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सार — 1980  से 2019 क� अविध के दौरान प��मी �वक्ष (डब्लड्ू) क� आव�ृ� और जमम्-कशमीर म� 
वषर्  क� प�रवतरननीीता पर एक अधललन �कला गला है। अधललन अविध के दौरान नवबंर से अ�ीै तक प��मी 
�वक्ष क� आव�ृ� िनधार�रत क� गई और प�र्ाम� से पता चीा �क कुी 600 प��मी �वक्ष के मामीे �े�कत गए 
�केए। प��मी �वक्ष आव�ृ�ल� ने नवबंर और माचर के दौरान �मनः िगरावट -0.610 और -2.748 के साथ 
महतवप्् र कमी क� �व�ृ� r (p<0.01) तथा जनवरू (0.417) और फरवरू (2.795) िममी/माह सी्प वे्ल ्(p<0.01) के 
दौरान व�ृ� क� �व�ृ� का पता चीा। मान-क� डी सां�खलक�ल परूक्� का उपल्ग करते हुए वषार �व�ृ�वल� के 
प�र्ाम� ने �दसंबर और माचर के महूने म� कुपवाड़ा और माचर के महूने म� गुीमगर के िीए �मनः -2.450 और   
-2.947 और -6.947 िममी/माह के सी्प वे्ल् के साथ महतवप्् र कमी क� �विृत का पता चीा। अनल सटेनन� के 
िीए क्ई महतवप्् र �व�ृ� नहूं देखी गई। नव्नमेषी �व�ृ�ट �व�ेष् के प�र्ाम� ने -0.288 (जमम्) से           
-1.978 (�ीनगर) िममी/माह तक अिधकांन सटेनन� म� नवबंर और �दसंबर के महूने के िीए महतवप्् र कमी क� 
�व�ृ�  देखी गई। गुीमगर, बट्ट, बदरवाह और कटरा ने जनवरू के महूने के िीए �मनः -2.311, -1.221, -0.737 

और -0.917 िममी/माह के सी्प मान� के साथ महतवप्् र कमी क� �व�ृ� 3 रहू। फरवरू के महूने म� कुकरनाग, 
कुपवाड़ा, �ीनगर, बिनहाी, बट्टे और बदरवाह सटेनन� के िीए �मनः 1.267, 1.958, 1.040, 2.231 और           
1.058 िममी/माह के साथ p मान <0.01 के साथ महतवप्् र व�ृ� क� �व�ृ�ी देखी गई। कुकरनाग               
(2.348 िममी/माह) क् छ्ड़कर, सषी सटेनन� म� अ�ीै माह म�कमी क� �व�ृ�  का पता चीा। �पलसरन सहसंबधं 
के प�र्ाम� से पता चीा है �क बदरवाह, कटरा, काजीगुडं और �ीनगर सटेनन का वषर्  (0.351, 0.370, 0.357, 

0.369) �दसंबर क� प��मी �वक्ष आव�ृ� पी <0.05 के साथ, जनवरू (0.436) के महूने के िीएकुपवाड़ा के साथ, 
और माचर (0.363) के महूने के िीए बट्ट के साथ सकारातमक रप से सहसंब� है। सषी सटेनन� क� औसत वषर्  
और कुी प��मी �वक्ष आव�ृ� के सहसंबधं क� ग्ना क� गई और प�र्ाम� ने R2 मान 0.55 के साथ वषार और 
प��मी �वक्ष आव�ृ� के बीच सकारातमक सहसंबधं �दखाला। 

 
ABSTRACT. A study has been conducted on frequency of western disturbances (WDs) and variability of 

precipitation over J&K during the period 1980 to 2019. The frequency of WD’s from November to April during study 
period was determined and results showed that total 600 WD’s cases were observed. The WD frequencies showed 
significant decreasing trend (p<0.01) during November and March with slope values -0.610 and -2.748 respectively and 
increasing trends during January (0.417) and February (2.795) mm/ month slope value (p<0.01). The results of 
precipitation trends using Mann-Kendall statistical tests showed significant decreasing trends for Kupwara in the month 
of December and March and Gulmarg in the month of March with a slope value of -2.450 & -2.947 and -6.947 
mm/month respectively. No significant trends were observed for other stations. The results of Innovative trend analysis 
showed decreasing significant trends for the month of November and December for most of the stations with slope 
ranging from -0.288 (Jammu) to -1.978 (Srinagar) mm/month. Gulmarg, Batote, Baderwah,  and Katra showed significant 
decreasing trends for the month of January with slope values -2.311, -1.221, -0.737 and -0.917 mm/month respectively. 
Significant increasing trends were observed in the month of February for the stations Kukernag, Kupwara, Srinagar, 
Banihal, Batote and Baderwah with slope values 1.267, 1.958, 1.040, 2.231 and 1.058 mm/month respectively with          
p value <0.01. Except Kukernag (2.348 mm/month), all the stations showed decreasing trend for the month of April. The 
results of Pearson correlation showed that Precipitation of Baderwah, Katra, Qazigund and Srinagar station is positively 
correlated (0.351, 0.370, 0.357, 0.369) with WD frequency of December with significant at p<0.05, Kupwara for the 
month of January (0.436) and Batote for the month of March (0.363). The correlation between average precipitation of all 
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the stations and total WD frequency was computed and results showed positive correlation between precipitation and WD 
frequency with R2 value 0.55. 

