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                     Abstract 
 Assessing fl uctuations in meteorological parameters such as rainfall and temperature often entails identifying and character-

izing trends and variations, particularly in regions where rainfed agriculture predominates. In this study, gridded datasets of 

rainfall and temperature were utilized to analyse trend detection and variability patterns in the Asan River watershed, situated 

in Doon Valley, Uttarakhand, India. These datasets, obtained from the Indian Meteorological Department (IMD) portal, had 

spatial resolutions of 0.25° × 0.25° and 1° × 1° for rainfall and temperature, respectively. The gridded datasets were subjected 

to analysis to identify time series trends utilizing methods such as the Mann–Kendall test, coeffi  cient of variation, Sen slope 

estimator, and anomaly index. The study encompasses the integration, processing, and evaluation of these datasets spanning 

approximately four decades to explore changes in monthly and annual maximum, minimum, and mean values, aiming to 

uncover potential variations in rainfall and temperature within the region. The comprehensive analysis unveiled a sustained 

long-term increase in annual rainfall within the watershed. Noticeable fl uctuations in rainfall trends were observed, with the 

rainfall anomaly analysis revealing an equal distribution of 23 years categorized as rainy and dry seasons, respectively. Simi-

larly, the regression analysis of annual mean temperature also indicated statistically signifi cant positive trends. Furthermore, 

the analysis of long-range temperature anomalies in mean annual temperature demonstrated inter-annual variability, with a 

consistent upward trend observed from 1997 to 2013. Recommendations are crucial to devising strategies in the agricultural 

sector, which must consider the declining and erratic nature of rainfall and the increasing trend of temperature. 

   Keywords     Meteorological parameters    ·  Trend detection    ·  Variability patterns    ·  MAKESENS    ·  Mann–Kendall test    · 

 Coeffi  cient of variation    ·  Sen slope estimator    ·  Anomaly index    ·  Climate change  

      Introduction 

 Climate is defi ned as “the fusion of diff erent weather ele-

ments widespread over 30 years” (Ayoade  1983 ). These 

elements include temperature, precipitation, wind, relative 

humidity and pressure, among others (Rao et al.  2007 ). The 

variation of climate and temperature in our globe is due 

to the rise in the concentration of Green House Gases and 

Carbon Dioxide in the atmosphere. The small sustainable 

farms especially those that are strongly dependent on rain-

fed agriculture are severely aff ected by rainfall variability. 

Weather elements like precipitation and temperature are 

signifi cant variables in climatic sciences and hydrology. 

These elements are used frequently to trace the magnitude 

and extent of climatic change and variability (Parry et al. 

 2007 ). Climate plays a signifi cant part in shaping hydrol-

ogy and water quality. Over a decade several researchers 

confi rmed that because of industrialization and urbanization, 

the global surface temperature has been soaring (Karl et al. 

 1993 ). Previous studies also suggest that several anthropo-

genic factors viz., increase in emission from vehicles, land 

use/land cover changes, deforestation, draining of wetlands, 

and industries, lead to alter the albedo of the atmosphere and 
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contribute to increasing diurnal temperature variation (Tigga 

and Hema Malini  2011 ). Such activities further infl uence the 

variability of weather elements (Landsberg  1984 ). There is 

a strong need to study the spatiotemporal dynamics of mete-

orological variables, especially about climate change with 

great emphasis given to rainfed agriculture. UAPCC ( 2014 ) 

also emphasized the potential effect of climate change 

especially on small farmers as they are mostly dependent 

on traditional methods of crop cultivation. Rainfall and 

temperature aff ect climate variability to a major extent to 

determine the cultivation of the crop in diff erent parts of the 

globe. Climate change and variability have been discussed 

by various researchers which include the following: Pandey 

and Ramasastri ( 2001 ), Hamilton et al. ( 2001 ), Birsan et al. 

( 2005a ,  b ), Modarres and Silva ( 2007 ), Longobardi and Vil-

lani ( 2010 ), Kumar et al. ( 2010 ), Jhajharia et al. ( 2015 ,  2009 , 

 2012  2014 ), Gajbhiye et al. ( 2016a ,  b ), Krishan et al. ( 2016 ), 

Asfaw et al. ( 2018 ), Ademe et al. ( 2020 ) and others. 

 The trend detection of discharge, runoff  and precipitation, 

gives necessary information regarding future possibilities of 

planning, development and management of water resources 

in the region (Hamilton et al.  2001 ; Yue and Wang  2004 ). 

Trend and variability analysis of rainfall are the most sig-

nifi cant aspects in the studies of climate change. The vari-

ation in rainfall patterns, fl oods due to heavy rainfall and 

the severity of drought conditions aff ect the hydrological, 

agricultural and economic status of the country. India faces a 

series of disasters because of changes in climatic conditions. 

Uttarakhand has been experiencing tremendous changes in 

its climate over the last several decades (Singh et al.  2013 ). 

 The temperature rise is associated with global climate 

change. Urbanisation and the creation of cities into indus-

tries and factories aff ect the temperature and rainfall on a 

decadal scale. The uneven distribution of rainfall and ris-

ing temperature is the major concern in the area (Sharma 

et al.  2021 ). In our previous study on urban sprawl expansion 

in the area (Sharma and Bagri  2020 ), we concluded that 

over the last 40 years (1980–2016), the land use and land 

cover (LULC) patterns have undergone signifi cant changes, 

with settlement increasing fourfold. In the area shows sig-

nifi cant changes and the settlement increased by four folds. 

The manifold increase in the population, habitation and so 

the number of vehicles are the prime factors responsible 

for changing weather and ultimately climatic patterns. This 

eff ect of changing climate has direct impacts on atmospheric 

conditions, water resources and natural systems (Singh et al. 

 2013 ; CCSP  2014 ; UAPCC  2014 ). 

 In this research, the evaluation of changing long-term 

trend variation of meteorological variables such as rainfall 

and temperature for the past 46 and 39 years respectively 

in the Asan watershed and its surroundings is done. The 

gridded dataset of the used climatic parameters is obtained 

from the Indian Meteorological Department (IMD) portal. 

In a larger watershed (> 100  km 2 ), the spatial variability of 

precipitation becomes signifi cant (Negi  2002 ). The study 

area has experienced severe variation in its climate for the 

last several decades. Due to urbanization and an increase in 

temperature, the variability of weather and climate patterns 

of the Doon Valley is severely aff ected (Sharma et al.  2024 ). 

