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Abstract

Nepal is located on the southern slope of the Central Himalayas and has experienced frequent droughts in the past. In this
study, we used an ensemble of 13 biased corrected models from the Coupled Model Intercomparison Project Phase 6 (CMIP6)
to assess the future drought conditions over Nepal under three shared socioeconomic pathways (SSP126, SSP245, and
SSP585) using the Standardized Precipitation Evapotranspiration Index (SPEI) at annual timescale. The monthly correlation
between observed and CMIP6-simulated historical SPEI is 0.23 (p <0.01), which indicates the CMIP6 model ensemble can
simulate the drought characteristics over Nepal. In the future period (2020-2100), the duration and severity of droughts are
projected to increase with higher emission scenarios, especially for SSP585. Our results indicate enhanced drought intensity
under SSP126, whereas, under SSP245, the drought frequency will be slightly higher. The drought frequency is projected
to increase in the early future (2020-2060), decreasing in the late future (2061-2100) under all SSP scenarios. The results
further indicate more prolonged and severe droughts in the early future under SSP585 as compared to SSP126 and SSP245.
The findings of the present study can help drought mitigation as well as long-term adaptation strategies over Nepal.
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1 Introduction

Climate change and climate extremes have impacted agri-
culture production, water resources, environment, and socio-
economic system globally (De Silva and Kawasaki 2018;
Hamal et al. 2020b; Van Dijk et al. 2013; Zhou et al. 2015).
Meteorological disasters (i.e., drought and floods) are fre-
quent and severe due to the increased global warming and
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ongoing climate change (Bazaz et al. 2018; Sheffield et al.
2012). These disasters are expected to be more frequent with
vigorous intensity and longer duration in the future under
different emission scenarios (Huo-Po et al. 2013). Drought is
very transient and more devastating; the spatial variation of
drought severity will be increased across the monsoon (Kim
et al. 2020) and westerly-dominated (Ali et al. 2019; Cook
et al. 2000) regions. Therefore, to mitigate the consequences

Environment and Social Studies Department, Nepal
Electricity Authority, Lazimpat, Kathmandu, Nepal

International Research Institute for Climate and Society,
Earth Institute at Columbia University, Palisades, NY, USA

8 Earth System Physics Section, The Abdus Salam
International Center for Theoretical Physics (ICTP), Trieste,
Italy

Department of Earth and Environmental Sciences, University
of Leuven (KU Leuven), Leuven, Belgium

Kathmandu Center for Research and Education,
Chinese Academy of Sciences-Tribhuvan University,
Kathmandu 44613, Nepal

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s41748-021-00254-1&domain=pdf

850

S.Sharma et al.

of droughts, future drought projections can effectively be
used for decision and policy making (Dogan et al. 2012).

Nepal is located in the south Asian monsoon region; how-
ever, it has a long history of frequent seasonal and annual
drought (Hamal et al. 2020b, 2021; Sharma et al. 2021).
The historical drought events were recorded in 1972, 1977,
1982, 1992, 1994, 2002, 2004, 2005, 2006, 2008-2009,
2012, 2013, and 2015 (Chandrasekara et al. 2021; Dahal
et al. 2016; Sharma et al. 2021; Wang et al. 2013). Moreover,
most previous drought studies have used Standard Precipita-
tion Index (SPI) for drought quantification, which uses only
precipitation as a fundamental variable (McKee et al. 1993).
There is a paucity of studies concerning drought projections
in the southern slope of Central Himalaya, Nepal. Further,
Chandrasekara et al. (2021) also suggested a drought projec-
tion study over south Asian countries. Concerning the lack
of the projected drought conditions over Nepal, a reliable
study to quantify future drought conditions is undoubtedly
needed. Therefore, we adopted the Standardized Precipi-
tation Evapotranspiration Index (SPEI) (Vicente-Serrano
et al. 2010), developed in the context of global warming,
for drought projection over Nepal. Considering both pre-
cipitation and temperature for drought calculation and its
variability at multiple timescales, the SPEI has been widely
accepted for drought monitoring and prediction (Almazroui
et al. 2020; Hamal et al. 2020b; Vicente-Serrano et al. 2010).

