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Drought risk assessment in central Nepal: temporal
and spatial analysis
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Abstract This paper presents temporal and spatial pattern of drought phenomena in

central Nepal using standardized precipitation index (SPI) at multiple time scales. The

study is based on 32 years of monthly precipitation data from 40 meteorological stations

from 1981 to 2012. Results indicate that, while there is no distinct trend in regional

precipitation, interannual variation is large. Trend analysis of drought index shows that

most stations are characterized by increases in both severity and frequency of drought

and trend is stronger for longer drought time scales. Over the study period, the summer
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season of 2004, 2005, 2006, 2009 and winters 2006, 2008 and 2009 were the worst

widespread droughts. These dry periods have a serious impact on agriculture–livestock

production of central Nepal. Better understanding of these SPI dynamics could help in

understanding the characteristics of droughts and also to develop effective mitigation

strategies.

Keywords Drought � Precipitation � Standardized Precipitation Index (SPI) �
Agriculture � Central Nepal

1 Introduction

Drought is a silent and pervasive hazard, which originates from the deficit of water

availability, with devastating impacts on agriculture, water supply and the environment

(Dow 2010; Popova et al. 2014; Yu et al. 2014) causing economic losses (Below et al.

2007; Wilhite 2000; Wilhite et al. 2007). In comparison with other natural hazards,

drought tends to start slowly often without warning, lasts for significant period of time

covering large spatial areas, and may linger for years after termination (Lena et al.

2013; Mishra and Singh 2010; Rossi et al. 1992). Recent studies show that the agri-

cultural production has declined significantly in many parts of world including Asia due

to increased frequency and severity of drought (Downing and Bakker 2000). For

example, the severe Australian drought in 2006 reduced the national winter cereal crop

by 36 % leaving many farmers in financial crisis (Wong et al. 2010) and the European

drought of 2003 reduced gross primary productivity by 30 % (Ciais et al. 2005). The

drought of 2010–2011 caused crop failures across Somalia, Ethiopia and Kenya which

raised the price of maize in Kenya by 246 % over the span of a year (Funk 2011).

Drought has caused 70–80 billion kg per year food loss in China over the past century,

corresponding to 17 % of the total yield (Liu et al. 2013). Food grain production

dipped by about 14 % compared to previous year due to severe drought in India in

2002 (Nagaraja et al. 2011) and in Pakistan, overall agriculture production decreased by

2.6 % during 2000–2001 drought (Ahmad et al. 2004). And droughts are projected to

become more frequent and severe in future with increases in extreme climatic events

(Trenberth et al. 2014).

In order to mitigate losses caused by drought in future, it is necessary to monitor and

assess this phenomenon using scientific tools. Drought indices are very important tools to

monitor and to assess drought (Heim 2002). Drought indices are normally continuous

functions of rainfall and/or temperature, river discharge or other measurable variables, but
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rainfall data are most widely used to calculate drought indices since long-term rainfall data

are often readily available (Liu et al. 2014). Different indices are available globally to

quantify drought, each with its own strengths and weaknesses. These include the Palmer

Drought Severity Index (Palmer 1965), Standardized Precipitation Index (McKee et al.

1993), Standardized Precipitation Evapotranspiration Index (Vicente-Serrano et al. 2009),

Effective Drought Index (Byun and Wilhite 1999), Rainfall Anomaly Index (Rooy 1965),

Deciles (Gibbs and Maher 1967), Crop Moisture Index (Palmer 1968), Bhalme and Mooly

Drought Index (Bhalme and Mooley 1980), Surface Water Supply Index (Shafer and

Dezman 1982), and others (Mishra and Singh 2010). In this study, the standardized pre-

cipitation index (SPI), proposed by McKee et al. (1993), is used to analyze the charac-

teristics of drought. The basic criteria of selection of SPI for this study are that it can be

computed over a wide spectrum of time scales ranging from 1 to 72 months (Edwards and

McKee 1997), and it uses only precipitation as an input, which has been observed for the

longest time period and comparatively of good quality in this region. Regarding the

analysis of agricultural drought, the appropriate time-scale should be limited to the crop-

growing season, but many drought indices do not support this. SPI is calculated using the

long-term monthly rainfall record of a specific location. Since SPI is standardized and has a

probabilistic interpretation, it can be used in risk assessment and decision-making (Gutt-

man 1998).

