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Abstract This study has been undertaken to estimate the change in climatic
parameters of Kurukshetra region, viz. annual average minimum and maximum air
temperatures, annual morning and evening relative humidity, sunshine hours, wind
speed, and rainfall, from 2000 to 2013 and hence its influence on reference evap-
otranspiration (ET0) as obtained by Penman–Monteith method. An Excel-
embedded software MAKESENS (Mann–Kendall test for trend and Sen’s slope
estimates) has been used for observing and estimating trends in the time series of
reference evapotranspiration and climatic parameters. Sen’s slope analysis indicates
that average annual maximum air temperature, wind velocity, and reference
evapotranspiration show increasing trends with 0.08%, 0.12%, and 3.28% slopes,
respectively, whereas decreasing trend is observed in average rainfall, relative
humidity (morning), and sunshine hours with −12.0, −0.08, and −0.04%, slopes.
The trends of minimum air temperature and relative humidity (evening) show no
change. The positive trend in reference crop evapotranspiration indicates that the
water demand required for different crops in various seasons will increase. This will
warrant developing less water-intensive crops as water availability is already under
stress.
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1 Introduction

Haryana is a major agriculture state in northwestern India. A large part of Haryana
is located on the Indo-Gangetic alluvial plain. Irrigation in the state is mainly
facilitated by canal networks originating from rivers of Punjab and Uttarakhand
states and also local groundwater. Two of the most common crops in the state are
rice in Kharif season and wheat in Ravi season. The crop yield is mainly influenced
by the adequate and timely availability of water. However, the last century
(1906–2005) has witnessed a significant positive change in the earth temperature
(0.74 °C) caused by large-scale emission of greenhouse gases which is largely
attributed to the anthropogenic activities and that has provoked the change in
climate [1]. The adverse effect of climate change is on agriculture productivity
because of decrease in rainfall and increase in temperature. Demand of irrigation
water is closely related to climate change as increased dryness leads to increase
demand (IPCC 2001). Evapotranspiration is a necessary parameter in irrigation
system design [2]. In the past decades, various researchers have examined the
possible impact of climate change on reference evapotranspiration (ET0).
According to these studies, results show that the trends in ET0 vary with climatic
conditions and region [3]. A study has been conducted to assess the sensitivity of
evapotranspiration in respect of global warming in the arid zone of Rajasthan, India
[4]. The study suggested an increase of 14.8% of total ET0 demand to increase in
temperature by 20%. The study also concluded that the sensitivity of ET0 is less
with increase in net solar radiation, followed by wind speed as compared to tem-
perature. An increase of 10% of temperature, along with a 10% decrease in net solar
radiation and wind speed, could be a marginal decrease in total ET (0.36%).
Further, spatiotemporal characteristics of potential evapotranspiration (PET) trends
are studied in China using time series from 65 stations and found a decreasing trend
at all stations [5]. Furthermore, the study of Ojeda-Bustamante [6] found that by the
end of century, the annual increase in reference evapotranspiration will be 10%
higher compared to current value due to climate change under moderate–medium
emission scenario. The present paper investigates the influence on reference
evapotranspiration (ET0) due to change in climatic factors as a result of climate
change in Kurukshetra district of Haryana state.

2 Study Area and Methodology

2.1 Climatic Characteristics of Kurukshetra

The study site is located in the rice—wheat production zone of Haryana state. It lies
between 29°11′–30°16′N latitude and 76°11′–77°17′W longitude, which is about
240 m above mean sea level. The location map of the area is shown in Fig. 1. The
climatic conditions of the state are classified as semiarid tropical to subtropical.
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Annual rainfall of state ranges from less than 300 mm to over 1000 mm (mean 704
mm). About 75–80% of the rain falls during June September. Major crop cultivated
in this area includes rice, maize, wheat, mustard, and fodder crops.

2.2 Collection of Meteorological Data

Daily meteorological data have been collected from ICAR meteorological center,
Karnal, Haryana. Daily data constitute maximum temperature, minimum tempera-
ture, morning and evening relative humidity, wind speed and sunshine hours from
the year 2000 to 2013. The data set is used for trend analysis using Mann Kendall
test.

