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Abstract 

Analysis of climatic variables is important for detection and attribution of climate change trends and has received 

a considerable attention from researchers across the globe including India. Kashmir valley of newly formed Union 

Territory Jammu & Kashmir situated in north western part of India is having a rich repository of glaciers, a small 

change in the precipitation and temperature management could introduce about environmental, agricultural and 

economic penalties. To this end, current study aims to analyse changing patterns in precipitation and temperature 

variables over the various elevation zones of the Kashmir Valley using long term precipitation and temperature 

data obtained from National Data Centre, Indian Meteorological Department (IMD), Pune for the period of 40 

years (1980-2019). The results revealed that average mean minimum and maximum temperature of the Kashmir 

valley has increased substantially at a rate of 0.02oC/year. Warming trends has been observed in all seasons, 

however, winter and spring season temperatures have shown statistically significant increasing trends. In addition, 

mean maximum and minimum temperature in plain and mountain areas have reported higher rates of increase in 

comparison to Karewah’s and foothill areas of Kashmir. Study of annual precipitation results for the same period 

indicates a diminishing pattern with a rate of -5.01 mm/year. Seasonal precipitation was also found decreasing at 

rate of -4.95, -0.30, -0.28 and -0.06 mm/year for the spring, winter, autumn and summer seasons respectively and 

at different elevation zones, higher rates of precipitation decline have been observed in the mountainous area, 

which can be very detrimental to the agricultural crops of the Kashmir valley through water supply, climate 

regulation and ground water recharge. Further, the above statistical test results of increase in temperature and 

decrease in precipitation over different topographical zones of Kashmir were corroborated with the information 

attained from interview and involvement of the small farmer holders of 06 different locations representing the 

whole Kashmir and has been discussed in this paper to get a clearer understanding of climate change related 

instability and patterns in weather variables in the Kashmir Valley. 

 

Keywords Climate change . Weather variables . Annual and seasonal trends . Different elevation zones . Farmers 

perception  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 Introduction 

 Average surface temperature data of world indicates a linear warming pattern of 0.87oC for the recent 

decade of 2006-2015 and is expected to reach 1.5oC between 2030-2052 (IPCC, 2018). A recently released report 

by NOAA, (2020), the year 2019 was yet again warmest year with an annual global temperature of 1.1oC warmer 

than the average of 1850-1900. However, air temperatures do not increase equally in all parts of the globe. 

(Rosenberg et al. 2003). It is also recognized that rainfall is expected to rise by 0.2-0.3 per cent every decade over 

tropical land in the twenty first century. (IPCC, 2007). Climate change poses a huge danger to agriculture, food 

security and the livelihoods of millions of people in many parts of the world. (IPCC 2014), wherein, precipitation 

and temperature are the two main critical variables often used to monitor the degree and severity of climate change 

and inconsistency. (IPCC 2014).  

 Union Territory-Jammu and Kashmir of India, situated in the western Himalayan region, are extremely 

vulnerable to climate change owing to their rugged and high mountain topography. At the same time, the 

Himalayas, which happens to be the third largest storehouse of frozen water and feeds 1.5 billion people for water 

on earth are therefore censorious for the water security in the country (DST, 2018). For last few decades, UT-

Jammu & Kashmir is experiencing the major effect of climate change on local weather in the form of diminishing 

and reducing glaciers, catastrophic flooding, decreasing winter time and snow, and increasing summer length and 

temperature. (Solomon et al. 2007; Immerzeel et al. 2010; Romshoo et al. 2015 & 2017). Therefore, understanding 

local climate trends and variability has become imperative to settle the impacts of changing climate on agriculture, 

water resource planning and management to suggest feasible adaptation strategies and agricultural practices for 

augmenting the valuable inputs for policymakers and practitioners. 

 In most cases, research on climate change have been done at world level (Pielke et al. 2000), But the 

window has to be narrowed down to the local level to understand its elaborateness at a micro-level. In addition, 

complexities become more important for mountain areas, given the geomorphological characteristics, due to their 

extraordinary impact on local climatic conditions and their interlinking with global climate change. While some 

records suggest that in western Himalaya, seasonal maximum and minimum temperatures have shown increasing 

trends by 2.8 and 1oC respectively, except Karakoram mountain range where temperatures have shown decreasing 

trend of 1.6 oC over the period of two decades (1988-2008) (Shekhar et al. 2010). However, some investigations, 

including recent one indicates that annual temperatures have risen significantly over the past century (Sharma et 

al. 2000; Bhutiyani et al. 2010; Shafiq et al. 2016) and has been projected around 0.16 degree Celsius per ten years 

over Himalayas during last hundred years (Bhutiyani et al. 2007).  Other studies in Indian Himalayas especially 

in the west parts have observed increasing trends of temperature by 0.9°C/decade (1901-2003) (Dash et al. 2007), 

the study further revealed that the majority of this higher temperature trend have been increased after 1972 in 

particular. In addition, Dimri and Dash (2012) while studying the temperature trends of the winter months from 

1975 to 2006, has reported increasing trend over western Himalayas with mean maximum temperature recorded 

largest rise (1.1-2.5 °C). 

