J. Earth Syst. Sci. (2021)130:156
https://doi.org/10.1007/s12040-021-01655-6

Ó Indian Academy of Sciences
(0123456789().,-volV)(0123456789(
).,-volV)

The agro-meteorological perspective of drought
over northwest Himalayas: Kashmir valley
from 1979 to 2014
JUNAID DAR*

and ABDUL QAYOOM DAR

National Institute of Technology, Srinagar, India.
*Corresponding author. e-mail: darjunaid˙17@nitsri.net
MS received 14 December 2020; revised 8 February 2021; accepted 29 March 2021

Understanding the anatomy of drought is important to reduce the drought hazards in arid and semi-arid
regions around the globe. This study pertains to disclose the spatio-temporal variability of rainfall over
the Kashmir region in all four seasons of a year (winter, spring, summer, and fall) along with
Mann–Kendall trend analysis to provide a preferable insight into the rainfall excess and deBcit years. We
have used the daily precipitation data of Bve meteorological stations from 1969 to 2014 over the study
area. The standard precipitation index (SPI) has been manipulated to investigate the pitfalls of drought
years on the agricultural and horticulture production of the Kashmir region. The analysis reveals that
the spring season experiences maximum rainy days showing a decreasing trend and the year 1992, as the
poorest rainfall year. The following years (1970, 1971, 1977, 1992, 1999, 2000, and 2001) were found to be
under-drought with variation in intensity from moderate to extreme over the whole study region. The
implications of drought on agriculture have been visible as the drought years have constricted apple and
the total production, which in turn drastically harmed the economy of the valley since it is mainly boosted
by apple production. This study will help to plan and design the water resource system in such a way as to
decrease the potential eAect of future drought years on the economy of the valley.
Keywords. Kashmir valley; spatio-temporal variability of rainy days; drought; implications of drought
on agricultural production.

1. Introduction
Drought is an elongated period of anomalous dry
weather condition due to the lack of rainfall which
in turn causes a serious hydrological imbalance in
the aAected area. In other sense, drought is a natural phenomenon attributed to spatio-temporal
Cuctuations in precipitation. There are various
ways of deBning the drought depending upon the
procedure of definition under different disciplines
like agriculture, environment, meteorology, or
hydrology. Agricultural drought persists until the