Not only meteorological parameters but also anthropo-
genic activities and environmental factors can induce and
prolong drought conditions (Van Loon et al. 2016; Xu et al.
2019). For instance, a study in northwest China shows that
human activities alone account for 70.3% of desertification,
where the climate change impact was only 21.7% (Zhou
et al. 2015). Moreover, anthropogenic forcing, like aerosols
and greenhouse gases, may influence precipitation variation
over Nepal, leading to dry conditions (Wang et al. 2013).
The six-phase of Coupled Model Intercomparison Project
(CMIP6) considers shared socioeconomic pathways (SSPs)
that are essential sources to unfold the future climate projec-
tion with substantially improved emissions, land use scenar-
ios, improved model parameterization, and physical process
(Mishra et al. 2020; Riahi et al. 2017). Moreover, it has mul-
tiple climate models and improved in stimulating precipi-
tation, temperature, and drought characteristics around the
world (Almazroui et al. 2021a, b; Dosio et al. 2021) as well
as over the south Asian region (Aadhar and Mishra 2020;
Almazroui et al. 2020; Zhai et al. 2020). Therefore, we used
multi-ensemble models derived from CMIP6 to estimate
Nepal’s drought condition based on the three SSP scenarios
(SSP126, SSP245, and SSP585).
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2 Materials and Methods
2.1 Study Area

Nepal (80° 04 to 88° 12" E, 26° 12’ to 30° 27'N) occupies
an area of 147,516 km?. It has an altitudinal variation that
ranges from ~ 60 m in the south to 8848 m a.s.l. in the north.
Being located in the tropical northern limit with diversi-
fied topography, the country features a very diverse climate
from tropical savanna in low-elevation to polar frost in
high—the Himalayas (Karki et al. 2015; Nepal et al. 2021;
Shrestha et al. 2021). Annual precipitation is predominately
governed by the summer monsoon and westerly winter pre-
cipitation (Duncan et al. 2013; Ehsan et al. 2017; Kansakar
et al. 2004). The Trans-Himalayan region has a dry climate
since the main Himalayan range restricts monsoon mois-
ture (Sharma et al. 2020a, c¢). The southeast part of Nepal is
greatly influenced by boreal summer monsoon circulation
(Sharma et al. 2020b), like other summer monsoon regions
around the world (Ehsan et al. 2021). However, the west-
erly derived circulation system dominates the northwest
part of the country during the winter season (Ehsan 2020;
Ehsan et al. 2020, 2021; Hamal et al. 2020a). The four dis-
tinct seasons are spring (March—May), summer monsoon
(June—September), autumn (October—November), and win-
ter (December—February) (Nayava 1980). The monthly pre-
cipitation varies from~20 mm to ~480 mm, peak mainly in
the monsoon season (June—September) (Fig. 1b). Similarly,
mean temperature varies with the highest (lowest) mean tem-
perature of 26 °C (12 °C) in June (January).

2.2 Datasets
2.2.1 Observation

The historical monthly precipitation and temperature data
from 220 observation stations from 1980 to 2014 were col-
lected from the Department of Hydrology and Meteorol-
ogy, Government of Nepal (www.dhm.gov.np). The precipi-
tation and temperature records from selected 220 stations
were further checked for their historical temporal coverage
and completeness. These stations were passed through the
homogeneity test to avoid fluctuations and missing values in
the datasets using the RHtest software package (Core Team
2013). Due to the application of large-scale data and pre-
cipitation being highly variable in space and time (Kidd and
Huffman 2011), the missing records were not filled. After
the quality control, 112 stations featuring more than 80%
monthly datasets are selected for the current study (Fig. 1a).

Published in partnership with CECCR at King Abdulaziz University


http://www.dhm.gov.np

Projected Drought Conditions over Southern Slope of the Central Himalaya Using CMIP6 Models 851
1N =T T 600
'.(a) (b) I Observed IICMIPG
500 r=0.95, p<0.01
\ £
il Ea00
30 N[’ 7e g
Feio & 0o
1 £ 7 B )
i L A $ 200
20°N | ~ a
‘ R 100
afd
° illy A s
E “a A o
® 28°N S Lakhimpur A A 30
- i K:;;ml‘d a o B (c) [l Tmean Obs Ml Tmean CMIP6
Sl Bahr o Ba o 2 e .
X # f 2| 25 r=0.99, p<0.01
% ~
o
vl Lrom & & = R <
Lucknow Earaid e A A % Aa ., 2204
Bettiah AL, OAlggar, 2EREA 2
Kanpur Byotnagar & g
Rae Barell Q 15
G Muzaffarpur _Darbhanga £
26°N - F atehpur Maunath &
Jaunpur Bhanjsn B 10
e [Banda ANaRaBad Patna + Meteorological S'atinns\

varanasi Arrah
1 ! Biharshhu
86°E

50 mi | | !
81°E 82°E 84°E
Longitude

80°E 83°E

54 L
J FMAMUJJASOND
Month

Fig. 1 a Spatial distribution of selected 112 meteorological stations. Observed and CMIP6-simulated (b) mean monthly precipitation (mm), (c¢)

mean monthly temperature (°C) during the historical period (1980-2014)