An increase in temperature leads to an increase in weather 

variability. As an outcome, meteorological data must be 

observed, monitored and analysed. The prime objective of 

this study is mentioned below:

    •  Preparing and analysing the changing long-term trend 

series of rainfall and temperature gridded datasets using 

the trend detection method.  

   •  To examine the spatial and temporal variability, magni-

tude and coeffi  cient of variance of both the datasets.  

   •  To examine the anomaly index to determine the most 

extreme phases over the study period.    

    Study area 

 The Asan River watershed is situated between geographic 

latitudes 30°14′14′′ N to 30°29′54′′ N and longitudes 

77°39′42′′ E to 78°05′30′′ E in the Dehradun district of 

Uttarakhand State, India. It spans an elevation range from 

345 to 2188 m above mean sea level (MSL) and covers 

an area of approximately 712.34  km 2  (Fig.  1 ). The water-

shed falls within the 53F/11, 53F/15, 53J/3, and 53F/16 

toposheets of the Survey of India, with a scale of 1: 

50,000. Positioned in the Doon valley at the foothills of 

the Siwalik ranges, the Asan River fl ows centrally through 

the valley from northeast to southwest. Stretching approxi-

mately 40 km in length and with an approximate width of 

18 km, it holds signifi cant importance in the region. The 

climate of the watershed varies depending on its elevation, 

ranging from tropical to cold and rainy. The surrounding 

hilly terrain contributes to signifi cant temperature fl uctua-

tions due to elevation diff erences (Sharma et al.  2020 ). The 

Siwalik hills, with an elevation of about 800 m, experience 

a sub-tropical climate, while areas with elevations ranging 

from 800 to 2400 m have a temperate climate (Chauhan 

 2010 ). The physiography of the watershed is characterized 

by the abrupt rise of the Lesser Himalayan range (Mus-

soorie Hill) in the north and the Siwalik range in the south. 

Due to its physiography, the movement of monsoon winds 

in the watershed is signifi cantly impeded, resulting in rain-

fall. Summer rainfall constitutes approximately 85% of the 

total annual rainfall, playing a crucial role in replenish-

ing water resources. While summers are pleasant in the 

hilly regions, they do not off er the same relief as in the 

adjacent plains. On average, the area receives 1499.2 mm/
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year of annual rainfall, with the majority occurring from 

June to September, and July and August being the wettest 

months. Rainfall plays a vital role in the rainfall-runoff  

relationship, with the Song-Suswa river system draining 

heavy rainfall eastwards and being joined by signifi cant 

Himalayan streams such as Rispana, Bindal, Asan, Tons, 

Sitala, and Suarna, among others. This research focuses on 

studying the watershed and its surrounding areas, which 

are situated within 8 grids utilized for the study. Figure  1  

depicts the geographic location of the watershed within 

grids.         

    Methodology and data used 

 The daily gridded rainfall data with a resolution of 

0.25° × 0.25° for the last 46 years (1970–2015) and tem-

perature data having a spatial resolution of 1° × 1° for the 

last 39 years (1975–2013) are studied here to achieve the 

  Fig. 1       Location of the study area; Distribution of grids covering the watershed’s boundary and the surrounding region  
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objective. To examine the temporal and spatial variability 

of the study area, these gridded datasets of rainfall and tem-

perature have been obtained from the Indian Meteorological 

Department (IMD) portal. To ascertain the trend and magni-

tude of slope in the rainfall and temperature datasets within 

the study area, we employed an Excel macro template called 

MAKESENS, developed by Salmi et al. ( 2002 ). This tem-

plate incorporates the conventional Mann–Kendall (MK) test 

proposed by Mann ( 1945 ) and Kendall ( 1948 ) for detecting 

trends, as well as Sen's Slope Estimator proposed by Sen 

( 1968 ) for estimating slope magnitude. These analyses were 

conducted after eliminating any signifi cant autocorrelation 

coeffi  cient eff ects. These non-parametric methods are widely 

used for analysing the trends in several hydrological uses 

viz., rainfall, temperature, evapotranspiration, wind speed 

etc. (Jhajharia et al.  2009 ,  2012 ,  2014 ,  2015 ). 

   Statistical test for rainfall trend detection methods 

 Statistical determination of variation in a random variable is 

commonly achieved through trend detection methods (Haan 

 1977 ). These methods typically employ either parametric 

or non-parametric tests to assess the signifi cance of trends. 

Trend-based analysis relies on time series data of annual and 

seasonal weather elements. The key steps involved in this 

analysis include: (a) assessing correlation eff ects, (b) detect-

ing trends using the MK-test, and (c) estimating trend mag-

nitude using Sen's estimator. Non-parametric trend detec-

tion methods are specifi cally applied to persistent datasets. 

The MK-test, a widely used non-parametric test for trend 

detection in meteorological variables, is particularly suit-

able for datasets with unusual dispersion and unaccounted 

data points in the time series (Degefu and Bewket  2014 ; 

Tabari et al.  2015 ; Kiros et al.  2016 ). This test aids in iden-

tifying monotonic trends and determining their statistical 

signifi cance in climatic, meteorological, and environmental 

datasets (Yue et al.  2002 ). Due to deviations present in some 

datasets, the Mann–Kendall test is preferred because it is 

based on the presence of positive or negative signs, mak-

ing trend determination less susceptible to these deviations 

(Birsan et al.  2005a ,  b ). The formula for the Kendall test 

statistic represented by ‘ S ’ of the series ‘ x ’ is given by Mann 

( 1945 ), Kendall ( 1948 ) and Yue et al.  2002  [Eq. ( 1 )]:

      

where ‘ x   i  ’ and ‘ x   j  ’ are the time series which is ranked from 

 i  = 1,2, …,  n  − 2 and  j  =  i  + 1,2,…, n  respectively; the sig-

num function is denoted by ‘ sgn ’; the sample size is denoted 

by ‘ n ’. The variance in association with ‘ S ’ is denoted as 

‘ V ( S )’ and adopted from Mann ( 1945 ) and Modarres and 

Silva ( 2007 ), is calculated using the given formula [Eq. ( 2 )]:

 (1)S =

n−1∑
i=1

n∑
j=i+1

sgn
(
xj − xi

)

      

where ‘ p ’ is the number of tied groups; ‘ ty ’ is the number of 

data points in group ‘ y ’; ‘n’ is the number of observations, 

in a case where the sample size  n  > 10, the ‘ Zc ’ test statistics 

are calculated using this formula [Eq. ( 3 )]:

       

 The negative ‘ Zc ’ depicts decreasing (downward) trends 

which represent the cooling phase whereas the positive ‘ Zc ’ 
depicts increasing (upward) trends representing the warm-

ing phase for the particular period. The ‘ Zc-statistics ’ obeys 

normal distribution. When the ‘ Zc -statistics’ is more than 

the quality deviation of ‘Z 1-α/2 ’ for the accepted value of ‘ α ’ ,  
(α is the signifi cance level which indicates the strength of 

the trend), is considered to be statistically signifi cant. In the 

present study, the signifi cance level of α ≤ 0 is established 

for the evaluation of trends. 

