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Abstract

with the elevation.

Marsyangdi River Basin.

Background: There is a very high uncertainty in the future climate change in the Himalayas and few studies has
been carried out towards predicting future climate scenario in the Nepal Himalayas. In this study, climate change
projection has been carried out for the Marsyangdi River Basin in the Nepal Himalaya which is focused on quantifying
impacts of climate change with meteorological parameters (temperature and precipitation) for the future period, based
on the outputs from fifth assessment report of Intergovernmental Panel on Climate Change. The study makes use of
CanESM2 dataset which are statistically downscaled using statistical downscaling model (SDSM). Climate projections are
available for three representative concentration pathways (RCPs) namely RCP 2.6, RCP 4.5 and RCP 8.5 for up to 2100.

Results: The study revealed that both the temperature and precipitation will increase for three RCPs in future.
Compared to the baseline period, the annual average of maximum temperature has been projected to increase
by 0.82 °C, 1.35 °C and 2.29 °C by 2090s, while, annual average of minimum temperature has been projected to
increase by 0.87 °C, 1.44 °C and 2.43 °C by 2090s for RCP 2.6, RCP 4.5 and RCP 8.5 respectively. Similarly, annual
average precipitation has been projected to increase by 4, 14 and 21 % by 2090s for RCP 2.6, RCP 4.5 and RCP 8.5
respectively. The projected percentage increase in annual precipitation has been found to have inverse relationship

Conclusions: The study suggests that climate change is evident in the study area and these findings will be useful in
climate change impact assessment in different sectors such as geodisasters and future management strategies in the

Keywords: Climate change, Statistical downscaling model, Geodisaster, Marsyangdi river basin, Nepal himalayas

Background

Climate change has become a major global issue and has
been receiving a serious concern at national and inter-
national levels. It is unambiguous that anthropogenic ac-
tivities are responsible for continuous change of the
earth’s climate system, and its evidence are felt through
rise in temperature, change in precipitation patterns,
increase in intensity and frequency of extreme events,
acceleration in melting of snow and glacier reserves over
recent decades. Natural and anthropogenic substances
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and processes that alter the Earth’s energy budget are
driving force of climate change. Radiative forcing (RF)
which quantifies the change in energy fluxes caused by
changes in these driving forces, if positive leads to
warming and if negative leads to cooling. The total an-
thropogenic RF for 2011 relative to 1750 is 2.29 [1.13 to
3.33] W/m?, and it has increased more rapidly since
1970 than during prior decades. According to IPCC fifth
Assessment Report (AR5), total anthropogenic RF best
estimate for 2011 is 43 % higher than that reported in
the fourth Assessment Report (AR4), published in 2007
(IPCC 2013).
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Nepal has also not remained aloof from impacts of cli-
mate change. Nepal has been identified as one of four glo-
bal hotspots for climate change risk which is a result of
complex and extreme topography, quick responding
catchments with intense seasonal and climatic variability
(MoSTE 2014). A study by Organization of Economic Co-
operation and Development (OECD) suggests that mean
annual temperature in Nepal is projected to increase by
1.2 °C, 1.7 °C and 3 °C for 2030, 2050 and 2100 respect-
ively, compared to baseline period of 1961-1990 (WWF
2005). Similarly, annual precipitation is projected to in-
crease by 5, 7 and 12 % for the same periods. NCVST
(2009) suggested that mean annual temperature across
Nepal is projected to increase by 0.5-2 °C by 2030s;
1.7-4.1 °C by 2060s; and 3-6.3 °C by 2090s. The study
suggested that annual precipitation will change by - 34
to +22 % by 2030s; —-36 to +67 % by 2060s; and —43 to
+80 % by 2090s. A study by Khadka et al. (2014) in the
Tamakoshi basin of Nepal using multiple GCMs and
scenarios showed that average temperature and precipita-
tion will increase in future at the rate of 0.025 °C/year and
4.7 mm/year respectively. Similarly, study by WECS (2014)
in the Koshi basin suggested that annual mean temperature
will increase by 1.4 °C, 1.6 °C and 2.3 °C in 2030s
(2030-2039), 2040s (2040-2049) and 2050s (2050-
2059) and annual precipitation will change by — 3, +2 and
+5 % during the same period compared to 1981-2010. It
also suggests that winter precipitation is projected to
decrease in future period while summer precipitation will
increase.