 

Key words  – Western disturbances, Jammu & Kashmir, Precipitation. . 
 
 
  

1.  Introduction 
 
Primary sources of precipitation over the north-west 

Himalayan (NWH) region and the plains of northern India 
during winter are the eastward-moving upper air troughs 
in the subtropical westerlies, commonly known as the 
western disturbances (WDs) in the Asian subcontinent 
(Dimri et al., 2015; Kumar et al., 2015). WDs yield winter 
precipitation, primarily, in solid form, i.e., snow, over the 
NWH and rainfall in the plains of northern India. Winter 
precipitation over northern India and the NWH plays a 
very important role in many sectors of the economy such 
as agriculture, horticulture, water resources, 
hydroelectricity and the daily water needs of millions of 
people dependent on the rivers originating from               
the Himalaya (Chand and Singh 2015; Kumar et al., 
2016). 

 
The origin and structure of western depressions over 

northwest India were initially described and classified as 
“weak” extratropical disturbances, traveling with the 
narrow but intense jet stream that flows around the 
southern rim of the Indian Himalayas [Mull and Desai, 
1947; Riehl, 1962]. The moisture in these storms usually 
originates over the Mediterranean Sea and the Atlantic 
Ocean. Extratropical storms are global rather than a 
localized phenomenon with moisture usually carried in the 
upper atmosphere and localized behavior such as frontal 
systems. These are the extra tropical upper air troughs or 
cyclonic circulations (CCs) in mid-latitude westerlies that 
move west to east across the Himalayan region (Puranik 
and Karekar, 2009), CCs sometimes develop south of the 
system at lower levels, in which case they are known as 
induced CCs. Some WDs produce well-distributed and 
large amounts of precipitation along with heavy 
snowfall/rainfall, landslides, cloudbursts etc. over the 
Himalayan region, while others pass across this area 
without causing precipitation (Malurkar, 1947). Hence, 
studies related to WDs and their associated weather are 
essential to the NWH. The interplay of WDs with the 
topography of the western Himalayas determines the 
spatial and vertical distribution of precipitation. 

 
The global hydrological cycle is expected to amplify 

in response to global climate change and variability (Zahn 
and Allan, 2013). It is expected that the regions where 
precipitation is strongly dependent on ocean moisture 
uptake will experience stronger precipitation events 
(Gimeno et al., 2013). The variability of mid latitude 
winter weather is strongly governed by extra tropical 

cyclones, although there is very little evidence that the 
frequency or wind speed of these cyclones will increase. 
However, more intense precipitation from the cyclones 
that carry WDs will have socioeconomic impacts over the 
western Himalayas, which remains an issue for further 
investigation in light of existing scientific knowledge and 
understanding. Observation-based studies concerning the 
changing nature of WDs are scarce. Cannon et al. (2014) 
investigated variations and changes in winter WD (WWD) 
activity from 1970 to 2010 for heavy precipitation events 
and found significant differences between the western 
Himalayas and central Himalayan (CH) regions. Yadav       
et al. (2010) proposed a physical mechanism explaining a 
potential intensification of WDs in a changing climate. 
This mechanism suggests a baroclinic response due to the 
Sverdrup balance related to a large-scale sinking motion 
over the western Pacific during the warm phase of ENSO. 
The cyclonic circulation anomaly intensifies the WD’s 
passing over northwest India. With specific reference to 
the frequency of WDs, Ridley et al. (2013) provided a 
comprehensive overview on the projected increased 
frequency of WDs up to the year 2100. Madhura et al. 
(2014) also report an increase in WD frequency due to 
mid tropospheric warming trends observed in recent 
decades over west-central Asia. Such warming will 
increase the baroclinic instability of the mean westerly 
wind and could favor increased variability of the WDs and 
increased precipitation. Bhutiyani et al. (2010) also 
studied precipitation trends in the northwest Himalayas 
and did not found any trends in precipitation during the 
winter season. Kumar and Jain (2010) found decreasing 
trends in monsoon and winter rainy days over all the 
stations and a decreasing trend in annual rainfall over 
three stations in the Kashmir valley. However, there is 
hardly any study in literature related to frequency of WDs 
and variability of precipitation over the NWH with 
particular focus on Jammu & Kashmir (J&K). Therefore 
the present study has been conducted to analyze the trend 
of WD frequencies and associated precipitation using 
daily precipitation data for the period 1980 to 2019 over 
J&K.  
 