 From the ongoing deliberation, the pattern studies performed so far in the Himalayan region are not 

definitive and some are conducted on a macro scale, which requires more investigation. This has shown that 

relying on the annual or seasonal pattern alone cannot be deceive and should be accompanied by a variability 

study. Further, the perception and experience of farmers pertaining to weather and climate change has not been 

included in any of the study. Incorporating farmers' views of shifts in weather and environment in the pattern study 



may provide an important insight into the essence of weather cycles that could not be captured by the review of 

long-term weather records alone. 

 As a result, this research combines both the variability inquiry, the pattern review (based on historical 

evidence from 1980 to 2019) using descriptive and predictive measures, and the understanding of smallholders 

and marginal farmers from various topographical locations, so as to give a better understanding of climate change 

induced variability and pattern of meteorological variables in the Kashmir Valley. 

2 Study location  

 The Union territory-Jammu and Kashmir (Figure 1) located in the extreme north-western Himalaya of 

India, between longitude 72°31’E and 80°20’E and Latitude 32°17’N and 37°05’N. This region is bestowed with 

subtropical and temperate climate. The Kashmir valley (33° 22’ to 34° 50’N latitude and 73° 52’ to 75° 42’ E 

longitudes) lying in the temperate zone is extended over an area of 15, 948 sq. km, surrounded by the Pir Panjal 

from northern and western ends of the greater Himalayas in the south-east, which stops monsoon winds from the 

southeast and south, and cold winds from Central Asia in the Kashmir Valley. As such, the climate of sheltered 

Valley has its own peculiarities and exhibits exception to peripheral region. The valley area is normally bordered 

on all sides by mountains with an average valley height of 1620 m, but the surrounding snow-clad mountains 

climb from 3000 to 4900 m. The climate of Kashmir differs greatly due to its harsh topography, it plays an 

important role in people's lives, availability of basic necessities and in the socio-economic growth of the region of 

the Union as a whole. 

3 Data and methodology 

3.1 Data 

 A long-term data sets of six meteorological stations spanning over Kashmir valley (Fig. 1) on maximum, 

minimum temperatures and precipitation obtained from National Data Centre, Indian Meteorological Department, 

Pune and Srinagar for the period 1980-2019 were analysed in this study. Data were used to measure annual and 

seasonal temperature and precipitation variations across the chosen regions of study. For intra-annual variations, 

the monthly data was split into four seasons: summer as June, July, August; spring as March, April, May; autumn 

as September, October, November and winter as December, January, February. Although the overall consistency 

of the data collection used was reasonably high, some of the stations examined in the analysis had holes of less 

than 5% of the total observations. With regard to the probability of filling these holes, easy imputation was used 

to fill the missed gaps in the relevant decade by measuring the decadal daily averages (Johnson, 2003).  

3.2 Methodology 

3.2.1 Descriptive analysis 

 Descriptive statistic like mean, standard deviation, and variance were computed. Other statistical 

computations were also included as kurtosis, skewness and coefficient of variations.  

3.2.2. Correlation Analysis 

 Correlation analysis among the weather variables and with time for all six meteorological stations was 

computed by standard procedure in R environment.   

3.2.3 Trend detection  

 The patterns in long period of meteorological data can be identified using a large range of experiments 

(Tabari et al. 2011). In this analysis, both linear regression viz. parametric and Man-Kendall viz. non parametric 

methods were employed to identify patterns in temperature and rainfall. Being simple in calculations, the 



parametric methods are often preferred (Mosmann et al. 2004). However, the restriction of normal distribution in 

case of these parametric test can be overcome by allowing transformations of data set (Huth, 1999). However, 

non-parametric methods are distribution free and power of these tests are equally comparable to the parametric 

one (Zhang et al. 2008). The short explanations of the statistical techniques used are as follows: 

 
Figure 1. Map showing the locations and elevation (m) of six meteorological stations used in the study viz., 

Srinagar (flood plain, located on plane surface), Quazigund (foot hills, located on plane surface), Gulmarg and 

Pahalgham (Mountainous, located on mountain top), Kupwara (Karewa’s, located on plane surface bounded on 

three sides by mountains) and Kokernag (Karewa’s, located on plane surface) of UT-Jammu & Kashmir. Data 

period used: (1980-2019) 