Water and its availability and quality will be the main
pressures on, and issues for, societies and the environment
under climate change (IPCC 2007). Climate change is
likely to alter hydrological cycle of the catchment which
will result in increased climatic variability. Bradley et al.
(2006) found the rate of increase of temperature is more
in the higher altitude, hence it suggests the basin originat-
ing in the Himalayas is likely to have higher impacts of cli-
mate change. IPCC (2013) has suggested that global mean
surface temperature in the near-term future (2016—2035)
compared to reference period of 1986—2005 will be in the
range of 0.3 to 0.7 °C. Similarly, the area encompassed by
monsoon systems will increase over the 21st century and
monsoon season is likely to intensify due to the increase
in atmospheric moisture. Monsoon onset dates are likely
to become earlier or not to change much. Monsoon re-
treat dates will likely be delayed, resulting in lengthening
of the monsoon season in many regions. As the IPCC has
released the output of latest global circulation model
(GCM) data for climate change projection which encapsu-
late wider range of scenario, updated climate science and
climate models, it is imperative to produce updated cli-
mate projection in basin level so that it can form a basis
for impact analysis and adaptation for different sectors.
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Study area

The study has been conducted in the Marshyandi basin of
Nepal (Fig. 1). It is located between 27°50'42"N to 28°
54'11”N latitudes and 83°47°24”E to 84°48'04”E longitudes.
The basin has a total area of 4,787 sq. km. of which about
2,150 sq. km. (45 %) lies above the elevation of 4,000 masl.
The elevation of the basin varies between 200 masl to
7,800 masl. Physiographically, the basin extends from
High Himalaya in the north to Lesser Himalayan region in
the south (Shrestha & Aryal, 2011). Administratively, the
study area lies in four districts namely, Manang, Lamjung,
Gorkha and Tanahu. The Marsyangdi river originating
from this basin is a tributary of the Narayani River system
which ultimately confluence with the Ganges River. The
Marsyangdi basin is an important river basin in Nepal
from Hydropower perspective. At present, two hydro-
power projects namely Marsyangdi Hydropower Project
(69 MW) and Middle Marsyangdi Hydroelectric Project
(70 MW) are operating in the basin. Further, Upper
Marsyangdi Hydroelectric Project (600 MW), Lower
Manang Marsyangdi Hydroelectric Project (100 MW)
and Nyadi Hydropower Project (30 MW) are under dif-
ferent stages of development.

The climate in the study area is predominately gov-
erned by the summer monsoon, which extends from
June to September. Due to the high relief of the basin,
general climate varies from sub-tropical in the lower belt
to arctic in the higher altitudes. Hypsometric distribu-
tion of area in the basin is shown in Fig. 2.

Methods

Observed climatic data

The study makes use of observed meteorological data ac-
quired from Department of Hydrology and Meteorology
(DHM), Nepal. DHM is the sole organization responsible
for collection and dissemination of meteorological and
hydrological information in the country. It has estab-
lished and maintained network of hydro-meteorological
stations across the country. Daily meteorological data
of Marsyangdi basin has been collected from DHM for
available period (Table 1, Fig. 3).

Climate change projections

Climate change projection for future has been made
using Second Generation Canadian Earth System Model
(CanESM2) developed by Canadian Centre for Climate
Modeling and Analysis (CCCma) (Salzen et al. 2013;
Arora et al. 2011). CanESM2 consists of fourth gener-
ation atmospheric general circulation model (CGCM4)
and the fourth generation ocean general circulation
model (OGCM4). It is a climate simulation performed
within the framework of Climate Model Inter-comparison
Project Phase 5 (CMIP 5) which contributes to the fifth
assessment report of the IPCC.
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Fig. 1 Location map of Marsyangdi basin in Nepal (inset) and elevation variation within the basin
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IPCC in its fifth assessment report have used a new set
of scenarios called Representative Concentration Pathways
(RCPs) (Vuuren, et al. 2011, Moss, et al. 2010) based on a
set of scenarios of anthropogenic forcings which are used
for the new climate model simulations carried out under
the framework of the CMIP 5. RCPs have been developed
using Integrated Assessment Models (IAMs) that typically