Since drought directly affects crops leading to economic losses, the countries like Nepal

where people are mostly dependent on rain-fed agriculture for their livelihoods are very

much vulnerable to drought (Gentle and Maraseni 2012). Agriculture is the major income

source of about 64 % households of Nepal, and it accounts for 35 % of the national GDP

(Nepal Living Standards Survey 2010/11). In recent years, drought has emerged as a source

of vulnerability in rainfed agriculture in Nepal particularly in hills and mountains (Ghimire

et al. 2010; Gumma et al. 2011; Wang et al. 2013). In Nepal about 80 % of the total annual

rainfall occurs during the summer monsoon (June–September) (Shrestha 2000), which is

the most important season for agriculture because summer crops (paddy, maize and millet)

comprise nearly 80 % of the total national cereal production (Gautam and Regmi 2013).

Although the summer monsoon dominates the total precipitation in Nepal, the winter

precipitation, which contributes 3 % of total annual precipitation, is still important for

agricultural production (Sigdel and Ikeda 2012).

There have been many studies of drought around the world, but very few in Nepal.

Previous studies in Nepal have focused on the spatial pattern and temporal progression of

drought events and its linkages between some climate indices and atmospheric circulation

pattern (Kafle 2014; Sigdel and Ikeda 2010; Wang et al. 2013), and for annual seasonal

periods. There has been no investigation for the period of crop growing seasons. Under-

standing and predicting the trends of droughts and using this knowledge could be helpful to

support drought risk management and develop effective mitigation strategies. This paper,

therefore, aims to provide a comprehensive analysis of drought phenomenon in central

Nepal using Standardized Precipitation Index (SPI) computed at different time scales: 3

and 12 months year-round, and for the monsoon (4-month SPI, June to September) and

winter (3-month SPI, December–February) seasons. Although these 3- and 4-month SPI

are more applicable for the agricultural and 12-month SPI for hydrological aspect, some

part of the lower belt of central Nepal consist of irrigated agriculture land that depends on

river water for irrigation; therefore, 12-month SPI has also been calculated to assess the

year round drought in central Nepal.
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2 Materials and methods

2.1 Study area

Most of the area of central Nepal is occupies by Gandaki River Basin (GRB). GRB is

characterized by the highest river outflow and population (Fig. 1) compared to other river

basins in Nepal. It drains an area of 32,104 km2 in Nepal. The Gandaki river network

comprises 7 major tributaries. The catchment area ranges in altitude from 89 m above sea

level in the southern lowland region (Terai) to over 8100 meters in the high Northern

Himalaya. It covers the entirety of 12 districts and parts of 7 districts out of the 75 districts

in Nepal.

Agriculture is the main occupation of people in GRB. Around 40 % of the land of GRB

is covered by agricultural land. Most of the agricultural land is rain-fed and only few

irrigated croplands are present in the lowlands. Paddy rice, wheat, maize and millet are the

main cereal crops grown in GRB. Paddy and wheat are the major cereal crops in the Terai

region, while maize is the main crop in the Hill and Mountain regions. After maize, millet

is grown in the marginal land having low productivity in the Hill and Mountain. Livestock

rearing is widespread in the GRB. Depending on elevation, livestock type and concen-

tration vary. The major livestock in the lower belt are cattle, buffaloes, goat, sheep, pigs

and poultry and at higher elevation the important livestock are yak, chauris (cross between

yak and local hill cow), cattle and sheep.

Fig. 1 Map of study area
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According to the 2011 national census, the population of GRB is 5,131,932 (19.37 % of

the total population of Nepal) living in 1,172,558 households. The Terai area is densely

populated whereas the Hill and High Mountain areas are sparsely populated.

2.2 Data

Monthly observed precipitation data for 32 years (1981–2012) obtained from the

Department of Hydrology and Meteorology (DHM), Government of Nepal were used for

this study. Forty precipitation stations over central Nepal (in and around GRB) were

selected based on percentage of missing records less than 10 %. To fill missing data up to

2004, we used gridded precipitation data at 0.05� spatial resolution produced over Nepal by

Asian Precipitation-Highly Resolved Observational Data Integration Towards Evaluation

(APHRODITE) of Water Resources project (Yatagai et al. 2012) for the period 1961–2004.

We first calculated the average monthly bias of APHRODITE data with the station

observations and filled the missing data from APHRODITE data after bias correction.