soil moisture is at or below the permanent wilting
point and the condition is withdrawn only when
the precipitation fall is more than daily evapotranspiration (Rickard 1960). On the other hand,
the meteorological drought can be deBned as the
period of insufBcient rainfall or below-average
rainfall and it may vary from region to region
depending on the mechanism of precipitation
(Kumar et al. 2019). The duration of the agricultural drought varies from 1 to 3 months, while the
meteorological drought can persist up to 6 months.
Another condition of the drought exists when the
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existing reservoir capacity goes below average, not
able to meet the daily demands of the downstream
area, the drought can be classiBed as hydrological
drought (Tate and Gustard 2000). There have been
so many studies on the spatio-temporal variability
of precipitation over the Kashmir valley (Ashraf
2013; ShaBq et al. 2019a, b). One of the regions in
the northwest Himalayas susceptible to recent climate change (Nazir et al. 2019) points towards the
modiBcation of temperature and precipitation over
this region and revealed that temperature and
precipitation patterns show significantly increasing
and decreasing trends, which in turn can lead to
the possibility of increasing frequency and duration
of future extreme events like Coods and droughts
(Azam et al. 2018). Study of the spatial and temporal variability of precipitation in a global
warming scenario is important to categorize and
predict the extremes over a region as revealed by
Wani and Khairkar (2012). According to them, as
the mean maximum temperature for the two consecutive seasons (autumn and winter) in one of the
regions over Kashmir valley showing a warming
trend, can have an impact on precipitation modes
leading to unpredictable extreme events and
destroying infrastructure and agriculture.
Short-term and long-term anomalies of precipitation can lead to a drought-like situation by
decreasing the soil moisture and reservoir capacity,
which in turn can have adverse eAects on society.
Ray et al. (2018) have studied the impacts of
drought on crop yield over Texas and revealed that
the drought period can aAect agricultural production by decreasing the yield of different types of
crops which in turn can degrade the economy of the
agricultural sector. Hence to study the characteristics of various climate variables like temperature
and precipitation concerning impacts on society
will help to plan and manage the society according
to their needs. There are various indices used to
quantify the drought based on precipitation and
soil moisture like standard precipitation index
(SPI) as given by McKee et al. (1993), who deBned
the precipitation deBcit at different temporal scales
(1, 3, 6, 9, 12, 24, and 48 months). Also, the Palmer
drought index (PDSI) proposed by Palmer (1965)
quantifying the drought in terms of precipitation
and temperature. SPI is usually preferred because
of its simplicity and easy to calculate as used by
various authors in their respective studies (Lincoln
2001; Mohseni et al. 2009; Ahmad et al. 2016;
Jiahua 2016; Kumar et al. 2019; Pandey et al.
2019).
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The characterization of drought at different
temporal scales will provide an idea about the type
of drought and its adversity. There have been
various studies on drought over the Kashmir valley
and its internal region. As one of the studies by
Parvaze et al. (2018) has pointed on the quantiBcation of meteorological drought in the Kashmir
valley and concluded that drought occurred during
1999, 2000, 2001, 2007, and 2016 with severe to
extreme intensity. Also, Pandey et al. (2019) have
studied drought over one of the regions in Kashmir
(south Kashmir) using SPI and concluded that the
same years as reported by Parvaze et al. (2018)
were under drought with severe to extreme intensity, but no one has paid attention towards its
impact on society as the economy of this region is
fully boosted by apple production (Naqash et al.
2018) leading to research gap which should be
carefully addressed. Hence this study will look
upon the extraction of agro meteorological drought
that is the quantiBcation of the meteorological
drought in association with the impacts on agriculture (Tate and Gustard 2000) with the intention
that the planners of the society can take into consideration the future drought when they plan and
model the water resources system over this region.

2. Study area
The northwest Himalayan region consisting of
Jammu and Kashmir, and the Ladakh, is situated
to the north of northern India covering (32°–38°N,
72°–80°E) latitude and longitude. The Kashmir
valley is located in the Jammu and Kashmir region
and covers an area of *15,220 km2 . It is surrounded by mountains on all sides and has a bowllike topography (Bgure 1). The Kashmir valley is
also considered as an agro-climatic region, mainly
having temperate horticulture under the dominance of horticultural crop (apple), with a contribution of about 75% to the national production
(ShaBq et al. 2019a, b). Horticulture production is
seen as the primary economic activity for the
people of Kashmir valley. As a result, the relationship between the variability of climate and
production is a concern in both fertile and volatile
angles. The climate of the Kashmir valley ranges
from dry to semi-humid, with snowfall occurring
frequently during the winter months. The climatology of the Kashmir valley is mainly governed by
an annual average rainfall of 84 cm, and average
maximum and minimum temperatures of 19.27°
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Figure 1. Location of Bve meteorological stations over the study area.

and 7.29°C, respectively. Precipitation varies in
both space and time, with the majority of it is
associated with western disturbances in winter and
spring (Dimri and Dash 2012). The Jhelum River,
which originates in southern Kashmir Verinag, is
considered as the main drainage system and traverses the city of Srinagar to the neighbouring
country of Pakistan and drains in the Arabian Sea.
3. Data and methodology

the Horticulture Department of Jammu and
Kashmir (http://hortikashmir.gov.in/) with the
same calibration period of 1969–2014 which consists of yearly apple production, that is the quantity of apple produced in metric tons per year and
total production which includes the total quantity
of pear, cherry, walnut, rice, wheat and apple
produced, in metric tons per year. The extracted
data is digitized Brst before subjected to further
analysis.