include economic, demographic, energy and simple climate
components. Before AR5, IPCC has been using climate
change scenario based on Special Report on Emission Sce-
narios (SRES) published in 2000 (IPCC Working Group III
2000). In contrast to the AR4, the climate change from the
RCP scenarios in the AR5 is framed as a combination of
adaptation and mitigation (IPCC 2013). They produce a
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Fig. 2 Hypsometric distribution of area in the study basin
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Table 1 List of meteorological stations used in the study
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SN Station ID Station name District Latitude Longitude Altitude, masl Period Data Available

1 608 Ranipauwa Mustang 28°49' 12" 83°52' 48" 3,609 1969-2010 Precipitation

2 802 Khudi bazar Lamjung 28°16' 48" 84° 22" 12" 823 1957-2009 Precipitation, Temperature
3 806 Larke samdo Gorkha 28°40" 12" 84° 37" 12" 3,650 1978-2010 Precipitation

4 807 Kunchha Lamiung 28° 7' 48" 84° 20' 60" 855 1957-2010 Precipitation

5 808 Bandipur Tanahun 27°55' 48" 84° 25" 12" 965 1956-2009 Precipitation

6 809 Gorkha Gorkha 28°0' 0" 84° 37" 12" 1,097 1956-2009 Precipitation, Temperature
7 816 Chame Manang 28°33' 0" 84°13' 48" 2,680 1974-2009 Precipitation, Temperature
8 820 Manang bhot Manang 28°40" 12" 84° 1" 12" 3,420 1975-2010 Precipitation

9 823 Gharedhunga Lamjung 28°12' 0" 84° 37" 12" 1,120 1976-2010 Precipitation

range of responses from ongoing warming, to approxi-
mately stabilize forcing, to a stringent mitigation scenario
that stabilizes and then slowly reduces the RF after mid-
21st century. Four RCPs have been used in AR5 to repre-
sent future scenarios. They are RCP 2.6, RCP 4.5, RCP 6
and RCP 8.5. In all RCPs, atmospheric CO, concentrations
are higher in 2100 relative to present day as a result of a
further increase of cumulative emissions of CO, to the

atmosphere during the 21st century. RCP 2.6 (van Vuuren
et al. 2006; van Vuuren et al. 2007) is a low emission
scenario where Radiative forcing (RF) reaches 3.1 W/m?
before it returns to 2.6 W/m? by 2100; RCP 4.5 (Smith and
Wigley 2006; Clarke et al. 2007; Wise et al. 2009) is an
intermediate emission scenario where RF stabilizes shortly
after year 2100 to 4.5 W/m? RCP 6 (Fujino et al. 2006;
Hijioka et al. 2008) is also an intermediate emission
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Fig. 4 Monthly distribution of maximum temperature (left) and minimum temperature (right)

scenario in which RF stabilizes after 2100 to 6 W/m?.
RCP 8.5 (Riahi et al. 2007; Rao and Riahi 2006) is a high
emission scenario which has rising RF leading to
8.5 W/m? by 2100.

The climate change scenario provided by CanESM2 is
available at a grid size of 2.8125°. The data available at this
resolution is not suitable for hydrological analysis and thus
highlights the necessity of downscaling so that it can be
useful for basin scale analysis. GCMs in general are unable
to resolve the sub-grid and regional climate scenarios and
fail to take into account important regional features such
as topography, vegetation, cloudiness which govern the
local climate. Hence it is important to downscale the
GCM data from global scale to local scale (Khadka et al.
2014). In the study, GCM outputs at global scale has been
statistically downscaled to a point scale. Statistical down-
scaling involves a technique in which a linear transfer
fucntions between meso-scale atmospheric predictors var-
iables of GCM (e.g. mean sea level pressure, geo-potential
height, specific humidity etc.) and local climatic variables
(temperature, precipitation etc.) are developed for ob-
served period and these transfer functions are used to de-
rive a point scale climate projections for future period. For
this purpose, SDSM version 4.2 (Wilby and Dawson 2007)
has been used for statistical downscaling. Several resera-
chers have used SDSM for downscaling GCM data to a
point scale (Khadka et al. 2014; Pervez and Henebry 2014;
Babel et al. 2013; Mahmood and Babel 2013). CanESM2
provides GCM projections for three RCPs (RCP 2.6,
RCP 4.5 & RCP 8.5) for the period of 2006 to 2100 along

