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Abstract
Recent and potential future increases in global temperature are likely to be associated with impacts on the hydrological
cycle, including changes to precipitation and increases in extreme events such as droughts. This study has investigated
the spatial and temporal changes in drought occurrence in far and mid-western regions of Nepal. Quantification of
the severity and frequency of drought within different physiographical regions have been worked out with the help
of Standardized Reconnaissance Drought Index (RDI

st
). Time series analyses of mean annual rainfall and annual

temperature datasets of 16 meteorological stations covering far and mid western development regions from 1982-
2012 have been used. It has been revealed that all the three kinds (moderate, severe and extreme) of droughts
occurred in the study area. Extreme drought was recorded in four stations (Dadeldhura, Patan, Tikapur and Silgadhi)
of far west region and five stations (Musikot, Dailekh, Surkhet, Tulsipur and Khajura) of mid western region.
These events occurred when precipitation recorded its lowest range. Most frequent droughts were observed in
Dhangadhi, Dadeldhura and Jumla. There were higher number of droughts in far western region but more extreme
events occurred in mid western region. No clear correlation was found between temperature and precipitation
trends in five selected stations except in Dhangadi that lies in Terai region.
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Introduction
Drought is a natural local or regional phenomenon, its
basic cause being the lack of precipitation over a time
period. Precipitation is the primary factor controlling
the formation and persistence of drought conditions.
Other climatic factors such as high temperature, high
wind, and low relative humidity are often associated
with it in many regions of the world and can
significantly aggravate its severity (Kundzewicz 1997).
A combination of droughts or sequences of droughts
have serious impacts on human and environmental
welfare (Sheffield & Wood 2008). Of all the natural
disasters, the economic and environmental
consequences of drought are among the highest, due
primarily to the longevity and widespread spatial and
extent of many droughts (Willhite 2000). With the
increase in extreme climatic events, droughts are

projected to become more frequent and severe with
global warming (Trenberth et al. 2014), in particular,
during the warmest decade of the twenty-first century,
17–35 % of global land area experienced moderate
droughts, 7–15 % experienced severe droughts, and
2–6 % experienced extreme droughts (Kogan et al.
2013). Therefore, it is essential for droughts to be
accurately and persistently monitored for mitigating
its adverse effects on national and regional scales.

Nepal is a land-locked country situated in the middle
belt of the Himalayas, having an area of 145305 km2

and a population of 11.6 million. The climate here
varies from tropical in the southern plain to temperate
in the central region, and from arctic in the higher
Himalayas to arid in the Trans Himalayas. Since Nepal
is located at the northern-most edge of the South Asian
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monsoon system, the wet season is relatively short
(Saha 2010) lasting from mid-June to August /
September  in contrast to the Indian subcontinent
monsoon while the dry season persists somewhat
longer (Shrestha 2000). Nepal is divided into five

development regions - east, west, central, mid-west
and far west. As the monsoon comes from the east, it
first strikes eastern Nepal and then it slowly proceeds
to the west.

Fig.1 Annual mean rainfall pattern (mm) over Nepal (Source: Practical Action Nepal Office 2009)

While moving towards the western parts of the country,
the cloud stream follows a westerly course and part of
it follows the river valleys to the north. It takes nearly
one month for the monsoon to reach the western border
of Nepal (Gautam & Regmi 2014). Likewise, the
westerlies move from west to east. In both these cases
the intensity of rainfall varies in space and time (DIHM
1974). The amount of rainfall is much higher in the
eastern region and substantially decreases from the
east to west. The western half, especially the northern

parts of mid western development region are generally
drier compared to the eastern half as shown in Fig. 1

Moreover, temperature is directly related to season
and altitude of the location. The hottest part of the
country is the southern tarai belt and the coldest part
lies in the high mountain or the Himalayas in the north
(Fig. 2). Altitude is the guidance factor in the spatial
variation of temperature.