3.1 Data

3.2 Rainfall statistics

We have taken precipitation data from the India
Meteorological Department (IMD), Srinagar to
study the occurrence of drought and its characteristics in terms of the spatio-temporal variability
of precipitation. The IMD Srinagar consists of Bve
meteorological stations located throughout the
Kashmir valley as shown in Bgure 1. The stations
supply daily precipitation data over a long period,
and we choose a calibration period of 46 years from
1969 to 2014. In addition, to investigate the
implications of drought characteristics on agricultural and horticulture production, we have
extracted agricultural and horticultural data from

The governing methodology of the rainfall statistics is initiated by calculating the frequency of
rainy days in all four seasons (winter, spring,
summer, and fall) of a year over the study period.
A rainy day is deBned as a day in which the total
amount of rainfall is C2.5 mm (Agashe and
Padgalwar 2005), (India Meteorological Department 2019). The seasonal frequency of rainy days is
taken as the sum of rainy days per season (DJF,
MAM, JJA, and SON). The mean frequency of
rainy days and their standard deviation in each
season are used to quantify seasonal variability
in rainfall. It is necessary to understand the
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variability of seasonal rainfall to gain an understanding of excess and deBcit rainfall patterns at
various temporal scales.
In addition to gain an insight into rainfall excess
and deBcient years, the frequency of rainy days is
subjected to trend analysis for each season at all
the stations over the study region. The trend is
identiBed by using the Mann–Kendall test (Maintainer and Pohlert 2018), and the trend line is
represented using a linear regression model. The
linear regression model is a simple model to reCect
the trend in a time series data (Humphries et al.
2018) as given in equation (1).
y ¼ a þ bx;

ð1Þ

where y is the dependent variable and x is the
independent variable with b and a represent the
slope and intercept of the corresponding line.
The Mann–Kendall test Bnds its application in
numerous climate-related studies as used by different authors (Maintainer and Pohlert 2018; Rahman
et al. 2018; Kocsis et al. 2020). The statistics (S) of
the Mann–Kendall test is shown below:
S¼

n1 X
n
X



sgn Zj  Zi :

ð2Þ

i¼1 j¼iþ1

and n is the number of data points in the time
series.
The test statistics Z is computed as:
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The positive value of Z depicts an increasing
trend, while a negative value indicates a decreasing
trend. If jZ j [ Z1a2 , the null hypothesis (H0) is
rejected and a statistically significant trend exists
in the time series. The critical value of Z1a2 for 5%
significance level from the standard normal table is
1.96.
3.3 Sen’s slope estimator
Sen’s slope estimator has been used to estimate the
magnitude of the trend line as:
Ti ¼

Zj  Zk
;
j k

ð7Þ

The test is applied to a time series Zi that is
ranked from i =1, 2, . . ., n1 and Zi , ranked from
j = i + 1, 2, . . ., n, where n is the total number of
data points in a time series. Then each point of the
data in Zj is compared with a reference data point
Zi so that,
8


1; if Zj  Zi [ 0
>
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0; if Zj  Zi ¼ 0
sgn Zj  Zi ¼
ð3Þ


>
:
1; if Zj  Zi \0;

where i ranges from 1 to n1 and Zj and Zk are the
corresponding data values at time j and k,
respectively, with (j [ k). If N is the number of
observations in a sample that are accordingly
organized in ascending or descending order, the
median value is calculated as:
8
N is odd
< TN 2þ1 ;

ð8Þ
Q ¼ 1
: TN þ TN þ2 ; N is even:
2
2
2

If a large number of samples are found in the
analysis (n [ 10), the test is conducted with an
approximation that follows a normal distribution
with mean and variance as:

Hence the positive value of Q indicates an upward
trend and a negative value indicates a decreasing
trend in the time series.