with NCEP data for 1961 to 2005. The observed data from
1961 to 1995 has been used for the calibration and 1996
to 2005 for the validation. Future climate change projec-
tion is divided into three periods, namely 2030s (2011—
2040), 2060s (2041-2070) and 2090s (2071-2100).

To remove any systematic bias in the downscaled cli-
mate projection data, bias correction using long term
monthly mean has been applied. Temperature data has
been corrected by addition of difference between mean
monthly observed temperature and SDSM simulated
mean monthly temperature for observed period. Simi-
larly, precipitation data is corrected by multiplying with
ratio of mean monthly observed precipitation and SDSM
simulated mean monthly precipitation (Teutschbein and
Seibert 2012). Equations (1) and (2) have been used for
bias corrections.

(1)

Tgc = Tscen + (Toss—Tconr)

(2)

Ppc = Pscen % ( Poss >
Pconr

Where, Tpc and Ppc are bias corrected daily
temperature and precipitation respectively, Tscen and
Pscen are daily temperature and precipitation down-
scaled using SDSM. Tops& Pops are long term monthly
mean of observed temperature and precipitation respect-
ively, while T conr & Pconr are long term monthly mean
of temperature and precipitation simulated using SDSM
for the observed period.
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Results and discussions

Observed precipitation and temperature

Temperature information is available in three stations
(Chame, Gorkha and Khudi bazar) in the study area.
The monthly distribution of maximum and minimum
temperature recorded in those stations shows that max-
imum temperature is highest in the basin during April
to June while the minimum temperature is highest
during July and August (Fig. 4). Temperature has been
recorded below 0 °C in Chame station from December
to February.

Annual average trend of maximum and minimum
temperature shows that in general, maximum temperature
over the observed period indicates stronger increasing
trend than minimum temperature (Fig. 5). Among the
stations, maximum temperature has increasing trend
of 0.061 °C/year in Chame, 0.07 °C/year in Gorkha and
0.054 °C/year in Khudi bazar stations. Minimum
temperature has shown decreasing trend in Chame
(-0.08 °C/year) while increasing trend of 0.034 °C/year
in Gorkha and 0.018 °C/year in Khudi bazar stations.

Precipitation data has been collected for the nine stations
within and adjacent to the Marsyangdi basin. The elevation
of these stations varies from 800 masl to 3,600 masl and
the recorded precipitation has also shown great variations
(annual rainfall between 800 mm to 3,200 mm). The com-
parison between variation of annual precipitation with ele-
vation shows that stations which are at the elevation of
around 1,000 masl show greater variation in annual pre-
cipitation between 1,500 mm to 3,500 mm; while stations
which are above 2,000 masl, have annual precipitation
below 1,000 mm (Fig. 6).

Average monthly distribution of the precipitation in
the study area has been derived using Theissen’s polygon
method (Fig. 7). As the general climate is governed by
summer monsoon, period of June to September receives
highest precipitation, which accounts for about 76 % of
annual precipitation (1,700 mm). The seasonal distribu-
tion of the rainfall in the meteorological stations in the

E 3,500
£ 3,000 °
2,500
2,000
1,500
1,000

500 °

0
0 1,000

y=-0.750x+ 3189

Annual precipitatio

2,000
Elevation,m

3,000 4,000

Fig. 6 Annual precipitation vs. elevation of meteorological stations
in Marsyangdi basin
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Marsyangdi basin has been assessed (Table 2). Seasons
are defined as winter (December, January and February),
spring (March, April and May), summer (June, July,
August and September) and autumn (October and
November).

