



Temporal Variability of Potential Evapotranspiration in Response to Climate Change in Ambala District, Haryana

ABSTRACT
Potential evapotranspiration (PET) plays a critical role in irrigation planning and is needed for the determination of water demands of crops. Thus, in the present study, trends in PET were identified over Ambala (Haryana) in India using the non-parametric Mann–Kendall (MK) test. First, PET values were estimated through the Thornthwaite method for different time scales using meteorological data for 35 years from 1985 to 2019. PET was found to increase significantly at Ambala during annual, kharif, rabi, pre-monsoon, monsoon and post-monsoon time scales. On probing the causal meteorological parameters responsible for the observed PET trends in the Ambala, it was witnessed that wind speed dynamically influenced the observed PET changes at the annual time scale and all the seven seasons over the Ambala. The results of this study support that the evapotranspiration increases over Ambala.
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Introduction

Water resource has become a prime concern for development and planning, including food production and flood control. The impact of climate change may be relatively severe with the reduction in the water availability over different parts of the globe. Kothawale and Rupa Kumar (2002) have reported that the all India mean annual temperature has risen at a rate of 0.05 ∘C decade−1 during the last century, which is mostly due to the rise in maximum temperature (0.07°C decade−1) rather than because of the rise in minimum temperature (0.02°C decade−1). It is generally believed that a rise in temperature may frequently lead to a rise in evapotranspiration. Recognizing that evapotranspiration is one of the basic components of the hydrologic cycle, the Food and Agriculture Organization (FAO) adopted the concept of reference evapotranspiration (RET) in the FAO guidelines for crop water requirements based on studies by Doorenbos and Pruitt (1975, 1977), which are widely accepted for calculating evapotranspiration. 

Evapotranspiration (ET) is known as a key parameter reflecting the variations in the climate and is a major component of the meteorological and hydrological cycles (Luo  et al., 2014, Yan et al., 20220 and Yin  et al., 2020)  With the risk of heat wave events and their persistence intensifying in recent past and increasing faster, the ET, precipitation, and other climatic variables have changed over the diverse regions (Lyakaremye  et al., 2021 and Ullah et al., 2022). In many hydrodynamic and water quality modeling system, the ET can be directly used as an input variable, so it is important to better understand the spatiotemporal features of ET and the contributing factors in the context of ongoing climate change. Furthermore, a better understanding of ET is beneficial for analyzing the hydrodynamics and water quality, especially in terms of explaining the mechanisms for the variations in water quality, such as the variations in the balance of salinity and variations in contaminant concentrations. ET can be estimated by the reference evapotranspiration (ET0). It has been widely accepted that ET0 is an important factor in water balance and conversion and is thus its estimation and forecasting is important in water resources management (Traore et al., 2016 and Yan et al., 2021). For example, estimating crop water demand is a necessary step in irrigation scheduling and the design of agricultural water conservancy projects, and the estimation of crop water demand is mainly based on the calculation of ET0 (Tang et al., 2011 and Roy et al., 2020). PET is the phase change of water requiring a large amount of energy. Information on the amount of water required by different crops under a given set of region-specific climatic conditions will help greatly in irrigation planning and scheduling. RET is based primarily on measurements of radiation, vapour pressure, air temperature, relative humidity, and wind velocity over the evaporating surface. A clear understanding of the spatiotemporal variations in ET0 is of importance for better planning and management of water resources. Contrary to intuitive expectation, ET0 has been reported to decrease in many regions with increasing temperature (Burn and Hesch 2007), and this controversial behavior is known as the “evaporation paradox” (Liu, 2012). The “evaporation paradox” actually provides a straightforward indication that the ET0 variations are products of changes in multiple variables rather than any one variable, and it has attracted many researchers to investigate the spatiotemporal variations in ET0 and its contributing climatic factors