Fig. 2. Spatial variation of mean temperature (oC) (Source: Practical Action Nepal Office 2009)
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In Nepal, temperature is lowest during winter
(December - January) and increases as spring advances
due to increase in solar insolation. However, the arrival
of monsoon rain checks the increase in temperature
making generally May or early June the hottest months.
The temperature starts decreasing from October and
reaches the minimum in December or January.

Although it is not possible to avoid droughts they can
be predicted, monitored, and their adverse impacts can
be alleviated by regular monitoring of potential regions
at high risk of drought. Careful monitoring as well as
early warning for dryness is a big challenge for drought
management in Nepal. However, very few studies on
drought of Nepal have been reported so far (Sikdel &
Ikada 2010, Shakya & Yamaguchi 2010). A detailed
study on drought occurrence and its measurement in
far and mid western region (FMWD) using the
standardized reconnaissance drought index (RDI),
covering the period 1982-2012 has been presented.
This index used both precipitation and temperature as
input parameters, which are suitable for quantifying

the variations in severity and duration of drought. The
objective of this study was to find out the spatial and
temporal occurrence of drought and evaluate its nature
associated with precipitation and temperature pattern.

Study Area
Far-Western Development Region
Spatial distribution of all studied meteorological
stations of Far Western development region (FWD)
(Patan, Dadeldhura, Mahendranagar, Darchula,
Chainpur, Silgadhi, Tikapur, Dhangadhi and Dipayal),
are shown in Fig. 3. Physiographically this region
contains all five regions: Terai in the south, the Siwalik
and Middle Mountain in the middle and High
Mountains and Himalayan in the north. The area of
FWD is 19,539 square kilometer, the smallest among
the development regions. River Karnali is situated in
the eastern boundary and River Mahakali in the
western boundary. This region is influenced by the
monsoon wind which comes from the northwest
bringing enough rainfall in winter, thus gets more
rainfall in winter than in summer.

Fig. 3. Map of far-western development region of Nepal (Source: lgcdp.gov.np/home/map-center.php)

Mid -Western Development Region
Mid Western development region (MWD) is the largest
of the five development regions of Nepal. It has the
same five physiographical zones as the other regions:
Terai, Siwalik, Middle Mountain, High Mountain and
Himalaya. It  has  some  of  the  most  remote and

economically depressed areas of  the  country,  in
particular  the Karnali  Zone. The climate varies from
alpine in the high Himalayan area to tropical/sub-
tropical in the Terai region. The spatial distributions
of seven MWD meteorological stations are shown in
Fig. 4.
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Fig. 4. Map of mid-western development region of Nepal (Source: lgcdp.gov.np/home/map-center.php)

Methodology
A. Drought indices
Drought indices are important elements of drought
monitoring and assessment since they simplify
complex interrelationships between many climate and
climate-related parameters. Along the various indices
proposed for characterization of meteorological
drought, two widely accepted and used are the
Palmer’s drought severity Index (PDSI) (Palmer 1965,
Guttman et al. 1992) and the standardized
precipitation Index (SPI) (McKee 1995, Agnew 2000).
The Palmer Index uses precipitation, evapo-
transpiration and soil moisture conditions as the key
determinants, which are not recorded in all
meteorological stations, therefore it is difficult to use
for spatial analysis. On the other hand SPI index uses
only one meteorological parameter, precipitation, for
describing the water deficit. However meteorological
drought conceived as a water deficit should be
approached by a sort of balance between input and
output (Tsakiris & Vangelis 2005). A step forward
could be to consider the balance between two major
meteorological parameters such as precipitation (P)
(input) and potential evapotranspiration (PET)
(output).

