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Abstract

Rainfall characteristics are exceedingly important in water availability affecting agriculture 
and the economy at a regional scale. The state of Haryana is facing the brunt of lower water 
availability and a reduced supply of water for irrigation. The present study investigated long 
term spatiotemporal rainfall trends (1901 - 2020) during different seasons for Haryana using 
gridded rainfall data from the India Meteorological Department. Mann Kendall Test (MK) 
and Sen’s slope are used to calculate the magnitude of change. It was observed that the 
western part of the state experienced a significant decrease in annual rainfall in sharp contrast 
to its eastern counterpart that shows an increase. Over 82 percent of the districts received 
decreasing rainfall during the monsoon while pre-monsoonal rainfall recorded a significant 
increase. The predicted rainfall by 2050 is further to decrease by 3.13 percent along with the 
increase of mean temperature to 1.13 degrees during 2020 to 2050. The reduction is much 
higher in monsoon with potential impact on kharif cropping.

Keywords: Rainfall trend, parametric test, spatial variation, machine learning, artificial 
neural networl

Introduction

The key aspect of climate change is centered 
on the magnitude, frequency and amplitude of 
the changing condition. In recent years there 
has been significant change in precipitation 
pattern, intensity and magnitude across the 
globe due to climate change and its variability 
(Gergis & Henley 2017; Talae, 2014). During 
1901 to 2019 India experienced a 1.0°C 
increase in temperature as per the India 
Meteorological Department (IMD). There 
has also been a decreasing trend in rainfall 
of 0.04 mm/year and an increasing trend in 

the annual average temperature of 0.003°C/
year (Mondal et al. 2015) along with a 
significant shift in the arrival of southwest 
monsoon (Pal and Al-Tabbaa 2009). Rainfall 
has become more uncertain along with 
amplified frequencies of extreme weather 
events including heavy rainfall, floods, cloud 
bursts and draughts (Dore 2005; Nikumbh 
et al. 2019). The uncertainty of southwest 
monsoon influences the fate of the entire 
economy (Vishwa et al., 2013) affecting the 
socio-economic conditions, biodiversity, 
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agriculture and ecosystem (Handmer et al. 
2012).

Studies on precipitation dynamics and 
climatic variability due to climate change 
at the global scale are many and varied 
(Mcquate & Hayden 1984; Partal & Kahya 
2006, Cinco et al. 2014; Akinsanola et al. 
2019). No less important are the local and 
regional scale studies which have improved 
our understanding of the spatio-temporal 
dynamics of rainfall (Joshi & Rajeevan 
2006; Guhathakurta & Rajeevan 2008; Pal 
& Al-Tabbaa 2010; Sanikhani et al. 2018; 
Gajbhiye et al. 2016). Consequences of 
climate variability and global warming over 
the past century have been noted in terms 
of increasing drought and declining rainfall 
events by several scholars  (Gizaw & Gan 
2017; Cook et al. 2018; Dai et al. 2018). 

Haryana ranks high among the states 
of India for agricultural production 
predominantly producing paddy as summer 
crop and wheat as winter crop. The declining 
groundwater tables at a mean rate of 4.0±1.0 
cm/year over the past decades (Chaudhuri 
& Roy, 2016) pose serious challenges to the 
availability of water for irrigation to all the 
regions in Haryana. It is imperative therefore 
to understand the changing rainfall patterns 
in the state for optimal use of the water 
resources in diverse regions. It is also equally 
important for diligent preparedness during 
times of water scarcity and adverse weather 
conditions like droughts. With this broad aim, 
the objective of this study is (i) to examine 
the long-term seasonal and annual rainfall 
trend for 120 years (1901-2020) for Haryana 
and (ii) to predict its regional distribution for 
2021-2050.