3.2.4 Trend test given by Mann Kendall (MK)  

The Mann-Kendall identifies the patterns in time series and is non – parametric test. Instead of comparing the data 

values themselves, this test compares the relative magnitude of the input data (Gilbert, 1987). Being non-

parametric test, results of the test does not stick to any distribution of the series. Moreover, due time series is non-

homogenous is low vulnerable to sudden breaks (Jaagus, 2006). Mann (1945) first used this measure and Kendall 

(1975) eventually derived the statistical distribution of the test. According to this research, the null hypothesis in 

the test is that there is no proper trend in the data set. Significance of the test rejects the null hypothesis which 

means that the pattern is present throughout the data set, and can be either positive or negative as defined in the 

ranking. The test statistic S is given by: 𝑆 =  ∑ ∑ 𝑠𝑔𝑛 (𝑥𝑗 − 𝑥𝑘𝑛𝑗=𝑘+1 )𝑛−1𝑘=1               (1) 

 The pattern test is protracted to the time series xk, where k ranges from 1,2,3, ... n – 1 and xj is reference 

point which are ranked from j = I + 1, I + 2, I + 3, ... n. and is compared to the rest of the data points xk, such that, 



𝑠𝑔𝑛 (𝑥𝑗 − 𝑥𝑘) = {+1 𝑖𝑓 𝑥𝑗 − 𝑥𝑘 > 0  0  𝑖𝑓  𝑥𝑗 − 𝑥𝑘 = 0−1 𝑖𝑓 𝑥𝑗 − 𝑥𝑘 > 0                  (2) 

 Here are the sequential data values of xj and xk, and n is the length of the data set. For samples greater 

than 10, the procedure is performed using a normal distribution (Helsel et al. 1992) with the mean and variance as 

follows and the variance for the S statistic is defined as: 𝐸(𝑆) = 0 

𝑉𝐴𝑅(𝑆) = 118 [𝑛 (𝑛 − 1)(2𝑛 + 5) − ∑ 𝑡𝑝𝑞𝑝=1 (𝑡𝑝 − 1)(2𝑡𝑝 + 5)]               (3) 

 Here tp is the number of data points in the pth bound group, and q is the number of bound groups in the 

data set. The uniform Zmk test statistic is determined by: 

𝑍𝑚𝑘 = {  
  𝑆−1√𝑉𝐴𝑅(𝑆)  𝑖𝑓 𝑆 > 0  0               𝑖𝑓  𝑆 = 0𝑆+1√𝑉𝐴𝑅(𝑆)  𝑖𝑓 𝑆 < 0                         (4) 

 Where the value of Zmk is the Mann-Kendall test statistics which follow the standard normal distribution 

with a mean of zero and a variance of one. Thus, in a two-sided trend test, the null HO hypothesis is agreed if -Z1 

– α/2 ≤ Zmk ≤ Z1 – α/2, where α is the degree of importance that indicates the intensity of the trend.  

3.2.5 Sen’s Slope Estimator 

 Man Kendall test used to identify weather pattern present in data series, however the magnitude of the 

pattern can be estimated by Sen estimator which is non-parametric used in time series (Sen, 1968). Sen's non-

parametric method is used to measure the true slope of the current trend, such as the rate of change each year. 

However, linearity in pattern of time series is main restriction of Sen estimator, such as: 

( )f t Qt B 
                                          (5) 

 Here Q is the slope, and B is a constant. 

To get the slope estimate Q in Eq. 5, the slopes of all the data value pairs are calculated as: 

j k
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x x
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                                         (6) 

 Here xj , and xk are the data values in years j and k, j > k. If there are n values of xj in the time series, one 

gets as many as N = n (n – 1)/2 slope estimates Qi. 

Sen’s estimator of the slope is the median of these N values of Qi. The N values of Qi are ranked from the smallest 

to the largest, and Sen’s estimator is 
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                     (7) 

 The either sided confidence interval of the slope estimation can be obtained by nonparametric technique 

considering normal distribution. Sen Slope estimator can be accurately calculated for sample size as small as 10 

unless there are a number of relations. A positive Qi value indicates an upward trend, while a negative value 

indicates a downward trend in the time sequence. 



3.2.6 Linear regression  

 Simple linear regression widely used parametric approach for the detection of linear trend in time series. 

It is used to identify the relationship between one variable and another variable or other variables of interest. The 

slope of hydrometeorological factors is also carried out on schedule. Positive slope values indicate a rising trend, 

while negative slope values show a declining trend. Regression has the advantage that it offers a metric of 

importance dependent on the slope hypothesis test and also gives the magnitude of the rate of change viz. 

regression coefficient (Hirsch et al. 1991). The cumulative adjustment over the time under study is achieved by 

multiplying the slope by the number of years. In this work, the patterns were found to be statistically relevant at 

α<0.05 level using the Student T-Test. 