2.3 Mann–Kendall Test

The Mann–Kendall test used for identifying the trends variation in climatic vari-
ables and ET0 from time series data is one of the widely accepted nonparametric
tests [7–9]. Hence, in this study, M–K test has been used to study the trends of
climatic variables and ET0. Detailed information related to the Mann–Kendall test
can be found in studies published by Hamed [7–9].

Fig. 1 Location of the study area
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2.4 Sen’s Slope Estimator

The existing trend (change/year) slope can be identified using the Sen’s nonpara-
metric method. If it is assumed that the case under study has a liner trend then, FðtÞ,
is defined as:

FðtÞ ¼ Q � tþB ð1Þ

where Q represents the trend slope and B is a constant value.
The slope Q (Eq. 1) can be estimated only after the calculation of all paired data

values slopes. The slope of all data pairs can be estimated as:

Qj ¼ xj � xk
j� k

; j[ k

If the number of values of xj in a time series is n, then the slope estimates of Qj are
N ¼ nðn� 1Þ=2. The median of the slope estimates Nð Þ represents the Sen’s
estimator of slope for Qj. The N values of Qj are arranged in ascending order, and
the Sen’s estimator is defined as:

If the slope estimate N is odd, then

Q ¼ Q Nþ 1ð Þ=2½ � ð2Þ

If the slope estimate N is even, then

Q ¼ 1
2

QN
2
þQ Nþ 2

2ð Þ
� �

ð3Þ

A normal distribution-based nonparametric method is used to calculate a 100
(1 − a) % two-sided confidence interval. The applicability of the method is limited
up to a minimum value of n which is 10, unless there are many ties.

The calculations for meteorological variables and ET0 values using Mann–
Kendall tests and Sen’s slope estimator were performed using MAKESENS 1.0
which is an Excel-based software.

2.5 Penman–Monteith Equation

The Penman–Monteith equation is given by the United Nations Food and
Agriculture Organization (FAO) for modeling evapotranspiration. Recently, a study
conducted by Ngongondo et al. suggested that the Penman–Monteith method is
most suited for modeling the evapotranspiration phenomenon (Ngongondo et al. in
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press). The definition of Penman–Monteith method for the estimation of daily
reference crop is given as [10]:

ET0 ¼
0:408D Rn � Gð Þþ c 900

T þ 273U2 es � eað Þ
Dþ c 1þ 0:34U2ð Þ ð4Þ

where ET0 is climatic parameter representing the reference crop evapotranspiration
[mm day−1], G is the soil heat flux density [MJ m−2 day−1], U2 is the wind speed at
2 m height [m s−1], Rn is denotes the net radiation at the crop surface
[MJ m−2 day−1], T represents the mean daily air temperature at 2 m height [°C],
es and ea are the saturation and actual vapor pressure [kPa], es � ea is the saturation
vapor pressure deficit [kPa], D shows the curve of slope vapor pressure [kPa °C−1]
and c psychometric constant [kPa °C−1]. ET0 has two components: the radiative
component ET0R and the aerodynamic component ET0a, expressed as the first and
second parts. ET0 represents the evapotranspiration from standardized vegetated
surface and is a combination of two terms that include energy term and aerody-
namic (wind and humidity) term, respectively. The definition of ET0, ET0R, and
ET0a is given as:

ET0 ¼ ET0R þET0a ð5Þ

ET0R ¼ 0:408D Rn � Gð Þ
Dþ c 1þ 0:34U2ð Þ ð6Þ

ET0a ¼
c 900
T þ 273U2 es � eað Þ
Dþ c 1þ 0:34U2ð Þ ð7Þ

ET0R represents the reference evapotranspiration that would be obtained if the heat
budget of surface were determined by radiation alone. ET0a is the reference
evapotranspiration imposed by the environment when the surface is fully coupled
with the prevailing weather.

3 Estimation of Crop Evapotranspiration

The crop-specific evapotranspiration rate is obtained by multiplying by proper crop
coefficient Kcð Þ to the calculated reference evapotranspiration which ultimately
gives the actual crop evapotranspiration ETCð Þ.

ETC ¼ ET0 � Kc ð8Þ

where ET0 represents the reference crop evapotranspiration, Kc is the crop
coefficient, and ETC is the crop evapotranspiration.

