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Abstract
Drought over Nepal is studied on the basis of precipitation as a key parameter. Using monthly mean precipitation
data for a period of 33 years, Standardized Precipitation Index (SPI) is produced for the drought analysis with
the time scale of 3 months (SPI-3) and 12 months (SPI-12) as they are applicable for agriculture and hydrological
aspects, respectively. Time-space variability is explored based on Principal Component Analysis (PCA) along with
Rotated PCA (RPCA). Four rotated components were explored for both SPI-3 and SPI-12 representing climatic
variability with cores over eastern, central and western Nepal separately. Droughts associated with SPI-3 occurred
almost evenly over these regions. Droughts associated with SPI-12 were consistent with SPI-3 for summer, since
summer precipitation dominates annual precipitation. Connection between SPI and the climate indices such as
Southern Oscillation Index (SOI) and Indian Ocean Dipole Mode Index (DMI) was studied, suggesting that one of
the causes for summer droughts is El Nino, while the winter droughts could be related with positive DMI.

Keywords: Standardized Precipitation Index, Nepal, Principal component analysis, Drought

1.

INTRODUCTION

Approximately 85% of natural disasters are
related to extreme meteorological events (Obasi,
1994). Drought is one of the most complicated and
least understood natural hazards, affecting more
people than any other hazards (Wilhite, 2000). It is
a slowly developing phenomenon, only indirectly
affecting our life. Although drought first appears
as below-average rainfall within a normal part
of climate, it can develop as an extreme climatic
event and turn into a hazardous phenomenon
which can have a severe impact on communities
and water dependent sectors (McKee et al., 1993).

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. In
recent years, due to the effect of climate change
drought studies are getting special attention (Byun
and Wilhite, 1999). Along with this increased
vulnerability, concern exists because some
research suggests that drought in the future may
be amplified in certain areas due to changes in
climate variability and extremes resulting from
global warming (www.ncdc.noaa.gov).
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Although there have been some studies on
precipitation patterns over Nepal (e.g. Shrestha,
2000; Shrestha et al., 2000), the study concerning
on drought is very limited and new. Summer
monsoon, June to September (JJAS) is associated
with around 80 percent of total precipitation while
winter season's western disturbance has relatively
weak effects on precipitation which lies from
December to February. Since winter is basically
dry, a small amount of reduction in rain fall may
have a serious impact on certain activities such
as crop production. Dependency on precipitation
for agricultural practices may lead serious
consequences on the national economy due to longterm drought situation. Careful monitoring as well
as early warning for dryness is a big challenge
for drought management in Nepal. From the
historical observations, this country has noticed
that the serious droughts gave enormous nationwide impacts.
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Therefore, hydroclimatic variability around Nepal
can not be distant from the influence of these
indices like ENSO and DMI.
The present study aims at focusing on the
drought index (SPI) over the country, Nepal,
and focuses on the analysis of spatial pattern
and temporal progression of the drought events.
Linkage is sought between the drought and the
climate indices of the tropical Pacific and Indian
Ocean.
2.

DATA AND METHODS

Standardized Precipitation Index (SPI) was
developed by McKee et al. (1993) as an alternative
to the Palmer Index in Colorado (Heim, 2002).
Although SPI is a comparatively new index, it has
been used in Turkey, Argentina, Canada, Spain,
Korea, Hungary, China and India for real time
monitoring or retrospective analyses of droughts
(Patel et al., 2007). Once we search a cause of
a drought event, a coupled atmosphere-ocean
system may provide a climatic index as control
mechanism of precipitation. El Nino-Southern
Oscillation (ENSO) phenomenon over the tropical
Pacific is quite important because of its huge
impacts on hydro-meteorological disasters like
floods and droughts beyond the tropical region.
According to Saji and Yamagata (2003) Indian
Ocean Dipole mode index (DMI) is a recently
noticed player for precipitation variability along
peninsular and western Indian subcontinent.

Nepal lies between 80º 04’ and 88º 12’ east
longitudes and 26º 12’ and 30º 27’ north latitudes
of South Asian region. The topography of
Nepal varies from plain low land in south to
higher Himalaya range towards north. Climatic
regimes vary from subtropical in southern plains
to glacial in northern Mountains. Altogether
26 unevenly distributed precipitation stations
(Figure 1) were used for this study representing
different geographical areas like mountains, hills
and plain land. The monthly mean precipitation
station data from January 1971 to December 2003
were used, which were provided by Department
of Hydrology and Meteorology, Government
of Nepal. As alternative sources, we checked
the gridded observation data of CMAP, GPCP
and GPCC although these datasets give much
lower magnitude of precipitation than the rain
gauge station data. In addition, monthly climatic
indices such as SOI and sea surface temperature
(SST) of Nino 3 region of the respective period
were taken from Climate prediction center,
NOAA, available on http://www.cpc.noaa.gov/
data/indices. Also Indian Ocean Dipole mode
Index (DMI) was used to compare among SPI
and other indices.
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Figure 2: (b) Temporal patterns of PC1 of unrotated SPI-3

�

Figure 2: (c) Percentage of variance against its eigenvalues of SPI-3
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Similarly, RPC3 (10.6%) and RPC4 (9.9%)
represent the northeastern region and the western
region respectively. Observing the spatial
patterns of RPCs, it is clearly shown that PC1
corresponds to RPC1, RPC2 and RPC3, while
PC2 (figure not shown) solely matches with
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RPC4. The temporal scores of these components
indicate some years with strong drought
episodes with high and frequent fluctuation
in inter-annual variability (Figure 4a, b).
No strong trend is detected for any of the
rotated PCs.