4 Results and discussion 

4.1 Temperature 

4.1.1 Monthly, annual and seasonal analysis of maximum temperature 

 Figures 2a shows box plot for the dispersal of the monthly maximum temperature for each meteorological 

station in Kashmir. The duration of the box clearly shows the temperature variability is more during the month of 

January, March, May and November, whereas, June, July and August months are more stable months. The mean 

monthly maximum temperature reaches to its peak during the month of July, after which it starts declining and 

reaches to its lowest during December and January. Looking at skewness values (Table 1a), it is observed that 

December month exhibited high negative skewness value indicating the tendency of temperature to remain below 

average. High positive kurtosis value signifies the heavy tailed distribution i.e., more outliers present in the data 

set. Both can be easily seen from the box plot diagram where for December month, more below average outliers 

are seen. The value of skewness and kurtosis were observed positively high for the month of April, which indicates 

tendency of temperature to remain more than average and can be seen through box plot where large whisker and 

outlier is observed towards high end during the April month.  

 The correlation matrix for all meteorological stations between weather variables and with time is 

presented in Figure 3 (a-f). It is observed that, maximum temperature shows positively significant correlation with 

time for Srinagar, Pahalgam and Kupwara. However, for stations like Gulmerg, Quazigund and Kokernag, the 

correlation is positively nonsignificant (p<0.05). This indicates, temperature has been increasing over the years 

for all stations. With respect to correlation between maximum with minimum temperature and rainfall. The perusal 

of data indicates that with increase in maximum temperature, the minimum temperature significantly (p<0.05) 

increasing except Kokernag and rainfall is significantly decreasing at all stations representing the different 

geolocations of Kashmir.  

 The study of annual and seasonal temperature patterns during the period of 1980-2019 was also 

performed. Mann-Kendall test indicates a substantial rise (p=0.06) in mean annual maximum temperature in the 

entire valley at a pace of 0.02°C/year over the span of forty years (Fig. 4a). It also suggests a large phase jump in 

1997 (p=0.01), which illustrates quantum difference in maximum temperature, with recent decades indicating 

larger maximum temperature ranges than the original years of the research period. The review of the data shown 

in Table 2 indicates that, with the exception of summer and fall, the mean temperatures during the winter and 

spring seasons display a statistically important growing pattern. The growing pattern in winter may prove to be 

harmful to the valley's glaciofluvial climate and may have a negative effect on agricultural and fruit crops such as 

apples, barley, oilseeds and winter pulses, which require winter cooling during the spring season.  



 In-situ temperature data obtained from the six stations under varying topographical conditions have also 

been studied. It was observed that the mean maximum temperature showed an increasing trend with variability 

among the various topographic locations, i.e., flood plains (constitute, Srinagar) showing yearly proportion of 

increase by 0.03°C/year, followed by mountains (constitute, Gulmarg and Pahalgam) by 0.02°C/year, foot hills 

(constitute, Qazigund) at 0.01 °C/year and Karewa’s (comparising Kupwara and Kokernag meteorological 

observatory) at 0.01 °C/year (Fig. 5a). The higher rate of increase in temperature in flood plains, comprising 

mainly Srinagar city may be attributed to ‘urban heat island effect’ (Pawe, 2019; Nengroo et al. 2017). Whereas, 

in mountainous ecosystem, elevation-dependent warming (EDW) might have accelerated the rate of change in 

temperature, where warming rate is loudened with elevation (Pepin et al. 2015). In addition, statistically important 

phase jumps in various topographical zones were found in 1997 (p=0.01), which obviously indicates that mean 

maximum temperatures have risen. 

4.1.2 Monthly, annual and seasonal analysis of minimum temperature 

 Mean monthly distribution of minimum temperature indicates homogenous variability for all months 

across different meteorological stations (Fig. 2b). The minimum temperatures remain comparatively higher during 

June, July and August and dips down to -5 °C or below during the month of January. From Table 1b, considerable 

variation in minimum temperature has been observed during winter season and recorded highest during month of 

November (244%) and minimum temperature fluctuates alternately in positive and negative direction, which could 

lead to large variation in minimum temperature. Other parameter like skewness and kurtosis are normal, however, 

kurtosis value for the month October is quite high, indicating heavy tailed distribution of temperature. During 

summer season, temperatures remain more or less similar and hence the CV values are less and consistent over 

season.  

 The correlation pattern between minimum temperature with time indicates significant positive 

relationship for stations viz. Srinagar, Quazigund and Kokernarg, whereas, a non-significant positive correlation 

was observed for rest of the stations like Gulmerg, Kupwara and Pahalgam (Figure 3 a-f). This signifies that 

minimum temperature is also showing increasing trend over the study area.  

 Furthermore, the related trends in the annual mean minimum temperature indicate an improvement at a 

rate of around 0.02 °C/year, with the Mann-Kendall test demonstrating a statistically rising pattern (p=0.001) (Fig. 