2.  Materials and method 

 
2.1. Study area and data collection 
 
In the present study we used daily precipitation data 

of 10 stations of J&K for the period 1980-2019 during the 
months, November to April from India Meteorological 
Department. Locations of the stations are given in Fig. 1. 
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Fig. 1.  Map of study area and location of stations over Jammu & Kashmir 
 
 

 
 

Fig. 2.  Frequency of WD’s during NDJ (November, December, January) and FMA (February, March 
and April) for the period 1980-2019 over J&K 

 
 

 
 

Fig. 3. Rainfall climatology of Kashmir and Jammu division 
 

 
The frequency of WD during each month was 

determined by considering the precipitation event during 
the passage of WD over J&K. The monthly means of 
precipitation for Kashmir Division and Jammu Division 
are separately calculated during the study period.              
(Figs. 2&3). 

2.2.  Statistical methods 
 
Many statistical techniques (parametric or non-

parametric) have been developed to detect trends within 
time series such as linear regression, Spearman’s Rho test, 
Mann-Kendall test and innovative trend analysis. In this 
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study, the Mann-Kendall and Spearman’s Rho tests              
were used to analyze the precipitation trends, while the 
linear regression was used to calculate magnitude of 
trends. 

 
2.2.1.  Mann-Kendall trend test  
 
The Mann-Kendall test statistic S (Mann, 1945; 

Kendall, 1975) is calculated by using 
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where, n is the number of data points, xi and xj are 

the data values in time series i and j (j > i), respectively 
and sgn (xj xi) is the sign function determined as: 
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The positive (negative) value of S indicates an 

increasing (decreasing) trend. If n is larger than 10 and 
time series has approximately normal distribution, then 
the variance of the slope value becomes :` 
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where, p is the number of tied groups; ti is the 

number of ties of extent i. The standard normal test 
statistics Z used for detecting a significant trend is 
expressed as: 

 

( )

( )












<

=

>
−

=

01
00

01

Sif
SVar

S
Sif

Sif
SVar

S

Zs


 

 
Positive values of Zs indicate increasing trends while 

the negative Zs show decreasing trends.  
 
2.2.2.  Linear regression method   
 
A linear regression method is one of methods which 

are used to estimate a slope. The slope indicates the mean 
temporal change of the studied variable. Positive values of 
the slope show increasing trends, while negative values of  

TABLE 1 
 

Latitude and Longitude of the stations 
 

Location of station 
Coordinates 

Lat. (°N) Long. (°E) 

Srinagar 34° 03' 74° 48' 

Qazigund 33° 35' 75° 09' 

Kokernag 33° 35' 75° 18' 

Kupwara 34° 01' 74° 15' 

Gulmarg 34° 03' 74° 23' 

Katra 32° 58' 74° 55' 

Kathua 32° 20' 75° 30' 

Banihal 33° 25' 75° 11' 

Bhaderwah 32° 58' 75° 43' 

Batote 33° 06' 75° 49'  

 
 
 
the slope indicate decreasing trends. A linear regression 
line has an equation of the form 

 
y = a + bx 
 
where, x = the explanatory variable, y = the 

dependent variable, b = the slope of the line and a = the 
intercept. 

 
2.2.3. Spearman’s Rho test Spearman’s Rho test is 

non-parametric method commonly used to verify the 
absence of trends. Its statistic D and the standardized test 
statistic ZD are expressed as follows. 
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where, R(Xi) is the rank of ith observation Xj in the 

time series and n is the length of the time series. Positive 
values of Zd indicate increasing trends while negative Zd 
show decreasing trends. 
 