It is observed that summer season receives highest
precipitation followed by spring, while winter and au-
tumn period receive lowest precipitation. Annual pre-
cipitation trend observed in the meteorological stations
shows that stations located in the central region of the
basin have increasing trend while those at boundaries
have slightly decreasing trend (Fig. 8.). Highest increasing
trend is observed in station at Gharedhunga (13.5 mm/
year) while highest decreasing trend in observed at Larke
Samdo (-20 mm/year). The station at Larke Samdo is lo-
cated outside the Marsyangdi basin.

Future climatic projections

Calibration and validation of data downscaled using SDSM
Calibration is a process of developing a regression rela-
tionship between large scale predictor variables of GCM
with local predictand variables. There are 26 predictor
variables available from GCM and among them only few
variables have significant relationship with the predictor
variable. Therefore, screening of predictor variables has

Table 2 Seasonal observed precipitation in the meteorological
stations

SN Station name  Precipitation, mm

Winter ~ Spring  Summer  Autumn  Annual
1 Ranipauwa 32 36 223 16 308
2 Khudi bazar 85 381 2,665 17 3,248
3 Larke Samdo 185 240 474 64 964
4 Kunchha 67 401 1,968 110 2,547
5 Bandipur 63 308 1,373 73 1,817
6 Gorkha 55 275 1,330 58 1,718
7 Chame 94 182 594 59 929
8 Manang Bhot 58 84 222 43 407
9 Gharedhunga 69 359 2377 103 2,908
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been performed before calibrating the model, which is
a central to all statistical downscaling (Wilby 2002).
The method described by Mahmood and Babel (2013)
has been followed in this study. A combination of the
correlation matrix, partial correlation and P value at sig-
nificance level of 0.05 has been considered. The predictor
variable having highest correlation coefficient has been
chosen as ‘super predictor variable’. Among remaining
predictor variables, which have good correlation coeffi-
cient with the predictand, partial correlation coefficient in
presence of super predictor variable has been calculated
along with percentage reduction in an absolute correlation
using following equation.

)

Where PRP is the percentage reduction in partial correl-
ation with respect to the correlation coefficient, P.r is the
partial correlation coefficient, and RI is the correlation co-
efficient between the predictor and predictand. Predictand
variable which has high multi co-linearity with the super
predictor variable is avoided.

PRP

(3)

P.r-R1
R1

The selected predictor variables for temperature and
precipitation downscaling at Gorkha station along with
Partial R is presented in Table 3. SDSM model has been
calibrated for the period of 1961 to 1995 using these
predictor variables. For assessing the reliability of the
calibrated model, the simulated result is validated by
comparing it with the observed period of 1996 to 2005.
Figures 9 and 10 shows the comparison of observed and

Table 3 Screened predictor variables for temperature and
precipitation at Gorkha station

Predictand Predictor variables (NCEP Reanalysis) Partial R

variables

Max. Temperature 500 hPa Geopotential height (ncepp500gl)  0.709
500 hPa Specific humidity (nceps500g]) 0.586

Min. Temperature 500 hPa Geopotential height (ncepp500g|) 0.773
Surface Specific humidity (ncepshumgl) 0.783
Air temperature at 2 m (nceptempgl) 0.865

Precipitation Mean Sea Level Pressure (ncepmslpgk) —-0.183
Surface meridional wind velocity 0.115
(ncepp1_vgl)
Total Precipitation (ncepprcpgl) 0.174
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simulated temperature and precipitation during calibra-
tion and validation period for Gorkha station. Summary of
statistical performance of the model is presented in
Table 4. For maximum and minimum temperature, coeffi-
cient of determination (R?) is above 0.95 which is a good
result. For precipitation, R* is 0.88 during calibration and

0.79 during validation. Precipitation simulation is compli-
cated as it is a conditional process and daily precipitation
amount is poorly resolved by regional-scale predictors
(Wilby and Dawson, 2007). However, as the standard devi-
ation of simulated precipitation is close to the observed
along with reasonable R? model performance can be
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Fig. 10 Comparison of observed and simulated maximum temperature (a), minimum temperature (b), and precipitation (c) for validation period

at Gorkha station
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Table 4 Statistical performance of simulated results compared to the observed data at Gorkha Station

Calibration period (1961-1995)

Validation period (1996-2005)

Observed Simulated Observed Simulated

Max. Temperature Std Dev (°C) 416 426 461 421
R’ - 098 - 096

Min. Temperature Std Dev (°0) 477 453 494 458
R’ - 097 - 096

Precipitation Std Dev (mm) 157.73 161.83 14883 138.80
R’ - 0.88 - 079

considered satisfactory. The output of SDSM is subjected
to bias correction using long term monthly mean to re-
move any systematic bias.