4b), the year of adjustment was 1996, which indicates a substantial step-up of evidence for recent decades in a 

higher range than in the early years. Further, the data presented in Table 2 indicates increase in minimum 

temperature in all seasons with spring season showing statistically significant increasing trend (p=0.02). At 

different elevation zones, the mean minimum temperatures have shown a visible change in the past two decades 

and is quite prominent from 1996 onwards showing a substantial phase jump. Average minimum temperature at 

various elevations shows comparatively lower rates of increase with at rapid pace at flood plains and mountainous 

regions (0.02 °C/year) followed by Karewa’s with increase of 0.01°C/year and lowest rate of increase in minimum 

temperature has been observed over foothills at 0.004 °C/year (Fig. 5b). The above results are clear and justifies 

that climate at regional level has slowly but unquestionably changed over time.  (Wang et al. 2008; Brohan et al. 

2006; Yao and Chen 2015; IPCC 2007). 

 

 

 



 

Table 1. Statistical information of a) maximum, b) minimum and c) rainfall of Kashmir Valley of UT-Jammu & 

Kashmir 

a) Maximum temperature (oC) 

Month Maximum Minimum Mean SD CV (%) Skewness Kurtosis 

January 9.54 -0.40 5.33 2.19 41.03 0.02 0.13 

February 11.93 3.73 7.46 1.89 25.38 0.45 0.17 

March 18.51 7.94 12.28 2.53 20.56 0.71 -0.01 

April 23.33 14.91 17.90 1.72 9.62 0.86 1.39 

May 27.23 17.76 22.17 2.01 9.05 0.33 0.14 

June 28.74 22.71 25.75 1.34 5.19 -0.32 -0.07 

July 28.88 25.15 27.02 0.78 2.89 -0.09 0.45 

August 28.47 25.26 26.89 0.81 3.02 -0.03 -0.43 

September 27.64 21.89 25.12 1.24 4.95 -0.30 0.42 

October 23.32 16.68 20.32 1.57 7.73 -0.33 -0.19 

November 17.34 8.72 13.95 1.82 13.01 -0.46 0.43 

December 11.64 2.13 8.13 1.84 22.69 -0.98 2.23 

b) Minimum temperature ((oC) 

Month Maximum Minimum Mean SD CV (%) Skewness Kurtosis 

January -1.53 -7.90 -4.19 1.50 -35.81 -0.65 0.74 

February 1.26 -4.91 -2.20 1.29 -58.79 0.05 0.56 

March 3.82 -1.12 1.40 1.06 75.57 0.04 0.21 

April 6.76 3.67 5.37 0.77 14.37 -0.31 -0.74 

May 10.97 6.85 8.58 0.99 11.49 0.46 0.15 

June 15.41 10.11 12.01 1.13 9.40 0.65 0.86 

July 17.15 12.62 15.43 0.96 6.24 -0.70 0.63 

August 17.10 13.26 15.00 0.80 5.33 0.19 0.46 

September 12.06 8.41 10.60 0.95 8.92 -0.42 -0.73 

October 8.02 3.42 4.86 0.89 18.25 1.03 2.75 

November 2.12 -1.07 0.32 0.77 243.91 0.29 0.05 

December -0.87 -4.94 -2.66 1.03 -38.78 -0.57 -0.44 

c) Precipitation (mm) 

Month Maximum Minimum Mean SD CV (%) Skewness Kurtosis 

January 272.90 5.45 104.24 60.68 58.21 0.44 0.26 

February 395.85 29.03 147.87 71.27 48.19 1.21 2.73 

March 411.57 15.28 183.39 97.55 53.19 0.41 -0.67 

April 259.87 17.27 136.55 60.23 44.11 0.08 -0.15 

May 262.17 39.82 106.64 48.82 45.78 1.38 2.53 

June 179.43 25.07 77.54 37.17 47.93 1.03 0.81 

July 197.13 44.27 91.54 37.18 40.62 1.15 1.07 

August 212.80 27.33 82.24 39.68 48.25 1.53 3.12 

September 342.72 9.23 61.16 56.44 92.29 3.41 15.62 

October 205.18 0.20 43.38 38.68 89.16 2.22 7.01 

November 251.73 0.00 47.27 49.34 104.38 2.28 6.94 

December 302.08 0.00 63.77 61.59 96.58 1.96 4.89 



Figure 2. Mean monthly (a) maximum, (b)minimum and (c) rainfall of six meteorological stations from 1980-

2019 representing Kashmir Valley of UT-Jammu & Kashmir, India 

 



 

Figure 3 (a-f) Pair plot of correlation matrix among different weather variables across six meteorological 

stations viz. (a) Srinagar, (b) Gulmarg, (c) Pahalgham, (d) Quazigund, (e) Kupwara and (f) Kokernag of 