3.  Results and discussion 
 

The frequency of WD’s from November to April 
during study period was determined based on total WD’s. 
It was found that total 600 WD’s cases were observed 
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TABLE 2 
 

Trend of WDs during different months using Innovative trend analysis 
 

Trend Month Trend Slope Standard 
deviation Correlation Lower CL 

p<1.0 
Upper CL 

p<1.0 
Lower CL 

p<0.5 
Upper CL 

p<0.5 
Lower CL 

p<0.1 
Upper CL 

p<0.1 

WD 

November -0.610 a 0.164 0.964 -0.270 0.270 -0.322 0.322 -0.423 0.423 

December -0.416 0.369 0.929 -0.606 0.606 -0.722 0.722 -0.950 0.950 

January 0.417 0.293 0.966 -0.483 0.483 -0.575 0.575 -0.756 0.756 

February 2.795 a 0.467 0.938 -0.769 0.769 -0.916 0.916 -1.204 1.204 

March -2.748 a 0.206 0.989 -0.339 0.339 -0.403 0.403 -0.530 0.530 

April -0.017 0.161 0.974 -0.266 0.266 -0.316 0.316 -0.416 0.416 

 
 

 
TABLE 3 

 
Trend of WDs during different months using Mann-Kendall test 

 

Trend Test November December January February March April 

WD 

Zd 0.920 -0.944 -2.042 -0.409 -0.383 0.114 

Zs 0.870 -0.927 -2.100 -0.313 -0.483 0.207 

b (mm/year) 0.011 -0.010 -0.034 -0.004 -0.012 0.004 

 
 
 
during the period 1980-2019. It has been observed that on 
an average, the frequency of WD’s during the month of 
November, December and January was less as compared 
to February, March and April. It was also observed from 
the daily data of precipitation that WD’s during 
November, December and January were less severe as 
compared to February, March and April respectively 
during the study period. (Fig. 2) 

 
The climatological information for Kashmir and 

Jammu Division is separately carried out and results 
revealed that the contribution of WD’s in annual 
precipitation is 60-65% in Kashmir Division. Hence most 
of the precipitation is observed during January-April in 
Kashmir Division. The impact of SW monsoon over 
Jammu Division is considerable and contributes 50-55% 
in annual precipitation. The precipitation caused due to 
WD’s over Jammu Division during the months, January-
April is important for Rabi crops and it contributes          
30-35% of annual precipitation. Westerlies and southwest 
monsoon are the two main sources of precipitation in the 
study area. From June to September, the moisture across 
the Himalayas is brought by the southwest monsoons from 
the Indian Ocean across the Arabian Sea and the Bay of 
Bengal. From October to May, the mid-latitude westerlies 

dominate in the western Himalayas, which bring moisture 
from the Mediterranean Sea or the mid-west Atlantic 
Ocean. The westerlies are also active in the southwest 
monsoon period in the western Himalayas but with lower 
frequency. The Pir-Panjal mountain range is preventing 
the entry of Southwest monsoons into the valley. Thus 
Jammu Division receives ample rainfall during monsoon 
period as compared to Kashmir Division (Fig. 3). Hence 
annual precipitation received over Kashmir Division is 
less than Jammu Division.  

 
Western Disturbance (WD) trends : Trends of WD 

over different months were analyzed using Innovative 
trend analysis, Mann-Kendall and linear regression 
analysis. The analysis showed that WD frequencies 
showed decreasing significant trend (p < 0.01) during 
November and March with slope values -0.610 and -2.748 
respectively. The results also showed decreasing trends 
during the months of December and April but are non-
significant. However increasing trends were observed 
during February with slope value 2.795 (p < 0.01) and 
January with slope value 0.417 but were non-significant 
(Table 2). The results observed from Mann-Kendall test 
and linear regression analyses were slightly different from 
Innovative trend analysis. The results showed decreasing 
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TABLE 4 
 

Precipitation trends for different months of stations using the Mann-Kendall test 
 

Station Test 
Month 

November December January February March April 

Gulmarg 

Zd -0.817 -1.731 -0.368 -1.185 -2.384 -0.722 

Zs -0.903 -1.624 -0.652 -1.218 -2.535 -1.095 

b (mm/year) -0.636 -2.124 -1.104 -1.895 -6.618 -1.544 

Kukernag 

Zd -0.286 -0.068 0.232 0.422 -1.212 0.831 

Zs -0.317 -0.247 0.131 0.714 -1.262 0.929 

b (mm/year) -0.209 -1.106 0.800 0.605 -1.649 2.576 

Kupwara 

Zd 0.286 -1.989 0.313 1.185 -2.302 -1.294 

Zs 0.215 -2.008 0.186 1.366 -2.012 -1.304 

b (mm/year) 0.218 -2.450 0.336 1.390 -2.947 -1.193 

Qazigund 

Zd -0.382 -1.160 0.014 -0.627 -1.294 -0.313 

Zs -0.189 -1.102 0.093 -0.548 -1.311 -0.358 

b (mm/year) -0.405 -2.364 0.717 -0.587 -2.741 -0.125 

Srinagar 

Zd -0.178 -1.091 0.981 1.063 -1.022 -0.041 

Zs -0.174 -1.159 0.838 1.178 -0.982 -0.222 

b (mm/year) 0.029 -2.338 0.802 0.741 -1.556 -0.254 
 

 
 
 