A number of researchers (Dinpashoh et al., 2011; Jhajharia et al., 2012) have analysed trends in evapotranspiration under warmer climates around the globe using data of different durations at different locations under different types of climate. Lawrimore and Peterson (2000), Golubev et al. (2001) and Roderick and Farquhar (2004) reported significant decreases in either (both) pan evaporation (Epan) or (and) potential evapotranspiration (PET) over various parts of Russia and the United States, over India, over various parts of the United States, over a few sites in the United States and the former Soviet Union and over Australia, respectively. Similarly, several researchers from China reported decreasing trends in evapotranspiration (Zhang et al., 2007, 2009; Liu et al., 2010). Similarly, Jhajharia et al. (2009) and Zhang et al. (2014) reported decreasing trends in Epan in the Chao Phraya River basin (Thailand), in northeast India and over the entire territory of China, respectively. For other studies from the Indian subcontinent, Jhajharia et al. (2012) reported significant decreasing trends in evapotranspiration over different parts of northeast India. 
The PET trends may have a direct influence on the production of crops, and thus identifying trends in RET under climate change is important for understanding the effect of changing RET on agriculture. Bikaner, one of the well-known sites in the Thar Desert, has witnessed various changes due to urbanization and the extensive spread of irrigation canal networks of the Indira Gandhi Canal, carrying waters of the Satluj and Vayas Rivers through the states of Himachal Pradesh, Haryana and Punjab into the vast dry lands of the Thar Desert in the western part of Rajasthan, during the last few decades. Bikaner has witnessed significant increasing trends in minimum, maximum and mean temperatures at the annual time scale in the range of 0.1–0.4 ∘C decade−1 during the last 58 years from 1951 to 2008 (Choudhary et al., 2009). The reported increases in temperature in the Ambala area during this period provided the encouragement to determine if there would be any evapotranspiration increases under global warming scenarios in the arid climatic conditions of Ambala. As no information is available about trends in PET over Ambala, the present study was carried out with the following objectives: (1) to compute the Potential Evapotranspiration (mm/day) in Ambala using Thornthwaite formula, (2) to compute the evapotranspiration at Ambala under arid climatic conditions and (2) to investigate trends in PET using the Mann–Kendall (MK) non-parametric test.
Materials and methods
Study area and meteorological data

The present study was carried out at Department of Agricultural Meteorology, CCS HAU Hisar, to compute Spatio-temporal trend analysis of evapotranspiration at different location of Haryana viz. Ambala lies in different agroclimatic zone of Haryana. The meteorological data i.e., maximum and minimum temperature was collected from CSSRI Karnal, agro-met department, Hisar, IMD during period 1985-2019. 

Mann–Kendall methods for trend analysis 

In the present study, the non-parametric MK method was used for identifying trends in evapotranspiration and other climatic parameters, because this method is more suitable for non-normally distributed and censored data, and is less influenced by the presence of outliers in the data (Mann, 1945; Kendall, 1975). the Mann–Kendall test is widely used to estimate the monotonic trend of the hydro-meteorological time series and is used here for detection of trends in PET. This has carried out with the hypothesis (H0) that it of is no trend in the variable, but it has an alternative hypothesis (HA) that there is a monotonic trend in the said variable. Thus, MK statistic is the sum of the number of positive differences minus number of negative differences, which is calculated by using given formula.  For the time series x1…., xn, the MK Test uses the following statistic:
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the hypothesis (H) that it of is no trend in the rainfall/  maximum rainfall of 1,234.21 and 929.28 mm was recorded for
temperature, but it has an alternative hypothesis (H,) that ~ annual and monsoon, respectively, during 1941-1960. The
there is amonotonic trend in rainfall/temperature. Thus, MK~ one-way ANOVA results showed that the annual and
statistic is the sum of the number of positive difference minus ~ monsoon rainfall reduction had a high statistical significance