Kashmir valley of UT-Jammu and Kashmir, India. Data period used: (1980-2019) 

 

  

 

 

 

 

 



 

 

 

Fig. 4 Trends of mean annual (a) maximum (b) minimum temperature and (c) rainfall of Kashmir Valley of UT-

Jammu & Kashmir, India 
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Table 2 Seasonal and annual Mann-Kendall trend data on temperature and precipitation at various stations of 

Kashmir Valley from 1980 to 2019. (The values in the parenthesis are the degree of significance) 

 

 

 

Meteorological 

Station  

Meteorological 

Parameters  

Winter Spring  Summer  Autumn  Annual 

Kashmir Valley  

 

 

 

T (oC)           Max  

                     Min 

P (mm) 

0.05 (0.008) 

0.02  

-0.30 

0.04 (0.03) 

0.021 (0.02) 

-4.95 (0.02) 

-0.012  

0.01 

-0.06  

-0.003 

0.025 (0.001) 

-0.28 

0.020 (0.06) 

0.017 (0.001) 

-5.01  

Srinagar  T (oC)           Max  

                     Min 

P (mm) 

0.07 (0.05) 

0.004 

1.03 

0.05 (0.02) 

0.02 (0.01) 

-2.22 

-0.002 

0.014 

-0.08 

0.02 

0.03 (0.001) 

-0.22 

0.03 (0.004) 

0.01 (0.01) 

-0.55 

Quazigund  T (oC)           Max  

                     Min 

P (mm) 

0.04 (0.05) 

0.01 

-1.9  

0.04 (0.03) 

0.004 

-5.3 (0.01) 

-0.005 

0.01 

0.60  

-0.03 (0.04) 

-0.001 

0.18 

0.014 

0.004 

-5.70 

Pahalgham T (oC)           Max  

                     Min 

P (mm) 

0.08 (0.001) 

0.06 (0.001) 

0.65  

0.05 (0.01) 

0.03 (0.001) 

-4.67 (0.02) 

-0.01 

0.05 (0.001) 

0.58 

0.03  

0.03 (0.001) 

1.54 

 

0.04 (0.01) 

0.04 (0.001) 

-1.35 

Gulmarg T (oC)           Max  

                     Min 

P (mm) 

0.03  

0.04 (0.01) 

-2.82  

0.05 (0.04) 

0.03 (0.05) 

-7.3 (0.01) 

-0.01 

-0.01 

-1.68 

0.05 

0.03 

-0.14 

0.01 

0.02  

-12.1 (0.03) 

Kupwara  T (oC)           Max  

                     Min 

P (mm) 

0.06 (0.002) 

-0.001  

0.15  

0.06 (0.02) 

0.011 

-3.99 (0.04) 

0.01  

0.007 

-1.29 

0.02 

0.015 

-0.16 

 

0.04 (0.05) 

0.007 

-5.52 (0.09) 

Kokernag  T (oC)           Max  

                     Min 

P (mm) 

0.02 

0.02 

-0.60 

0.02 

0.03 (0.01) 

-4.2 (0.04) 

-0.05 (0.001) 

-0.001 

1.15  

-0.06 (0.002) 

0.06 (0.001) 

-0.32 

-0.02  

0.02 (0.01) 

-3.6 
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Fig. 5 Trends in mean (a) maximum temperature, (b) minimum temperature in degree Celsius and (c) 

precipitation (mm) at different topographic zones of Kashmir Valley of UT-Jammu and Kashmir, 

India  
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4.2 Monthly, annual and seasonal analysis of precipitation  

 The distribution of monthly precipitation exhibits more variation as compared to mean maximum and 

minimum temperatures at different regions of Kashmir (Fig 2c). Large variation in precipitation is observed during 

winter (January, February) and spring months (March, April). The perusal of data also revealed that Kashmir 

receives its maximum precipitation from January to April months under the influence of frequent western 

disturbances with winter precipitation forming major chunk of glaciers over high elevated mountainous region of 

the valley as main source of irrigation during the main Kharif (summer) season. From the data presented in Table 

1c, it is seen that large variation in CV, skewness and kurtosis values have been observed for the month of 

September, October, November and December. Highest positive kurtosis (15.63) is observed for the month of 

September followed by October (7.02) and November (6.94), indicating outliers are present towards higher end. 

During the September 2014, Kashmir Valley experienced disastrous flood due to torrential rainfall of more than 

300 mm within a week which is also evident from range of the data. Although maximum precipitation of more 

than 300 mm has also been recorded during February month but frequency of occurrences was more compared to 

September month hence CV values observed were less in comparison to September month. During the December 

month, the values of skewness and kurtosis were observed high indicating heavy tailed distribution with tendency 

of rainfall to remain above average. 