The study area

The Haryana state comes under Agro-
Climatic Zone VI in the Trans-Gangetic 
Plain region as classified by the National 
Commission on Agriculture 1971. With 
only 1.34 percent geographical areas of the 
country and located in a semi-arid climatic 
regime, the state contributes 3.86 percent 
to India’s Gross Domestic Product (GDP). 
The share of the primary sector in the 
GSDP is 19.6 percent (Press Release, 23rd 
February 2023, CM office, Haryana https://
haryanacmoffice.gov.in/23-february-2023#). 
Administratively the state is located between 
27° 37' N to 30° 35' N latitude and 74° 28' 
E to 77° 36' E longitude (Fig. 1) and has 
altitudinal variations ranging from 700ft to 
3600ft from msl. The rainfall with a mean 
annual average of 560 mm, ranges from less 
than 300 mm in the south-west to over 1000 
mm in hilly tracts of Shivalik hills. The state 
predominantly lies in the temperate zone. 
The state enjoys a sub-tropical monsoon 
continental climate with hot summers and 
cold winters according to the Koeppen-
Geiger classification. The average annual 
temperature is 24.8°C which rises up to 45°C 
in summers while the minimum temperature 
in winters goes down to 2°C. Monsoon is 
important for autumn harvest with an 80 
percent share of total rainfall whereas the 
extra-tropical weather phenomena associated 
with western disturbances are important for 
spring harvest.

Haryana is a water deficit state both in 
surface and groundwater. Overexploitation of 
groundwater resources coupled with a decline 
in the water table due to poor recharge is a 
serious concern in certain parts of Haryana. 
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Data and methods

Data base 
Monthly and annual rainfall data for the 
period 1901-2020 were obtained from India 
Meteorological Department (IMD, Pune) and 
the annual temperature data from the Climatic 
Research Unit (CRU) Google Earth Download 
(crudata.uea.ac.uk) and CRU TS VERSION 
4.04 cruts_4.06_gridboxes.kml with the help 
of Google Earth Engine (GEE) of Haryana 
State for the period 1901-2019. Annual and 
seasonal pattern of rainfall was examined 
with reference to IMD based inter-seasonal 
spread of rainfall as pre-monsoon (March to 
May), monsoon (June to September), post-
monsoon (October to November), and winter 
(December to February). The spatial attribute 
data were obtained from the Landsat data and 
elevation was extracted from Bhuvan Portal 
using Carto DEM version-1 with 16 tiles 
latitude 74°E to 77°E and longitude 27°N to 
30°N.

Non-parametric test analysis

Mann Kendall trend analysis and Sen’s 
slope estimator
The Mann-Kendall (MK) test detects the 
trend in the data series to any sudden changes. 
To detect the trend, it is necessary to check 
the availability of serial correlation in the 
data series (Wu et al. 2013). The following 
equation was followed: 

 

Where n represents the length of the sample. 
xl and xm are from l=1, 2,…, n-1 and m= l+1, 
…, n respectively. For a normal distribution 
when n is less than or equal to 8, S is normally 

distributed and the variance of S is:

where Ti is the number of data in the tied 
group and m is the number of groups of tied 
ranks. 

Z-statistics follows with the equation:

                                          

The value of Z, if greater than 0 is an indicator 
of increasing trend. At the 95 percent 
confidence limit, if the value of Z is greater 
than α (0.05), any trend is denied whereas 
a value higher than the α is where the trend 
exists.

Sen’s slope (SS) estimator is used to 
calculate the magnitude of the trend (Sen 
1968). 

Where SS indicates the trend having 
positive and negative values, n represent the 
number of the collected data product. 

Rainfall forecasting 
The complexity of rainfall data in terms of 
its non-linearity makes rainfall forecasting 
difficult to predict (Darji et al., 2015). The 
use of Artificial Intelligence models (ANN) 
has widely been used by researchers based 
on wireless technologies and the Internet 
of Things (IoT) capable of handling large 
datasets (Liu et.al, 2019a; Mishra & Sharma 
2018). The artificial neural network model is 
applied in this research to forecast and predict 
climate variability for meteorological stations. 
This AI model uses a parallel information 
distribution system to set up connections 
between input and output information. It 
works with a three layer structure including 
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Fig. 1: Location of the study area. 
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input, output and hidden layer structures 
using a perception algorithm. On the basis 
of the trial and error method, the neurons are 
chosen which can further use neural network 
typologies (Multi Layer Perception) for 
pattern classification. The layer characterized 
as such is capable of feeding the other layers. 
The back propagation algorithms used by 
Multi Layer Perception (MLP) is capable of 
detecting unseen error and their adjustments 
(Samantaray, et.al 2020).  