TABLE 5 
 

Precipitation trends for different months of stations using the Mann-Kendall test 
 

Station Test 
Month 

November December January February March April 

Banihal 

Zd -0.600 0.354 0.422 1.076 -1.158 0.940 

Zs 0.382 -0.148 0.397 0.918 -1.227 0.870 

b (mm/year) 0.156 -1.293 1.070 1.838 -2.256 0.642 

Batote 

Zd 0.682 -0.423 -0.736 0.232 -1.212 -0.722 

Zs 0.566 -0.555 -0.811 0.257 -1.221 -0.740 

b (mm/year) 0.640 -1.910 -1.279 1.104 -2.281 -0.929 

Bhaderwah 

Zd 0.136 -0.613 -0.504 0.109 -1.526 -0.095 

Zs 0.144 -0.772 -0.378 -0.063 -1.428 -0.271 

b (mm/year) -0.362 -1.840 0.094 0.354 -1.919 -1.135 

Jammu 

Zd 0.536 -0.710 0.272 -0.313 -0.885 -0.191 

Zs 0.557 -0.852 0.314 -0.600 -0.879 -0.269 

b (mm/year) -0.235 -1.055 0.341 -0.376 0.600 -0.366 

Katra 

Zd 0.164 -0.587 -0.232 -0.232 -0.749 -0.858 

Zs 0.259 -0.802 -0.117 -0.471 -0.847 -0.965 

b (mm/year) -0.317 -2.094 -0.173 -0.382 0.158 -1.634 
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TABLE 6 
 

Precipitation trends for different months of stations using Innovative trend analysis 
 

Station Month Slope (s) Standard 
deviation Correlation 

Lower CL Upper CL Lower CL Upper CL Lower CL Upper CL 

p<1.0 p<0.05 p<0.01 

Gulmarg 

November -0.939a 0.087 0.982 -0.144 0.144 -0.171 0.171 -0.225 0.225 

December -1.407 a 0.208 0.955 -0.343 0.343 -0.409 0.409 -0.537 0.537 

January -2.311 a 0.320 0.920 -0.527 0.527 -0.628 0.628 -0.825 0.825 

February -1.413b 0.683 0.853 -1.123 1.123 -1.338 1.338 -1.759 1.759 

March -7.806 a 0.459 0.949 -0.755 0.755 -0.900 0.900 -1.182 1.182 

April -1.616 a 0.252 0.950 -0.414 0.414 -0.494 0.494 -0.649 0.649 

Kukernag 

November -0.546 a 0.061 0.987 -0.100 0.100 -0.119 0.119 -0.157 0.157 

December -0.864 a 0.182 0.944 -0.299 0.299 -0.356 0.356 -0.469 0.469 

January 0.046 0.063 0.994 -0.103 0.103 -0.123 0.123 -0.161 0.161 

February 1.267 a 0.152 0.969 -0.251 0.251 -0.299 0.299 -0.393 0.393 

March -1.748 a 0.261 0.951 -0.429 0.429 -0.511 0.511 -0.672 0.672 

April 2.348 a 0.605 0.790 -0.996 0.996 -1.187 1.187 -1.559 1.559 

Kupwara 

November 0.379 a 0.099 0.970 -0.163 0.163 -0.194 0.194 -0.255 0.255 

December -1.764 a 0.186 0.967 -0.305 0.305 -0.364 0.364 -0.478 0.478 

January 0.354 0.182 0.949 -0.299 0.299 -0.356 0.356 -0.468 0.468 

February 1.958 a 0.222 0.955 -0.366 0.366 -0.436 0.436 -0.573 0.573 

March -4.116 a 0.234 0.970 -0.385 0.385 -0.458 0.458 -0.602 0.602 

April -1.038 b 0.220 0.955 -0.362 0.362 -0.431 0.431 -0.567 0.567 

Qazigund 

November -0.461 a 0.080 0.982 -0.131 0.131 -0.156 0.156 -0.205 0.205 

December -1.764 a 0.153 0.983 -0.252 0.252 -0.300 0.300 -0.394 0.394 

January -0.073 0.132 0.985 -0.217 0.217 -0.258 0.258 -0.339 0.339 

February -0.043 0.157 0.985 -0.258 0.258 -0.307 0.307 -0.403 0.403 

March -3.160 a 0.236 0.979 -0.389 0.389 -0.463 0.463 -0.608 0.608 

April -0.300 0.217 0.917 -0.358 0.358 -0.426 0.426 -0.560 0.560 

Srinagar 

November -0.066 0.094 0.944 -0.155 0.155 -0.185 0.185 -0.243 0.243 

December -1.978 a 0.225 0.931 -0.371 0.371 -0.442 0.442 -0.581 0.581 

January 0.638 a 0.084 0.969 -0.139 0.139 -0.166 0.166 -0.218 0.218 

February 1.040 a 0.150 0.918 -0.246 0.246 -0.293 0.293 -0.385 0.385 

March -1.568 a 0.173 0.977 -0.284 0.284 -0.339 0.339 -0.445 0.445 

April -0.288 b 0.133 0.958 -0.220 0.220 -0.262 0.262 -0.344 0.344 
 

(Bold figures marked with a is significant at p value<0.01 and figures marked with b is significant at p<0.05) 
 