    Magnitude of the trend 

 Singh ( 2012 ) in his book “ Global Warming: Impacts and 
Future Perspective ” describes the estimation of slope and 

intercept which is further initiated as Sen’s slope test. Theil 

( 1950 ) and Sen ( 1968 ) predicted the magnitude of the trend 

series. In the present study, the method adopted from the 

Theil-Sen approach and Sen’s slope estimation method is 

used to analyse the signifi cant linear trend and evaluate the 

true slope of the linear trend respectively. To evaluate the 

true slope of an existing trend ‘ f  (  t  ) ’, Sens’s slope estimation 

method is used [Eq. ( 4 )], where the trend is supposed to be 

linear such as:

      

where ‘ Q ’ is the slope, ‘ B ’ is the constant intercept and ‘ t ’ 
is time. In general, the slope ‘ Q ’ between data value pairs 

of a time series ‘ x ’ is estimated using the formula [Eq. ( 5 )]:

      

where ‘ x   m  ’ and ‘ x   n  ’ are the data value pairs at time ‘ m ’ and 

‘ n ’ (m > n) correspondingly. 

 The median for a time series ‘ x ’ having ‘ n ’ observation, 

the ‘ Q ’ can be evaluated as  N  =  n ( n  − 1)/2 values. In the 

mentioned procedure ‘ N ’ value of ‘ Q ’ is ranked from mini-

mum to maximum and the Sen’s estimator reads. Sen’s esti-

mator method suggests, that the overall estimator of slope 

 (2)V(S) =
n(n − 1)(2n + 5) −

∑p

m=1
ty(ty − 1)(2ty + 5)

18

 (3)Zc =

⎧⎪⎨⎪⎩
S−1√
V(S)

, if S > 0

0 if S = 0
S+1√
V(S)

, if S < 0

 (4)f (t) = Qt + B

 (5)Q =
xm − xn

m − n
, n ≠ m
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‘ Q* ’ is the median of these ‘ N ’ values of ‘ Q ’ and is depicted 

by the following formula (Eq.  6 ):

       

 In the time series estimation, positive and negative values 

of ‘ Q* ’ are associated with upward/increasing and decreas-

ing/downward trends respectively. 

    Coeffi  cient of variation: 

 The analysis of rainfall variability is measured by the Coef-

fi cient of Variation (CV). A lower value of ‘CV’ is the indi-

cator of less variability of rainfall and vice versa (Gajbhiye 

et al.  2016a ,  b ) which is computed as [Eq. ( 7 )]:

      

where ‘CV’ is the Coeffi  cient of Variation, ‘   𝜎     ’ is a standard 

deviation and ‘   𝜇     ’ is mean precipitation. According to Hare’s 

classifi cation ( 2003 ), which is based on the degree of rainfall 

variability events is less (CV < 20), moderate (CV = 20–30), 

and high (CV > 30). 

     Rainfall trend analysis 

 To assess monthly and annual variations in rainfall series 

and identify the driest and wettest months and years, two 

approaches are employed: (1) Analysis based on average 

annual and seasonal rainfall gridded datasets, where trend 

analysis is conducted using the Mann–Kendall test and Sen’s 

Slope estimator (2) Identifi cation of the driest and wettest 

months through the rainfall anomaly index. The seasonal 

distribution of months for the rainfall data is categorized 

as follows:

      i.      December to February (winter).   

     ii.      March to June (summer).   

     iii.      July to September (monsoon).   

     iv.      October to November (post-monsoon).     

   Statistical characteristics of annual and seasonal 
rainfall based on the gridded dataset 

 Precipitation is a significant meteorological parameter, 

which directly aff ects the productivity of crops and rela-

tive aspects of water resources and availability. The analy-

sis of mean, standard deviation and coeffi  cient of variation 

for a basic grid-based statistical parameter of seasonal and 

 (6)Q ∗=

⎧⎪⎨⎪⎩
Q(N+1)∕2 if N is odd

QN∕2+Q(N+2)∕2

2
if N is even

 (7)CV =
𝝈

𝝁
× 𝟏𝟎

annual rainfall episodes for 46 years (1970–2015) is evalu-

ated in this study. The seasonal rainfall episodes include 

monsoon, post-monsoon, summer and winter. Table  1  shows 

the preliminary grid-based statistics of annual and seasonal 

mean rainfall data in the watershed. The annual mean rain-

fall across all grids ranges from 1274.0 to 1766.9 mm/

year, with a weighted average rainfall of 1498.58 mm/year. 

Figure  2 a–e illustrates the grid-based graphical representa-

tion. In the case of the monsoonal episode, mean values 

range from 645.10 to 1075.9 mm/year across all grids with 

the weighted average rainfall of 854.75 mm/year. In post-

monsoon, values range from 23.8 to 37.9 mm/year within 

grids with a weighted average rainfall of 31.5 mm/year. 

Winter rainfall varies from 235.6 to 338.5 mm/year across 

all grids with a weighted average rainfall of 291.98 mm/

year. In summer, the mean value ranges from 95.9 mm/year 

to 148.1 mm/year across all grids with a weighted average 

rainfall of 115.8 mm/year. These fi ndings suggest that the 

areas with lower rainfall have more variability compared to 

those with higher rainfall (Gajbhiye et al.  2016a ,  b ). The 

observation of annual and seasonal rainfall indicates that the 

year 1976 is considered the driest, with a minimum rainfall 

of 918.0 mm/year, while 2010 is the wettest with a maxi-

mum of 2352.9 mm/year.            

   Analysis of  Zc -statistics of seasonal and annual rainfall 
trends 

 Table   2  displays the  Zc -statistics of the monthly rain-

fall time series spanning from 1970 to 2015. Monsoon 

dominates the watershed, with maximum annual average 

rainfall, predominantly in July, August and September. 