number of negative difference, which is calculated by using (F e = 5597, p<0.05and F | =3.234, p<0.01), but no
given formula: significant changes in other rainy such as the winter, summer
n-i n and post-monsoon. Anyways, from Table 2, it is apparent
. that annual and seasonal rainfall had been in recent two
s = Z sgn (Xj — Xk) decades when it is compared with the previous decade for
k=1j=k+n annual as well as seasons.
Table 1. The annual and seasonal rainfall in India during 1901-2014
Variable Min (mm) Max (mm) Mean(mm) Std. Dev CV (%) Correlation R Slope
Annual 947.10 1,463.90 1,176.32 106.65 9.07 -0.05037 -0.01561
Winter 23.20 97.60 56.79 15.66 27.57 -0.10679 -0.17857
Summer 83.50 210.70 127.90 2218 17.35 0.08295 0.12338
Monsoon 674.30 1,084.30 886.55 86.17 9.72 -0.04630 -0.01780
Post-monsoon 52.60 206.00 121.26 32.53 26.83 0.01457 0.01477
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Where,

Sgn (Xj-Xk) = 1 ifXj-Xk> 0

Sgn (Xj-Xk) = 0 ifXj-Xk = 0

Sgn (Xj-Xk) = -1 ifXj-Xk< 0

Further, anormalized test statistic was utilized to evaluate the statistical significance of the trend tendency of mean temperature and rainfall at 0.1, 0.05 and 0.001 significance level.

For having information of spatial distribution of PET for whole of Haryana state Geographical Information System (GIS) is used for interpolation. ArcGIS 10.4 software available at Department of Agriculture Meteorology, CCSHAU Hisar is used for this purpose.

The long-time sire’s daily temperature data was concealed into monthly mean temperature. Monthly mean temperature was used for computation of monthly PET by Thornthwaite method as given below:

Thornthwaite method for ET

E = 1.6 (10T/I)a
Thornthwaite method (1948) further gave the following formula for computing ET:

E = 1.6 (10T/I)a(D/12) (N/30)

Where, E = unadjusted PET, cm

T = mean monthly air temp, 0C

I = annual or seasonal heat index. It is the summation of 12 values of monthly heat indices.

i = (T/5)1.514

a = an empirical exponent

   = 0.675 * 10-6  I3- 0.771 * 10-4 I2 + 1.79 * 10-2 I + 0.4924

Analysis of long-term temperature data (more than 30 years) was carried out to assess the ET. The daily temperature data for the periods of 35 years were employed to study the seasonal and annual ET trends in the Ambala of Haryana state and presented in results.

Results and Discussion
Ambala is located in northern part of Haryana and fall in eastern agro-climatic zone along with Karnal. During 1985-2019, the potential evapotranspiration of Ambala station observed maximum in June, 2012 i.e., 12.10 mm/day and minimum in January, 2003 i.e., 0.22 mm/day. Normal monthly potential evapotranspiration was maximum in June i.e., 9.02 mm/day and minimum in January i.e., 0.43 mm/day as showed in Table 1.

Table 1: Monthly Potential Evapotranspiration (mm/day) in Ambala using Thornthwaite formula (1985-2019)

	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1985
	0.47
	1.02
	2.97
	5.59
	9.40
	10.20
	6.94
	6.48
	5.58
	2.95
	1.35
	0.74