The study divides the climate variable 
dataset into training and testing sets and 
ANN was run several times which changes in 
momentum and learning rates. The best result 
obtained by comparing root mean square 
error was fixed and later used to forecast the 
variable up to 2050. The entire procedure 
has been adopted from a study of Praveen et 
al.,(2020). The open source software (https://
weka.informer.com/3.9/) was used for 
forecasting and the mapping was done based 
on the interpolation kriging method using 
ArcGIS 10.3.

Results and discussion
Descriptive analysis of annual rainfall 
The average annual rainfall calculated for 120 
years is 565 mm though extremely uneven 
both temporally and spatially (Table 1) 
ranging from 332 mm to 1328 mm across the 
meteorological stations.  Figure 2 shows that 
three stations in the foothills of the Shiwalik 
hills in the northern region registered high 
average annual rainfall of 1050 mm to1330 
mm while stations those in the south and 
south-west like Sirsa (332mm), Fatehabad 
(379mm) and Mahendergarh (468mm) 
received the lowest. The standard deviation 
ranged between 127 mm to 300 mm. The 
highest SD was recorded in Panchkula (300.19 
mm) followed by Yamunanagar (298.02 mm) 

while Sirsa (127.7 mm), Hisar (145.73 mm) 
and Bhiwani (148.13mm) had the lowest 
values. The positioning of monsoon troughs 
has always been detrimental to the rainfall 
pattern in India (Pai et al. 2011). Furthermore, 
the fluctuations in rainfall have much wider 
implications for agricultural decisions. 

The Coefficient of Variation (CV) exhibits 
a similar pattern of high variations in lower 
altitude southern districts like Fatehabad 
and Mahendragarh ranging from 39 percent 
to 68 percent, while, the northern upland 
(Panchkula 22.59%, Yamunanagar 25.14%) 
have lower variations (Fig. 3). Kumari & Rai 
(2021) found variations between 42 percent 
to more than 80 percent for the period 1980-
2017 in southern Haryana. The skewness 
value is 0.425 indicating a greater number of 
larger variation values whereas kurtosis was 
less than 1. 

The monsoon contributes around 82 
percent of the annual rainfall of the region 
followed by post-monsoon season. The 
post-monsoon months experience (Fig. 
3) maximum variability in the amount of 
rainfall in the western (Karnal, Panipat, 
and Yamunagar) followed by central and 
southeastern districts of Rohtak, Faridabad, 
and Palwal. However, higher rainfall 
variability is also evident in the winter 
season in northwestern (Sirsa) and southern 
districts (Bhiwani and Rewari). These 
observations necessitate proper planning in 
the management of water during rabi season.  
Lower rainfall variations in CV (less than 
30%) have a continuum in the districts of 
Nuh, Palwal, and Mahendragarh in the south 
and Ambala and Panchkula in the extreme 
north. Adjacent districts of Kaithal, Karnal, 
and Sonipat also have lower variability in 
comparison to other parts of the state. 
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The whisker plots for the seasonal 
variation across the districts (Fig. 4) indicate 
that the data set during post-monsoon (b) and 
pre-monsoon (c) months have a large number 
of outliers indicating more erroneous values 
in the data set indicative of variation from 
the mean value. Three stations including 
Panchkula, Yamunagar and Ambala indicate 
lower variations in both seasons. The monsoon 
months (Fig. 4a) have longer whiskers and 
box plot indicating higher rainfall and spread 
of variability with the quartiles than any 
other seasons. Still, the variation in 3 districts 
namely Yamunagar, Ambala and Faridabad 
is high. The rainfall deficit of (-29%, -43%, 

and -34%) from normal in 2022 (Oct 23rd, 
2022 https://mausam.imd.gov.in/chandigarh) 
amidst excess rainfall in 60 percent of the state 
is one of the testimonies to this observation.  
A crescent like belt covering about 35 percent 
of the total area of the state in northeastern, 
western and southeastern districts continues 
to exhibit large variations. Winter months 
(Fig. 4a) indicate the variation of consistency 
across the districts having small whiskers with 
the exception of Kurukshetra and Ambala.