Outputs of CanESM2 have been downscaled using
SDSM for three RCPs to project future temperature and
precipitation. Maximum and minimum temperature has
been downscaled for available three stations (Chame,
Gorkha and Khudi bazar). The projected change in max-
imum and minimum temperature for three future pe-
riods from three RCPs, compared to the baseline period
of 1976-2005 is presented in Table 5. The results show
that for RCP 4.5 and RCP 8.5, both maximum and mini-
mum temperature will continue to rise in future while
for RCP 2.6, temperature will increase up to 2060s and
slightly decrease afterwards. This suits well with the
assumptions of RCP 2.6 where RF will reach 3.1 W/m?
before it returns to 2.6 W/m” by 2100. Annual average in-
crease in maximum and minimum temperature in three
stations shows that in 2030s, increment in temperature
for all RCPs are comparable, however by 2090s, RCP 8.5
has projected maximum increase in both maximum and
minimum temperature (Fig. 11). By 2090s, RCP 2.6 has
projected increase in temperature from 0.8 °C to 1 °C, for
RCP 4.5, it is from 1.2 °C to 1.5 °C and for RCP 8.5, from
21°Cto 26 °C.

In general, projected increase in minimum temperature
is slightly higher than the maximum temperature. For
RCP 8.5, annual average of minimum temperature is pro-
jected to increase by 2.43 °C compared to baseline, while

maximum temperature is projected to increase by 2.29 °C
in same period.

Projected average increase in seasonal temperature
shows that highest increase in maximum temperature has
been projected for spring for all RCPs, which is followed
by autumn (Fig. 12). In 2090s, maximum temperature is
projected to increase by 2.8 °C in spring and 2.5 °C in au-
tumn for RCP 8.5. Similarly, for RCP 4.5, it is projected to
increase by 1.7 °C and 1.5 °C in spring and autumn re-
spectively; while for RCP 2.6, projected increase is 1.0 °C
for both seasons. Winter has least projected increment in
maximum temperature. Similarly, highest increase in
minimum temperature is projected for autumn which is
followed by spring. Winter has least projected increase in
minimum temperature. For RCP 8.5, projected increase in
minimum temperature in 2090s in autumn and spring is
3.3 °C and 3.1 °C, respectively. For RCP 4.5, it is projected
to increase by 2.0 °C and 1.9 °C for respective seasons for
same period; while for RCP 2.6, it is 1.4 °C and 0.8 °C,
respectively.

Long term precipitation data available for nine stations
in and adjacent to Marsyangdi basin has been used for fu-
ture projections. The projected annual precipitation in
nine meteorological stations for three future periods, com-
pared to the baseline period of 1976-2005 is presented in
Table 6. It is found that precipitation will decrease in three
of the above mentioned stations in future period under
three RCPs compared to the baseline while for other sta-
tions, it is projected to increase. Projected decrease in

Table 5 Projected change in maximum and minimum temperature for three RCPs

Stations Temp Baseline, °C RCP 26 RCP 45 RCP 85
2030s  2060s  2090s  2030s  2060s  2090s  2030s  2060s  2090s
Chame Max 1645 Projected change, °C ~ 0.68 1.02 0.88 0.70 1.19 144 0.89 1.59 250
Min 513 0.70 1.01 0.86 0.72 1.20 140 0.82 1.54 237
Gorkha Max 2576 087 1.07 1.04 0.89 1.22 143 0.95 1.53 2.28
Min 15.76 0.75 0.96 0.79 0.66 1.10 143 083 149 2.36
Khudi bazar ~ Max 2664 049 0.71 052 047 0.96 1.18 0.64 133 2.10
Min 14.68 0.84 1.09 0.95 0.84 1.33 149 0.94 1.70 2.57
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Fig. 11 Projected change in (@) maximum temperature, and (b) minimum temperature compared to baseline period