	1986
	0.49
	0.86
	2.19
	5.17
	6.40
	9.07
	7.19
	6.69
	5.36
	3.17
	1.74
	0.55

	1987
	0.53
	1.11
	2.37
	5.35
	5.66
	9.41
	9.34
	7.89
	6.85
	3.96
	1.49
	0.60

	1988
	0.62
	0.97
	2.13
	6.49
	10.50
	9.72
	6.64
	6.49
	5.60
	3.39
	1.47
	0.71

	1989
	0.41
	0.85
	2.29
	4.46
	8.21
	7.88
	7.66
	6.12
	5.63
	3.62
	1.58
	0.58

	1990
	0.72
	0.92
	1.76
	4.95
	7.95
	9.98
	6.67
	6.55
	5.22
	3.09
	1.52
	0.65

	1991
	0.41
	1.01
	2.22
	4.35
	8.56
	8.13
	8.55
	6.54
	5.49
	3.12
	1.27
	0.61

	1992
	0.54
	0.71
	2.11
	4.95
	7.26
	9.61
	6.94
	6.18
	5.31
	3.37
	1.53
	0.72

	1993
	0.45
	1.17
	1.69
	4.89
	8.81
	9.71
	7.13
	7.58
	4.69
	2.89
	1.40
	0.55

	1994
	0.58
	0.86
	2.64
	4.03
	7.79
	8.86
	6.16
	5.92
	5.03
	2.82
	1.31
	0.62

	1995
	0.34
	0.69
	1.66
	4.07
	8.42
	10.35
	7.45
	5.80
	5.59
	3.82
	1.63
	0.75

	1996
	0.50
	0.93
	2.62
	5.27
	7.77
	7.89
	7.44
	6.10
	5.27
	3.26
	1.40
	0.54

	1997
	0.40
	0.91
	2.20
	4.24
	6.62
	7.43
	7.43
	6.12
	5.60
	2.74
	1.47
	0.44

	1998
	0.42
	0.87
	1.69
	5.07
	8.88
	8.46
	7.25
	6.56
	5.85
	3.85
	1.87
	0.58

	1999
	0.38
	1.11
	2.53
	6.93
	8.39
	8.18
	6.90
	6.22
	5.48
	3.52
	1.59
	0.57

	2000
	0.47
	0.62
	2.02
	5.86
	8.55
	7.64
	6.44
	6.68
	5.33
	3.78
	1.73
	0.62

	2001
	0.24
	0.85
	2.13
	4.96
	7.87
	7.55
	7.50
	8.29
	6.55
	5.46
	2.83
	1.25

	2002
	0.49
	0.90
	2.61
	6.00
	9.09
	9.46
	9.26
	6.98
	4.69
	3.37
	1.48
	0.68

	2003
	0.22
	0.98
	2.21
	5.77
	7.81
	9.22
	6.95
	6.79
	5.38
	3.24
	1.35
	0.58

	2004
	0.39
	1.03
	3.24
	6.19
	7.38
	7.88
	7.93
	6.11
	5.62
	2.81
	1.52
	0.66

	2005
	0.34
	0.85
	2.17
	5.24
	8.35
	9.70
	8.38
	6.90
	5.29
	3.32
	1.38
	0.52

	2006
	0.50
	1.71
	2.23
	5.97
	8.99
	9.27
	8.41
	7.61
	5.99
	3.70
	1.58
	0.54

	2007
	0.48
	0.90
	2.08
	6.27
	8.02
	8.65
	7.62
	6.81
	5.50
	3.10
	1.40
	0.50

	2008
	0.36
	0.69
	3.02
	5.13
	6.33
	6.57
	6.99
	6.19
	5.00
	3.63
	1.62
	0.77

	2009
	0.55
	1.09
	2.58
	5.43
	7.42
	9.83
	7.33
	6.56
	5.23
	3.38
	1.30
	0.49

	2010
	0.26
	1.00
	3.11
	7.21
	8.70
	8.26
	6.51
	6.04
	4.77
	3.52
	1.59
	0.46

	2011
	0.31
	1.03
	2.62
	4.98
	8.74
	7.64
	7.51
	6.92
	5.85
	3.80
	1.79
	0.57

	2012
	0.36
	0.69
	2.28
	5.10
	9.47
	12.10
	8.86
	6.59
	6.19
	3.47
	1.54
	0.56

	2013
	0.30
	0.76
	2.29
	5.44
	9.69
	8.33
	7.88
	6.69
	5.98
	4.12
	1.46
	0.63

	2014
	0.41
	0.71
	1.99
	4.77
	7.85
	11.12
	8.09
	7.82
	5.80
	3.59
	1.62
	0.48

	2015
	0.33
	1.15
	2.03
	4.72
	8.87
	9.06
	7.50
	6.70
	5.97
	3.89
	1.83
	0.66

	2016
	0.42
	1.05
	2.59
	6.83
	9.02
	9.80
	7.77
	6.96
	6.30
	4.28
	1.84
	0.76

	2017
	0.53
	1.13
	2.42
	6.69
	9.64
	9.01
	8.34
	7.20
	6.08
	4.08
	1.46
	0.68

	2018
	0.44
	1.19
	3.09
	6.10
	9.34
	9.50
	8.15
	7.53
	5.54
	3.39
	1.69
	0.52

	2019
	0.52
	0.87
	1.83
	5.85
	8.20
	10.37
	7.14
	6.70
	6.19
	3.54
	1.76
	0.37

	Normal
	0.43
	0.95
	2.33
	5.44
	8.28
	9.02
	7.55
	6.72
	5.60
	3.52
	1.58
	0.61