 
 
 
trends during the months December, January, February 
and March with significant values only for the month of 
January p < 0.01. Non-significant increasing trends were 
observed for the months of November and April             
(Table 3). Kumar et al., 2015 also found significantly 

decreasing trends in frequency of WD’s during 1977-2007 
over central parts of Himalayan region. Decreasing 
frequencies of WD during March to May over higher 
altitudes of Western Himalayan region were also observed 
by Das et al., 2002. 
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TABLE 7 
 

Precipitation trends for different months of stations using Innovative trend analysis 
 

Station Month Trend  
Slope 

Standard 
deviation Correlation Lower CL 

p<1.0 
Upper CL 

p<1.0 
Lower CL 

p<0.5 
Upper CL 

p<0.5 
Lower CL 

p<0.1 
Upper CL 

p<0.1 

Banihal 

November -0.610 a 0.164 0.964 -0.270 0.270 -0.322 0.322 -0.423 0.423 

December -0.416 0.369 0.929 -0.606 0.606 -0.722 0.722 -0.950 0.950 

January 0.417 0.293 0.966 -0.483 0.483 -0.575 0.575 -0.756 0.756 

February 2.795 a 0.467 0.938 -0.769 0.769 -0.916 0.916 -1.204 1.204 

March -2.748 a 0.206 0.989 -0.339 0.339 -0.403 0.403 -0.530 0.530 

April -0.017 0.161 0.974 -0.266 0.266 -0.316 0.316 -0.416 0.416 

Batote 

November -0.018 0.177 0.955 -0.292 0.292 -0.347 0.347 -0.457 0.457 

December -1.130 a 0.426 0.888 -0.700 0.700 -0.835 0.835 -1.097 1.097 

January -1.221 a 0.265 0.971 -0.437 0.437 -0.520 0.520 -0.684 0.684 

February 2.231 a 0.412 0.940 -0.678 0.678 -0.808 0.808 -1.062 1.062 

March -3.310 a 0.237 0.985 -0.389 0.389 -0.464 0.464 -0.609 0.609 

April -1.769 a 0.164 0.974 -0.270 0.270 -0.322 0.322 -0.423 0.423 

Baderwah 

November -0.727 a 0.106 0.960 -0.175 0.175 -0.209 0.209 -0.274 0.274 

December -1.532 a 0.252 0.928 -0.414 0.414 -0.494 0.494 -0.649 0.649 

January -0.737 a 0.204 0.963 -0.336 0.336 -0.400 0.400 -0.526 0.526 

February 1.058 a 0.212 0.972 -0.349 0.349 -0.416 0.416 -0.547 0.547 

March -1.941 a 0.273 0.967 -0.450 0.450 -0.536 0.536 -0.704 0.704 

April -1.296 a 0.238 0.941 -0.392 0.392 -0.467 0.467 -0.614 0.614 

Jammu 

November 0.221 a 0.110 0.945 -0.180 0.180 -0.215 0.215 -0.282 0.282 

December -0.288 a 0.087 0.881 -0.143 0.143 -0.170 0.170 -0.224 0.224 

January -0.157 0.170 0.927 -0.280 0.280 -0.333 0.333 -0.438 0.438 

February -0.752 a 0.135 0.963 -0.223 0.223 -0.265 0.265 -0.349 0.349 

March 0.548 0.354 0.900 -0.582 0.582 -0.693 0.693 -0.911 0.911 

April -0.498 a 0.155 0.917 -0.256 0.256 -0.305 0.305 -0.400 0.400 

Katra 

November -0.517 a 0.099 0.913 -0.162 0.162 -0.193 0.193 -0.254 0.254 

December -1.795 a 0.200 0.959 -0.329 0.329 -0.392 0.392 -0.515 0.515 

January -0.917 a 0.207 0.962 -0.341 0.341 -0.406 0.406 -0.533 0.533 

February -0.648 a 0.210 0.970 -0.345 0.345 -0.411 0.411 -0.541 0.541 

March -0.364 0.509 0.902 -0.838 0.838 -0.998 0.998 -1.312 1.312 

April -1.669 a 0.227 0.940 -0.374 0.374 -0.445 0.445 -0.585 0.585 
 

 (Bold figures marked with a is significant at p value <0.01 and figures marked with b is significant at p<0.05) 
 