Figure 4: (a) Temporal patterns of correspending RPC-1 and RPC-2 of SPI-3

Figure 4: (b) Temporal patterns of correspending RPC-3 and RPC-4 of SPI-3
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The return level plot based on respective
distribution is shown in Figure 7. For SPI-3
the highest magnitude of dryness is associated
with RPC4 (Figure7a), which appears in the
western area of Nepal. The region represented
by the RPC2, which lies in the southeastern
Nepal, has lower probability of long duration
of drought (Figure 7b). Within 10-year
interval the area under RPC4 has longer
duration of dry event compared with the
other components. Theoretical and empirical
return periods show no statistically significant
differences among RPC1, RPC2, RPC3 and
RPC4.
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between the truncated exponential distribution
and empirical distribution of the RPC1 of SPI-3,
while Figure 8b shows the QQ plot of the drought
duration with geometric distribution, which is
generally satisfactory. The upper and lower dashed
lines in Figure 6 show the 95% confidence bands.
The QQ plots of the other RPCs are also consistent
with this result.
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Figure 6: (a) The qunatile-quantile (QQ) plots of
the theoretical and empirical distributions for a
component of SPI3/RPC for drought magnitude
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Figure 7: (a) Drought magnitude against return
period for SPI-3.
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Figure 6: (b) The qunatile-quantile (QQ) plots of
the theoretical and empirical distributions for a
component of SPI3/RPC drought duration
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Figure 7: (b) Drought duration against return
period for SPI-3.
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For the case of SPI-12, the area defined by RPC2
has the highest magnitude of drought progression.
The probability of dryness magnitude for RPC2
is almost double compared with the RPC4 for a
10-year interval (figure not shown). The highest
probability of long duration is related to RPC2
and located in the northern and southern part
of 85°E to 87°E. We found again no statistical
difference among RPCs.
4. 	Relationship of SPI with
Climate Indices
Climate indices represent coupled atmosphereocean phenomena giving huge impacts on hydroclimatology around the globe. Therefore, we
present the existing relationship of the drought
indices over Nepal with SOI and DMI. To
understand the inter-annual behavior of drought
and possible forcing mechanisms, we use the
dominant principal components, SPI-12 (hereafter
SPI-12/PC1) and SPI-3 (hereafter SPI-3/PC1)
along with SOI and DMI. Spectral analyses were
carried out to reveal the dominant oscillations,
while Pearson correlation analysis was applied
to study the relationship among above mentioned
indices. Two tailed student’s t-test was used
to calculate the significance of the correlation
coefficient (CC). Additionally, we tested the
autocorrelation of the indices, which supports the
student’s t-test results.
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record shows ENSO happens at irregular intervals
of 2-7 years/cycle (http://www.cpc.noaa.gov).
The CC between SPI-12/PC1 and SOI is 0.46
(95% significant level is 0.11, Table 2a), which
is significantly correlated above the 95-percent
confidence level. We can notice that some years
have very strong negative anomalies of SPI-12/
PC1. Especially the years 1977, 1982-83, 1992-93
and 1995 were extremely dry for SPI-12 observed
in Figure 8. We notice the years of 1976-77,
1982, 1991 and 1994 had negative phases of SOI
(El Nino). Thus, both SPI-12 and ENSO have
phase relationship during these drought years.
In contrast, the temporal pattern SPI-3/PC1
is not correlated with either of SOI or DMI
(Figure 8, Table 2a)

Figure 8: Monthly means of SPI-12/PC1 and SOI
Table 2: Correlations among various SPI and climate
indices (a) Monthly indices
SOI

DMI

SPI-12/PC1

0.45

-0.13

SPI-3/PC1

0.005

-0.029

To expose the dominant oscillation time scale, we
applied Multi taper method (MTM) for the above
mentioned indices. The MTM analysis used by
Ghil et al. (2002) identifies a highly significant peak
centered at f = 0.019 for SOI. Normally it belongs
to 4.5 year/cycle oscillation. Similarly SPI3/PC1
and SPI12/PC1 indicate the peaks at 0.093 and
0.031 respectively. These oscillations are of nearly
1 year/cycle and 2.75 year/cycle. The latter one may
be influenced by the ENSO phase since historical