Among 40 selected stations, 33 stations have no bias for all months. For the few missing

data after 2004, we did spatial interpolation using the Kriging method on Surfer software

(Version 10, http://www.goldensoftware.com/products/surfer) to impute the missing

values.

2.3 Calculation of the drought index

The Standardized Precipitation Index (SPI) designed by McKee et al. (1993) is used to

quantify drought in central Nepal. SPI is widely used around the world for drought fore-

casting, frequency analysis, spatio-temporal analysis and climate impact studies (Mishra

and Singh 2010). SPI is also recommended as a meteorological drought index by the World

Meteorological Organization (Hayes et al. 2011). In this study, the SPI was calculated on

3-, 4- and 12-month time scales, which correspond to the past 3, 4, 12 months of observed

precipitation totals, respectively. SPI calculated for September on 4-month time scale is

used to analyze monsoon drought, and SPI calculated for February on 3-month time scale

is used to analyze winter drought over central Nepal. In this study, the procedures

described in Standardized Precipitation Index: User Guide (2012) to compute the SPI on

Windows 7 environments were followed.

To compute SPI, the rainfall record at a desired station is fitted to a probability dis-

tribution, which is then transformed to a normal distribution so that the mean SPI is zero

(Edwards and McKee 1997). If x is a precipitation data series of a desired time scale, then

its probability density function satisfying gamma distribution is

f xð Þ ¼ 1

baC að Þ x
a�1e�x=b; x[ 0

Here a and b stand for shape and scale parameters, respectively.

The shape and scale parameters are estimate through the maximum likelihood method

and integrating probability density function with respect to x and inserting the estimated

values of a and b, the gamma cumulative distribution function (cdf) is computed at each

value of x. The cdf is then transformed into the standard normal distribution to yield SPI.

Nat Hazards (2016) 80:1913–1932 1917
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2.4 Trend detection abrupt point analysis

Mann–Kendall test (MK test) was applied to assess trends in the time series data (Kendall

1975; Mann 1945). This method has been used by many researchers for trend detection due

to its robustness for non-normally distributed data (Gilbert 1987; Yue et al. 2002; Yue and

Wang 2002), which are frequently encountered in hydro-climatic time series. MK test was

done using the Kendall package (McLeod 2011) for R software (R Core Team 2014).

The MK test statistic S is calculated as

S ¼
Xn�1

j¼1

Xn

k¼jþ1

sgn xk � xj

� �

where xj and xk are time series value of the jth and kth years (k[ j) and n is the length of

time series. The sgn(xk - xj) is sign function

sgn xk � xj

� �
¼

1; xk � xj [ 0

0; xk � xj ¼ 0

�1 xk � xj\0

8
<

:

the standard normal test statistic ZS is computed as:

ZS ¼

S� 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var Sð Þ

p ; S[ 0

0; S ¼ 0
Sþ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var Sð Þ

p ; S\0

8
>>>><

>>>>:

where Var(S) is the variance of S. A positive ZS indicates a rising trend and vice versa.

Also, the Sequential Mann–Kendall test as described by Sneyers (1990) was used to

identify the abrupt points of precipitation series. This method includes construction of a

rank series of precipitation data and calculates a progressive and a retrograde series of

Kendall normalized tau’s. Points where the two lines cross are considered as approximate

potential trend turning points.

2.5 Spatial patterns of SPI by principal component analysis (PCA)

To analyze the spatial patterns of covariability of SPI at different locations, Principal

Component Analysis (PCA) was used. PCA generates a set of linearly independent spatial

patterns (loadings) and reduces the original intercorrelated variables to a small number of

new linearly uncorrelated ones which explain most of the total variance and display the

spatial variability in terms of statistically deduced spatial modes (Abdi and Williams

2010). PCA involves applying a linear transformation to project data onto a new space

which consists of orthonormal eigenvectors of a covariance matrix of the data called

principal components. They are selected to maximize the variance of the transformed

variables so that the first component contain the largest variance any linear combination

can have and the ith has the largest variance among linear combinations orthogonal to the

first (i - 1) components. Extraction of the first several principal components that account

for the majority of the variance of the transformed variances enables identification of the

major spatial patterns and temporal modes in a high-dimensional data set. PCA was

computed with the ‘Stats’ package in R (R Core Team 2014).