Trends in rainfall 
Seasonal and annual rainfall trends 
for meteorological stations using the 

Station Rainfall (mm) SD (mm) CV (%)
Kaithal 547.96 165.98 30.33
Rohtak 517.96 170.59 32.93

Gurgaon 588.18 178.79 30.4
Mahendragarh 468.29 172.48 36.83

Sirsa 332.06 127.7 38.46
Palwal 553.18 196.07 35.44
Rewari 530.51 165.67 31.23
Ambala 1066.33 281.33 26.38

Faridabad 626.45 209.19 33.39
Panipat 644.2 207.95 32.28

Panchkula 1328.86 300.19 22.59
Karnal 690.11 188.07 27.25

Fatehabad 379 147.05 38.8
Jhajjar 503.69 176.27 35

Kurukshetra 773.25 206.13 26.66
Hisar 427.3 145.73 34.1

Bhiwani 424.74 148.13 34.88
Jind 487.35 155.24 31.85

Yamunanagar 1185.58 298.02 25.14
Sonipat 601.35 172.92 28.76
Mewat 554.4 178.38 42.17

Table 1: Annual rainfall, standard deviation, and coefficient of variation district-wise (1901-2020)

Source: Calculated by the author from IMD data
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Fig. 2: Mean rainfall distribution (a) Annual, (b) Monsoon, (c) Post-Monsoon,  
(d) Pre-Monsoon and (e) Winter
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Fig. 3: Spatial mapping of coefficient of variation (CV) for seasonal rainfall of Haryana 
(1901-2021).  (a) Monsoon. (b) Post Monsoon, (c) Pre-Monsoon and (d) Winter
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Non-Parametric Mann-Kendall test are 
shown in Table 2 whereas the Sen’s slope 
estimator represents the magnitude of annual 
and seasonal rainfall (1901-2021). The 
results indicate that the Tau’s value for most 
of the districts across the season is less than 
that of α value (0.05) reflecting the existence 
of a trend in the series. Pre-monsoon season 
shows higher value exhibiting variations but 
no significant trend as such. The negative 
values for monsoon months in 15 of the 
districts in the state demonstrate 68 percent of 
the area with a decrease in the total amount of 
monsoon rainfall in 120 years of observation. 

With the exception of Gurgaon (0.08), all 
the other districts show negative trend values 
depicting a decrease in rainfall challenging 
the rabi cropping in the state. Equally evident 
is the trend of winter months with all the 
districts in negative value denoting a decrease 
in non-monsoon rainfall. The districts in the 
southern and northwestern parts of the state 
exhibit a significant decreasing trend in 
monsoon months (Fig 5).

To study the annual and seasonal intensity 
of the trend, the Sen Slope trend test (1901-
2020) is performed (Table 3). As shown in 
Fig 6, the annual rainfall trend is negative, 
less than the value of α (0.05) in six out of 
21 stations in the state, with no significance 
at a 95 percent confidence level. Although, 
the negative trend implies that the rainfall 
has decreased, but the magnitude (mm/year) 
is insignificant except in the case of Kaithal, 
Panipat, Sirsa and Jind. Post-monsoon season 
shows an increase in rainfall with positive 
values but the magnitude of change was 
negligible.

The spatial distribution of changes in 
rainfall characteristics reveals that the decline 
is from the west to the southern region. On 
a seasonal account, monsoon rainfall decline 
is prominent in the alluvial plain covering 
Ambala, Yamunagar, Kaithal and the northern 
part of Rohtak which poses a serious concern 

Fig. 4: Box-Whisker Plot of seasonal rainfall in mm (a) Winter (b) Post-monsoon  
(c) Pre-monsoon (d) Monsoon
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for the agricultural sector. Post-monsoon 
variability is more in Aravali outliers and the 
Shiwalik zone. Widespread negative slopes 
across the state reveal a declining trend and 
hence a forecast to unveil the future pattern 
is pertinent.
Mean temperature pattern and linear 
trend 
Changes in temperature do impact the 
water equilibrium and hence agro-economic 
condition of an area. The mean annual 
temperature of the entire state for a period 
of 120 years shows an increasing trend as 
depicted in Fig 7. The seasonal variation 
is prominent for post-monsoon and winter 
months with a higher R2 - value. 

Climatic variables forecasting 
An increase in temperature affects several 
climatic variables like water holding capacity 
further affecting microclimatic conditions 
at the local scale. The regional distribution 
must be explored in order to fully explore 
the pattern and prediction of the diurnal 
range of temperature. It is evident from Fig 
8 that there has been a rise of 0.7°C in mean 
annual temperature in the last 120 years. The 
increase (1.13°C) is likely to be even more 
conspicuous in the recent bloc of 30 years 
(2020-2049) at a 95 percent confidence level.