 Considering the correlation of precipitation with time indicates that precipitation is non-significantly 

(p<0.05) decreasing at all stations except at station Gulmarg where, decreasing rate of precipitation was observed 

to be significant (Figure 3 a-f). 

 With regard to results of annual precipitation, the data showed a consistent decrease in the annual 

precipitation at the rate of -5.01 mm/year. The sudden change was found in 1996 with no significant trend (Figure 

4c). The precipitation data, when analysed, seasonally shows decreasing rates of -0.30, -4.95, and -0.06 and -0.28 

mm/year for the winter, spring, summer and autumn seasons, respectively (Table 2). The drop in spring 

precipitation was considered to be statistically important (p=0.02). There have been major shifts in precipitation 

in the various topographical zones over the last decades (Fig. 5c). Although the mountainous area of the valley 

has seen a substantial drop in precipitation (-7.11 mm/year) followed by foothills at -5.56 mm/year. However, the 

Karewa and flood plains reported a modest to lower precipitation decline at -3.10 and -0.84 mm/year, respectively 

(Fig. 5c). These results are consistent with the observations of Shafiq et al. (2019). In addition, the precipitation 

of the mountainous and foothill areas of the Kashmir Valley showed a declining pattern after 1997 with no major 

patterns in the Karewah and flood plain areas. 

4.3 Farmers perception of climate change 

 In the present research, we have integrated the experience of progressive farmers from various 

topographical locations into the pattern analysis, the findings of which represent an important insight into the 

essence of the meteorological processes that could not have been feasible by the analysis of recorded data alone 

and the understanding of local processes perception offers clearer perspectives and knowledge related to a strategy 

that helps to overcome the complexities of sustainable agricultural production in the face of variable and 

unpredictable Kashmir environments. Based on the response of farmers, about 63% of the respondents from all 

surveyed locations had perceived that temperature trends have been increasing as compared with the situation just 

40 years back and the 76% of the farmers believed that amount of rainfall and snowfall has been decreasing (Fig. 

6). In the mountainous regions represented by Gulmarg and Pahalgam, about 80% of the farmers responded that 



precipitation has been decreasing for last three to four decades. Whereas, higher percentage of respondent 

(77.33%) from flood plain region represented by Srinagar had perceived that temperature regimes have changed 

with the substantial increase over last four decades (Fig. 6). Beside the survey results, experience sharing of the 

farmers based upon three different locations of Kashmir has been mentioned under case study no. 1, 2 and 3) and 

from the discussion and experience as shared by the farmers, we concluded Kashmir region is witnessing a clear 

change in climate. It is therefore necessary to adjust the agricultural activity to the uncertainty situation and to 

improve expected climate change adaptation strategies in order to enhance the adaptive potential and resilience of 

farmers in these regions. 

 

 

Figure 6. Response of farmers from different topographic zones of Kashmir Valley of UT-Jammu & Kashmir on 

the trend of precipitation and temperature for the last 40 years. (Values in parenthesis indicate number of farmers 

interviewed at each site). Source: Own survey (2018-19) 

Case No. 1 Farming under uncertainty 

A progressive farmer (58 years old) from Batpora, Ganderbal, (flood plain region) namely Ab. Rasheed Kumar 

has shared his experience regarding the variability and erratic nature of precipitation as follows: 

I've been living in this place since I was a kid and I've seen a lot of changes in weather parameters over time. 

Early before 1980s, we had experienced good precipitation in the form of snow and rainfall particular during 

the winter period (December to February) forming a major source of irrigation (in the form of glaciers) for our 

agricultural Kharif (Summer) season crops like rice as main crop and vegetables and pulses. Our forefathers 

and me could notice snow fall of 7-8 feet during those days. But in recent decades, we are experiencing drastic 

shortfall in rain and snow fall has to know few feet to inches. This has resulted the scarcity of our irrigation 

resources and has affected our agricultural crops. I can remember very recently in year 2018, prolonged drought 

conditions persisted in the whole Kashmir Valley and amid scant snowfall and rainfall during the winter, then 

the state Government, Jammu & Kashmir advised farmers not to grow paddy this year and switch to other crops 

like maize and pulses. But at the same time, we cannot grow any other crop as rice has been our main crop and 

form the major source of our daily food. Things are now getting less stable and unable to foresee what will 
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happen next; extended dry days lasting even two to four weeks during the main rainy season, and such changes 

in weather parameters have increased the occurrence of crop pests and diseases. In short, we are farming in the 

face of such uncertainties. 

This testimony is in line with long-term meteorological variables, statistical performance, where annual 

precipitation has shown a substantial decreasing trend (p=0.05) at the rate of -6.63 mm/year under plain and 

mountain regions of Kashmir Valley.   