2.2.2 Model Simulations

In this study, we have used 13 bias-corrected CMIP6 models
for Nepal with a spatial resolution of 0.25° % 0.25°, which
has been developed by Mishra et al. (2020). For bias cor-
rection, several station measurements from the south Asian
region, for example, observation from India Meteorologi-
cal Department (IMD), are used for the Indian region and
data from Sheffield et al. (2006) for outside India. All 13
model considers the shared socioeconomic pathways (SSPs)
with three climatic scenarios, such as SSP126, SSP245,
and SSP585, representing the low, intermediate, and high
greenhouse gas emissions, respectively (Li et al. 2020). This

bias-corrected CMIP6 model provides the historical and
projected precipitation, minimum temperature, and maxi-
mum temperature for all three climatic scenarios (SSP125,
SSP245, and SSP585). Initially, the selected models have a
different spatial resolution; however, after bias correction, all
these models provide climatic datasets at 0.25° spatial reso-
lution for six south Asian countries (Bangladesh, Bhutan,
India, Nepal, Pakistan, and Sri Lanka). The climatic simula-
tions of precipitation and temperature of CMIP6 historical
(1980-2014) and projected (2020-2100) were downloaded
from https://zenodo.org/record/3873998#. YKOjiqgzY2w.
The selected 13 CMIP6 models’ description is provided in
Table 1. More details of the datasets can be accessed from

Table 1 CMIP6 models used in

. S.no  Model name Native spatial Spatial resolution after Historical (projection)
this study resolution (degree) bias correction (degree)
1 ACCESS-CM2 1.25%x1.875 0.25%0.25 1980-2014 (2020-2100)
2 ACCESS-ESM1-5 1.25%x1.875 0.25%0.25 1980-2014 (2020-2100)
3 BCC-CSM2-MR 1.121x1.125 0.25%0.25 1980-2014 (2020-2100)
4 CanESM5 2.790%x2.812 0.25%0.25 1980-2014 (2020-2100)
5 EC-Earth3 0.701x0.703 0.25x%0.25 1980-2014 (2020-2100)
6 EC-Earth3-Veg 0.701x0.703 0.25%0.25 1980-2014 (2020-2100)
7 INM-CM4-8 1.5%2 0.25%0.25 1980-2014 (2020-2100)
8 INM-CM5-0 1.5%2 0.25x%0.25 1980-2014 (2020-2100)
9 MPI-ESM1-2-HR 0.935%x0.937 0.25x%0.25 1980-2014 (2020-2100)
10 MPI-ESM1-2-LR 1.865%1.875 0.25x%0.25 1980-2014 (2020-2100)
11 MRI-ESM2-0 1.1215%x1.125 0.25x%0.25 1980-2014 (2020-2100)
12 NorESM2-LM 1.894%2.5 0.25x%0.25 1980-2014 (2020-2100)
13 NorESM2-MM 0.942x1.25 0.25x0.25 1980-2014 (2020-2100)
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Mishra et al. (2020); https://arxiv.org/abs/2006.12976.
In this study, 13 CMIP6 model ensemble mean datasets
(precipitation and temperature) were used to calculate the
drought index (Table 2).

2.3 Methodology
2.3.1 Calculation of SPEI

We use SPEI to calculate drought in our study that uses
precipitation (Pi) and potential evapotranspiration (PET1)
to calculate water balance (Di) (Eq. 1). The precise method
for calculation of SPEI is described in Vicente-Serrano et al.
(2010). We used a Thornthwaite method for PET calcula-
tion, which only requires monthly mean temperature (Thorn-
thwaite, 1948). Further, Portela et al. 2019 have also sug-
gested the Thornthwaite method over the Penman—Monteith
method (complex method) for PET calculation:

Di=Pi—-PETi,i=1,2,3,.......n €))]

The log-logistic distribution function to fit the Di and
then SPEI were obtained at 1-12 (SPEI1-SPEI12) time-
scales. In this study, 12-month SPEI (SPEI12) was selected
to calculate drought characteristics, representing the long-
term meteorological drought. SPEI12 is calculated using
the temperature and precipitation of the current month
and the past 11 months. The SPEI value increases with the
timescales, suggesting the longer timescale is suitable for
drought representation than the shorter timescale (Vicente-
Serrano et al. 2010; Zhai et al. 2020). The SPEI has positive
(SPEI> 1) and negative (SPEI<—1) values representing
wetness and dryness conditions, respectively. Therefore, —1
is the threshold for determination of drought and has three
drought categories: moderate (— 1.5 <SPEI< — 1), severe
(=2<SPEI< —1.5), and extreme (SPEI < —2).