PET, an important parameter for irrigation planning, needs to be determined for estimation of the water demands of various crops and also for water resource development and use (Jhajharia and Dhiman, 2006; Jhajharia et al., 2009a). The PET values estimated by the PM method at annual and seasonal time scales.

The highest and the lowest values of total PET for the annual duration were found to be 4.80 and 3.80 mm/day in 2018 and 1997, respectively. At the annual time scale, theP values were comparatively on the higher side starting from the late 1960s to the early 1970s over Ambala. The statistical properties of various parameters of PET were also obtained for annual and seasonal time scales (Table 2). These statistical properties of PET from 1985 to 2019 are useful in describing the characteristics of evapotranspiration over Ambala. The mean of the total PET was found to be 4.34 mm/day at the annual time scale. It is worthwhile mentioning that the total annual PET values over Ambala remained very high, i.e. above 4.34 mm for 15 years, i.e. 1955, 1987, 1988, 2001, 2022, 2005, 2006, 2012, 2013, 2014, 2015, 2016, 2017, 2018 and 2019 with the occurrence of the highest PET (4.80 mm/day) in 2018. On the other hand, the total annual PET values remained very low, i.e. varying from 3.80 to 4.31 mm/day. The above-mentioned results related to the annual PET values, both the highest and the lowest values, witnessed over Ambala.
At the seasonal time scale, the mean of PET values estimated by the PM method for the six different seasons varied from 0.69 mm/day (winter) to 7.22 mm/day (monsoon) over Ambala. The maximum (minimum) of the PET varied from 8.05 (6.30) for kharif, 2.13 (1.36) for Rabi, 1.11 (0.52) for winter, 6.25 (4.46) for prei monsoon, 8.43 (6.19) for monsoon and 3.18 (1.55), respectively. The minimum and maximum values was observed for Kharif, season were 6.04 (2008) and 8.05 (2012) respectively, while the same for Rabi season 1.36 (1993, 1997) and 2.13 (2001) respectively.  Zhang et al. (2011) report significant decreases in actual evapotranspiration in both ‘energy-limited’ Pearl River basin and ‘water-limited’ Yellow River basin of China. However, the middle and upper Yellow River basins witnessed RET increases and the Pearl River basin witnessed RET decreases. Jhajharia et al. (2009) reported decreasing Epan trends in humid environments of northeast India mainly in the pre-monsoon and monsoon seasons. Similarly, Zhang et al. (2014) identified significant decreases in Epan in southern, central, southwestern, eastern and northwestern China. On the other hand, Epan increases were found to be spread over a few sites intermittently across China.
Table 2: Seasonal Potential Evapotranspiration (mm/day) at Ambala during period 1985-2019