1918 Nat Hazards (2016) 80:1913–1932
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3 Results

3.1 Spatial and temporal analysis of regional precipitation

Spatial variation of the average annual precipitation based on precipitation observation

from 40 stations of GRB from 1981 to 2012 is shown in Fig. 2. There is large spatial

variation in precipitation over central Nepal. Average annual precipitation ranges from less

than 200 mm in Trans Himalayan region to more than 4000 mm in Middle Mountain.

There is low precipitation at higher Himalaya compared to Middle Mountain and Terai.

The time series of annual, monsoon and winter precipitation of central Nepal during

1981–2012 are shown in Fig. 3. The average annual precipitation of the region is

1991.9 mm with a maximum of 2328 mm and minimum of 1492 mm. Average regional

precipitations for the monsoon and winter seasons are 1598 and 67 mm, respectively. This

shows that monsoon precipitation in the region is 80.22 % of total annual precipitation.

The regional average annual precipitation and monsoon precipitation do not show any

trend, whereas the winter precipitation shows negative trend but not significant.

Time series information of average precipitation of any river basin is helpful to develop

effective water management strategies at river basin level. But, since, Fig. 2 shows that

there is large spatial variation on rainfall in central Nepal, it is also important to understand

the distribution of precipitation and its trend in different sub regional context separately.

Therefore we also calculate the trend of precipitation of all 40 stations separately and

group them with physiographical zone of Nepal. Figure 4 shows the single-site trend

analysis for precipitation. It shows that there is decreasing trend of precipitation at higher

Himalaya but not distinct trend in other physiographical zones. But from this result we may

also conclude that wet areas tend to have an increasing trend of precipitation, while dry

areas have decreasing trend of precipitation in central Nepal.

Fig. 2 Spatial distribution of the average annual precipitation (mm) based on 40 station observation from
1981 to 2012 in central Nepal

Nat Hazards (2016) 80:1913–1932 1919

123



Trend of regional monthly precipitation was also analyzed, and it revealed that there is

significantly decreasing trend of precipitation at 95 % confidence interval in November

and December.

3.2 Interannual variation and abrupt change of precipitation

Even where is no clear significant trend in precipitation in central Nepal, there is sub-

stantial interannual variation. Figure 5 shows the year-to-year variation of departure of

precipitation from its mean for annual, monsoon and winter precipitation. Precipitation of

an individual year is considered as excess when it is more than 1 standard deviation above

the mean precipitation and deficient when it is less than 1 standard deviation below the

mean precipitation (Shrestha 2000). Applying these criteria, the years 1998, 1999, 2000,

2003 and 2007 are excess rainfall years and 1991, 1992, 2005, 2006 and 2009 are rainfall

deficient years in case of the annual precipitation. The excess and deficient years, case of

the monsoon precipitation are similar to annual precipitation. For winter season the results

are different, with 1989, 1996, 1998 and 2007 as excess rainfall years and 1999, 2006,

2008 and 2009 as deficient winter rainfall years over central Nepal.

Fig. 3 Time series of regional mean precipitation a annual, b monsoon (June–September) and c winter
(December–February) in central Nepal from 1981 to 2012. Solid lines denote Sen’s slope trends

1920 Nat Hazards (2016) 80:1913–1932
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Sequential Mann–Kendall test was applied to investigate the abrupt changes of pre-

cipitation for annual total precipitation, monsoon precipitation and winter precipitation,

and result shows 4 coincidental abrupt changes for annual precipitation and monsoon

precipitation around 1984, 1990, 2000 and 2009 (Fig. 6).

3.3 Trend analysis of drought

The results of the single-site trend analysis for SPI are shown in Fig. 7. Red triangles

facing downward and blue triangles facing upward represent decreasing and increasing

trends of SPI, respectively, where solid triangles indicate significant trends. It shows that

significant trends are mostly negative and they tend to prevail for the 12-month time scale.

This reveals a clear tendency toward drought over central Nepal in past decades. For the

12-month time scale, 65 % (26 out of 40) stations have increasing trend of drought and out

of these 20 have significant trend. Three-month drought trend also follows a similar pat-

tern. Winter drought (3-month SPI at February) shows increasing trend of drought for 90 %

of stations, but only 1 of them is significant and for monsoon drought (4-month SPI at

September), 23 stations show increasing trend of drought and 4 of them are significant.