95% significant level is ±0.11
In addition to SPI over entire Nepal, the
correlations were taken between SPI-12 at the
individual stations with SOI showing the spatial
pattern in Figure 9. It shows that SPI at most of
the stations are positively correlated with SOI,
although the CC is not high. The stations lying on
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No correlation exists between SPI-3 and SOI
(Table 2a), although we observed that summer
SPI-3 and winter SPI-3 have statistically
significant correlations with SOI and DMI
respectively. In addition, summer SPI-3 is
mostly associated with SPI-12, whereas winter
SPI-3 is different (Table 2b). Thus, the overall
information implies that summer and winter
droughts have different characteristics and
origins which are affected by dissimilar hydroclimatology between summer and winter. This
suggests that summer drought can be related
with ENSO while winter drought can be
affected by Indian Ocean DMI. Although only
summer drought has received attention, the
winter drought can widely and frequently affect
Nepal and is equally important for agriculture
as well as water resources.
Table 2: Correlations among various SPI and
climate indices (b) Annual indices (SOI, SPI and
DMI)
SOI

SPI-12

DMI

Winter SPI-3

-0.37

0.20

0.39

Summer SPI-3

0.44

0.74

-0.12

95% significant level is ±0.35
Further looking into RPCs and DMI linkage,
we noticed that winter (Dec.-Feb.) SPI-3/
RPC4 has CC of 0.68 with winter SPI-3 and
CC of 0.33 with winter DMI, which is the
highest among CC between SPI-3/RPCs and
DMI. This implies that one of the causes for
winter drought in western Nepal, which is
represented by the fourth component of SPI-3/
RPC, can be linked to DMI, mainly sea surface
temperature of western Indian Ocean. Thus,
RPCA is capable of extracting the winterdominant component automatically as a useful
tool of drought detection.
Journal of Hydrology and Meteorology, Vol. 7, No. 1
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Discussion and Conclusion

It is well known that the major factor for drought
evolution over Nepal is the lack of precipitation
linked with summer monsoon (southeasterly) and
wintertime (westerly) circulations. Moreover,
large-scale climate phenomena play a crucial role
on precipitation system. We used the 3-month and
12-month time scales for monitoring the different
drought characteristics from the agricultural and
hydrological viewpoints, respectively. The drought
occurrence in Nepal over the 33-year period shows
some extreme, severe and moderate years in terms
of drought intensity. On an average we observed 9,
5 and 5 percentages of area covered by moderate,
severe and extreme drought respectively with
respect to SPI-12. There are certain variations
with respect to time scales and spatial variability
in the drought development. The spatial mean SPI
series over Nepal is well represented by SPI-12.
Droughts are more frequent for SPI-3 and continue
longer for SPI-12.
In case of unrotated PCA, drought occurrence
appears to be dominated by PC1 on both time
scales, which represent droughts for larger surface
area in eastern and central Nepal. The more
localized patterns based on the varimax rotation
show clearly that the country is separated into
four sub-regions for potential of drought. The
behavior of SPI-3 and SPI-12 is also different
in the rotated PCs, which is justified by the
spatial representation as well as difference in the
recurrence interval of drought magnitude and
duration among the rotated PCs. For the SPI3 western and northwestern Nepal has higher
probability of drought risk, while central and
northeastern Nepal found to be risky under the
SPI-12.
Shrestha (2000) and Shrestha et al. (2000) also
suggested the relationship of summer rainfall
SOHAM-Nepal
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over Nepal with SOI. The oscillations among the
spectral peaks show that SPI-12/PC1 may have
some linkage with ENSO. However, oscillation
of SPI-3/PC1 is different. The present study
yielded that SOI has statistically significant
correlation with SPI-12/PC1 too (Figure 8, Table
2a) but not with SPI-3/PC1. The difference
between these two components arises from
the fact that the shorter time scale SPI is
more sensitive to and represents sub-season
accumulation of precipitation. Although the
correlations are not extremely high, we found
that El Nino is one of the mechanisms of summer
drought, while winter SPI-3 could be related
with Dipole Mode (Table 2b). In particular, the
characteristic of winter SPI-3 is consistent with
the suggestion by Saji and Yamagata (2003) that
western Indian subcontinent is under influences
of the Arabian Sea. The spatial pattern of the
correlation between SPI-12 and SOI supports
that southeastern Nepal is under the highest
risk of drought related with El Nino (Figure
9). The seasonal characters of SPI-3 suggest
one-year continuation either from winter to
summer or from summer to winter (Figure
10). Further study is necessary to investigate
the mechanisms of inducing low precipitation
in the western region and consequently winter
drought.
In this study, we attempted to relate drought
with climate parameters, whereas climatic
phenomenon cannot be a solo driver for drought
progression. The other factors like local geography,
orography, soil parameter and vegetations might
be important for drought evolution and severity
on a local scale. Therefore, collection of regional
environmental information should also be an
additional task for understanding, predicting and
mitigating drought.
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