Figure  2 a–e depicts annual and seasonal rainfall trends. 

The  Zc -statistics revealed that both annual and monsoonal 

rainfall exhibits an upward trend, except for grids 6 and 

8, which display an insignifi cant decreasing trend. In the 

annual time series, grid 2 demonstrates a signifi cance 

  Table 1       Statistics of grid-wise mean annual and seasonal rainfall in 

the area  

  Grid    Annual 

rainfall 

(mm)  

  Monsoon 

rainfall 

(mm)  

  Post-

monsoon 

rainfall 

(mm)  

  Summer 

rainfall 

(mm)  

  Winter 

rainfall 

(mm)  

  1    1310.4    774.6    26.5    235.6    95.9  

  2    1504.8    910.4    29.5    280.0    106.6  

  3    1590.5    897.9    37.9    307.9    128.0  

  4    1766.9    1075.9    34.1    301.7    104.1  

  5    1627.7    987.2    28.9    279.9    96.0  

  6    1556.2    863.8    34.5    326.8    131.4  

  7    1358.2    645.1    37.2    338.5    148.1  

  8    1274.0    683.1    23.8    265.5    116.7  
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  Fig. 2        a  Grid-based annual rainfall trend.  b  Grid-based monsoonal rainfall trend.  c  Grid-based post-monsoonal rainfall trend.  d  Grid-based sum-

mer rainfall trend.  e  Grid-based winter rainfall trend  
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level of 1%, while grid 3 shows 5%, and grids 1 and 4 

show 10%. Similarly, in the monsoonal time series, grid 

2 shows a signifi cance level of 1%, grid 3 shows 5%, and 

grids 1 and 4 show 10%. Grid 8 exhibits a decreasing trend 

for annual, monsoon and post-monsoon rainfall while 

showing an increasing trend for summer and winter. This 

suggests that decreased rainfall may result in increased 

rainfall amounts during the summer and winter seasons. 

In the post-monsoon time series, all grids show insignifi -

cant decreasing trends except for grid 7, which demon-

strates a signifi cant decreasing one. Grid 5 of the same 

time series shows no variation in trend, possibly due to 

Fig. 2    (continued)
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depletion of water availability over time. The decreasing 

trend in post-monsoon rainfall series has led to a decrease 

in their amounts during the non-monsoon period, poten-

tially resulting in reduced runoff  from the area. In terms 

of seasonal time scale, the summer and winter time series 

across all grids display an insignifi cant increasing trend, 

with grid 6 exhibiting a negative one. Figure  3  illustrates 

that the number of positive trends in the rainfall series is 

higher than the negative ones.          

    Analysis of seasonal and annual variability pattern 
of rainfall 

 The variability of annual and seasonal rainfall in the study 

area has been evaluated using the Coeffi  cient of Variance 

(CV) for the time series. It statistically measures the devia-

tion of specifi c data points from their mean value. Table  3  

illustrates that seasonal rainfall variation is higher than 

annual variation. The ‘CV’ of mean annual and monsoonal 

rainfall for the study area ranges from 23.94 to 39.64% and 

26.16 to 43.9% respectively, with the weighted mean of 

29.04 and 33.08%, respectively. For the post-monsoon rain-

fall time series, the ‘CV’ percentage ranges from 105.27 to 

174.47%, with the weighted mean for all grids of 134.13%. 

Mean summer and winter rainfall exhibits ‘CV’ percent-

ages range from 37.5 to 74.98% and 47.95 to 73.22%, 

respectively, with weighted means for all grids of 54.74 

and 59.31%. These statistics indicate that areas with lower 

rainfall experience greater variability than regions with 

  Table 2       Representation of  Zc -statistics for the annual and seasonal 

rainfall  

 Numbers in bold indicate signifi cant values 

  a    Signifi cant at the 5% level 

  b    Signifi cant at the 1% level 

  c    Signifi cant at the 10% level 

  Grid    Annual    Monsoonal    Post-monsoonal    Summer    Winter  

  1     1.86  c      1.89  c     − 0.89    1.48    0.91  

  2     2.99  b      3.39  b     − 0.08    1.51    1.19  

  3     2.10  a      2.2 3  a      − 0.71    0.38    0.55  

  4     1.70  c      1.76  c     − 0.21    0.00    0.62  

  5    1.55    1.55    0.00    0.34    1.17  

  6    − 1.04    − 0.34    − 1.04    − 0.98    − 0.02  

  7    0.89    0.83    −  1.72  c     0.13    0.19  

  8    − 0.09    − 1.2    − 0.86    0.17    1.31  

  Mean     1.97  c     2.31    − 0.64    0.21    0.64  

  Fig. 3        Zc -statistics for the 

annual and seasonal rainfall  

  Table 3       Grid-wise statistics of 

Coeffi  cient of Variance (CV) in 

percentage  

  Grid    Mean annual    Mean monsoon    Mean post-

monsoon  

  Mean summer    Mean winter  

  1    33.50    39.55    158.79    61.16    68.18  

  2    39.64    43.90    174.47    74.98    73.22  

  3    23.94    29.46    132.78    55.42    53.93  

  4    25.17    26.16    124.68    57.49    54.85  

  5    29.30    31.53    129.36    58.38    63.97  

  6    25.82    31.17    124.58    43.78    58.08  

  7    26.69    30.26    105.27    37.50    47.95  

  8    28.30    32.62    123.14    49.23    54.32  
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relatively higher ones. Grid 2 shows the maximum values of 

annual and seasonal rainfall variability. Each grid of annual 

and seasonal rainfall has a lower value of ‘CV’, suggesting 

comparatively higher rainfall in those areas.  

 Rainfall variation is a common characteristic of the data-

set and underscores the importance of understanding water 

requirements for irrigation purposes. The prevalence of 

lower CV values in most pixels indicates higher inter-annual 

variability of post-monsoon rainfall compared to annual 

rainfall. According to Pandey and Ramasastri ( 2001 ) and 

Turkes ( 1996 ), areas with higher inter-annual variability are 

more susceptible to fl oods and drought. 

     Magnitude of rainfall series 

 Table  4  displays the magnitude of the annual and monsoonal 

rainfall series, ranging from − 0.60 at grid 8 to 21.3 at grid 

2, and from − 0.77 at grid 6 to 16.1 at grid 2, respectively. 