Clear spatial patterns are difficult to identify, but there is increasing trend of drought on

high Himalaya and in the western part even at low altitudes for all time scales. Also the

areas having high annual precipitation have decreasing trends in drought, while areas

having low annual precipitation have increasing trend of drought for all time scales. This

Fig. 4 Spatial variation of single-site trend for annual precipitation in central Nepal
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again implies a situation where wet areas are becoming wetter and dry areas are becoming

drier in central Nepal.

3.4 Spatial pattern of drought

For the spatial pattern of drought, the number of PCs to retain was determined according to

the cumulative proportion of variance explained by PCs. Table 1 summarizes the per-

centage of variance explained by the first 10 components for the SPI for each time scale.

For 12-month time scale, 8 components explained 70 % of total variance of the SPI

series. Also, the same number of components and a similar percentage of variance were

explained for a 4-month time scale calculated in September for Monsoon drought. For

3-month time scale, the number of components increased to 10 and for 3-month time scale

calculated in February for winter drought it decreased to 2 to explain the 70 % of total

variance. This observation shows a distribution of total variance among a fairly large

number of components selected except for winter. This indicates that the winter drought is

Fig. 5 Variation of departure of precipitation from mean for a annual, b monsoon, c winter precipitation
over central Nepal. Dashed lines mark ±1 standard deviation

1922 Nat Hazards (2016) 80:1913–1932
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characterized by two very clear patterns and but for other time scale there is a complex

spatial pattern of drought.

The spatial patterns of the factorial loadings obtained from first three PCAs for each

time scale are presented in Fig. 8.

For SPI_12, the first principal component PC1, which explains about 28.47 % of the

variance, has strong positive loadings at central area and has good correlation with more

than half of the region. Second and third PCs shows large variation, and most of the area

has very low correlation with respective factor loadings. For SPI_3, around 60 % of the

area has strong positive loadings of PC1 and loadings of PC2 and PC3 have low correlation

on most of the area. SPI_monsoon has a spatial pattern of loading quite similar to SPI_12,

but the central area with very strong positive PC1 loading shifts toward the west. For

SPI_winter, more than 70 % of the area has high correlation ([0.6) with PC1 loadings.

Fig. 6 Analysis of abrupt changes in precipitation by Sequential MK test for a annual, b monsoon and
c winter. Solid line represents progressive and dot line represents retrograde series of Kendall normalized
tau’s and the dashed line gives the confidence level (P = 0.05). The crosspoints of progressive and
retrograde are the start points of the abrupt changes in the series

Table 1 Variance contributions (%) of the first 10 components for SPI at different time scales

PCAs F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

SPI_12 28.473 8.637 8.149 6.157 5.851 4.791 4.506 4.066 3.487 3.080

SPI_3 39.307 5.607 4.582 4.015 3.726 3.347 2.870 2.619 2.473 2.199

SPI_monsoon 28.259 8.918 8.261 6.793 6.268 5.822 4.173 3.746 3.467 3.187

SPI_winter 67.719 4.059 3.673 3.429 2.917 2.391 1.854 1.746 1.597 1.448

Nat Hazards (2016) 80:1913–1932 1923
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Only the few highest stations have correlations below 0.4. This clearly demonstrates that

there is relatively uniform behavior of winter drought across central Nepal.

3.5 Seasonal drought frequency and spatial extent of intensity in recent years

Drought occurrences in monsoon and winter seasons in different years (defined as

SPI\-1) are depicted in Fig. 9. Figure 9 shows both monsoon and winter droughts were

recorded in more stations since the late 1990s, thus indicating a spread of drought in large

parts of central Nepal. More than 90 % of stations recorded drought during the winter

season of year 2006 and 2009. The next most widespread winter droughts were for 1999

and 2008 (50–60 % of stations). More than 30 % of the stations recorded drought during

monsoon season of year 2004, 2005, 2006 and 2009.

Spatial extent of droughts for the recent years 2011 and 2012, in both monsoon and

winter seasons is mapped on Figs. 10 and 11. Monsoon drought has occurred on some part

of central Nepal on all years expect 2001. Drought occurred with large spatial extent

mainly in the summer season of year 2005, 2009, 2006 and 2004 among which 2005

experienced drought in largest spatial area. For the winter seasons, the worst droughts

occurred in the years 2006 and 2009 and have been experienced by almost all areas of the

Fig. 7 Spatial variation of single-site trend for SPI at different time scales

1924 Nat Hazards (2016) 80:1913–1932
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central Nepal. 2008 was another winter drought year where a large spatial area was

covered by drought.