Reconnaissance drought index
Reconnaissance drought index (RDI) is based on the
ratio between two aggregated quantities of
precipitation and potential evapotranspiration

(Tsakiris & Vangelis 2005). The initial value of the
index for a certain period, indicated by a certain month
(k) during a year, is calculated by the following
equation:

In which    and    are the precipitation and
potential evapotranspiration of the jth month of the
hydrological year. PET is calculated with the
Thronthwaite formulas and adjusted to Penman with
a correction factor, according to the United Nations
Convention to Combat Desertification (UNEP 1992).
Thronthwaite method of calculating Aridity Index is
well known and has been used for classifying the
climate of USA (Thronthwaite 1931), as well as for
the classification of the climates of earth and others
(Thronthwaite 1933, 1957, 1948, Kafle 2009).  The
hydrological year for the FMWD region starts in
January, hence for January k=1. Equation 1 may be
calculated for any period of the year. It can be also
written starting from any month of the year. For real
world applications if   is calculated as a general
indicator of meteorological drought, it is advisable to
use periods of 3, 6, 9 and 12 months. In this case 12
month period  is selected. The two expressions
of the new index are the Normalized RDI and the
Standardized RDI. The Normalized RDI ( ) is
computed using the following equation:

(1)
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Finally, the Standardized RDI ( ) is computed
as follows:

In which   is the ln  ,   is its arithmetic mean

and    is its standard deviation.

(2)

(3)

Table 1. Classification of drought categories based
on SPI index (McKee et al. 1993)

Regarding equation 3, the standardization was
achieved by assuming that  follows a lognormal

distribution. The standardized RDI ( ), behave
in a generally similar way to the SPI, and therefore
the interpretation of the results is similar since the same
thresholds as SPI can be used as shown in Table 1.
Hazard assessment of drought was evaluated in terms
of frequency and severity. The linear trend (regression
line) of temperature and precipitation were also
evaluated for the last 30 years.

B. Datasets used in the study
Monthly rainfall and temperature datasets of 16
meteorological stations from 1982 to 2012 were
obtained from the Department of Hydrology and
Meteorology, Government of Nepal.

Table 2. Studied meteorological stations of far-western development region of Nepal

Nine meteorological stations are from FWD and seven
are from MWD. Within available datasets, length of
rainfall and temperature series differed widely, with
only those stations with at least a continuous 22-years
of record has being used in this study so enabling a
longer-term perspective on drought. Temperature and
precipitation trends of selected stations according to

the physiographical regions, Jumla (Himalayan),
Musikot (High Mountain), Dadeldhura (Middle
Mountain), Surkhet (Siwalik) and Dhangadhi (Tarai)
have been included in this article.  Studied stations
from FWD and MWD with their latitude, longitude,
altitude, record length and physiographical types have
been shown in Table 2 and 3 respectively.

Table 3. Studied meteorological stations of mid-western development region of Nepal
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Results and Discussion
Drought analysis using RDI

st
 Index for FWD

Standarized RDI ( ) have been calculated for
all the studied stations using Equation 3.
Since            behaves in a generally similar way to the
SPI index and therefore the interpretation of the results
are similar. Table 1 has been used for evaluating
severity of drought (moderate, severe and extreme).

Drought index of all the nine meteorological stations
of FWD have been shown in Table 4. The results
showed that all the 9 stations faced drought conditions
besides their physiographical differences. Occurrence
of extreme droughts were observed at Dadeldhura and
Patan in the year 1999 with standardized RDI values
of -2.3 and -2.4 respectively; Silgadhi in the year 2010
with RDI value of -2.69, and Tikapur in the year 1994
with RDI value -2.02.

Table 4. Calculated RDI
st
 values in drought years for eight stations of far western region

