ranked from j=i+1, 2,.......... n. Each data point x; is used
as a reference point and is compared with all other data points x; such that

+1> (Xj— Xi)
Sgn (xj_xi) = 0= (Xj— Xi)
-1 < (X5 Xi) (1)

The Kendall statistics S is estimated as

S= z P:_llz ?=i+1 Sgn(xj =X) (2)

The variance of the statistic S is defined by
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n(n-1)(2n+5) — Zti MOE-1(21+5)
18
In which t; denotes the number of ties up to sample i.

Var(S) = 3

The test statistics z. is estimated as
S-1
Jar(s)
Z =<0if,S=0
S+1

ar(S)

if,S>0

if,S<0

4
Where,

S :nz_l isgn(xj —X;)

i=1 j=i+l (5)

In which Z; follows a standard normal distribution. A positive (negative) value of
Z indicates an upward (downward) trend. A significance level a is also used to test for
either an upward or downward monotone trend (a two-tailed test). If Z. is greater than
Z,» where o denotes the significance level, then the trend is significant.

Sen’s Slope Estimator

In the time series, where a linear trend is present, the true slope can be calculated
by using a simple non-parametric procedure developed by Sen (1968). The slope estimate
of N pairs of data are first computed by

X: — X, .
Q=-1 fori=1,23............ N (6)

j—k

Where, x; and x are data values at times j and k (j>K) respectively. The meridian
of these N values of Q; is Sen’s estimator of slope. If N is odd, then Sen’s estimator is
computed by Qmeds = Qn+1)2 and if N is even, then Sen’s estimator is computed by
Qmed=[Qnr+Qn+2)2)/2. Finally Qmeq is tested by a two sided test at 100(1-o) %
confidence interval and true slope may be obtained by the non-parametric test.

Moving Average method

In statistics, a moving average, also called running average, is used to analyze a
set of data by creating a series of averages of different subsets of the full data set. Given a
series of numbers and a fixed subset size, the moving average can be obtained by first
taking the average of the first subset. The fixed subset size is then shifted forward,
creating a new subset of numbers, which is averaged. This process is repeated over the
entire data series. The plot line connecting all the (fixed) averages is the moving average.
Thus, a moving average is not a single number, but it is a set of numbers, each of which
is the average of the corresponding subset of a larger set of data points.
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Results and Discussions

Monthly temperature and rainfall records from the recording stations were
summed to provide annual totals for each year. Monthly and annual time series
were analyzed statistically by using Mann-Kendall (MK) test.

The statistics for annual temperature and rainfall are given in table 1,
which shows that the annual temperature ranges from 8.3 to 28.1°C, with an
average 19.4°C. The annual rainfall range from 1008 to1738 mm, with an
average of 1265 mm during the study period from 1953-2002.

Tablel Statistics of annual temperature and rainfall in the watershed

Statistics Temperature (°C) Rainfall (mm)
Average 19.4 1265
Standard Deviation 0.48 231.67
Coefficient of Skewness 0.23 0.354
Maximum value 28.1 1738
Minimum value 8.3 1008

A five-year moving average analysis was carried out for annual average
air temperature and annual rainfall. The annual temperature data were tested to
show trend of temperature change in the Barinallah watershed in (Figure 2) and
the annual rainfall data was tested to show trend of change in rainfall pattern in
the Barinallah watershed in (Figure 3).
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Figure 2 Five years moving average annual temperature (1952-2002)
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Figure3 Five years moving average annual rainfall (1952-2002)

Monotonic Trend in Air Temperature Time Series (1952-2002)

The mean temperature varies from 1°C to 12°C in winter and from 30°C
to 39°C in summer. Typical seasonal annual air temperature trends for the long-
term period (1953-2002) were analyzed using Mann-Kendall test.