 
 
 

Precipitation trends : Precipitation trends for 
different months of all stations were analyzed using the 
Mann-Kendall test, the Spearman’s Rho test and the linear 
regression. Trends of precipitation are considered 
statistically significant at p < 0.01 and p < 0.05. When a 

significant trend is identified by two statistical methods, 
the trend is presented in bold character in the table. The 
results of the statistical tests for the monthly precipitation 
series over the period 1980-2019 are summarized in 
(Tables 4&5). The results showed that slope (s) were 
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TABLE 8 
 

Correlation studies between Precipitation and WD frequency using Spearman’s Rho test 
 

Spearman's Rho 
November 

WD 
December 

WD 
January 

WD 
February 

WD 
March 
WD 

April 
WD 

Total 
WD 

Banihal -0.005 -0.149 0.097 0.086 0.089 0.087 0.014 

Batote 0.129 0.003 0.223 0.147 0.350* 0.181 0.327 

Bhaderwah -0.132 0.333* -0.025 0.102 0.096 0.084 0.121 

Gulmarg -0.043 0.144 0.279 0.062 0.06 0.174 0.181 

Jammu -0.062 0.316 0.07 0.099 0.175 0.189 0.247 

Katra -0.01 0.365* 0.19 0.13 0.177 0.197 0.344* 

Kukernag -0.019 0.248 0.086 0.135 0.073 0.227 0.211 

Kupwara 0.121 0.327 0.3 0.083 -0.018 0.184 0.304 

Qazigund -0.066 0.338* 0.085 -0.094 -0.174 0.165 0.039 

Srinagar -0.018 0.388* 0.037 0.004 -0.017 0.198 0.179 
 
 
 

TABLE 9 
 

Correlation studies between Precipitation and WD frequency using Pearson Correlation 
 

Pearson 
Correlation 

November 
WD 

December 
WD 

January 
WD 

February 
WD 

March 
WD 

April 
WD 

Total 
WD 

Banihal 0.01 -0.167 0.112 0.128 0.121 0.11 0.125 

Batote 0.075 -0.023 0.219 0.215 0.363* 0.171 0.401* 

Bhaderwah -0.075 0.351* 0.098 0.111 0.094 0.102 0.257 

Gulmarg -0.043 0.159 0.315 0.15 -0.012 0.144 0.269 

Jammu 0.029 0.286 0.192 0.093 0.17 0.153 0.357* 

Katra 0.048 0.370* 0.211 0.152 0.181 0.172 0.435** 

Kukernag -0.012 0.144 0.146 0.097 0.074 0.207 0.253 

Kupwara 0.029 0.285 0.436** 0.163 0.023 0.209 0.436** 

Qazigund -0.042 0.357* 0.098 -0.054 -0.2 0.15 0.112 

Srinagar -0.032 0.369* 0.139 0.024 -0.031 0.143 0.231 

 
 
 
dominated mostly by negative values with significant at           
p < 0.01 and p < 0.05. The results of the Mann-Kendall 
statistical tests for the monthly precipitation series over 
the period 1980-2019 showed significant decreasing 
trends for Kupwara in the month of December and March 
with a slope value of -2.450 and -2.947 mm/month 
respectively while Gulmarg station showed decreasing 
significant trends for the month of March with slope value 
of -6.947 mm/month (Tables 4&5). No significant trends 
were observed for other stations for different months 
although some stations showed increased trends while 
some showed decreasing trends.  

The results of Innovative trend analysis showed 
decreasing significant trends for the month of November 
and December for most of the stations with slope ranging 
from -0.288 (Jammu) to -1.978 (Srinagar) mm/month. 
Gulmarg, Batote, Baderwah,  and Katra showed 
significant decreasing trends for the month of January 
with slope values -2.311, -1.221, -0.737 and -0.917 
mm/month respectively. Significant increasing trends 
were observed in the month of February for the stations 
Kukernag, Kupwara, Srinagar, Banihal, Batote and 
Baderwah with slope values 1.267, 1.958, 1.040, 2.231 
and 1.058 mm/month respectively with p value <0.01. 
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TABLE 10 
 

Correlation studies between Precipitation and WD frequency using Mann–Kendall Test 
 

