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                     Abstract 
 Assessing ” 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, coe�  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 ” 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 signi“ 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   �· 
 Coe�  cient of variation   �·  Sen slope estimator   �·  Anomaly index   �·  Climate change  

      Introduction 

 Climate is de“ ned as •the fusion of di� erent weather ele-
ments widespread over 30�yearsŽ (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 a� ected by rainfall variability. 
Weather elements like precipitation and temperature are 
signi“ 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 signi“ cant part in shaping hydrol-
ogy and water quality. Over a decade several researchers 
con“ 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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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 signi“ 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 insigni“ -
cant decreasing trends except for grid 7, which demon-
strates a signi“ 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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  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 e� 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-
ni“ 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 insigni“ cant decreas-
ing trend ( Zc -statistics) and slope for both the annual and 
seasonal rainfall, the  Zc -statistics of the Mann…Kendall 
test re” 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 con“ rms a similar result. The Coe�  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 “ nal. 
The regression of the annual mean temperature shows 
favourable positive trends and is demonstrated with sta-
tistical signi“ 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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