The values of Mann-Kendall statistics Znx and Sen's slope in long-term
period for different months are given in table 2. January and May gives the
greatest slope 0.03°C, followed by December 0.02°C, February, April and
November showed the smallest tendency, with slopes of 0.01°C. June gives the
maximum negative trend -0.02°C, followed by July, August and September with
slopes of -0.01°C while the months March and October shows no trend.

Table 2 Variations of the long-term period temperature (°C) in The Barinallah
catchment.

Months Jan | Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec | Annual
Mann

Kendall Zw | 221 | 087 | -0.38 | 0.67 | 1.92 | -2.48 | -1.15 | -1.07 | -1.16 | 0.38 | 1.69 | 1.80 | 0.23
gfgpse Q 0.03 | 0.01 | 0.00 | 0.01 | 0.03 | -0.02 | -0.01 | -0.01 | -0.01 | 0.00 | 0.01 | 0.02 | 0.001

Generally, temperature slopes are positive during the winter season and are
negative during the rainy season. But during the summer season the temperature
have positive slopes in May and negative slope in June in the above table.

Monotonic Trend in Precipitation Series

The values of Mann-Kendall statistics Znx and Sen's slope in long-term
period for different months are given in table 3. Long-term trend during fifty
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years period, in the rainfall is tested with Mann-Kendall (MK) methods. The
values of Mann-Kendall statistics Znx and Sen's slope in long term period for
different months is given in table 3. It is seen that two months out of the twelve
months showed a decreasing trend. October gives the greatest trend at -0.32 mm,
December gives the trend at -0.11 mm. Two of the ten months showed an
increasing trend. June gives the greatest trend at 0.75 mm, February gives the
trend at 0.35 mm, May and August gives the trend at 0.15 mm, July gives the
trend at 0.12 mm, January and April gives the trend at 0.09 mm, March gives the
trend at 0.01 mm and November gives no trend.

In Monthly series, only month October is indicating downwards tendency
and showing a significant downward trend at the [1 = 0.05 significant level, but
month June is indicating upwards tendency. The Sen's slope is positive
indicating upwards tendency (except for the month of October and December).
The month of June and February are showing a significant upward trend at the
P<0.05 significant level.

Table 3 Variations of the long-term period Precipitation (mm) in Barinallah
catchment.

Months Jan | Feb | Mar | Apr | May | Jun |Jul | Aug | Sep | Oct | Nov | Dec | Annual

I\K/I:::a“ Znk | 0.39 | 1.57 | 0.03 {069 | 095 | 1.38 | 0.08 | 0.18 | 0.03 | -2.70 | 0.54 | -0.68 | -0.18

gfgpse Q |009|035 001|009 |015 |075 |012 |015 |004 |-032 | 000 |-011 | -0.317

Conclusions

Based on the present study these conclusions are drawn: (i) Trend analysis was done
using Mann-Kendall test, Sen’s Slope Estimator and Moving Average method. Trend
analysis of temperature and precipitation for 50 years (1953-2002) confirms changing
climate in the region. The annual mean temperature in the region is increasing gradually.
Dry spell in the region is also frequent. Precipitation pattern is becoming erratic with
high intensity rainfall. (ii))Annual temperature time series shows the positive
insignificant trend over a Barinallah catchment. (iii) Annual precipitation time series
shows the negative insignificant trend over a Barinallah catchment. (iv) It is observed
that on monthly basis, during trend analysis that temperature is showing an increasing
tendency in six months out of twelve months of the year. January and May gives the
greatest slope 0.03°C, followed by December 0.02°C, February, April and November
showed the smallest tendency, with slopes of 0.01°C. June gives the maximum negative
trend -0.02°C, followed by July, August and September with slopes of -0.01°C while the
months March and October shows no trend. Temperature slopes are positive during the
winter season and are negative during the rainy season. (v) Precipitation trend when
analyzed, it is observed that two months i.e. October and December out of the twelve
months witnesses decreasing insignificant trend with values -0.32 mm and -0.11 mm
respectively. However, remaining months in the year shows the increasing insignificant
trends excepting the month of November showing no trend.
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