Mann-Kendal test 
November 

WD 
December 

WD 
January 

WD 
February 

WD 
March 
WD 

April 
WD 

Total 
WD 

Banihal 0.002 -0.125 0.073 0.063 0.081 0.057 -0.003 

Batote 0.088 -0.002 0.176 0.113 0.274* 0.145 0.233 

Bhaderwah -0.103 0.259* -0.004 0.071 0.073 0.061 0.073 

Gulmarg -0.035 0.121 0.22 0.048 0.048 0.12 0.107 

Jammu -0.05 0.248 0.066 0.082 0.128 0.138 0.163 

Katra -0.002 0.292* 0.141 0.107 0.136 0.155 0.242* 

Kukernag -0.009 0.186 0.088 0.098 0.048 0.153 0.16 

Kupwara 0.091 0.251 0.238 0.071 -0.007 0.149 0.207 

Qazigund -0.054 0.259* 0.073 -0.063 -0.124 0.131 0.037 

Srinagar 0.002 0.294* 0.033 0.006 -0.015 0.142 0.137 
 

 

 
 

Fig. 4. Correlation between average precipitation of all the stations and total WD frequency 

 
 
Except Kukernag (2.348 mm/month), all the stations 
showed decreasing trend for the month of April              
(Tables 6&7). Bhutiyani et al. (2010) also studied 
precipitation trends in the northwest Himalayas and did 
not found any trends in precipitation during the winter 
season. Similar results were observed by Kumar and Jain 
(2010) and they found decreasing trends in monsoon and 
winter rainy days over all the stations. Decreasing trends 
in winter precipitation were also observed by Kumar and 
Jain, 2010; Dimri and Dash, 2012. Decreasing 
precipitation trends during winter is due to decreasing WD 
frequencies over the region. 

 
Correlations are computed between precipitation of 

Individual station and frequency of WD during a 

particular month using Mann-Kendall, Spearman’s rho 
and Pearson correlation. The results of Pearson correlation 
(Table 9) showed that Precipitation of Baderwah, Katra, 
Qazigund and Srinagar station is positively correlated 
(0.351, 0.370, 0.357, 0.369) with WD frequency of 
December with significant at p < 0.05,  Kupwara for the 
month of January (0.436), and Batote for the month of 
March (0.363). Similar results were also observed for all 
the stations using Mann-Kendall and Spearman’s Rho test. 
No significant correlation was observed for the months of 
November, January (except Kupwara), February and 
April.Spearman’s rho and Mann-Kendall correlation 
results (Tables 8 and 10) showed positively correlation of 
total WD frequency for Katra station (0.242 and 0.344) 
with significant at p < 0.05, while Pearson correlation 
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showed positive correlation for Batote (0.401), Jammu 
(0.357) with significant at p < 0.05, Katra (0.435) and 
Kupwara (0.436) with significant at p value p < 0.01. The 
correlation between average precipitation of all the 
stations and total WD frequency was computed (Fig. 4) 
and results showed positive correlation between 
precipitation and WD frequency with R2 value 0.55. 

 
4.  Conclusions 

 
The following conclusions were drawn from the 

above study. 
 
(i) The analysis showed significant decreasing trends of 
WD frequencies (p < 0.01) during November and March 
with slope values -0.610 and -2.748 respectively and 
increasing trends were observed during February with 
slope value 2.795 (p < 0.01) and January with slope value 
0.417 but were non-significant.  
 
(ii) The results of the Mann-Kendall statistical tests for 
the monthly precipitation series over the period 1980-2019 
showed significant decreasing trends for Kupwara in the 
month of December and March with a slope value of            
-2.450 and -2.947 mm/month respectively while Gulmarg 
station showed decreasing significant trends for the month 
of March with slope value of -6.947 mm/month.  
 
(iii) The results of Innovative trend analysis showed 
decreasing significant trends for the month of November, 
December, January, March and April by most of the 
stations. Significant increasing trends were observed in 
the month of February for the stations Kukernag, 
Kupwara, Srinagar, Banihal, Batote and Baderwah           
with slope values 1.267, 1.958, 1.040, 2.231 and                
1.058 mm/month respectively with p value <0.01. Except 
Kukernag (2.348 mm/month), all the stations showed 
decreasing trend for the month of April. 
 
(iv) The results of Pearson correlation showed that 
Precipitation of Baderwah, Katra, Qazigund and Srinagar 
station is positively correlated (0.351, 0.370, 0.357, 0.369) 
with WD frequency of December with significant at          
p < 0.05,  Kupwara for the month of January (0.436) and 
Batote for the month of March (0.363). 
 
(v) The correlation between average precipitation of            
all the stations and total WD frequency showed        
positive l correlation between precipitation and WD 
frequency with R2 value 0.55. 
 
(vi) Thus, it is concluded that frequency of WDs showed 
decreasing significant trends during onset of winter and 
spring (November and March) and increasing trends 
during peak winter months (January and February). The 

decreasing precipitation trends in the month of November 
and March is due to decreasing WD frequencies during 
these months.  
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