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Effective planning for water harvesting, irrigation management, hydro-
related projects, and resolving climate change challenges requires an understanding 
of patterns in climatic factors, such as rainfall. This study uses Sen's Slope and the 
Mann-Kendall test to determine statistical significance in its temporal trend analysis 
of monthly, seasonal, and annual rainfall in Silchar, Assam. The results show a 
distinct upward trend in yearly precipitation over the research period, with a Z value 
of +4.83 and a magnitude of +56.05 mm/year. Significant rising trends were noted 
for the months of May through August, with June showing the largest shift at +13.40 
mm/year. Furthermore, the data shows that the pattern significantly intensifies before 
and after the monsoon season. A decreasing pattern in rainfall was identified over the 
37-year period from 1984 to 2021. The Rainfall Anomaly Index (RAI) and the 
Standardized Precipitation Index (SPI) were used to measure the frequency of dry 
and wet years in order to further characterize the rainfall patterns. During the study 
period, there were years that were moderately to excessively wet, as indicated by both 
SPI and RAI. No exceptionally or severely dry periods were found, but during the 
research years, there were more dry periods than rainy ones. June produced the 
biggest percentage of annual rainfall (18.39%), while January contributed the lowest 
percentage (0.30%), according to a comprehensive statistical examination of monthly 
rainfall. The monsoon season had the highest percentage of yearly precipitation 
(63.51%). These findings have important ramifications for the management of 
agricultural water resources and water resources in general. They also offer important 
information for strategic planning and adaptation strategies in the face of changing 
climate circumstances. 

 
1. Introduction 

The greatest environmental issues facing the planet and 
civilization are without a doubt climate change and its 
variability (AghaKouchak et al., 2020; Gelata et al., 2023; 
Gupta et al., 2021; Tang et al., 2022; Yang & Xing, 2022). 
Precipitation and temperature are two of the most crucial 
variables that are regularly used to trace the extent and scale 
of climate change and variability, among the problems given 
by this climate change (Umar et al., 2019). In many countries 
of the world, including India, rapid economic development 
and population growth have raised questions about the 
availability and quality of natural resources  

(Rani et al., 2022). India needs a comprehensive evaluation 
of climate change that takes into account both the long-term 
and short-term effects of the anthropogenic and natural 
causes of global warming (i.e., variations in meteorological 
parameters) (Pingale et al., 2014). The high temporal 
heterogeneity of rainfall distribution reflects the possibility 
of extreme events such as drought and flood, which must be 
addressed for proper watershed management (Saini et al., 
2022). 

In order to develop the best adaptation strategies 
for the sustainable use of natural resources like water, 
information on the magnitude, length, and frequency of  
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extreme events (such as floods and droughts) as well as trends 
in various hydro-meteorological variables is necessary 
(Akhtar et al., 2021). The hydrologic cycle depends heavily 
on precipitation, and variations in its pattern would have a 
direct impact on the area's water resources (Praveen et al., 
2020). Rainfall amount and frequency affect the flow of 
streams and demands (particularly agricultural), runoff 
dispersion, moisture levels in the soil, and groundwater 
reserves.  Understanding the issues related to floods, 
droughts and the availability of water for diverse applications 
with respect to future climatic scenarios would be made 
easier by trend analysis of rainfall at various spatial scales 
(Bora et al., 2022; Goyal, 2014).  

A wide variety of approaches may be used to assess 
climate change's consequences.  A number of researchers 
over the last few years have employed parametric and 
nonparametric statistical techniques to examine shifts in 
meteorological time series throughout the nation. In this 
study, statistical trend analysis techniques such as the Mann-
Kendall (MK) test (Kendall, 1975; Mann, 1945) and Sen's 
slope estimator (Sen, 1968) were used. Regional disparities 
in precipitation can be much larger, with significant spatial 
and temporal variation between climatically different 
regions, even though precipitation variability on inter-annual 
to millennial time scales appears to be more or less consistent 
between climate models and climate reconstructions (Yue et 
al., 2002). As a consequence of this, it has been suggested 
that the observations of past climate made at the global or 
continental dimensions may not be as relevant for planning 
purposes at the local or regional scale.  

In the past, several parametric (linear regression, 
F-test, and T test) and non-parametric (Mann-Kendall test, 
modified Mann-Kendall, Sen's slope estimator, and Kruskal-
Wallis test) approaches were used to assess climatic 
variability (Mahmood et al., 2019; Swain et al., 2022). Non-
parametric tests are applied for trend analysis more often than 
parametric tests owing to the multiple benefits that non-
parametric tests bring. They have fewer assumptions than 
parametric tests. They are distribution-free techniques that 
assume the data points do not have the same probability 
distribution (Gelata et al., 2023; Nguyen et al., 2022; Yang & 
Xing, 2022). In addition, unlike parametric tests, non-
parametric tests are not adversely affected by outliers when 
trying to identify trends. MK test as a tool for determining the 
trend has been use in a global scale ( Gadedjisso-Tossou et 
al., 2021; Kessabi et al., 2022; Khaniya et al., 2020; La Sorte 
et al., 2021, 2021; Lana et al., 2022; Mallick et al., 2021; 
Rathnayake, 2019; Umar et al., 2019) and also in India 
(Ahmed et al., 2022; Akhtar et al., 2021; Gupta et al., 2021; 
Kalidoss et al., 2017; A. Kumar et al., 2023; Maharana et al., 
2021; Panda & Sahu, 2019b; Rawat et al., 2020; Rayadurgam 
& Rao, 2021; Singh & Kumar, 2022). MK test has also been  

employed to find the climatic trends like precipitation in the 
regional scale like North East Region (NER) of India and also  
in the states within NER (Bora et al., 2022; Borah et al., 2022; 
Choudhury et al., 2012; Das & Joshi, 2012; Gharphalia et al., 
2018; Gogoi & Rao, 2022; Singh & Kumar, 2022). 

Numerous recent studies have examined the main 
patterns and unpredictable nature of yearly precipitation in 
great detail, including those from India. On the other hand, 
information regarding the patterns and fluctuations of intense 
daily precipitation occurrences at the regional level is still 
notably lacking. To increase forecast accuracy, these data 
must take into consideration a range of region-specific 
features and how they interact with climatic variables at both 
spatial and temporal dimensions. Thus, it is crucial to look at 
past records of climatic variations and changes across India's 
regions. These assessments can help address climate change 
difficulties while addressing social and economic concerns. 
Because there is a dearth of sophisticated equipment and a 
poor network of meteorological observatories, scientists have 
mostly depended on a small climate database and have paid 
little attention to regional climate changes. The extent of 
study conducted in this field has been hampered by the lack 
of access to advanced technology. Nevertheless, regional and 
local trend assessments can be very helpful for focused 
development and adaptation efforts intended to lessen the 
effects of climate change. This research uses strong statistical 
approaches to analyze rainfall statistics from 1984 to 2021 in 
order to improve knowledge of the climatic variability 
characteristic of Silchar. This strategy aims to close the 
current gaps in regional climate data and offer vital insights 
required for policies of mitigation and adaptation to the 
changing climate. 