Within nine studied stations of FWD, highest number
of droughts occurred at Dhangadi, seven drought
years, 1986 (-1.05), 1987 (-1.33), 1992 (-1.07), 1994
(-1.59), 2001 (-1.03), 2004 (-1.2) and 2006 (-1.21)
in 30 years; and at Dadeldhura, six drought years,
1987 (-1.4), 1989 (-1.43), 1992 (-1.33), 1999 (-2.3)
and 2006 (-1.7) in 28 years. Similarly, least number
of drought year, was recorded in Darchula in 1994
(-1.55) in 22 years. Similarly, meteorological
stations observing three drought years are Patan in
1992 (-1.65), 1994 (-1.35), and 1999 (-2.42) in 21
years; Dipayal in 1992 (-1.86), 1994 (-1.68), 1999
(-1.43) in 22 years and Tikapur in 1994 (-2.02), 2005
(-1.86) and 2010 (-1.38) in 24 years. Moreover,
continuous droughts were recorded in Silgadhi in
the year 2007, 2008, Chainpur in the year 1993,
1994, and Dipayal in the year 1986 and 1987.
Although, no similarity was observed in the drought
year of FWD for all the studied station, most stations
experienced drought in 1992, 1994, 1999, 2006 and
2010, as we can see from Table 4.

Drought analysis using  RDI
st
  index for MWD

Calculated droughts using  index in seven
meteorological stations of mid western region have
been shown in Table 5. The stations covered all five
physiographic regions. Highest number of drought (six
drought years in 30 years) occurred in Jumla in 1984
(-1.81), 1987 (-1.11), 1999 (-1.53), 2004 (-1.36), 2005
(-1.42) and 2009 (-1.31) which lies in Himalayan
region with an altitude of 2300 m. Similarly, lowest
number of droughts occurred (three drought years) in
Musikot in 1989 (-2.66), 1993 (-1.16) and 2006 (-1.76)
in 24 years and Khajura in 1998 with RDI value of-
2.21 in 29 years. These two stations lie in High
Mountain and Terai regions with an altitude of 2100
m and 190 m respectively. Two continuous drought
years were obtained in Jumla in the year 2004, 2005
and Salyan in the year 1991, 1992 of MWD. Extreme
drought was seen in five meteorological stations of
MWD, Musikot in the year 1989 (-2.66), Dailekh in
the year 2010 (-2.25), Tulsipur in the year 1996 (-2.03)
and 1999 (-2.24), Surkhet in the year 2010 (-2.86) and
Khajura in the year 1996 (-2.21).

Nepal Journal of Science and Technology Vol. 15, No.2 (2014) 65-76
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Table 5. Calculated values in drought years for seven stations of Mid Western Region

Among seven studied stations, Tulsipur that lies in
Tarai region experienced two extreme drought events
within 29 years of studied period. Calculated drought
year in most of the stations of MWD are 1992, 1994,
2006 and 2010.

Precipitation and temperature trends at
selected stations
The spatial and temporal distributions of mean annual
temperature and precipitation trends of five selected
stations have been shown in Fig. 5 to Fig. 9. These
stations were selected in such a manner that they could
represent all the five physiographical regions, having

longest recorded period (having both highest and
lowest number of drought years and experienced
extreme drought events as well as continuous drought).

Dhangadhi (Terai)
Dhangadhi meteorological station lies in Tarai region
at an altitude of 187 m. Mean annual precipitation and
temperature trend of this station is shown in Fig. 5.
This figure showed just opposite trend for precipitation
and temperature: when precipitation was decreasing
temperature was increasing. Mean annual precipitation
for 29 years ranged from 1000mm to 3000mm whereas
temperature ranged from 21oC to 25oC.

Fig. 5. Precipitation and temperature trend at Dhangadhi meteorological station
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This station experienced 7 droughts years in 29 years.
However, there were no extreme drought events as well
as continuous drought in this station.

Surkhet (Siwalik)
Surkhet meteorological station lies in Siwalik region
at an altitude of 720m. Mean annual temperature and
precipitation for 30 years showed a mixed trend
(Fig. 6). Mean annual precipitations ranged from 900

to 2100mm and mean annual temperatures ranged from
20 to 23oC. This station experienced extreme drought
in 2010 when the precipitation was in its minimum
range and temperature in its maximum range.
Altogether there were four drought years within 30
years of the studied period, continuous droughts were
not recorded at this station. Precipitation trend was
highly fluctuating, while temperature was in increasing
trend in this station. There were not any correlation
between precipitation and temperature trend.