2.3.2 Drought Characterization

The drought events are defined as the negative SPEI
(SPEI < —1) for at least two consecutive months. The
drought duration (DD) is the total number of months counted
between the drought initiation and drought termination time
(Mishra and Singh 2010). Drought severity (DS) is the sum

Table2 Mean drought duration, severity, intensity, and frequency
during 1980-2014 for observation and CMIP6 historical

Period Duration  Severity Intensity Frequency (%)
(month)

Observation 7.44 -9.73 -1.31 18.57

CMIP6 historical  4.93 —-6.80 -1.37 21.42

@ Springer

of SPEI values during drought events (Eq. 2). Drought inten-
sity (DI) is calculated as drought severity (DS) per drought
duration (DD) (Eq. 3). The drought frequency (DF) is the
number of drought months (#) to the total number of months
of years for the study period (N), which is expressed in per-
centage (Eq. 4):

DS = <z SPEI> )
i=1 R

DS
DI = oD 3)
= < 100%
DF = N X o 4)
3 Results

3.1 Observed and Historical Drought Condition

The seasonal cycle of the observed and CMIP6-simulated
mean precipitation and temperature over Nepal during the
historical period is shown in Fig. 1b, c. In both observation
and CMIP6 historical, the maximum precipitation amount
is recorded in the summer season with a peak in July and
August (Fig. 1b). The correlation coefficient between
observation and CMIP6 historical for precipitation is 0.95
(p <0.01). However, the CMIP6 models underestimated
the observed precipitation amount in the summer season
and overestimated it in the winter season. In Fig. Ic, the
CMIP6 slightly underestimated the monthly variation of the
observed mean temperature, with a correlation coefficient of
0.99 (p <0.01). The results indicated that the CMIP6 data-
sets can capture the monthly mean precipitation and tem-
perature climatology over Nepal.

The temporal variation of SPEI12 over Nepal at all the
months (January—December) for observation and CMIP6
historical during 1980-2014 is shown in Fig. 2. The drought
events were mainly observed during 1990-1993, which later
increased from 2005 over Nepal (Fig. 2a). Remarkably, the
annual drought events are observed in 1992, 1994, 2005,
2006, 2009, and 2012. Compared to observation, CMIP6
historical datasets showed the pronounced drought events
during 1980-1987, 1990-1993, and getting drier after 2005
(Fig. 2b). Both observation and CMIP6 historical showed
the wetness during 1998-2004, dryness during 1990-1993,
and increasing dryness after 2005 in Nepal. The SPEI
monthly correlation between observation and CMIP6 histor-
ical is 0.23, which is significant at a 99% confidence interval,
indicating that the CMIP6 model can simulate the drought
condition over Nepal (Fig. 2c).
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The observed average drought duration, severity, and
intensity were 7.44 months, —9.73, and — 1.31, respec-
tively, with frequency reaching 18.57% during 1980-2014
(Table 2). Compared to the observation, CMIP6 historical
datasets slightly underestimated the duration and severity
by 2.51 months and —2.93, respectively. As of observation,
CMIP6 historical datasets overestimated the intensity and
frequency of drought occurrences. Such a higher frequency
may be due to the extreme drought frequency in CMIP6
historical datasets, which was 3.47% higher than observa-
tion (Table 2). Moreover, the severe and moderate drought
frequency was almost similar to observation. Overall, the
result indicates that the CMIP6 model in Nepal can represent
the drought characteristics as an observation.

3.2 Projected Drought Condition

The temporal variation of the SPEI12 for the projected
period (2020-2100), under SSP126, SSP245, and SSP585,
is shown in Fig. 3. It is projected that drought might occur in
all time-series (1-12 months) and categories of the drought
events, i.e., moderate, severe, and extreme. Moreover, in all
scenarios, the drought events are projected to increase up to
2060 and decrease afterward (Fig. 3a—c). A recent study by
Almazroui et al. (2020) projected an increase in the south
Asian summer monsoon in the twenty-first century under
different SSP scenarios. The decreasing drought events
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after 2060 may be associated with a projected increase in
the south Asian summer monsoon over this region.