 
2. Materials and Methods 

2.1.       Brief description of study area 
Silchar is the second largest town in the southernmost 

point of Assam and one of the most stable areas in the North-
East. It has a height of 35 meters above mean sea level and 

may be found between the longitudes 92ᵒ24' East and 93ᵒ15' 

East and the latitudes 24ᵒ22' North and 25ᵒ8' North East. The 
landscape around the city consists of a flat alluvial plain with 
scattered tiny hills (called tilla in the area), wetlands, and 
streams. Silchar has a borderline tropical monsoon climate 
that gets a little too warm during the winter season. Winters 
are warm and dry, with chilly to pleasant mornings; 
meanwhile, the rainy season starts early when the monsoon 
comes into the area in March (Pre-monsoon), leading to 
rainfall for seven months of the year. Temperatures range 
from a high of 31.9°C (89.4°F) to a low of 22.8°C (73°F) and 
rainfall averages 25 days a month during the monsoon 
season, which typically begins in June and lasts until 
September.  
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2.2. Meteorological Data and Analysis 
This article examined precipitation patterns and their 

climatic variability throughout 37 years. Data from 1984 to 
2021 were obtained from the local weather station and the 
NASA website. Analysis of the seasonal rainfall pattern was 
performed by classifying the monthly data as either winter 
(January–February), pre–monsoon (March–May), monsoon 
(June–September), or post–monsoon (October–December). 
Both descriptive and trend analysis were used to analyse the 
data. The methodological framework of the analysis is 
presented in Figure 1. The procedures that were followed in 
order to calculate the coefficient of variation (CV), the 
standard precipitation index (SPI), and the rainfall anomaly 
index (RAI) are detailed in Table 1. 

 
2.1.1 Statistical analysis of rainfall 
Computation of descriptive statistics such as minimum, 
maximum, standard deviation (SD), mean (M), Skewness 
(CS), coefficient of variation (CV), and kurtosis (CK) were 
performed in order to examine the rainfall data collected 
throughout the study area and determine the variability and 
distribution of the variable. The rainfall time series were 
analysed by using the Mann-Kendall trend test and Sen's 
slope to determine the dispersion around the mean and 
identify any discernible patterns. We may be able to get some 
understanding of the dispersion of data points around the 
mean by using the coefficient of variation. A greater level of 
spatial variation is indicated by a CV value that is higher, and 
vice versa. Rainfall data from collected meteorological  

records was analyzed using CV to identify monthly, seasonal, 
and yearly variations. CV is used to classify the degree of 

variability of rainfall events as less (CV < 20%), moderate 

(20% < CV < 30%), and high (30%<CV <40%), very high 
(40%<CV<70%) and extremely high (70%<CV) (Asfaw et al., 
2018; Mehta & Yadav, 2021). 
 

2.2.2        Standardized Precipitation Index (SPI)  
The Standardized Precipitation Index, often 

known as SPI, has been applied to the precipitation variable 
in order to estimate how wet or dry conditions are expected 
to be. The SPI can monitor this wet or dry condition on a 
range of time scales, from sub-seasonal to inter-annual (Kaur 
et al., 2022). Negative and positive SPI values indicate 
drought and wet conditions, respectively; as dryness or 
humidity increases, these values become more negative or 
positive, respectively (Chaulagain et al., 2023). A minimum 
of 30 years of long-term rainfall data is required to calculate 
SPI because shorter ones are unlikely to capture the signals 
of climatic variability (Saini et al., 2020).The SPI measures 
the extent to which the actual precipitation record deviates 
from what would be expected given a normal distribution and 
fitted probability distribution.  
 
2.2.3         Rainfall Anomaly Index (RAI) 

The rainfall anomaly index is a measure used to 
assess the deviation of precipitation from the normal pattern 
in a particular area over a specified period of time (Aryal et 
al., 2022). Studying the impacts of climate change on several  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Methodological framework of the study 
 

Data Acquisition for 37 years (1984-2021) 

Source: Local weather station and NASA Database 

Climate Variable Selection: Rainfall 

(Monthly, Seasonal and Annual Data) 

Non-Parametric Trend Analysis 
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data series 
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underlying slope  
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fields, such as the agricultural sector, access to water 
resources, and environmental protection, requires having the 
capability to collect and interpret rainfall data. Precipitation 
anomalies in Silchar were analyzed by estimating RAI during 
the research period of 37. 

years. A variable's anomaly is its deviation from the 
climatological normal and the normal is typically computed 
by running climatology for at least 30 years (the climate 
normal period) (Baig et al., 2022). Positive and negative 
precipitation anomalies indicate that it rained more or less 
than the baseline 

 
Table 1. Method of estimation of CV and rainfall indices 

Characteristics Method Reference 

Coefficient of 
Variance (CV) 

CV=
σ×100

μ
    

where, CV = coefficient of variation; σ = standard deviation and μ = the 
average precipitation. 

(Asfaw et al., 2018) 

Standard 
Precipitation Index 
(SPI) 

SPI = (P-P*) / σ 

where P = precipitation; p* = average precipitation and σ = standard 
deviation of precipitation. 

(Baig et al., 2022; 
Saini et al., 2020) 

Rainfall Anomaly 
Index (RAI) RAI=3 [

N-N̅

M̅-N̅
]  for positive anomaly 

RAI=-3 [
N-N̅

X̅-N̅
]  for the negative anomaly 

Where, N = the current annual/seasonal/monthly precipitation; N̅ = the 

average annual/seasonal/monthly precipitation of historical series;M̅ = the 

average of ten highest annual/seasonal/monthly precipitation; X̅ = the 

average of ten lowest annual/seasonal/monthly precipitation; N-N̅ = 
positive anomaly and negative anomaly based on positive or negative 
values. 

(Aryal et al., 2022; 
Chahal et al., 2021) 

 
Table 2. Interpretation of dry and wet condition of rainfall by SPI value (Mckee et al., 1993) 

SPI Value Interpretation 

SPI < -2.0 extremely dry 

-2.0 < SPI < -1.5 severely dry 

-1.5 < SPI < -1.0 moderately dry 

1.0 < SPI < 1.5 moderately wet 

1.5 < SPI < 2.0 very wet 

2.0 < SPI extremely wet 

 
Table 3. Interpretation of intensity of the rainfall anomaly index (RAI) (Rooy, 1965)  

RAI Value Interpretation 

SPI < -4 extremely dry 

-4 < SPI < -2 severely dry 

-2 < SPI < 0 moderately dry 

0 < SPI < 2 moderately wet 

2 < SPI < 4 very wet 

4.0 < SPI extremely wet 
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2.2.4          Mann-Kendall Test 
Non-parametric Mann-Kendall Test (MK-test) was 

used to determine the significance of the rainfall time series 
data over the study period of 37 years (1984-2021). MK-Test 
has been used by many researchers to find the existence of 
significant and non-significant trends in climatic parameters 
like rainfall (Ahmed et al., 2022; Jain & Kumar, 2012; 
Kessabi et al., 2022; Mallick et al., 2021; Panda & Sahu, 
2019a; Sharma et al., 2021). The MK statistic is computed 
using the given formula:  

𝑆= ∑ ∑ sgn

N

j=i+k

N-1

i=1

(xj-xi) 

 
Where, N indiactes the number of data points. 