Trend Analysis of Climatic Parameters at Kurukshetra (Haryana) … 331



Due to different growth patterns of the same crop, different evapotranspiration
demand is obtained. Crop water demand is directly related to the crop planting time
or season as the evapotranspiration varies in every season due to differential energy
pattern. Further, the plant factors like leaf area (evaporative surface) and stomatal
closure behavior also influence evapotranspiration.

4 Results and Discussion

4.1 Study of Climate Parameter

Trend variations of different climatic parameters, viz., temperatures (maximum,
average, and minimum), relative humidity (morning, average, and evening), wind
velocity, sunshine hours, and rainfall, over the period of 14 years, 2000–2013, at
Kurukshetra are presented in Figs. 2, 3, and 4, respectively, using MAKESENS.
Figure 5 shows trend variation in reference evapotranspiration as obtained from
Eq. (4).

In Fig. 2, it is seen that overall positive trend has been found with the rate of
increase in maximum temperature as 0.08%. The graph also shows variation in
trend with confidence interval of 99 and 95%. The residual value of maxi-
mum temperature is maximum in the year 2009 as compared to normal annual
maximum temperature as shown in Fig. 6. Variation in average temperature and
minimum temperature shows that there is no change in trend over the 14 years.
There is rise and fall every four years. Variation in trend with confidence interval of
99 and 95% has also been plotted. The positive trend in maximum temperature
indicates rise in temperature with time.

From Fig. 3, it is observed that overall negative trend has been found with the rate
of decrease in relative humidity (morning) as −0.08%. The graph also shows vari-
ation in trend with confidence interval of 99 and 95%. The residual value is more or
less negligible as shown in Fig. 6. Variation in relative humidity (evening) and
relative humidity (average) shows that there is no change in trend over the 14 years.
Variation in trend with confidence interval of 99 and 95% is also negligible.

Figure 4 corresponds to trend variations in sunshine hours, wind velocity, and
rainfall from 2000 to 2013, and it is seen that there are negative, positive, and
negative trends, respectively, with slope values as −0.04%, +0.12%, and −12.00%.
There was also significant change in rainfall from 691 to 479 mm and 479 to
288 mm during 2004–2005 and 2005–2006, respectively. Negative trend in rainfall
shows that rainfall magnitude is decreasing with time.

Using the above climatic parameters, the reference evapotranspiration was
obtained using Eq. (4) and plotted in Fig. 5. During the interval from 2002 to 2006,
ET0 was below the normal value except in 2002 and 2004, but it was found above
the normal value during 2008–2012, and it was above the normal value in last
5 years. It is found that the trend is positive and its slope is increasing by 3.28%.
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Fig. 2 Trend variations in maximum, average, and minimum temperatures from year 2000 to
2013
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Fig. 3 Trend variations in morning, average, and evening relative humidity from year 2000 to
2013
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Fig. 4 Trend variations in sunshine hours, wind velocity, and rainfall from 2000 to 2013
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There were major dips for ET0 in years 2005 and 2007 with the values of
1328 mm and 1330 mm, respectively. As we go toward the proceeding years, from
2007 up to 2009, ET0 was found continuously increasing from 1330 mm to
1385 mm as wind velocity increases from 3.6 to 4.4 km/h and maximum temper-
ature increases from 31.2 °C to 32.8 °C. During the period 2010–2013, it is
observed that there are significant drops in seasonal ET0 and maximum temperature
i.e. from 1372 mm to 1348 mm and 31.3 °C to 28.7 °C, respectively. However, in the
same period, there are increases in average relative humidity and wind velocity with
their values increasing from 60.0 to 62.4% and 4.3 km/h to 4.7 km/h, respectively.
This reflects that water demand of crop is increasing with every year. The negative
rainfall trend and positive reference evapotranspiration warrant developing less
water-intensive crops as water availability is already under stress.

Fig. 5 Trend variations of reference crop evapotranspiration

Fig. 6 Residuals for various climatic parameters
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5 Conclusions

The following conclusions are drawn from the analysis of data of climatic
parameters from 2000 to 2013:

1. Maximum temperature and wind velocity show positive trends with the rate of
increment of about 0.08% and 0.12%, respectively, while negative trend is
observed in relative humidity (morning), sunshine hours, and rainfall with rate
of reduction as −0.08, −0.04, and −12.00%.

2. Reference crop evapotranspiration shows positive trend with the rate increase as
3.28%. This reflects that water demand of crop is increasing with every year.
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