Both temperature and rainfall predictions 
are important to evaluate climatic patterns 
and human activities. The changes in 

Station Annual Pre-Monsoon Monsoon Post-Monsoon Winter
Palwal -0.176 0.094 -0.147 -0.031 -0.105

Gurgaon 0.012 0.102 0.017 0.08 -0.092
Panchkula -0.061 0.153 -0.093 -0.019 -0.015

Kurukshetra 0.01 0.117 0.023 -0.032 -0.062
Fatehabad -0.034 0.055 -0.038 -0.013 -0.037

Jind -0.046 0.081 -0.065 -0.024 -0.041
Yamunanagar 0.071 0.184 0.052 -0.047 -0.034
Mahendergarh -0.01 0.176 -0.015 -0.015 -0.059

Kaithal 0.006 0.081 0.015 -0.026 -0.02
Panipat -0.166 0.058 -0.093 -0.047 -0.067
Rewari 0.028 0.116 0.027 -0.029 -0.083
Sonipat -0.051 0.095 -0.047 -0.038 -0.078
Hisar -0.057 0.081 -0.059 0.025 -0.09

Ambala 0.135 0.165 0.113 -0.02 -0.023
Faridabad -0.15 0.039 -0.142 -0.013 -0.147
Bhiwani 0.002 0.117 -0.011 -0.003 -0.081
Jhajjar 0.007 0.101 -0.001 -0.009 -0.099
Mewat -0.142 0.088 -0.177 -0.046 -0.159
Rohtak 0.012 0.128 -0.002 0 -0.085
Karnal -0.098 0.07 -0.093 -0.05 -0.058
Sirsa -0.011 0.075 -0.038 0.052 -0.051

Table 2: Results of Mann-Kendall (Tau Value) for seasonal and annual rainfall (1901-2020)
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rainfall distribution notably distress farming 
production. Furthermore, prediction will 
help augment the preparedness and resilience 
strategy under variable climatic regimes. The 
annual rainfall in the last 120 years (Fig 9) 
has decreased by 8.57 percent and is predicted 
to further decrease by 3.31in the next three 
decades (2021-2050). A linear trend line 
graph shows the decrease in rainfall including 
the prediction period. 

Figure 10 reveals that the northern and 
eastern Haryana meteorological stations are 
predicted to receive more rainfall (Fatehabad, 
1260.39 mm Yamunanagar, 1029.88 mm and 
Ambala, 848.17 mm) whereas the south-
western region (Hisar, 381.47 and Sirsa 342.8 

mm) is predicted to receive the least annual 
totals. In general, 68 percent of meteorological 
stations will experience a progressive 
decrease in rainfall events in predicted years. 
A similar study depicting seasonal variations 
and the probability of less normal rainfall in 
the monsoon season and an increase in pre-
monsoon rainfall are predicted for all districts 
across the state by Chauhan et al., (2022). An 
increase in the frequency of extreme rainfall 
events and a decrease in rainfall intensity 
below normal predicting an overall decrease 
in rainfall (Aryal et al., 2020) also advocates 
the change in pattern. The decreasing strength 
of the tropical easterly jet stream and its effect 
on the formation of monsoon depressions 

Station Annual Pre-Monsoon Monsoon Post-Monsoon Winter
Palwal 0.036 0.017 -0.293 -0.020 -0.035

Gurgaon 0.079 0.028 0.032 0.070 -0.032
Panchkula 0.121 0.117 -0.28 -0.020 -0.011

Kurukshetra -0.097 0.049 0.044 -0.04 -0.041
Fatehabad -0.068 0.019 -0.066 0.001 -0.011

Jind -1.39 0.227 -0.092 -0.041 -0.014
Yamunanagar 0.238 0.096 0.176 -0.092 -0.029
Mahendergarh 0.603 0.251 -0.015 0.050 -0.014

Kaithal -1.358 0.031 0.542 -0.043 -0.009
Panipat -1.507 0.016 -0.532 -0.011 -0.028
Rewari -0.812 0.033 0.056 0.460 -0.025
Sonipat -0.789 0.037 -0.087 -0.012 -0.031
Hisar -0.187 0.026 -0.082 0.091 -0.026