4 Discussion

This paper evaluates drought during major crop growing seasons in central Nepal. For this,

the temporal and spatial patterns of regional precipitation and droughts in the central Nepal

for the period 1981–2012 were analyzed. Distinct long-term trends were not found on

Fig. 8 Loading patterns of the first three principle component components (PCs) for a SPI_12, b SPI_3,
c SPI_Monsoon and d SPI_Winter

Nat Hazards (2016) 80:1913–1932 1925
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precipitation records for annual mean and monsoon and winter season, but large interan-

nual variations were present. In winter this region experiences subtropical westerly jet-

stream in the upper troposphere and these occasionally brings cold spells and rain.

Therefore there is large inter annual variation on winter precipitation in this region

(Nayava 1980). The years 1991, 1992, 2005, 2006 and 2009 are found to be rainfall

deficient years. The regional precipitation trend agrees well with the analysis of precipi-

tation records from this region and all Nepal by Panthi et al. (2015a), Krakauer et al.

(2013), Shrestha and Aryal (2010) and Shrestha (2000). Since the areas that receive highest

amount of rainfall in the country and lowest amount of rainfall in the country lie in the

study area, there is large spatial variation of precipitation. The annual precipitation patterns

show a region of high values toward the center of the region, i.e., southern foothills of the

Fig. 9 Drought occurrence in monsoon and winter season

Fig. 10 Spatial distribution of SPI for monsoon season in recent years (2001–2012) over central Nepal

1926 Nat Hazards (2016) 80:1913–1932
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Himalayas, and low value toward northern part of the Himalayas. The spatial variations are

controlled mostly by the topographical features of this Himalayan range (Shrestha 2000).

But the notable finding is that the wet areas have increasing trend of precipitation and dry

areas have decreasing trend of precipitation in the central Nepal. Aryal et al. (2014) state

that upper Mustang region, the driest part of the basin, has been experiencing the reduction

in the area of land suitable for agriculture due to decreasing precipitation. Recently, in

2013 Dhe village of upper Mustang had experienced a severe drought, where almost all the

households had to be relocated due to acute shortage of water for drinking and irrigation

caused by decreasing precipitation and prolonged drought over the last 6–7 years (Khatri

2013). Another notable finding is that the driest months for region, November and

December, have significant decreasing trend of precipitation at 5 % level of significance.

The trend analysis of SPI magnitude showed a decreasing tendency, indicating

increasing drought, which is more evident at the longer time scale. Even there is limited

study concerning drought trend in Nepal, evidence of increased occurrence of drought due

to precipitation deficit is consistent with the results presented by previous researchers

(Kafle 2014; Sigdel and Ikeda 2010; Wang et al. 2013) as summarized above. The analysis

of SPI could be an effective tool in identifying the drought trends. Our results indicate that

both drought frequency and intensity have increased in recent years. Drought occurred on

large spatial extent mainly on the summer season of the years 2004, 2005, 2006 and 2009

and winter droughts occurred in the years 2006, 2008 and 2009, which are the worst of the

period since 1981 and were experienced by almost all areas of central Nepal. This evo-

lution toward drier conditions is consistent with the results of the analyses of drought done

in different parts of Nepal.

Several studies (Chang and Kleopa 1991; Heim 2002; Paulo and Pereira 2006) have shown

that precipitation is the main variable determining drought condition; however, many

empirical studies (Hu and Willson 2000; Rebetez et al. 2006; Vicente-Serrano et al. 2009)

Fig. 11 Spatial distribution of SPI for winter season in recent years (2001–2012) over central Nepal

Nat Hazards (2016) 80:1913–1932 1927

123



have shown that rise in temperature has important effects on the severity of droughts

conditions. Figure 12 shows that there is increasing trend of temperature in all region

of central Nepal in past. This indicates that there may have great consequences for

drought conditions, with an increase in water demand as a result of evapotranspiration

in this region.