As depicted in Fig.  4 , rainfall trends exhibit signifi cant varia-

tions in magnitude and direction across diff erent grids. Grids 

6 and 8 display a negative (decreasing) trend for both annual 

and monsoonal time series. In the post-monsoon period, all 

values indicate a negative (decreasing) trend, except for 

grid 5, which shows no discernible trend. Conversely, for 

the summer and winter seasons, all grids exhibit a positive 

(increasing) trend, except for grid 6 of Sen’s estimator. The 

results are quite signifi cant, as similar grids observed statis-

tically positive and negative slopes and trends for diff erent 

time series (Tables  2 ,  3 ).          

    Trend analysis based on monthly rainfall gridded 
dataset 

 This research includes a month-based trend analysis of the 

study area. Figure  5  illustrates the collective rainfall distribu-

tion for individual months over 46 years. Figure  6 a depicts 

the annual rainfall, with a minimum of 917.0 mm in 1976 

and a maximum of 2352.9 mm in 2010. The annual aver-

age rainfall is lowest for November (5.72 mm), followed 

by December (18.24 mm), while it is highest for August 

(428.4 mm), followed by July (425.2 mm). Figure  6 b show-

cases the monsoonal time series, with a minimum rainfall of 

187.25 mm in 1987 and a maximum of 677.86 mm in 2010. 

Similarly, Fig.  6 c illustrates the post-monsoonal time series, 

with a minimum rainfall of 0.4 mm in 1994 and a maxi-

mum of 89.05 mm in 1985. Furthermore, Fig.  6 d displays 

the summer rainfall pattern, with a minimum of 19.50 mm in 

1974 and a maximum of 183.68 mm in 2013, while Fig.  6 e 

indicates the winter rainfall pattern, with a minimum of 

12.84 mm in 2009 and a maximum of 106.49 mm in 2013.                 

    Statistical characteristics of month-based trend 
analysis and variability pattern of rainfall dataset 

 The mean monthly rainfall of August ( M  = 428.42, 

SD = 115.56) is statistically higher whereas November 

( M  = 5.72, SD = 12.21) records the least contribution of 

rainfall (Table  5 ). These results highlight the dominance of 

the monsoon season in the watershed, alongside noticeable 

eff ects from the post-monsoon season and sluggish rainfall 

  Table 4       Sen’s slope values for the annual and seasonal rainfall  

  Grid    Annual    Monsoonal    Post-monsoonal    Summer    Winter  

  1    9.32    6.57    − 0.145    2.42    0.63  

  2    21.3    16.1    − 0.008    3.22    1.10  

  3    10.5    6.58    − 0.141    0.89    0.62  

  4    8.2    5.76    − 0.054    0.06    0.47  

  5    7.79    5.4    0.00    0.67    0.76  

  6    − 4.74    − 0.77    − 0.27    − 2.05    − 0.02  

  7    4.38    1.92    − 0.45    0.144    0.14  

  8    − 0.60    − 2.94    − 0.13    0.32    0.73  

  Mean    7.89    4.96    − 0.16    0.23    0.49  

  Fig. 4       Sen’s slope values for 

annual and seasonal rainfall  
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patterns. It's observed that regions with inadequate rainfall 

also exhibit higher variability, signifi cantly impacting agri-

cultural and economic sectors, with water scarcity emerging 

as a chronic issue in areas with pronounced variability.  

 The Coeffi  cient of Variation (CV), presented in Table  5 , 

quantitatively measures the deviation of specifi c data points 

from their mean values. For mean annual rainfall in the study 

area, the CV ranges from 26.97 to 213.47% for August and 

November, with a weighted average of 91.02%. Remarkably, 

October, November, and December exhibit the highest vari-

ability, contributing the least to the overall rainfall percent-

age, standing at 1.72, 0.38, and 1.22%, respectively. These 

fi ndings suggest that these months are comparatively the 

driest in the study area. 

    Analysis of  Zc -Statistics of monthly rainfall trends 

 In the Mann–Kendall test, the rainfall trend has been cal-

culated for each month individually along with Sen’s mag-

nitude of slope (Q). Table  6  exhibits  Zc -statistic along with 

Sen’s Slope values and explains that January, June and Octo-

ber show insignifi cantly negative trends, while the remain-

ing months show positive trends. Specifi cally, February and 

July show positive trends with a signifi cance level of 10 and 

5%, respectively. Figures  7  and  8  closely align with Table  6 , 

depicting a similar representation of trends,  Zc -statistics and 

Sen’s slope values.                  

    Rainfall anomaly index (RAI) 

 ‘ RAI ’ is used to interpret the intensity and frequency of wet 

and dry years. In this study, the annual ‘ RAI ’ has been cal-

culated on a monthly and yearly basis. The monthly ‘ RAI ’ 
is evaluated for a particular year of the maximum anomaly. 

Van Rooy ( 1965 ) was the fi rst to coin the term ‘ RAI ’, which 

was further adopted by Freitas ( 1998 ). The Eqs. ( 8 ) and ( 9 ) 

of RAI include:

      

      

where N monthly or annual rainfall in mm;   N     monthly or 

annual average rainfall in mm;   M     average of the ten highest 

 (8)RAI = 𝟑

[
N − N

M − N

]
, for positive anomalies

 (9)RAI = 𝟑

[
N − N

X − N

]
, for negative anomaly

  Fig. 5       Distribution of monthly-annual rainfall trend  
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  Fig. 6        a  Distribution of mean 

annual rainfall trend.  b  Distribu-

tion of monsoon rainfall trend.  c  
Distribution of post-monsoonal 

rainfall trend.  d  Distribution of 

summer rainfall trend.  e  Distri-

bution of winter rainfall trend  
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monthly or annual rainfall in mm;   X     average of the ten low-

est monthly or annual rainfall in mm; 

 Anomalies with values above average are referred to as 

positive (+) anomalies, while negative anomalies with val-

ues below average are referred to as negative (−) anoma-

lies. Table  7  outlines the categorization of RAI (Rainfall 

Anomaly Index) ranges alongside the corresponding climate 

types associated with each range. The dry and wet years 

from 1975 to 2015 are visualised in this chapter using RAI 

(Fig.  9 ), which allows for the identifi cation of years where 

these events are more intense and/or lasting.          