Ambala 0.054 0.086 0.335 -0.061 -0.018
Faridabad 0.089 0.009 -0.338 0.090 -0.054
Bhiwani -0.342 0.434 -0.012 0.04 -0.024
Jhajjar 0.202 0.028 -0.003 0.023 -0.031
Mewat -0.291 0.018 -0.219 -0.001 -0.046
Rohtak 0.191 0.044 -0.005 0.004 -0.03
Karnal -1.395 0.025 -0.391 -0.005 -0.033
Sirsa -0.031 0.418 -0.04 0.0003 -0.014

Table 3: Sen’s Slope trend analysis
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Fig. 5: Result of Mann-Kendall test for annual and seasonal rainfall (1901-2021): 
 (a) Annual, (b) Monsoon, (c) Post-Monsoon, (d) Pre-Monsoon, and (e) Winter

↑ = Significant upward ↓ = Significant downward ↑ = Insignificant upward ↓ = Insignificant downward
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Fig. 6: Annual and seasonal distribution of Sen Slope trend (1901-2020): (a) Annual, (b) Monsoon,  
(c) Post-Monsoon, (d) Pre-Monsoon, (e) Winter

↑ = Significant upward ↓ = Significant downward ↑ = Insignificant upward ↓ = Insignificant downward
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Fig. 7: Trends of mean annual and seasonal temperature in Haryana (1901-2020)

Fig. 8: Temperature forecasting using MLP-ANN for 2020-2050.
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affecting the rain bearing capacity are 
reported by Sathyamurthy (2005); and Rao, S. 
et al., (2014). The changing nature of vertical 
integrated moisture transport, precipitable 

moisture content and wind velocity was 
closely studied by Chauhan et al. (2022) 
relating to the extreme rainfall events in 
Haryana. These weather system changes may 
be attributed to the changing nature of rainfall 
and temperature in the state.  
Conclusions
Rainfall and temperature trends are important 
climate variables to understand the changing 
behavior of climate in a region. The arid and 
semi-arid climatic conditions of Haryana are 
sensitive to fluctuations thereby influencing 
weather variables which further relate to the 
availability of water requirements. This study 
evaluates the dynamics of average monthly 
rainfall temporal data over a 120 years long 
period of time for the state of Haryana. 
The result of Mann Kendall tests indicates 
a decrease in annual rainfall trend in 82 
percent of sub-divisions with the exception 
of eastern districts of the sandy plain where 
positive rainfall trends were recorded. The 
maximum magnitude of decrease (-0.5432) 
was found in the monsoon season followed 

Fig. 10: Spatial distribution of predicted 
rainfall variability for the upcoming 30 years 

(2021-2050). 

Fig. 9: Rainfall trend predictions (a) 1901-2050 (b) 1991-2050. (2021-2050). 
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by winter and post-monsoon. Pre-monsoon 
rainfall shows an increasing trend (highest in 
+0.418 mm/year in Sirsa) across all stations. 
The slope of the downward trend ranged 
from -0.054 mm/year to -1.507 mm/year as 
per Sen’s value. Districts like Fatehabad, 
Mahendragarh, Jind and Bhiwani show an 
increase in pre-monsoon rainfall of 0.93 mm/
year in the observed period. The coefficient 
of variation was more pronounced in the 
western part of districts along the alluvial 
plain or Ghaggar region in comparison 
to the hilly track of Shiwalik and Aravali 
also showing the decline prominently from 
west to east. The predicted climate changes 
include (i) a higher mean annual temperature 
rise of 1.13 degrees from 0.7 degrees by 2049 
(ii) reduced rainfall up to 3.31 percent and 
a positive increase in pre-monsoon rainfall 
events. The changes will hamper the total 
food and cereal crop output of the state but at 
the same time, it can give opportunity to the 
eastern districts with changes in associated 
livelihood options. It is also imperative for 
policymakers to comprehensively plan for the 
changing irrigation requirements and disaster 
preparedness associated with changes in 
weather extremes. The research can be further 
strengthened by taking adjoining states as 
study units to detail the changes in climate 
variables and associated linkages with global 
weather phenomena and to comprehend the 
analysis with advancements in prediction 
techniques.
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