Assuming (𝑥𝑗 − 𝑥𝑖) = θ, the value of sgn (θ) is computed 
as follows: 

sgn(θ)= {
1 if θ>0
0 if θ=0
-1 if θ<0

                   

 
For large samples (N>10), normal distribution is 

used to conduct the MK-test (Helsel & Hirsch, 2002) with the 
variance and mean as under:  

E[S]=0      

Var[S]=
N(N-1)(2N+5)- ∑ tk(tk-1)(2tk

n
k=1 +5)

18
       

 
Where, n is the number of tied (zero difference 

between compared values) groups and 𝑡𝑘  the number of data 
points in the Kth tied group. The standard normal deviate (Z-
statistics) is then computed as (Helsel et al., 2020) follows: 

  Z= {

S-1

√Var(S)
   

0
S+1

√Var(S)

   

     
 

Where, Z>0 indicates the rising trends and Z<0 
indicates the falling trends.  

 
2.2.5 Sen’s Slope Estimation 

Sen’s Slope method was used to identify the 
underlying magnitude of the trend (Lettenmaier et al., 1994; 
Panda & Sahu, 2019a; Partal & Kahya, 2006; Singh & 
Kumar, 2022; Yue et al., 2002). This method computes the 
slopes (Ti) of all data pairs as given below:  

Ti=
xj-xk

j-k
 for i=1,2,…., N   

 
Where, xj and xk represent data values at times j and 

k (j > k).  

The slope estimate provided by Sen is the median of 
these N different values of Ti, and it is calculated as follows: 

𝑄= {

TN+1

2
                 

1

2
(TN

2

+T
N+2

2

)  
  

 

Where, Q>0 denotes the magnitude of the rising trend 

and Q<0 denotes the magnitude of the descending trend.  
 
3. Results and Discussion 
3.1 Statistical analysis of rainfall variability 

Table 4 provides information on standard deviation 
(SD), coefficient of variation (CV), mean, kurtosis (CK), 
and skewness (CS) of seasonal (June to September) and 
yearly rainfall events in Silchar throughout the course of a 
37-year period of time (1984-2021). Figure 2 illustrates the 
monthly, seasonal, and yearly mean precipitation that the 
research region experienced from 1984 to 2021. The 
coefficient of variation (CV) is 38%, the standard deviation 
was 877.48 mm, and the mean, or average, for the yearly 
rainfall data for Silchar is 2328.10 mm. According to the 
outcomes of the study, June had the most monthly mean 
rainfall (428.10 mm), which accounted for 18.39% of the 
annual rainfall. On the other hand, January had the least 
amount of monthly mean rainfall (6.90 mm), which 
accounted for only 0.30% of the annual rainfall.  The 
monsoon season (JJAS) had the greatest amount of 
precipitation (1478.62 mm), which contributed to 63.51% of 
the total annual precipitation. The pre-monsoon season, 
represented as MAM, had an average rainfall of 633.22 mm, 
while the post-monsoon season, represented as OND, had an 
average rainfall of 181.69 mm. The quantity of precipitation 
that fell during the winter season (JF) was the lowest of any 
season, totaling just 34.55 mm and representing 1.48% of the 
total annual rainfall. The MAM region was responsible for 
27.20 % of the yearly precipitation, whereas the OND region 
was responsible for 1.80 %. The average annual rainfall was 
also strongly skewed (1.24), with an estimated CK of 1.49. All 
of the months and seasons were positively skewed, with CK 
values ranging from 0.60 to 2.16. Gogoi and Rao (2022) also 
identified a positive CS value of 5.7 for Silchar and 
Hailakandi over a 38-year study period (1981 – 2017). The 
leptokurtic distribution is indicated by the positively skewed 
value. According to the computed Table 4, the average 
monthly rainfall CV ranges from 45 % (September) to 137 % 
(October) (December). The results showed that CK peaked in 
March, at 7.14, and flattened out in May, at 0.14. 

 

If S > 0 
If S = 0               
If S < 0 

N is odd 
 
N is even 
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(a) (b) 

Figure 2. Profile of monthly, seasonal and annual rainfall from 1984-2021 
 
Table 4. Summarized monthly, seasonal, and yearly precipitation statistics for Silchar (1984-2021) 

Months/season SD 
CV 

(in fraction) 
Cs Ck 

% of 
annual 

Z Q Significance 

JAN 7.34 1.06 1.58 2.32 0.30 0.53 0.04 NS 
FEB 27.03 0.98 1.47 1.77 1.19 0.04 0.03 NS 
MAR 61.75 0.82 2.16 7.14 3.24 1.27 0.84 NS 
APR 158.67 0.70 1.60 2.62 9.78 2.41 4.44 NS 
MAY 151.43 0.46 0.65 0.14 14.17 4.83 10.26 S 
JUN 200.23 0.47 1.04 0.82 18.39 4.97 13.40 S 
JUL 191.44 0.46 1.38 2.24 17.79 4.34 9.44 S 
AUG 161.07 0.46 1.10 1.60 15.20 5.05 9.16 S 
SEP 128.24 0.45 1.46 3.28 12.13 3.12 5.21 NS 
OCT 92.96 0.64 1.21 1.76 6.27 2.61 3.13 NS 
NOV 24.43 1.19 1.59 1.41 0.88 0.14 0.01 NS 
DEC 20.81 1.37 2.00 4.15 0.65 0.84 0.06 NS 
JF 27.29 0.79 1.23 1.06 1.48 0.89 0.32 NS 
MAM 288.62 0.46 1.38 2.37 27.20 4.95 16.56 S 
JJAS 552.15 0.37 1.08 1.08 63.51 5.73 36.15 S 
OND 99.85 0.55 0.96 1.11 7.80 2.84 4.60 NS 
ANN 877.48 0.38 1.24 1.49 100.00 5.83 56.05 S 

 
3.2 Standard Precipitation Index 

Figure 3 and Figure 4 (a) depict the wet and dry 
periods of yearly and seasonal rainfall based on the threshold 
value of SPI reported in Table 2.  Rainfall has varied from 
being relatively dry to exceptionally wet during the course of 
the previous 37 years, as shown by the SPI reading for the 
monsoon season (JJAS) ranging from -1.36 to +2.71. 
Negative SPI values were consistent from 1984 to 1996 and 
from 2014 to 2022, and the SPI was found to be positive, 
having the highest value in 2017.During the monsoon season, 
very heavy rainfall was discovered to take place in the years 
2017, 2019, and 2020 with SPI values more than 2.0. On the 
other hand, relatively dry spells were discovered to take place 
in the years 1886, 1991, 1992, 1994, and 1996. In the post 
monsoon season (OND) also, moderately dry period was 
seen in 1985, 1993, 1997, 2006 rainfall in five years (1991, 

1999, 2010, 2013, and 2021). Most extremely wet period of 
rainfall was observed in the pre-monsoon period (MAM) 
with SPI value of +3.01 and +2.99 in the year 2016 and 2017, 
respectively. The pre-monsoon period also experienced 
moderately dry periods in 1986, 1989, 1992 and 1995 
experienced moderately dry period and the dry periods were 
consistent from 1984 to 1999, covering a period of 16 years 
out of the 37 years of observation. Annually, the area of study 
experienced extremely wet rainfall to moderately wet 
rainfall. The 2017 SPI for annual rainfall (+3.08) was the 
greatest on record, indicating that the years 1986, 1992, 
1994, and 1996 saw very wet and moderately dry rainfall, 
respectively. No event of extremely dry (SPI < -2.0) and 
severely dry (-2.0 < SPI < -1.5) was seen in the study period 
of 37 years (1984 – 2021). From what could be extracted 
from the data, it seems that annual SPI is on the rise at most 
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stations (23), and is especially on the rise at 5 stations 
(statistically significant at the 95% level). During the early 
part of the rabi season, over 70% of the stations had wet 
conditions. However, as the season progressed into its middle 
and latter stages, incrementally drier conditions were seen.  
 