 Figure  9  represents dry and wet years. The negative val-

ues depict dry years whereas the positive value represents 

wet years with varying degrees of intensity. According to 

the classifi cation given by Freitas ( 1998 ), the time series 

of 23 years with negative RAI varies between dry to very 

dry while the time series for the remaining 23 years with 

positive RAI varies between extreme wet to humid climatic 

  Table 5       Statistical parameters 

related to monthly-annual trend 

analysis  

  Months    Minimum    Maximum    Mean    %    SD    CV (%)    Median  

  Jan    0.14    145.85    42.45    2.83    31.94    75.24    38.03  

  Feb    1.02    214.5    57.97    3.87    46.35    79.94    44.96  

  Mar    0.02    195.36    49.25    3.29    45.29    91.96    38.46  

  Apr    0    104.87    30.18    2.01    25.49    84.47    25.61  

  May    1.33    218.23    46.29    3.09    38.59    83.37    39.14  

  Jun    48.85    682.70    166.27    11.09    123.32    74.17    127.01  

  Jul    113.28    695.68    425.22    28.37    136.02    31.99    440.79  

  Aug    250.29    743.63    428.42    28.58    115.56    26.97    413.51  

  Sep    27.07    757.73    203.23    13.56    134.27    66.07    166.22  

  Oct    0    175.58    25.84    1.72    36.1    139.73    13.21  

  Nov    0    68.37    5.72    0.38    12.21    213.47    1.22  

  Dec    0    101.16    18.24    1.22    22.76    124.8    8.26  

  Table 6       Estimated  Zc -statistic and Sen’s slope values related to 

monthly-annual trends  

 Numbers in bold indicate signifi cant values 

  a    Signifi cant at the 10% level 

  b    Signifi cant at the 5% level 

  Months     Zc -statistics    Trend    Sen slope  

  Jan    − 0.13    Decreasing    − 0.04  

  Feb     1.67  a     Increasing    0.77  

  Mar    0.66    Increasing    0.3  

  Apr    1.33    Increasing    0.29  

  May    0.97    Increasing    0.33  

  Jun    − 0.21    Decreasing    − 0.12  

  Jul     2.10  b     Increasing    3.02  

  Aug    1.57    Increasing    1.92  

  Sept    0.11    Increasing    0.21  

  Oct    − 0.54    Decreasing    − 0.07  

  Nov    0.28    Increasing    0  

  Dec    0.08    Increasing    0  

  Fig. 7       Month-wise trend distri-

bution of Zc-statistics  
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conditions (Table  7 ). On the contrary, there is a representa-

tion of similar years of dry and rainy ones. 

 The time series that remained the longest with dry 

weather is from 1972 to 1977 and from 1979 to 1982 

(Fig.  9 ). 1987 is the year having the highest negative value 

followed by 1976, with an RAI of − 1.60 and − 1.66 respec-

tively, classifi ed as dry. The period that remained the long-

est with rainy weather was from 1983 to 1986, from 1993 

to 1996, and from 2010 to 2013. The year of high positive 

value was 2010 followed by 2013, with an average RAI of 

1.31 and 1.17 respectively, being therefore classifi ed as 

humid. Concerning the occurrence of dry and wet years, it 

is suggested that the depletion in the period between con-

secutive dry years dispersed by wet years favours the water 

supply to the watershed. A similar case was observed in the 

interval from 1979 to 1990 and 1993 to 2010. 

 Continuing this study, we further investigate the years 

exhibiting the most extreme anomalies in rainfall distribu-

tion across the area. Specifi cally, we analyse the monthly 

Rainfall Anomaly Index (RAI) values for the top two driest 

years, 1976 and 1987, as well as the wettest years, 2010 and 

2013 (Fig.  9 ). 

 In Fig.  10 , both the years, 2010 and 2013 represented 

an exact distribution of rainfall throughout the year, except 

February, June and September where the months show the 

appropriate diff erence in positive and negative RAI. The 

month of September receives the highest rainfall in the year 

2010 whereas, in 2013, the month of June receives the maxi-

mum rainfall.         

 The driest years in the dataset (Fig.   11 ) represented 

above-average rainfall for July, August, and September. The 

month of May also represented RAI as rainy, but only for 

  Fig. 8       Month-wise trend distri-

bution of Sen’s slope values  

  Table 7       Classifi cation of rainfall anomaly index (RAI) intensity  

 Source: Freitas ( 1998 ) 

    RAI range    Classifi cation  

  Rainfall anomaly index (RAI)    Above 4    Extremely humid  

  2–4    Very humid  

  0–2    Humid  

  − 2 to 0    Dry  

  − 4 to − 2    Very dry  

  Below-4    Extremely dry  

  Fig. 9       Representation of rainfall 

anomalies in the area  
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the year 1976. In this context, it is observed that in very dry 

years, even in the rainy season, there are months when RAI 

tend to be negative. The months of November and December 

were the driest in 1976 and 1987, respectively.         

     Temperature trend analysis 

 Global climate change is directly proportional to the rise in 

temperature. In the present study, the monthly and annual 

status of the temperature dataset based on the trend and 

variability analysis is taken up. The temperature dataset for 

the last 39 years i.e. 1975–2013 is acquired from the Indian 

Meteorological Department (IMD). To achieve the objective, 

the linear regression method is used to analyse the behav-

iour of annual temperature. Table  8  summarises the charac-

teristics of the minimum, maximum and mean temperature 

  Fig. 10       Monthly Rainfall 

Anomaly Index (RAI) for rainy 

years  

  Fig. 11       Monthly Rainfall Anomaly Index (RAI) for dry years  

  Table 8       Statistical parameter 

related to temperature trend 

analysis  

 Number in bold indicate signifi cant values 

  a    Signifi cant at the 5% level 

  b    Signifi cant at the 1% level 

  c    Signifi cant at the 10% level 

  Months    Mean    Zc    β    Tmax    Zc    β    Tmin    Zc    Β  

  Jan    12.04    − 1.35    − 0.017    18.12    −  2.23  a     − 0.040    5.95    0.02    0.000  

  Feb    14.53     2.25  a     0.037    20.95    1.40    0.027    8.12     3.34  b     0.052  

  Mar    19.33     3.19  b     0.065    26.30     2.88  b     0.076    12.37     3.92  b     0.063  

  Apr    25.00     2.01  a     0.040    32.53     1.84  c     0.032    17.46     2.27  a     0.042  

  May    28.34    0.85    0.018    35.31    0.22    0.011    21.38    1.60    0.032  

  June    28.90    0.00    0.001    34.52    − 0.63    − 0.019    23.28    1.26    0.014  

  Jul    27.32     2.64  b     0.029    31.28    1.35    0.020    23.37     3.46  b     0.036  

  Aug    26.69     2.37  a     0.015    30.41    0.75    0.006    22.97     3.75  b     0.025  

  Sept    52.75     1.74  c     0.016    30.24    − 0.24    − 0.005    21.27     3.10  b     0.027  

  Oct    22.83    0.70    0.007    29.20    − 0.90    − 0.011    16.46     1.67  c     0.024  

  Nov    18.17    0.92    0.012    25.22    − 0.65    − 0.006    11.11     2.01  a     0.028  

  Dec    13.89    0.12    0.001    20.66    −  1.98  a     − 0.019    7.12     2.18  a     0.029  
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of the study area based on the daily time series dataset. In 

addition to trend and variability analysis, we utilized the 

anomaly index to identify the coldest and warmest phases. 