There is a lot of evidence that these dry periods have a serious impact on agriculture

production (2008/09 Winter Drought in Nepal-Crop and Food Security Assessment 2009;

Gentle and Maraseni 2012; Ghimire et al. 2010; Wang et al. 2013). Wang et al. (2013) state

that the severe winter drought experienced in 2008–2009 in Western Nepal was

unprecedented in both scale and severity and receive less than 50 % of the average pre-

cipitation for the period November 2008 to February 2009. In 2009, production of wheat

and barley, which are the two major winter crops, had decreased about 50 % in comparison

with the previous year and 66 % of rural households experienced food shortages, with the

worst hit areas in the Far- and Mid-Western Hill and Mountain districts (mostly west of

GRB study region). This constituted a record low decrease in production and had created a

record annual deficit in supply versus demand in Nepal (2008/09 Winter Drought in Nepal-

Crop and Food Security Assessment 2009). During the same period, mountain commu-

nities of Nepal also reported that decreasing and erratic rainfall patterns and drought are

the most serious hazard for agriculture, causing decreasing food production and crop

failure. A livelihood vulnerability assessment in the GRB found that, due to limited

adaptive capacity and greater climate variability, rural people in the mountain zone were

more vulnerable than those in the lowland and hill zones (Panthi et al. 2015b). Poor

households without irrigated land were found to be facing greater risks and stresses due to

Fig. 12 Rate of change of temperature (degree Celsius per year) in central Nepal during 1981–2007 (Data
source: gridded temperature data sets by Asian precipitation—highly resolved observational data integration
toward evaluation of water resources (APHRODITE’s water resources) http://www.chikyu.ac.jp/precip/
index.html)
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these prolonged droughts than well-off people (Gentle and Maraseni 2012). Also, the long

dry spell of the 2005/06 winter particularly affected subsistence hill and mountain farmers

in the Mid- and Far-Western regions. The winter rainfall was less than 30 % of normal

with some areas receiving no precipitation. During fiscal year 2005/06, food production

was adversely affected by drought with reported decrease in the average paddy and wheat

production. Overall paddy production decreased by 12.55 % compared to previous year

and in some districts of the Eastern and Central regions, reduction was from 20 to 50 %. A

total of 42 out of the 75 districts experienced food-deficit in 2006/07 (Regmi 2007; Special

Report-FAO/WFP Food Security Assessment Mission to Nepal 2007).

Since drought phenomenon largely depends on precipitation amount and surface tem-

perature which greatly affect evapotranspiration and water stress. Figure 13 shows future

projected change in temperature and precipitation obtained from downscaling the data of

HadCM3Q0 global model by PRECIS regional climate model. The result shows that

precipitation in central Nepal will change by -8 to 12 % and temperature will change by

1.9–3 �C in 2031–2060 compared to the baseline period 1970–2000. Since there will be

increase in temperature while much of the drier high altitude region in central Nepal may

experience decreasing rainfall, we can predict that there will be increasing drought con-

dition in higher altitude of central Nepal which is already dry. Since large parts of central

Nepal may face an increasing risk of drought in future due to climate change and the

country’s policies have not paid adequate attention to climate vulnerability in the agri-

culture sector (Pradhanang et al. 2015), there is an urgent need for formulating policy that

addresses adaptation to likely future droughts.

5 Conclusions

There were no significant distinct trends of precipitation for mean annual, monsoon and

winter rainfall of the central Nepal, but there is large interannual variation. The years 1991,

1992, 2005, 2006 and 2009 are found to be rainfall deficient years. Due to large

Fig. 13 Projected change in a precipitation (in %) and b temperature (in �C) for 2031–2060 compared to
the baseline period 1970–2000 in central Nepal obtained from downscaling the data of HadCM3Q0 global
model by PRECIS regional climate model. Data source: Department of Hydrology and Meteorology,
Government of Nepal
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topographical variation and the presence of the Himalaya, there is large spatial variation

within the region. Although there is no overall trend in average precipitation, the area

receiving large amount of precipitation showed an increasing trend of precipitation, while

dry areas have decreasing trend of precipitation. Also, the driest months for Nepal,

November and December, have significant decreasing trend of precipitation. Trend anal-

ysis of SPI reveals a clear tendency toward more droughts over the past decades and is

more evident at the longer time scale. Both drought frequency and intensity in recent years

were found to have increased. Among the drought years, summer season of year 2004,

2005, 2006, 2009 and winter of year 2006, 2008 and 2009 are the worst since 1981 and

have been experienced by almost all areas of central Nepal. Other sources confirm that this

drought condition has been severely affecting agricultural production in central Nepal.
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