Fig. 6. Precipitation and temperature trends at Surkhet meteorological station

Dadeldhura (Middle mountain)
Dadeldhura meteorological station lies in the middle
mountain region at an altitude of 1848 m. Mean annual
precipitation and temperature trends of 28 years are
shown in Fig. 7. Precipitation ranged from 500 to 2000
mm whereas temperature ranged from 14 to 18oC. No
clear cut relation was found between precipitation and

temperature for this station. There was decreasing trend
in precipitation from 1990 to 1992 and also in 2003
to 2006. Minimum value of precipitation was in the
year 1999, in this year Dadeldhura station experienced
extreme drought event. There were altogether six
drought events within 28 years of studied period of
this station and a continuous drought in 2005 and 2006.

Fig. 7. Precipitation and temperature trend at Dadeldhura meteorological station

Musikot (High mountain)
Musikot meteorological station lies in High Mountain
region at an altitude of 2100 m. Fluctuating trend in
precipitation was observed here. Temperature was
stable from 1988 to 1995 and fluctuating later on

(Fig. 8). Precipitation ranged from 1000 to 2800 mm
while temperature ranged from 17 to 21oC within 24
years of studied period. Correlation between
temperature and precipitation was not found. Musikot
experienced lowest precipitation level in 1989 and

Nepal Journal of Science and Technology Vol. 15, No.2 (2014) 65-76
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highest in 2010. In 1989 it experienced extreme
drought event. There were altogether three droughts

within 24 years and no continuous drought was
observed in this station.

Fig. 8. Precipitation and temperature trend at Musikot meteorological station

Jumla (Himalayan)
Jumla meteorological station lies in Himalayan region
at an altitude of 2300 m. Fig. 9 shows the mean annual
temperature and mean annual precipitation trend of
this station for the 30 years period. Temperature was
almost constant and precipitation was highly
fluctuated, ranging between 600 to 1100 mm whereas

temperatures were 12 to 13oC except in the year 2000.
Jumla observed six drought years in 30 years period.
There were not any extreme droughts except a
continuous drought in 2004 to 2005. The temperature
had increasing trend from 2001. Jumla experienced
lowest precipitation in the year 1984 and highest in
1982. Temperature was lowest in 2000.

Fig. 9. Precipitation and temperature trend at Jumla meteorological station

There were clear drought events in all of the studied
stations. Interestingly drought years were different for
different meteorological stations. Though some
stations experienced drought in the same year, but
could not see any specific trend according to
physiographical regions or altitude. Calculated drought
years in most of the stations were 1992, 1994, 1999,
2006 and 2010. The highest numbers of drought events
were observed in Dadeldhura (Middle Mountain),
Jumla (Himalayan), Chainpur (Himalayan), Dailekh

(Middle Mountain), Dhangadhi (Tarai),
Mahendranagar (Tarai) and Tulsipur (Tarai). Extreme
drought events occurred when the precipitation
recorded its lowest range. This study showed that the
stations at higher altitude (Himalaya) and lowest
altitude (Tarai) experienced greater number of
droughts than in other regions. Some studies on
precipitation, temperature and climatic patterns over
Nepal (Shrestha 2000, Shrestha et al. 1999, Baidya et
al. 2008) have also revealed warming trends at a bit
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higher magnitude in mountainous regions of Nepal. It
was clear that the major factor for drought in far and
mid western region of Nepal was the lack of
precipitation linked with summer monsoon and winter
time circulations. No clear correlation was found
between temperature and precipitation trends in five
selected stations except in Dhangadhi (Tarai).   Some
of the previous studies (Shrestha 2000, Shrestha et.
al. 1999 and Wang et. al. 2012) suggested the
relationship of summer monsoon of Nepal with
southern oscillation index (SOI). Proper management
of water resources and regular monitoring of potential
regions at high risk of drought is essential for managing
drought condition in far and mid western regions.
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