3.3 Rainfall Anomalies 

Figure 4 (b) and Figure 5 demonstrates the seasonal 
and annual rainfall anomaly indices (RAI) for the 
geographical region of Silchar, Assam, from 1984 to 2021, 
respectively. Prior to 2000, RAI was negative for the 
majority of the year. Some years after 2000 were dry, but all 
years after 2015 were humid. Years with a positive value 
indicate rainfall or wet conditions, whereas years with 
negative values indicate drought. A total of 15 years had a 
positive RAI, which indicated circumstances that varied from 
highly wet to humid, and 23 years had a negative RAI, which 
indicated conditions that ranged from extremely dry to 
moderately dry. In other words, over a 37-year period, 

drought years outnumber wet years in terms of numbers. 
Drought years lasted for 16 years (1984-1999) before 2000, 
while consecutive wet years were observed from 2016 to 
2021, with 2017 having the highest RAI value of +6.85 
(Extremely wet) in the later period of analysis. The year 1992 
had the largest negative value, with a RAI of -3.82; it was a 
year that was considered to be very dry. There has never been 
a year with an exceptionally low RAI value (less than -4). 
The RAI values for seasonal rainfall were also examined, and 
it was discovered that the winter period (JF) had the most 
drought years (24 years) and the fewest wet years (13 years). 
The pre-monsoon (MAM) season of 2016 had the highest 
RAI (+6.87) value ever recorded. In the post-monsoon period 
(JJAS), the year 2017 had the highest positive RAI of + 6.11 
> +4, indicating another extremely wet rainfall event. The 
highest RAI value was discovered in 2017, indicating that 
2017 was the wettest year during the study period. The same 
results were found in an SPI analysis of annual rainfall in 
Silchar from 1984 to 2021. 

 

    
(a) (b) 

 

   
(c)                                                                     (d) 

Figure 3. (a), (b), (c) and (d) SPI values of seasonal rainfall from 1984-2021 
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(a) (b) 

Figure 4. (a) SPI and (b) RAI values of annual rainfall from 1984-2021 

 

   
(a) (b) 

 

   
   (c)       (d) 

Figure 5. (a), (b), (c) and (d) RAI values of seasonal rainfall from 1984-2021 
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3.4 Mann-Kendall test statistics of monthly, seasonal and 
annual rainfall 

Table 4 exhibits the Mann-Kendall and Sen's non-
parametric approach Z-value as well as the real slopes of the 
predominant trend (change per year) for monthly, seasonal, 
and yearly rainfall data at a confidence level of 95%. The 
monthly average rainfall exhibited both a substantial upward 
trend and a non-significant downward trend over the course 
of the study period. The annual and seasonal rainfall profile 
along with Sen’s estimate is given in Figure 6 and Figure 7. 
The significant positive trend was seen during the months of 
May, June, July and August. The significant and non-
significant value of Z varied from +0.04  

to +4.97, while the magnitude of slope ranged from +0.03 to 
+13.40 mm/year, with the month of June having the greatest 
value of both Z (+4.97) and Q (+13.40 mm/year). 
Additionally, the magnitude of the slope as well as the trend 
was estimated for each season and year between the years 
1984 and 2021. An insignificant positive trend was found 
throughout the winter (JF) and post-monsoon (OND) periods 
of the 37-year research, but a substantial positive trend was 
found during the pre-monsoon (MAM) and post- monsoon 
(JJAS) periods. Z was determined to be +5.73 in the post-
monsoon period and +4.95 in the pre-monsoon period. Sen’s 
slope of +36.15 mm/year in JJAS indicates that the change in 
the monsoon season has increased significantly in the last 37  

 

 
Figure 6. Profile of mean annual rainfall and Sen’s estimate from 1984-2021 
 

    
(a)                                                                                                           (b) 

years. Also, the drastically increasing significant change in 
the annual rainfall of Silchar was indicated by high Q value 
of +56.05 mm/year, which is presented in Figure 7. Many 
researchers have performed trend analysis on the rainfall data 
in NER of India. There have been accounts of significant and 

non-significant change in the rainfall trends in NER. The 
majority of North East Indian districts, according to  

Ravindranath et al. (2011), are today and in the near 
future vulnerable to climate change. Choudhury et al. 
(2012) examined long-term (1983-2010) weather 
variables to detect trend changes in Meghalaya's mid-
altitude.  Based on the data, the observed increase in the 
rate of change in annual rainfall was 3.72 mm year-1, 
which was not statistically significant.  
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(c)                                                                            (d) 

Figure 7. (a), (b), (c) and (d) Profile of mean seasonal rainfall and Sen’s estimate from 1984-2021 
 

Additionally, there was a non-significant increase in 
precipitation of 1.70 mm during the monsoon months (JJAS), 
3.18 mm during the months leading up to the monsoon 
(MAM), and 1.16 mm in the months after the monsoon 
(ONDJF).Whereas, Jain et al., (2013) examined trends in 
monthly, seasonal, and annual rainfall and temperature on the 
subdivision and regional scale for the NER from 1871 to 
2008 and found no significant change in the rainfall pattern. 
Singh and Kumar, (2022) used monthly data for 150 years 
(1857-2006) to conduct a detailed analysis of temporal 
variability in monthly, seasonal, and annual rainfall over 
northeast India (NEI) by dividing the time series rainfall data 
into five normal periods of 30 years each: 1857-1886 (P1), 
1887-1916 (P2), 1917-1946 (P3), 1947-1976 (P4), and 1977-
2006 (P5) (P5). In order to identify the importance of a trend 
in time series data, parametric tests (such as linear 
regression) as well as non-parametric tests (such as the Man-
Kendall test) were employed. According to the data, 
monsoon rainfall has decreased significantly but post-
monsoon rainfall has increased. Similarly, Bora et al., (2022) 
investigated the variability and trends in annual and seasonal 
rainfall in the seven states of North East India from 1901 to 
2020, employing non-parametric tests such as Mann-
Kendall, trend-free pre-whitening Mann-Kendall, modified 
Mann-Kendall (MMK), and innovative trend analysis (ITA). 
The analysis indicated that these seven states had significant 
differences in their annual and seasonal rainfall.  The 
majority of tests yielded consistent findings. Rainfall patterns 
in Assam and Meghalaya after the monsoon and rainfall 
patterns in Arunachal Pradesh before the monsoon, rainfall 
patterns in Mizoram and Tripura during the winter, and 
rainfall patterns during the monsoon in Tripura were all 
notably different from one another. Some researchers have 
tried to investigate the statistical analysis and trends of 
rainfall and temperature in Assam but more detailed studies 
in climatic trends of major city like Silchar, located in the 
Barak Valley of Assam still needs to be investigated. 