In our analysis, temperature and time serve as dependent 

and independent variables, respectively, which are specifi ed 

in Eq.  10 :

      

where Y = mean temperature; X = known time, α = y-inter-

cept, β = slope and μ = error/normally distributed random 

variable. The t-value of each parameter is calculated to check 

the statistical signifi cance that null hypothesis β = 0. The 

student’s t-statistics (Box  1981 ) is measured using Eq. ( 11 ):

      

where β is the coeffi  cient (i.e., slope) and S.E. is the standard 

error of β which shows the rate of change in temperature per 

unit of time [Eq. ( 12 )]. It is calculated as:

      

where n is the size of the sample.  

   Month-based temperature trend analysis: 

 Table  8  summarises the characteristics of the minimum, 

maximum and mean temperature of the study area based on 

the gridded dataset. The mean temperature of the study area 

varies from 12.04 °C (minimum) for January to 28.90 °C 

(maximum) for June with an annual average temperature 

of 21.90 °C. 

 Table   4  also demonstrated that the MK-test which 

revealed that minimum, maximum and mean temperature 

has been increasing through time signifi cantly. The  Zc -statis-

tics value reveals that the mean temperature has an increas-

ing trend through time except for January, which shows an 

insignifi cantly negative trend. The month of June also shows 

no variation in the trend. The months of February, April and 

August show a signifi cantly increasing trend through time 

with 5% of the signifi cance level. The months of March and 

July show an increasing trend of a 1% signifi cance level 

and the month of September shows a signifi cant increasing 

trend with a 1% signifi cance level. The  Zc -statistics value of 

maximum temperature revealed that June, September, Octo-

ber and November show insignifi cant negative trends while 

January and December show a signifi cantly negative trend 

with a 5% level of signifi cance. The months of March and 

April show a signifi cantly positive trend with a 1% and 10% 

signifi cance level. The  Zc -statistics of minimum average 

 (10)𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞 = 𝐭 (𝐭𝐢𝐦𝐞) 𝐚𝐧𝐝 𝐘 = (𝛂 + 𝛃𝐗 + 𝛍)

 (11)tcal =
𝜷̂

S.E.(𝜷)

 (12)
Syx =

√√√√∑
(y − y)2

[
∑
(x−x)(y−y)]2∑

(x−x)2

n − 2

temperature revealed a signifi cant positive trend. The month 

of October shows a 10% signifi cant level. The months of 

November, December and April show a 5% level of signifi -

cance and the months of February, March, July, August, and 

September show a 1% level of signifi cance. The months of 

January, May and June show an insignifi cant positive trend. 

The overall increase in the annual temperature observed in 

the study area is attributed to an increase in the minimum 

temperature (the increment of the minimum temperature is 

more pronounced than the maximum) (Asfaw et al.  2018 ). 

The month-based representation of the long-term tempera-

ture trend for the last 39 years (1975–2013) is shown in 

Fig.  12 a–c.             

   Trend analysis of minimum temperature on an annual scale 

 The long-term minimum temperature in the study area is 

determined to be 15.90 °C. The annual minimum tempera-

ture varies from 14.84 °C in 1983 to 16.82 °C in 2004. The 

warmest year during the study period is 2004 when it is 

found to be 1.03 °C warmer than that of normal whereas the 

coldest year is observed to be 1983 which shows a fall of 

− 0.92 °C below the normal. The rate of change is defi ned 

by the slope of the regression line (linear regression model), 

which is for the present case 0.031 °C per decade shown in 

Fig.  13 a.         

    Trend analysis of maximum temperature on an annual scale 

 The maximum annual temperature trends with regression 

are shown in Fig.   13 b. The long-term annual maximum 

temperature for the study area is found to be 27.89 °C. The 

warmest year with a maximum temperature of 29.16 °C is 

1987 which is 1.27 °C warmer than that of the normal. The 

coldest year is found to be 1997 with the annual maximum 

temperature of 26.35 °C, with a drop of − 1.54 °C below the 

normal. The linear trend in annual maximum temperature 

from 1975 to 2013 in the study area indicates an increasing 

trend of 0.0069 °C per decade. The rise in annual maximum 

temperature observed in the study area is in good agree-

ment with the discoveries of other urban studies on climate 

change in the Himalayas (Bhutiyani et al.  2007 ,  2010 ). Dif-

ferent anthropogenic activities like human invasion of for-

ests, construction of concrete structures, deforestation, rising 

 CO 2  levels etc., are responsible for the rise in temperature 

particularly in the Himalayan region. 

    Trend analysis of mean temperature on an annual scale 

 The observed annual mean temperature is affected by 

minimum and maximum temperatures. The long-term 

annual mean temperature for the study area is evaluated 

to be 21.90 °C. As revealed from Fig.   13 c annual mean 
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  Fig. 12        a  Monthly trends analy-

sis for maximum temperature. 

 b  Monthly trends analysis 

for minimum temperature.  c  
Monthly trends analysis for 

mean temperature  

Fig. 12    (continued)
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temperature witnessed a continuous period of warming since 

the year 2000 at Dehradun. After evaluation, it is found that 

the year 2010 is the warmest year with an annual mean tem-

perature of 22.81 °C where the temperature rose by 0.91 °C 

more than normal. On the contrary, the year 1983 is consid-

ered as the coldest year with an annual mean temperature of 

20.91 °C which is − 0.99 °C lower than that of the normal. 

The annual mean temperature trend with linear regression 

indicated an increasing trend of about 0.0193 °C per decade. 