 

 

5 Conclusion 

 Our trend investigation revealed dynamic temperature and precipitation trends with increasing and 

decreasing pattern in Kashmir Valley. In general, despite differing patterns in mean maximum and minimum 

Case No. 2 Declining water resources and early flowering in crops  

A farmer namely Ab. Rashid Kumar (51 years old) from village: Chandilura, Tangmarg, Bramulla   

(hill region) has shared his experience as under: 

The farmers of this region have been witnessing changes in temperature and rainfall particularly for last two 

decades. Temperatures are rising particularly winter temperatures. We can see early flowering in our apple 

orchids due to which yields per unit area are decreasing. Winter chill temperature are gone now and irrigation 

resources are declining with time. Many rivers and wetlands in the Kashmir regions are at risk of losing their 

seasonal existence, thereby impacting long-term water supply. To this end, we have also converted our paddy 

fields into horticulture apple orchid owing to scarcity of water/canal irrigation. Besides apple crop, farmers are 

now witnessing early flowering in oil seed and wheat crop which is resulting lower yields of these crops. In 

addition, the less precipitation and high temperature records from last many years has also damaged the high 

value crops like apple, saffron and walnut. Due to low rainfall the growth and colour remain dull as in apple 

and saffron which results in the low price and also reduces its taste. This perception of farmers pertaining to 

weather changes corroborates with our results, where an increase in temperatures have been observed in all 

seasons.    

Case No. 3 Lack of sufficient chilling hours 

A farmer namely Gh. Ahmad Mir (62 years old) from Kalaroos Kupwara (Karewah region) has shared his 

experience like:   

Winter chill or temperature of 7oC or below are required in fulfilling the chilling treatments of various temperate 

fruits including apple, saffron, walnut and other winter cereals. At present, required number of chilling hours 

for winter crops is becoming difficult. What I am observing is that, there has been now less snow and rainfall 

during winter month especially in hilly areas of Kashmir. The necessity of cold treatments for temperate fruits 

for bud formation is very important. In summer, trees grow their vegetative and fruiting buds, and these buds 

will remain dormant before adequate chilling conditions have been accumulated. However, our fruit crops failed 

to obtain adequate cooling requirements due to the continuing weather warming, leading to several symptoms 

such as delayed leaf development, decreased fruit set and decreased fruit quality. The saffron production of the 

last several years has also been affected by the less snowfall and precipitation and the saffron production was 

recorded below average in 2015.  



temperatures of various topographic locations, substantial rises in temperatures during the spring and winter 

seasons have been reported, which in turn would impact the winter crops of Kashmir Valley. Decrease in 

precipitation pattern is more evident and higher during spring season. Furthermore, we observed substantial 

decreasing rate of precipitation over mountain and foot hill regions of the valley, which will reduce the glacier 

mass, leading to reduced water flow, which in turn may hamper the perennial nature of Chenab, Jhelum and Indus 

rivers. The empirical results of this study were found in agreement with the perception and views of farmers which 

is in conformity with an increasing and decreasing trends of temperature and precipitation respectively over time. 

Therefore, in order to improve the adaptive capability and resilience of the marginal and smallholder farmers of 

the Kashmir Valley, it is necessary to adapt the farming operation to the situation of variability and design climate 

change adaptation strategies.  
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Figures

Figure 1

Map showing the locations and elevation (m) of six meteorological stations used in the study viz.,
Srinagar (�ood plain, located on plane surface), Quazigund (foot hills, located on plane surface), Gulmarg
and Pahalgham (Mountainous, located on mountain top), Kupwara (Karewa’s, located on plane surface
bounded on three sides by mountains) and Kokernag (Karewa’s, located on plane surface) of UT-Jammu
& Kashmir. Data period used: (1980-2019) Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 2

Mean monthly (a) maximum, (b)minimum and (c) rainfall of six meteorological stations from 1980-2019
representing Kashmir Valley of UT-Jammu & Kashmir, India



Figure 3

(a-f) Pair plot of correlation matrix among different weather variables across six meteorological stations
viz. (a) Srinagar, (b) Gulmarg, (c) Pahalgham, (d) Quazigund, (e) Kupwara and (f) Kokernag of Kashmir
valley of UT-Jammu and Kashmir, India. Data period used: (1980-2019)



Figure 4

Trends of mean annual (a) maximum (b) minimum temperature and (c) rainfall of Kashmir Valley of UT-
Jammu & Kashmir, India



Figure 5

Trends in mean (a) maximum temperature, (b) minimum temperature in degree Celsius and (c)
precipitation (mm) at different topographic zones of Kashmir Valley of UT-Jammu and Kashmir, India



Figure 6

Response of farmers from different topographic zones of Kashmir Valley of UT-Jammu & Kashmir on the
trend of precipitation and temperature for the last 40 years. (Values in parenthesis indicate number of
farmers interviewed at each site). Source: Own survey (2018-19)