The average drought duration, severity, and intensity will
be 5.78 months, —8.68, and — 1.50 (Fig. 4a), respectively,
with a frequency of 16.60% during the projected period
(2020-2100) at SSP126 (Fig. 4b). Compared to CMIP6
historical, the duration and frequency will be decreased,
whereas severity and intensity will be slightly increased
in the projected period at SSP126. The duration and fre-
quency show a decrement of 0.4 months and 6.2%; how-
ever, the severity and intensity will be increased by — 0.78
and — 0.25, respectively. Under SSP245 (SSP585) scenar-
ios, severity and intensity will be 7.4 (10.8) months, —11.0
(—15.98),—1.47 (— 1.48), respectively (Fig. 4a). The result
further indicates that the drought characteristics will be
increased in medium (SSP245) and high (SSP585) emission
scenarios compared to CMIP6 historical (Figs. 3, 4). How-
ever, the drought frequency will be decreased for a projected
period by ~5 to 6% at SSP245 and SSP585 than the CMIP6
historical period, which may be due to different calcula-
tion periods. The frequency of drought occurrences under
SSP245 (17.5%) is slightly higher than SSP126 (16.6%)
and SSP585 (16.8%) scenarios (Fig. 4b). This result indi-
cates that in the future period (2020-2100), under SSP126,
SSP245, and SSP585 scenarios, mean drought duration and
severity are projected to increase over Nepal, especially
under SSP585. The difference in intensity was very minimal;
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however, a slightly higher intensity was observed at SSP126
than SSP245 and SSP585.

3.3 Drought Conditions in Early and Later Future
Period

As observed in the above results, the mean drought dura-
tion, severity, and intensity over Nepal will be increased
than that of the historical period (after 2014), but the fre-
quency will be decreased, which may be due to a more
extended period taken for calculation (Eq. 4). Further,
occurrences of drought events are higher in the early future
(2020-2060 as “P1”, hereafter) than in the later future
(2061-2100 as “P2” hereafter) (Fig. 3). Therefore, to
study the drought characteristics, we divided the projected
period into two different periods (P1 and P2) (Fig. 5). Dur-
ing the P1 period, the duration, severity, intensity, and fre-
quency are projected to be higher (i.e., 1.4 months, —2.95
and —0.12 and 16.6%, respectively) than the P2 period,

@ Springer

at the SSP126 scenario (Figs. 5a and 6a). The result indi-
cates that the P2 period will likely have a minor drought
frequency with a shorter duration, less severity, and less
intensive over the study region.

Compared to P1, the drought will be 2.5 months shorter
and less severe by —3.5; however, the drought will be
slightly intensive in P2, but the differences are minimal at
SSP245 (Fig. 5b). Similarly, in P2 period will have 11.2%
less drought frequency over Nepal under SSP245 scenarios
(Fig. 6b). Moreover, the extreme drought will be increased
by 0.2% in the P2 period for SSP245. In the SSP585 sce-
nario, the drought months, severity, and intensity will be
10.8 months, —15.98, and —1.48, respectively, at the P1
period (Fig. 5¢). However, no drought occurrences will be
found in the P2 period. In the SSP585 scenario, the total
drought frequency occurrences will be 33.3% in the P1
period, including extreme, severe, and moderate drought
frequency of 3.7%, 8.98, and 20.62%, respectively (Fig. 6¢).
The result shows the dryness is most likely to be more
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prolonged and severe in the P1 period under SSP585 than
SSP126 and SSP245.

4 Discussion

This study analyzed the future evolution of droughts over
Nepal in the twenty-first century under three SSP scenar-
ios: SSP126, SSP245, and SSP585. The drought character-
istics are examined by analyzing the SPEI drought index.
The SPEI was computed using the observed data from 112
climatic stations in Nepal and an ensemble of 13 CMIP6
bias-corrected models. SPEI readily enabled the inclusion of
the combined effect of temperature and precipitation as the
essential parameters in calculating drought. The correlation
between observation and CMIP6 historical datasets shows
the CMIP6 models can simulate the climatology and drought
characteristics over Nepal. It is also already observed that
CMIP6 has improved temperature and precipitation esti-
mation over south Asia (Almazroui et al. 2020), leading to
satisfactory performances in capturing the drought charac-
teristics over south Asia (Aadhar and Mishra 2020; Zhai
et al. 2020).