Gogoi & Rao, (2022) used Mann-Kendall and Sen 
slope tests to investigate the spatiotemporal variations of 
long-term rainfall over Assam in India's north-eastern region 
from 1981 to 2017. The annual season, the pre-monsoon 
season, and the monsoon season all demonstrated increasing 
patterns, but the post-monsoon season and the winter season 
revealed barely perceptible declining trends. Both the amount 
of pre-monsoon rainfall and the amount of monsoon rainfall 
in Assam saw statistically significant increases. Karimganj 
(36.8%), Hailakandi (31.9%), Silchar (31.9%), and Dhubri 
(26.5%) were found to be the locations that had the most 
dramatic variances in rainfall. Das and Joshi (2012) did 
examined the rainfall pattern in the three South Assam 
districts of Cachar, Karimganj, and Hailakandi (known as 
Barak Valley) for short study period of 5 years (2004-2008) 
and concluded that the annual rainfall in the Barak valley 
region decreased by 31.58% between 2004 and 2008. 
Individual month analysis revealed that rainfall decreased in 
March, April, May, July, and December and seasonally, pre-
monsoon and summer monsoon rainfall as a whole 
decreased, while post-monsoon and winter rainfall increased 
marginally. 

Linear regression, Mann-Kendall, and Sen's Slope 
test were used by Kalidoss et al. (2017) to examine the long-
term trend and magnitude of rainfall and temperature in India 
from 1901 to 2014. A 5% statistically significant downward 
trend in summer rainfall was discovered. Furthermore, the 
variability of the yearly, summer, and monsoon rainfall was 
lower than that of the variability of the winter and post-
monsoon rainfall. Using nonparametric techniques like 
Mann-Kendall and Sen's slope tests, Akhtar et al. (2021) 
looked into the monotonic pattern of rainfall in the Karnataka 
and Tamil Nadu regions during the previous 110 years. It was 
discovered that Karnataka's declining trend is more 
significant than Tamil Nadu's.  
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The conventional statistical Mann - Kendall (MK), modified 
Mann-Kendall (mMK) method and graphical innovative 
trend analysis (ITA) approach were used by Mandal et al. 
(2021) between the years 1901 and 2015 in 36 Indian 
meteorological subdivisions with the purpose of identifying 
changes in the historical precipitation. On a seasonal scale, 
approximately 58.33%, 50%, 69.44%, and 88.88% of the 
subdivisions were found to experience decreasing trends in 
the pre-monsoon (Mar-May), monsoon (Jun-Sep), post-
monsoon (Oct-Nov), and winter (Dec-Feb) seasons. Saini et 
al. (2022) attempted to investigate recent rainfall variability 
using daily rainfall data from 33 well-spread stations in 
Rajasthan, northwestern India, from 1961 to 2017 using 
Mann-Kendall, Sen's slope estimator, and simple linear 
regression test (at 95% confidence level). Rainfall varied 
greatly between years, ranging from 277 mm in 2002 to 839 
mm in 1975, with a mean of 583 mm over this dry-land 
ecosystem. Baig et al., (2022) also analysed the trend and 
pattern of precipitation in Coastal Andhra using 36 years of 
daily and monthly rainfall data (1983–2018). From an 
average of 161 cm in 1983, the average precipitation declined 
to 147 cm in 1991, climbed to 181 cm in 2001, and then 
plummeted dramatically to 91 cm in 2018.According to the 
Sen, slope, rainfall in the study area is decreasing at a rate of 
1.27 cm per year. 
Sarkar et al., (2021) also attempted to identify and quantify 
the impact of climate change on rainfall patterns in West 
Bengal's Uttar Dinajpur district from 1901 to 2019. Both the 
Mann-Kendall and Sen's slope forecasts agree with the 
estimates that rainfall increases before the monsoon, 
increases during the monsoon, and decreases after the 
monsoon. The months of January, February, April, May, 
June, July, August, and December all show a positive 
ascending trend, whilst the months of March, September, and 
October show a negative downward trend. Monthly average 
rainfall peaked in July at 892.1 mm and dropped to a low of 
63.3 mm in January. According to the findings, the monsoon 
season received the most rainfall overall (75.2%), with a 
coefficient of variance that was 20.4%. The coefficient of 
variation (CV) during the winter season was 72.9%, and there 
was very little precipitation overall (2.87%). 
 
4. Conclusion 

Knowledge of rainfall's regional and temporal 
distribution and varying patterns is essential for effective 
water resource planning and management.  With a Z value of 
+4.83 and an increase of 56.05 mm/year, the analysis of 
rainfall data in Silchar, Assam, from 1984 to 2021 shows a 
clear rising trend in annual precipitation. May to August 
showed notable increasing tendencies, with June showing the 
largest rise at 13.40 mm/year. According to the research,  

this pattern becomes noticeably stronger both before and 
after the monsoon season. There was also a pattern of 
declining rainfall over the 37-year period. The Rainfall 
Anomaly Index (RAI) and the Standardized Precipitation 
Index (SPI) were used to better define rainfall patterns, and 
the results showed that there were occasionally years within 
the study period that were moderately to extremely rainy. 
There were more dry periods than rainy periods, despite the 
fact that no very or extremely dry periods were found. The 
highest proportion of yearly rainfall (18.39%) was recorded 
in June, while the lowest percentage (0.30%) was recorded in 
January. The highest proportion of annual precipitation of 
63.51% was generated during the monsoon season. The 
management of water resources in general and agricultural 
water resources in particular will be greatly impacted by 
these discoveries. In light of changing climatic conditions, 
they offer vital insights for strategic planning and adaptation 
strategies. 