E ðS Þ ¼ 0;
and

ð4Þ

(

Var ðS Þ ¼
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g
X
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),

ð5Þ

18;

p¼1

where g is the number of tied groups in the data, tp
is the number of data points in the pth tied group,

3.4 Standard precipitation index (SPI)
The study pertains to quantify the drought years
by using the standard precipitation index (SPI) as
a premier index at four temporal scales (3, 6, 9, and
12 months). The standard precipitation index
(McKee et al. 1993) is a single parameter used to
monitor and quantify the drought at different
temporal scales (Jena et al. 2020) as well as being
recommended by the World Meteorological Organization (WMO) and Nature Conservancy of Canada
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(NCC) as one of the operational drought monitoring indices. The classiBcation of drought is done by
using the intensity of drought as a reference
parameter (Ahmad et al. 2016; Jiahua 2016; Parvaze et al. 2018; Kumar et al. 2019; Pandey et al.
2019; Zhong et al. 2020).
4. Result and discussion
4.1 Seasonal frequency of rainy days
To understand the spatio-temporal variability of
rainfall over the study region, we calculated the
total number of rainy days in each of the four
seasons (DJF, MAM, JJA, and SON) at each station and found that the frequency of rainy days
shows spatio-temporal variability with MAM season exhibits the maximum number of rainy days
while showing a decreasing trend at all the stations
except for Kokernag station as revealed by
Bgures 2–6.
The frequency of rainy days shows seasonal as
well as spatial variability over the study region.
Srinagar station shows an increasing trend in all
the four seasons except in the MAM (Bgure 2).
On the other hand, the frequency of rainy days
at Qazigund station shows a slightly increasing
trend for three seasons (DJF, JJA, and SON)
(Bgure 3), while all seasons have shown a
decreasing trend in the frequency of rainy days at

Pahalgam station (Bgure 4). At Kupwara station,
the trend in the frequency of rainy days show
alternate increasing, decreasing, decreasing and
increasing trend in alternate seasons of the year
as shown by Bgure 5. The Kokernag station
shows an increasing trend in the frequency of
rainy days which indicates that this station is
more rainfall-prone throughout the year
(Bgure 6). As a result, we can conclude that the
frequency of rainy days varies both spatially and
temporally across the study area. The statistical
parameters of the Mann–Kendall test are displayed in table 1, which clearly shows the
Z statistics and Sen’s slope in the frequency of
seasonal rainy days over the study area.
We also calculated the years with highest and
lowest rainfall by totaling the number of rainy days
in each season at all stations and found that the
following years (1983, 2006) experienced the maximum number of rainy days in two consecutive
seasons MAM and JJA, while the year 1992 is
described as the poorest rainfall year during the
study period as shown by Bgures 2–6, which gives
an insight into the variability of extremes like
Coods and drought.
4.2 Drought quantiBcation
The current study focuses on quantifying drought
using SPI as a primary index and we have applied

Figure 2. The frequency of rainy days for each season (DJF, MAM, JJA, and SON) at Srinagar station.
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Figure 3. The frequency of rainy days for each season (DJF, MAM, JJA, and SON) at Qazigund station.

Figure 4. The frequency of rainy days for each season (DJF, MAM, JJA, and SON) at Pahalgam station.

SPI to the station precipitation time series at four
temporal scales (3, 6, 9, and 12) to extract the
various types of drought based on the intensity.
The 3-month SPI is related to short-term dry
conditions over an area and provides an estimate
of seasonal precipitation. On analyzing the results
of 3-month SPI at all the stations, we found the
following year under drought (1970, 1971, 1977,

1985, 2000, 2001, and 2004) as revealed by
Bgures 7–11. The seasonal changes in precipitation
are visible by studying SPI at a 6-month temporal
time scale and on analyzing the 6-month SPI, we
found that the following years are under drought
mostly uprooted by all the stations (1970, 1971,
1999, 2000, 2001, and 2004). For the development of drought, seasons are required, thus the
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Figure 5. The frequency of rainy days for each season (DJF, MAM, JJA, and SON) at Kupwara station.