	Year
	Annual
	Kharif 
	Rabi
	Winter
	Premonsoon
	Monsoon
	Postmonsoon

	1985
	4.47
	7.36
	1.58
	0.74
	5.98
	7.30
	1.68

	1986
	4.07
	6.65
	1.50
	0.67
	4.59
	7.08
	1.82

	1987
	4.55
	7.42
	1.68
	0.82
	4.46
	8.37
	2.02

	1988
	4.56
	7.57
	1.55
	0.79
	6.37
	7.11
	1.85

	1989
	4.11
	6.66
	1.56
	0.63
	4.98
	6.82
	1.93

	1990
	4.17
	6.89
	1.44
	0.82
	4.89
	7.11
	1.75

	1991
	4.19
	6.94
	1.44
	0.71
	5.04
	7.18
	1.67

	1992
	4.10
	6.71
	1.50
	0.62
	4.78
	7.01
	1.87

	1993
	4.25
	7.14
	1.36
	0.81
	5.13
	7.28
	1.61

	1994
	3.89
	6.30
	1.47
	0.72
	4.82
	6.49
	1.59

	1995
	4.22
	6.95
	1.48
	0.52
	4.72
	7.30
	2.07

	1996
	4.08
	6.62
	1.54
	0.71
	5.22
	6.67
	1.73

	1997
	3.80
	6.24
	1.36
	0.66
	4.35
	6.65
	1.55

	1998
	4.28
	7.01
	1.55
	0.64
	5.22
	7.03
	2.10

	1999
	4.32
	7.02
	1.62
	0.75
	5.95
	6.69
	1.89

	2000
	4.14
	6.75
	1.54
	0.54
	5.47
	6.52
	2.05

	2001
	4.62
	7.12
	2.13
	0.55
	4.98
	7.48
	3.18

	2002
	4.58
	7.58
	1.59
	0.70
	5.90
	7.60
	1.84

	2003
	4.21
	6.99
	1.43
	0.60
	5.26
	7.09
	1.72

	2004
	4.23
	6.85
	1.61
	0.71
	5.60
	6.88
	1.66

	2005
	4.37
	7.31
	1.43
	0.59
	5.25
	7.57
	1.74

	2006
	4.71
	7.71
	1.71
	1.11
	5.73
	7.82
	1.94

	2007
	4.28
	7.15
	1.41
	0.69
	5.46
	7.15
	1.67

	2008
	3.86
	6.04
	1.68
	0.53
	4.83
	6.19
	2.01

	2009
	4.27
	6.97
	1.56
	0.82
	5.14
	7.24
	1.72

	2010
	4.29
	6.91
	1.66
	0.63
	6.34
	6.40
	1.86

	2011
	4.31
	6.94
	1.69
	0.67
	5.44
	6.98
	2.06

	2012
	4.77
	8.05
	1.48
	0.52
	5.62
	8.43
	1.86

	2013
	4.46
	7.33
	1.59
	0.53
	5.81
	7.22
	2.07

	2014
	4.52
	7.58
	1.47
	0.56
	4.87
	8.21
	1.90

	2015
	4.39
	7.14
	1.65
	0.74
	5.20
	7.31
	2.13

	2016
	4.80
	7.78
	1.82
	0.73
	6.15
	7.71
	2.29

	2017
	4.77
	7.83
	1.72
	0.83
	6.25
	7.66
	2.07

	2018
	4.71
	7.69
	1.72
	0.82
	6.18
	7.68
	1.87

	2019
	4.44
	7.41
	1.48
	0.70
	5.29
	7.60
	1.89

	Normal
	4.34
	7.10
	1.57
	0.69
	5.35
	7.22
	1.90
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Fig: 1. Temporal variation in PET at Ambala during different seasons since 1985-2019

The minimum and maximum monthly potential evapotranspiration at Ambala were found to be 0.22 and 12.10 mm in the months of January and June respectively. The Skewness and Kurtosis varied from -0.49 to 2.96 and -0.48 to 12.87 respectively. The mean, standard deviation (SD) and coefficient of variation (CV) varied from 0.43 to 9.02 mm, 0.11 to 1.15 mm and 8.83 to 25.19% respectively as showed in Table 3. Variation (CV) were higher in cold months i.e., December, January, February as compare to hot months.