 
5. References 
AghaKouchak, A., Chiang, F., Huning, L. S., Love, C. A., 

Mallakpour, I., Mazdiyasni, O., Moftakhari, H., 
Papalexiou, S. M., Ragno, E., & Sadegh, M. 
(2020). Climate Extremes and Compound Hazards 
in a Warming World. Annual Review of Earth and 
Planetary Sciences, 48(1), 519–548. 
https://doi.org/10.1146/annurev-earth-071719-
055228 

Ahmed, I. A., Salam, R., Naikoo, M. W., Rahman, A., 
Praveen, B., Hoai, P. N., Pham, Q. B., Anh, D. T., 
Tri, D. Q., & Elkhrachy, I. (2022). Evaluating the 
variability in long-term rainfall over India with 
advanced statistical techniques. Acta Geophysica, 
70(2), 801–818. https://doi.org/10.1007/s11600-
022-00735-5 

Akhtar, M. P., Faroque, F. A., Roy, L. B., Rizwanullah, M., 
& Didwania, M. (2021). Computational Analysis 
for Rainfall Characterization and Drought 
Vulnerability in Peninsular India. Mathematical 
Problems in Engineering, 2021, e5572650. 
https://doi.org/10.1155/2021/5572650 

Arora, M., Goel, N. K., & Singh, P. (2005). Evaluation of 
temperature trends over India / Evaluation de 
tendances de température en Inde. Hydrological 
Sciences Journal, 50(1), null-93. 
https://doi.org/10.1623/hysj.50.1.81.56330 

Aryal, A., Maharjan, M., Talchabhadel, R., & Thapa, B. 
(2022). Characterizing Meteorological Droughts in 
Nepal: A Comparative Analysis of Standardized 
Precipitation Index and Rainfall. Earth, 3, 409–
432. https://doi.org/10.3390/earth3010025 

 
 



111 

 

Asfaw, A., Simane, B., Hassen, A., & Bantider, A. (2018). 
Variability and time series trend analysis of 
rainfall and temperature in northcentral Ethiopia: 
A case study in Woleka sub-basin. Weather and 
Climate Extremes, 19, 29–41. 
https://doi.org/10.1016/j.wace.2017.12.002 

Baig, M., Shahfahad, Waseem Naikoo, M., Ansari, A., 
Ahmed, S., & Rahman, A. (2022). Spatio-
temporal analysis of precipitation pattern and 
trend using standardized precipitation index and 
Mann–Kendall test in coastal Andhra Pradesh. 
Modeling Earth Systems and Environment, 8. 
https://doi.org/10.1007/s40808-021-01262-w 

Bora, S. L., Bhuyan, K., Hazarika, P. J., Gogoi, J., & 
Goswami, K. (2022). Analysis of rainfall trend 
using non-parametric methods and innovative 
trend analysis during 1901–2020 in seven states 
of North East India. Current Science, 122(7), 801. 
https://doi.org/10.18520/cs/v122/i7/801-811 

Borah, P., Hazarika, S., & Prakash, A. (2022). Assessing the 
state of homogeneity, variability and trends in the 
rainfall time series from 1969 to 2017 and its 
significance for groundwater in north-east India. 
Natural Hazards, 111(1), 585–617. 
https://doi.org/10.1007/s11069-021-05068-y 

Burn, D. H., Cunderlik, J. M., & Pietroniro, A. (2004). 
Hydrological trends and variability in the Liard 
River basin / Tendances hydrologiques et 
variabilité dans le basin de la rivière Liard. 
Hydrological Sciences Journal, 49(1), 53–67. 
https://doi.org/10.1623/hysj.49.1.53.53994 

Chahal, M., Singh, O., Bhardwaj, P., & Ganapuram, S. 
(2021). Exploring spatial and temporal drought 
over the semi-arid Sahibi river basin in Rajasthan, 
India. Environmental Monitoring and 
Assessment, 193. https://doi.org/10.1007/s10661-
021-09539-4 

Chaulagain, D., Aroca, O., Same, N., Yakub, A., Nsafon, 
B., Suh, D., Triolo, J., & Huh, J.-S. (2023). 
Extreme Dry and Wet Events in the Pacific 
Region of Colombia estimated in the 21st Century 
Based on the Standardized Precipitation Index 
and CORDEX Climate Projections. Atmosphere, 
14, 260. https://doi.org/10.3390/atmos14020260 

Choudhury, B., Das, A., Ngachan, S. V., Slong, A., 
Bordoloi, L. J., & Chowdhury, P. (2012). Trend 
analysis of long-term weather variables in mid-
altitude Meghalaya. J. Agric. Phys., 12, 12–22. 

Das, P., & Joshi, S. (2012). Erratic Rainfall Patterns and its 
Consequences in Barak Valley, Southern Assam, 
Northeast India. Envis Assam- An Envis News 
Letter, 2–7. 

Datta, P., & Das, S. (2019). Analysis of long-term seasonal and 
annual temperature trends in North Bengal,                
India. Spatial Information Research, 27. 
https://doi.org/10.1007/s41324-019-00250-8 

Douglas, E. M., Vogel, R. M., & Kroll, C. N. (2000). Trends 
in floods and low flows in the United States: Impact 
of spatial correlation. Journal of Hydrology, 240(1), 
90–105. https://doi.org/10.1016/S0022-
1694(00)00336-X 

Gadedjisso-Tossou, A., Adjegan, K. I., & Kablan, A. K. M. 
(2021). Rainfall and Temperature Trend Analysis by 
Mann–Kendall Test and Significance for Rainfed 
Cereal Yields in Northern Togo. Sci, 3(1), Article 1. 
https://doi.org/10.3390/sci3010017 

Gelata, F., Jiqin, H., & Gemeda, S. (2023). Application of MK 
trend and test of Sen’s slope estimator to measure 
impact of climate change on the adoption of 
conservation agriculture in Ethiopia. Journal of 
Water and Climate Change. 
https://doi.org/10.2166/wcc.2023.508 

Gharphalia, B. J., Deka, R. L., Islam, A. N., Dutta, P., & 
Medhi, K. (2018). Variability and Trends of Rainfall 
Events in the Brahmaputra Valley of Assam. 
International Journal of Current Microbiology and 
Applied Sciences, 7(11), 1902–
1912.https://doi.org/10.20546/ijcmas.2018.711.215 

Gogoi, K., & Rao, K. N. (2022). Analysis of Rainfall Trends 
over Assam, North East India. Current World 
Environment, Volume 17(issue 2), 435–446. 

Goyal, M. K. (2014). Statistical Analysis of Long Term Trends 
of Rainfall During 1901–2002 at Assam, India. 
Water Resources Management, 28(6), 1501–1515. 
https://doi.org/10.1007/s11269-014-0529-y 

Gupta, N., Banerjee, A., & Gupta, S. (2021). Spatio-temporal 
Trend Analysis of Climatic Variables over 
Jharkhand, India. Earth Systems and Environment, 
5. https://doi.org/10.1007/s41748-021-00204-x 

Helsel, D. R., & Hirsch, R. M. (2002). Statistical methods in 
water resources. In Statistical methods in water 
resources (USGS Numbered Series No. 04-A3; 
Techniques of Water-Resources Investigations, 
Vols. 04-A3). U.S. Geological Survey. 
https://doi.org/10.3133/twri04A3 

Intergovernmental Panel on Climate Change (Ed.). (2014). 
Detection and Attribution of Climate Change: From 
Global to Regional. In Climate Change 2013 – The 
Physical Science Basis: Working Group I 
Contribution to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change (pp. 
867–952). Cambridge University Press. 
https://doi.org/10.1017/CBO9781107415324.022 

 
 



112 

 

Jain, S., & Kumar, V. (2012). Trend analysis of rainfall 
and temperature data for India SK Jain, V 
Kumar Current Science (Bangalore) 102 (1), 
37-49. Current Science, 102. 