Figure 6. The frequency of rainy days for each season (DJF, MAM, JJA, and SON) at Kokernag station.

inter-seasonal variations in precipitation are
depicted by SPI at a 9-month temporal scale
(Pandey et al. 2019). The following years are under
drought, based on the criteria of 9-month SPI,
1970, 1971, 1977, 1992, 1999, 2000, and 2001.
Furthermore, the 12-month SPI is related to

reservoir capacity, streamCow, and also to
groundwater storage at stretched time scales
(Pandey et al. 2019). We have found the following
years under 12-month drought as reported by most
of the stations over the study region (1970, 1971,
1977, 1992, 1999, 2000, and 2001). In a nutshell,
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Table 1. The statistics of rainy days from Mann–Kendall test with seasons
depicted as December to February (DJF), March to May (MAM), June to
August (JJA), and September to October (SON).
Stations

Trend

DJF

MAM

JJA

SON

Srinagar

Z statistics

1.574

0.0098

0.1766

1.99

S

0.0714

0

0

0.08

Z statistics

–0.34

–1.76

-2.2

0.137

S

0

–0.157

-0.13

0

Z statistics

1.25

–0.28

-0.43

1.12

S

0.1

–0.0138

0

0.05

Z statistics

0.64

0.323

0

0.658

S

0.05

0

0

0.028

Z statistics

0.19

–0.392

0.22

0.864

S

0

0

0

0.0434

Pahalgam

Kupwara

Kokernag

Qazigund

Figure 7. SPI time series at 3, 6, 9, and 12 months at Kokernag station, while the green line shows a lower threshold for deBning
the drought.

our analysis reveals that the following years (1970,
1971, 1977, 1992, 1999, 2000, and 2001) are under
meteorological drought over the study region
whose intensity varies from 1 to 2.5. During
these drought years, the study region has experienced departure in mean seasonal rainy days over
most of the stations and on analyzing the frequency of rainy days, we come to an epilogue that

the year 1992 is the poorest rainfall year, also
broadcasted by SPI as a drought year. Some
authors have also revealed that following years
(1999, 2000, and 2001) over the study region were
under drought (Ahmad et al. 2016; Parvaze et al.
2018; Pandey et al. 2019) and delineate that SPI
has correctly extracted the drought years from the
station precipitation data over the study region.
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Figure 8. SPI time series at 3, 6, 9, and 12 months at Kupwara station, while the green line shows a lower threshold for deBning
the drought.

Figure 9. SPI time series at 3, 6, 9, and 12 months at Pahalgam station, while the green line shows a lower threshold for deBning
the drought.

On the other hand, the drought has drawn its
implications on society by inCuencing the horticultural and agricultural sectors of the Kashmir
valley. The economy of the Kashmir valley is
mainly preserved by the annual horticultural crop
(apple) as most of the area over the study region is
represented by horticulture Belds. Keeping in view,

the potential implications of drought over the
study region, we carried trend analysis on the
horticultural (apple) production and total production (pear, cherry, walnut, rice, wheat, and apple)
from 1969 to 2015 and found that both the curves
show an upward trend as shown in Bgure 12. In
addition to that, during drought years both the
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Figure 10. SPI time series at 3, 6, 9, and 12 months at Qazigund station, while the green line shows a lower threshold for deBning
the drought.

Figure 11. SPI time series at 3, 6, 9, and 12 months at Srinagar station, while the green line shows a lower threshold for deBning
the drought.

productions (apple and total) had deviated from
the mean as analyzed in Bgure 12. As a result, we
can summarize the study and conclude that during
drought years, the apple industry has constricted
in total output, aAecting the economy and livelihood of the people of Kashmir, as agriculture and
horticultural production employ 60% of the

population (Bhat et al. 2019). As a result of this
research, we can conclude that, while both production trends are growing, potential drought
years remain a challenge due to the region’s vulnerability and alteration as a result of climate
change, which can have negative consequences for
the agricultural and horticultural sectors.

Page 11 of 12 156

J. Earth Syst. Sci. (2021)130:156

Figure 12. The trend in annual apple and total production over the Kashmir valley.

5. Conclusion
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by deBning a rainy day as the day when the
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