     Temperature anomaly index (TAI) 

 Asfaw et al. ( 2018 ) defi ned temperature anomaly as “the dif-

ference between the actual temperature and the long-term aver-

age temperature” .  A positive anomaly indicates that the tem-

perature is warmer than the reference value or normal, while 

a negative anomaly indicates that the observed temperature 

is cooler than the reference value or normal. Evaluation of 

temperature anomalies for annual minimum, maximum and 

mean temperature is done for the study area for the time series 

of 1975–2013 and afterwards it is subtracted from the annual 

average minimum, maximum, and mean temperature. For 

analysing anomalies, the span of 30 years is considered an 

ideal period (Folland et al.  1999 ). In this study, the temperature 

anomaly is plotted against time and the observed linear trend is 

graphically represented. The value of linear trend, represented 

by the slope of a least-squares regression line with time as an 

independent variable indicates the magnitude of temperature 

rise or fall (Sundaresan et al.  2013 ). 

 Figure  14  reveals that the temperature anomaly of mean 

annual temperature expresses inter-annual variability whereas 

the trend after 1997 has been continuously higher till 2013. 

Negative anomalies are found to be more prominent during 

the initial years till 1997 while positive anomalies are prom-

inent during the fi nal ones. This phase can be attributed to 

the urbanization process in the watershed. The regression of 

annual mean temperature shows favourable positive trends and 

is demonstrated as statistically signifi cant. The result is quite 

similar to the research of Staff ord et al. ( 2000 ), Conway et al. 

( 2004 ), Tabari and Talaee ( 2011 ), Roy and Das ( 2013 ) and 

Mengistu et al. ( 2014 ) which elaborate on the increasing trend 

in the minimum temperature series is higher than those in the 

maximum temperature series. Also, the trend of minimum, 

maximum and mean temperature has shown a statistically sig-

nifi cant increasing trend.         

Fig. 12    (continued)



800 Proceedings of the Indian National Science Academy (2025) 91:783–803

  Fig. 13        a  Temperature pattern 

(Tmin) of the study area (1975–

2013) with linear least squares 

regression lines.  b  Temperature 

pattern (Tmax) of the study 

area (1975–2013) with linear 

least square regression lines.  c  
Temperature pattern (Tmean) of 

the study area (1975–2013) with 

linear least squares regression 

lines  
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     Conclusion 

 The present study has emphasized the potential eff ect of 

meteorological variables viz., rainfall and temperature 

regarding climate change is examined for trend detection 

and variability analysis. 

 Dehradun is one of the vulnerable cities in the Himalayan 

region concerning the context of urban climate change domi-

nantly because of urbanization, industrialization and several 

anthropogenic activities. The recent study was conducted in 

the Asan River watershed and its surroundings situated in 

the Western Himalayas of Doon Valley, Uttarakhand, India. 

This study helps us to understand the changing climatic 

pattern over time with deterioration in rainfall and rising 

temperature. Rainfall data and temperature data for the last 

46 (1970–2015) and 39 years (1975–2013) were purchased 

from IMD. Further, to achieve the opted objectives the trend 

analysis was estimated using the MK-test and Sen's slope 

estimators and further, the anomaly index was calculated. 

The overall study has been concluded with the mentioned 

points:

    •  Initially, the annual and seasonal rainfall revealed sig-

nifi cant, however, varying trends in the grids. The mon-

soonal season, which occurs primarily in July, August 

and September, contributes most of the annual rainfall in 

the watershed. The study also found that after the mon-

soon season, the number of decreasing trends increases. 

Except for grid 6, which shows an insignifi cant decreas-

ing trend ( Zc -statistics) and slope for both the annual and 

seasonal rainfall, the  Zc -statistics of the Mann–Kendall 

test refl ect both positive and negative trends of rainfall 

in the area. Sen’s slope estimator, which demonstrates a 

recurring change in the magnitude of the slope and the 

rainfall, also confi rms a similar result. The Coeffi  cient 

of Variance (CV) suggests that more rainfall in a par-

ticular grid corresponds to lesser variability. The overall 

analysis indicated a long-term increasing trend of annual 

rainfall in the watershed.  

   •  Secondly, the month-based analysis concludes that July 

and August receive maximum rainfall whereas October, 

November and December contribute less percentage of 

rainfall and the highest value of variability.  

   •  Thirdly, the analysis of rainfall anomaly reveals that the 

dataset presented a similar number of 23 years of rainy 

as well as the dry season. The months of November 

and December in 1987 are considered as driest and 

September in 2010 is considered as the wettest month 

in the year. The dry years present a positive anomaly 

in the months of the rainy season at the watershed.  

   •  The MK-test trend analysis of annual temperature 

reveals that minimum, maximum and mean tempera-

tures have been increasing over time. Additionally, the 

increase in minimum temperature is notably more pro-

nounced than the rise in maximum temperature. The 

mean temperature in the study area is calculated to be 

21.90 °C. Upon evaluation, it's observed that the warm-

est year was 2010, with an annual mean temperature of 

22.81 °C, representing a rise of 0.91 °C compared to 

the normal. Conversely, the coolest year was 1983, with 

an annual mean temperature of 20.91 °C, indicating a 

temperature decrease of 0.99 °C compared to the nor-

mal. The rate of change of temperature is determined to 

be 0.031 °C, 0.0069 °C, and 0.0193 °C per decade for 

minimum, maximum, and mean temperatures, respec-

tively, from 1975 to 2013.  

   •  The analysis of temperature anomaly reveals that the 

dataset presented a mean annual temperature, which 

expresses inter-annual variability, while the trend 

after 1997 has been continuously increasing till 2013. 

Negative anomalies are much more pronounced in the 

initial years while positive anomalies are in the fi nal. 

The regression of the annual mean temperature shows 

favourable positive trends and is demonstrated with sta-

tistical signifi cance. This phase of temperature anomaly 

represented or attributed to the urbanization process in 

the watershed.    

  Fig. 14       Temperature anomalies 

of the study area (1975–2013)  
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 From all the statistical conclusions, it is evident that a sig-

nifi cant change in rainfall trends has been observed over 

the past 46 years. The scrutiny and fi ndings related to rain-

fall data can be valuable for managing water resources in 

the region. Based on previous research, it is speculated that 

recent urbanization and industrialization processes have 

contributed to these changes. The analysis of rainfall and 

temperature data supports the notion that variations in these 

factors are infl uenced by such activities, leading to shifts in 

the hydrological cycle and impacting agricultural productiv-

ity in the region and surroundings. 
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