Table 3 Descriptive Statistics for Monthly Potential Evapotranspiration at Ambala

	Month
	Max
	Min
	Mean
	SD
	CV
	Skewness
	Kurtosis

	Jan
	0.72
	0.22
	0.43
	0.11
	25.19
	0.20
	0.34

	Feb
	1.71
	0.62
	0.95
	0.20
	21.37
	1.41
	4.76

	Mar
	3.24
	1.66
	2.33
	0.42
	17.84
	0.47
	-0.26

	Apr
	7.21
	4.03
	5.44
	0.82
	15.07
	0.33
	-0.48

	May
	10.50
	5.66
	8.28
	1.04
	12.53
	-0.49
	0.41

	Jun
	12.10
	6.57
	9.02
	1.15
	12.74
	0.29
	0.36

	Jul
	9.34
	6.16
	7.55
	0.77
	10.22
	0.56
	-0.02

	Aug
	8.29
	5.80
	6.72
	0.60
	8.90
	0.84
	0.33

	Sep
	6.85
	4.69
	5.60
	0.49
	8.83
	0.33
	0.29

	Oct
	5.46
	2.74
	3.52
	0.52
	14.66
	1.49
	4.77

	Nov
	2.83
	1.27
	1.58
	0.27
	17.10
	2.96
	12.87

	Dec
	1.25
	0.37
	0.61
	0.15
	23.83
	2.37
	9.85


(Highest and lowest monthly values ever found during 1985-2019)

Ambala, as compare to all other station in this study, has shown changing pattern of PET. Most of the months i.e., seven months have shown a increasing trend of PET (Table 4), wherein six months viz. April, May, July, September and November had a significant positive trend (0.1 level) and August and October month had highly significant trend (0.05 level of significance). As per Sen’s slope estimator August and October months had increasing trend @ 0.017 & 0.018 mm/day respectively. Besides, the monthly trend, the annual PET of Ambala had also shown a highly significant positive trend and found an increasing rate of 0.01 mm/day as showed in Table 4. PET of January and December found declining.

Table 4 Trend analysis of Monthly Potential Evapotranspiration at Ambala during period 1985-2019

	Month
	Mann-Kendall trend
	Sen's slope estimate

	
	Test Z
	Q

	Jan
	-1.704+
	-0.003

	Feb
	0.624
	0.001

	Mar
	0.823
	0.005

	Apr
	1.817+
	0.027

	May
	1.817+
	0.032

	Jun
	0.341
	0.006

	Jul
	1.902+
	0.022

	Aug
	2.215*
	0.016*

	Sep
	1.761+
	0.015

	Oct
	2.414*
	0.017*

	Nov
	1.817+
	0.006

	Dec
	-1.476
	-0.002

	Annual
	3.124**
	0.011**


+ = 0.1 level of significance, * = 0.05 level of significance, ** = 0.01 level of significance

The study showed highly significant trend in PET observed in Kharif season and found increasing @ 0.02 mm/day, while Rabi season had increasing trend at less significance (Table 5). In meteorological season pre-monsoon and post-monsoon season had highly significant increasing trend @ 0.03 mm/day and 0.01 mm/day respectively, whereas monsoon season had a less significance increasing trend. Contrary to all season, winter had a non-significant decreasing trend (Table 5).

Table 5: Trend analysis of Seasonal Potential Evapotranspiration at Ambala during period 1985-2019

	Season
	Mann-Kendall trend
	Sen's slope estimate

	
	Test Z
	Q

	Annual
	3.124**
	0.012**

	Kharif
	2.698**
	0.019**

	Rabi
	1.931+
	0.005

	Winter
	-0.738
	-0.001

	Pre-monsoon
	2.726**
	0.026**

	Monsoon
	1.817+
	0.016

	Post-monsoon
	2.073*
	0.006*


+ = 0.1 level of significance, * = 0.05 level of significance, ** = 0.01 level of significance

Conclusions

An attempt has been made in the present study to estimate potential evapotranspiration (PET) by the Penman–Monteith (PM) method over Ambala because of the importance of PET in water balance studies, irrigation planning, planning and operation of reservoirs. After estimating the PET through the PM method, the trends in PET in the arid environments of the Ambala were analysed under the changing climate. Statistically significant decreasing trends in PET in annual and seasonal (kharif, rabi, winter, pre-monsoon, monsoon and post-monsoon) time scales along with concurrent decreasing trends in wind speed in annual and seasonal time scales were witnessed over Ambala. The present study will be useful for estimating the principal crop water requirements accurately under changing climates in the arid region of the Ambala.
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