In the observational period, it has been noticed that
droughts have mainly increased after 2005 over Nepal. This
is in agreement with the recent studies conducted over Nepal
(Hamal et al. 2020b; Hamal et al. 2021; Sharma et al. 2021).
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The present study further examined the projected drought
characteristics from 2020 to 2100. Our results indicate that
all types of drought categories (i.e., moderate, severe, and
extreme) are likely to occur in the projected period. The
duration, severity, and intensity increase with the increas-
ing greenhouse gas emission in the future period. The mean
drought duration and severity are longer and severe under
the high emission scenario SSP585, which is reported by (Li
et al. 2020). The frequency of drought occurrences under
SSP245 (17.5%) is slightly higher than SSP126 (16.6%) and
SSP585 (16.8%) scenarios. Moreover, the drought frequency
will decrease simultaneously from low to high emission sce-
narios (Zhai et al. 2020).

The result further shows that drought occurrences are
likely to be frequent with a longer duration and higher sever-
ity from early (2020-2060) to the later future (2061-2100).
These changes in the drought conditions over the study
region could be related to the changes in precipitation and
temperature (Almazroui et al. 2020; Chen and Sun 2015;
Yang et al. 2013). The precipitation is relatively lower in the
P1 period than in the P2 period (Fig. 7a). The precipitation
deficit coupled with temperature-induced evapotranspiration
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may lead to the occurrence of drought events at different
scenarios in the early future (Dai et al. 2018). Moreover, the
precipitation starts to increase after the 2060s; therefore,
there are fewer drought conditions though a sharp increase in
temperature was also observed. A similar drought condition
was projected for the north, east, and north-central regions
of south Asia due to increased precipitation at annual and
seasonal timescales (Zhai et al. 2020). The increment in
the future evapotranspiration with an increase in tempera-
ture may lead to fewer drought events in the later future
period (Fig. 7b, c). The CMIP6 model projected the extreme
drought during 2048 (SPEI= —2.47), where the precipita-
tion anomaly is — 1.29 mm with the temperature and evapo-
transpiration anomaly of —0.58 °C and — 0.59 mm under
the high emission (SSP585) scenario, respectively. Simi-
larly, under the same scenario, the year 2100 is projected
extremely wet (SPEI=2.38), precipitation, temperature,
and evapotranspiration anomaly of 2.68 mm, 1.79 °C, and
1.82 mm, respectively (Fig. 7). Moreover, these results sug-
gest that the change in precipitation may have a significant
role in determining the future drought conditions than the
temperature and evaporation over the southern slope of Cen-
tral Himalaya, Nepal.

The projected drought characteristics in the present study
are only considered in annual timescale (SPEI12); however,
these drought characteristics may vary in the seasonal time-
scale. Therefore, further studies can include a seasonal time-
scale to get detailed information for the projected seasonal
drought conditions over the country.

@ Springer

5 Conclusions

We analyzed data from 112 climatic stations and an ensem-
ble mean of 13 bias-corrected CMIP6 models (historical
and projected datasets) to examine the drought conditions
over Nepal in the twenty-first century. The widely used
SPEI has been applied to study droughts and their vari-
ability at SPEI12 timescales. The observation and CMIP6
historical datasets show wetness during 1998-2004, dry-
ness during 1990-1993, and increasing dryness after
2005. During the historical period (1980-2014), CMIP6
datasets depict the drought conditions over Nepal that
resemble the observations. We further examine the future
projections of droughts over Nepal. The projected period
is covering all categories (moderate, severe, and extreme)
of drought events. Our study suggests an increase in the
duration and severity of droughts over Nepal with increas-
ing greenhouse gas emissions (i.e., SSP585). The drought
intensity is projected to increase under the SSP126 sce-
nario, whereas under SSP245, the drought frequency will
be slightly higher. Our results further indicate enhanced
frequency, duration, and severity of droughts over Nepal in
the near future (2020-2060) compared to the end century
period (2061-2100). In the context of the ongoing climate
change, this study could thus be helpful for the preparation
and implementation of preparedness and adaptation strate-
gies to counter the imminent climate-related threats such as
drought and drought-related loss.
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Fig.7 Annual projected

anomaly: (a) precipitation, (b)
mean temperature, and (c) PET
of different CMIP6 scenarios
(SSP126, SSP245, and SSP585)
during 2020-2100
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