Jain, S., Kumar, V., & Saharia, M. (2013). Analysis of 
Rainfall and Temperature Trends in Northeast 
India. International Journal of Climatology, 33. 
https://doi.org/10.1002/joc.3483 

Kabo-Bah, A. T., Diji, C. J., Nokoe, K., Mulugetta, Y., 
Obeng-Ofori, D., & Akpoti, K. (2016). Multiyear 
Rainfall and Temperature Trends in the Volta 
River Basin and their Potential Impact on 
Hydropower Generation in Ghana. Climate, 4(4), 
Article 4. https://doi.org/10.3390/cli4040049 

Kalidoss, R., Iyemperumal, S., Jena, S., Sarkar, S., & 
Adhikari, S. (2017). A Climate Trend Analysis of 
Temperature and Rainfall in India. Climate 
Change and Environmental Sustainability, 5, 146–
153. https://doi.org/10.5958/2320-
642X.2017.00014.X 

Kaur, L., Rishi, M., & Chaudhary, B. S. (2022). Assessment 
of meteorological and agricultural droughts using 
remote sensing and their impact on groundwater in 
an agriculturally productive part of Northwest 
India. Agricultural Water Management, 274, 
107956. 
https://doi.org/10.1016/j.agwat.2022.107956 

Kendall, M. G. (1975). Rank correlation methods (4th 
ed., 2d impression). Griffin. 

Kessabi, R., Hanchane, M., Krakauer, N. Y., Aboubi, I., El 
Kassioui, J., & El Khazzan, B. (2022). Annual, 
Seasonal, and Monthly Rainfall Trend Analysis 
through Non-Parametric Tests in the Sebou River 
Basin (SRB), Northern Morocco. Climate, 10(11), 
Article 11. https://doi.org/10.3390/cli10110170 

Khaniya, B., Priyantha, H. G., Baduge, N., Azamathulla, H. 
M., & Rathnayake, U. (2020). Impact of climate 
variability on hydropower generation: A case study 
from Sri Lanka. ISH Journal of Hydraulic 
Engineering, 26(3), 301–309. 

Kumar, A., Prasad, V., Baghel, S., & IMD, M. (2023). 
Estimation and evaluation of trend analysis of the 
Penman-Monteith reference evapotranspiration of 
Raipur region, Chhattisgarh central India. 
MAUSAM, 74, 199–206. 
https://doi.org/10.54302/mausam.v74i1.6129 

Kumar, V., & Jain, S. K. (2011). Trends in rainfall 
amount and number of rainy days in river 
basins of India (1951–2004). Hydrology 
Research, 42(4), 290–306. 
https://doi.org/10.2166/nh.2011.067 

Kumaraswamy, K. (2022). Precipitation Trend Analysis of 
India—A Climate Change Study. Indian Journal 
of Science and Technology, 15(8), 351–356. 
https://doi.org/10.17485/IJST/v15i8.2040 

La Sorte, F. A., Johnston, A., & Ault, T. R. (2021). Global 
trends in the frequency and duration of temperature 
extremes. Climatic Change, 166(1), 1. 
https://doi.org/10.1007/s10584-021-03094-0 

Lana, X., Serra, C., & Martínez, M. D. (2022). The effects of 
the climatic change on daily maximum and 
minimum temperatures along 102 years (1917–
2018) recorded at the Fabra Observatory, 
Barcelona. Theoretical and Applied Climatology, 
149(3), 1373–1390. 
https://doi.org/10.1007/s00704-022-04096-3 

Laskar, S. I., Kotal, S. D., & Bhowmik, S. K. R. (2014). 
Analysis of rainfall and temperature trends of 
selected stations over North East India during last 
century. MAUSAM, 65(4), Article 4. 
https://doi.org/10.54302/mausam.v65i4.1184 

Lettenmaier, D. P., Wood, E. F., & Wallis, J. R. (1994). 
Hydro-Climatological Trends in the Continental 
United States, 1948-88. Journal of Climate, 7(4), 
586–607. https://doi.org/10.1175/1520-
0442(1994)007<0586:HCTITC>2.0.CO;2 

Machina, M., & Sharma, S. (2017). Assessment of Climate 
Change Impact on Hydropower Generation: A 
Case Study of Nigeria. International Journal of 
Engineering Technology Science and Research, 4, 
2394–3386. 

Machiwal, D., Gupta, A., Jha, M. K., & Kamble, T. (2019). 
Analysis of trend in temperature and rainfall time 
series of an Indian arid region: Comparative 
evaluation of salient techniques. Theoretical and 
Applied Climatology, 136(1–2), 301–320. 
https://doi.org/10.1007/s00704-018-2487-4 

Maharana, P., Agnihotri, R., & Dimri, A. P. (2021). Changing 
Indian monsoon rainfall patterns under the recent 
warming period 2001–2018. Climate Dynamics, 
57. https://doi.org/10.1007/s00382-021-05823-8 

Mahmood, R., Jia, S., & Zhu, W. (2019). Analysis of 
climate variability, trends, and prediction in 
the most active parts of the Lake Chad basin, 
Africa. Scientific Reports, 9(1), Article 1. 
https://doi.org/10.1038/s41598-019-42811-9 

 



113 

 

Mallick, J., Talukdar, S., Alsubih, M., Salam, R., Mohd, 
mohd, Ben Kahla, N., & Shamimuzzaman, M. 
(2021). Analysing the trend of rainfall in Asir 
region of Saudi Arabia using the family of Mann-
Kendall tests, innovative trend analysis, and 
detrended fluctuation analysis. Theoretical and 
Applied Climatology, 143. 
https://doi.org/10.1007/s00704-020-03448-1 

Mandal, T., Sarkar, A., Das, J., Rahman, A. T. M. S., & 
Chouhan, P. (2021). Comparison of Classical 
Mann–Kendal Test and Graphical Innovative 
Trend Analysis for Analyzing Rainfall Changes in 
India. Springer Climate, 155. 

Mann, H. B. (1945). Nonparametric Tests Against Trend. 
Econometrica, 13(3), 245–259. 
https://doi.org/10.2307/1907187 

Martínez, M. D., Serra, C., Burgueño, A., & Lana, X. (2009). 
Time trends of daily maximum and minimum 
temperatures in Catalonia (ne Spain) for the period 
1975-2004. International Journal of Climatology, 
n/a-n/a. https://doi.org/10.1002/joc.1884 

Mckee, T., Doesken, N., & Kleist, J. (1993). The relationship 
of drought frequency and duration to time scales. 
In Proceedings of the 8th Conference on Applied 
Climatology, 17, 179–183. 
https://www.droughtmanagement. info/literature/ 
AMS_Relationship_Drought_Frequency_ 
Duration_Time_Scales_1993.pdf 

Mehta, D., & Yadav, S. M. (2021). An analysis of rainfall 
variability and drought over Barmer District of 
Rajasthan, Northwest India. Water Supply, 21(5), 
2505–2517. https://doi.org/10.2166/ws.2021.053 

Munot, A. a., & Kothawale, D. r. (2000). Intra-seasonal, 
inter-annual and decadal scale variability in 
summer monsoon rainfall over India. International 
Journal of Climatology, 20(11), 1387–1400. 
https://doi.org/10.1002/1097-0088(200009) 

Nguyen, H. M., Ouillon, S., & Vu, V. D. (2022). Sea Level 
Variation and Trend Analysis by Comparing 
Mann–Kendall Test and Innovative Trend 
Analysis in Front of the Red River Delta, Vietnam 
(1961–2020). Water, 14(11), Article 11. 
https://doi.org/10.3390/w14111709 

Oza, M., & Kishtawal, C. (2014). Trends in Rainfall and 
Temperature Patterns over North East India. Earth 
Science India, 7, 90–105. 
https://doi.org/10.31870/ESI.07.4.2014.8 

Panda, A., & Sahu, N. (2019a). Trend analysis of seasonal 
rainfall and temperature pattern in Kalahandi, 
Bolangir and Koraput districts of Odisha, India. 
Atmospheric Science Letters, 20(10), e932. 
https://doi.org/10.1002/asl.932 

Pattanaik, D. R., & Rajeevan, M. (2010). Variability of 
extreme rainfall events over India during southwest 
monsoon season. Meteorological Applications, 
17(1), 88–104. https://doi.org/10.1002/met.164 

Perera, A., & Rathnayake, U. (2019). Impact of climate 
variability on hydropower generation in an un-
gauged catchment: Erathna run-of-the-river 
hydropower plant, Sri Lanka. Applied Water 
Science, 9(3), 57. https://doi.org/10.1007/s13201-
019-0925-9 

Pingale, S. M., Khare, D., Jat, M. K., & Adamowski, J. 
(2014). Spatial and temporal trends of mean and 
extreme rainfall and temperature for the 33 urban 
centers of the arid and semi-arid state of Rajasthan, 
India. Atmospheric Research, 138, 73–90. 
https://doi.org/10.1016/j.atmosres.2013.10.024 

Praveen, B., Talukdar, S., Shahfahad, Mahato, S., Mondal, J., 
Sharma, P., Islam, A. R. M. T., & Rahman, A. 
(2020). Analyzing trend and forecasting of rainfall 
changes in India using non-parametrical and 
machine learning approaches. Scientific Reports, 
10(1), Article 1. https://doi.org/10.1038/s41598-
020-67228-7 

Prokop, P., & Walanus, A. (2015). Variation in the 
orographic extreme rain events over the Meghalaya 
Hills in northeast India in the two halves of the 
twentieth century. Theoretical and Applied 
Climatology, 121(1), 389–399. 
https://doi.org/10.1007/s00704-014-1224-x 

Rani, A., Sharma, D., Babel, M., & Sharma, A. (2022). 
Spatio-temporal assessment of agro climatic 
indices and the monsoon pattern in the Banas River 
Basin, India. Environmental Challenges, 7, 
100483. 
https://doi.org/10.1016/j.envc.2022.100483 

Rathnayake, U. (2019). Comparison of Statistical Methods to 
Graphical Methods in Rainfall Trend Analysis: 
Case Studies from Tropical Catchments. Advances 
in Meteorology, 2019, e8603586. 
https://doi.org/10.1155/2019/8603586 

Ravindranath, N. H., Rao, S., Sharma, N., Nair, M., 
Gopalakrishnan, R., Rao, A. S., Malaviya, S., 
Tiwari, R., Sagadevan, A., Munsi, M., Krishna, N., 
& Bala, G. (2011). Climate change vulnerability 
profiles for North East India. Current Science, 
101(3), 384–394. 

 
 

 



114 

 

Rawat, K. S., Mishra, A. K., Singh, S. K., Kumar, S., & 
Bahuguna, A. (2020). Rainfall Trend Analysis 
using Non-Parametric Test and Satellite Data of 
Pauri Garwal District of Uttarakhand, India. 
International Journal of Advanced Research in 
Engineering and Technology, 11(9), 1098–1107. 

Rayadurgam, H. M., & Rao, P. (2021). Spatio-temporal 
rainfall patterns and trends (1901-2015) across 
Visakhapatnam-Chennai Industrial Corridor, India. 
Theoretical and Applied Climatology, 144, 1141–
1159. https://doi.org/10.1007/s00704-021-03587-z 

Rooy, M. (1965). A Rainfall Anomally Index Independent Of 
Time And Space. 14, 43–48. 

Saini, D., Bhardwaj, P., & Singh, O. (2022). Recent rainfall 
variability over Rajasthan, India. Theoretical and 
Applied Climatology, 148, 1–19. 
https://doi.org/10.1007/s00704-021-03904-6 

Saini, D., Singh, O., & Bhardwaj, P. (2020). Standardized 
precipitation index based dry and wet conditions 
over a dry land ecosystem of North Western India. 
Geology Ecology and Landscapes, 6. 
https://doi.org/10.1080/24749508.2020.1833614 

Sarkar, A., Saha, S., Sarkar, D., & Mondal, P. (2021). 
Variability and Trend Analysis of the Rainfall of 
the Past 119 (1901-2019) Years using Statistical 
Techniques: A Case Study of Uttar Dinajpur, India. 
Journal of Climate Change, 7(2), 49–61. 
https://doi.org/10.3233/JCC210011 

Sen, P. K. (1968). Estimates of the Regression Coefficient 
Based on Kendall’s Tau. Journal of the American 
Statistical Association, 63, 1379–1389. 

Sharma, S. K., Sharma, D. P., Sharma, M. K., Gaur, K., & 
Manohar, P. (2021). Trend Analysis of 
Temperature and Rainfall of Rajasthan, India. 
Journal of Probability and Statistics, 2021, 
e6296709. https://doi.org/10.1155/2021/6296709 

Singh, P., & Kumar, N. (2022). Analysis of trend and 
temporal variability in rainfall over Northeast 
India. MAUSAM, 73(2), Article 2. 
https://doi.org/10.54302/mausam.v73i2.5479 

Swain, S., Mishra, S. K., Pandey, A., & Dayal, D. (2022). 
Spatiotemporal assessment of precipitation 
variability, seasonality, and extreme 
characteristics over a Himalayan catchment. 
Theoretical and Applied Climatology, 147(1), 
817–833. https://doi.org/10.1007/s00704-021-
03861-0 

Tang, W., Fu, Y., Wang, X., Lu, Y., Xu, M., Xie, W., & 
Song, A. (2022). Decreasing spring persistent 
rainfall over the Yangtze-Huai River Valley of 
China during 1960–2019 and its possible causes. 
International Journal of Climatology, 42(7), 
3809–3819. https://doi.org/10.1002/joc.7446 

Umar, D. A., Ramli, M. F., Aris, A. Z., Jamil, N. R., & 
Aderemi, A. A. (2019). Evidence of climate 
variability from rainfall and temperature 
fluctuations in semi-arid region of the tropics. 
Atmospheric Research, 224, 52–64. 
https://doi.org/10.1016/j.atmosres.2019.03.023 

Yang, R., & Xing, B. (2022). Spatio-Temporal Variability in 
Hydroclimate over the Upper Yangtze River 
Basin, China. Atmosphere, 13(2), Article 2. 
https://doi.org/10.3390/atmos13020317 

Yue, S., Pilon, P., Phinney, B., & Cavadias, G. (2002). The 
influence of autocorrelation on the ability to detect 
trend in hydrological series. Hydrological 
Processes, 16(9), 1807–1829. 
https://doi.org/10.1002/hyp.1095 

 