annual rainfall is up to —10 % while increment is up to
30 % of the baseline period. It is noted that stations in
which annual precipitation has been projected to decrease
in future are at the elevation above 3,400 masl. The pro-
jected change in precipitation vs. elevation of meteoro-
logical stations for three RCPs shows that generally, the
projected increase in precipitation has inverse relation
with the elevation (Fig. 13). Stations in lower elevation
have higher percentage increase in projected precipitation
while stations in the higher altitude have lesser or decrease
in projected precipitation. The projected annual average
precipitation for the Marsyangdi basin for three RCPs is
shown in Fig. 14. Towards the end of the 21st century, pro-
jected increase for RCP 8.5 is highest while RCP 2.6 is

lowest, though before 2050, all RCPs have similar projec-
tions. For RCP 4.5, projected annual precipitation is be-
tween RCP 2.6 and RCP 8.5.

Seasonal change in projected precipitation for future
period, compared to the baseline period shows that that
autumn season has highest projected percentage in-
crease in precipitation for all RCPs (Fig. 15). For RCP
2.6, precipitation during spring is projected to slightly
decrease while for other seasons, it is projected to in-
crease. Annual precipitation is projected to increase by
3-4 % for all three future periods. For RCP 4.5, annual
precipitation is projected to increase by 7, 13, and 14 %
in 2030s, 2060s and 2090s, respectively. RCP 8.5 has
highest percentage increase in projected precipitation
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Table 6 Projected change in annual precipitation for future periods compared to baseline under three RCPs

SN Stations Annual precipitation RCP 2.6 RCP 4.5 RCP 85

in baseline period, mm 2030s 2060s 2090s 20305 2060s 2090s 20305 2060s 2090s
1 Larke samdo 1,081 % change compared to baseline =7% -10% -8% -3% -3% 2% —-1% -4% -7%
2 Ranipauwa 284 3% 0% 0 % 0 % 1% 6% 6% 7% 6%
3 Manang bhot 461 0% 3% 6% 4% 3% 3% 6% 0% -1%
4 Chame 932 9% 3% 2% 8% Mm% 13% 11% 5% 15 %
5  Gharedhunga 2,992 0 % 3% 1% 16% 18% 18% 18% 18% 25%
6  Gorkha 1,731 7 % 2% 4% 3% 12% 1% 4% 10% 22%
7 Bandipur 1,743 5% 4% 8 % 2% 4% 19% 9% 0% 15%
8  Kunchha 2616 5% 5% 3% 2 % 3% 11% 6% 14% 17 %
9  Khudibazar 3,362 5% 9% 8% 6% 2% 17% 8% 14% 30%

during autumn and lowest during winter. Annual aver-
age precipitation is projected to increase by 10, 12, and
21 % in 2030s, 2060s and 2090s, respectively.

For assessing projected change in extreme precipita-
tion in future, 99th percentile precipitation during sum-
mer season has been considered in the study. Extreme
precipitation events have high significance in context of
water induced disasters like floods and landslides which
are frequent during summer in the study area. Table 7
presents the comparison of 99th percentage exceedance
precipitation in future with baseline period. In most of
the stations, 99th percentile exceedance precipitation
has been projected to increase in future for all RCPs
(except in Manang Bhot & Bandipur for RCP 2.6). Max-
imum increase has been projected in Gorkha, Ranipauwa
and Larke Samdo. It is noted that even in the stations
where annual precipitation is projected to decrease in

future, 99th percentile exceedance precipitation has
been projected to increase. It suggests that in future,
magnitude and frequency of extreme precipitation
events will increase.

Climate change implication in geodisasters

The change in precipitation scenario with more intense
rainstorms due to climate change has direct and indirect
impact in various sectors, including the geodisasters.
Studies in Swiss Alps have revealed that the increase in
the overall magnitude of debris flows is expected with
the increase in extreme precipitation events, which can
be attributed to climate change (Stoffel et al. 2014). Like-
wise, the studies have shown that increasing rainfall due
to climate change will also increase soil erosion in the
Himalayas (Khare et al. 2016). Record shows that there
has been series of landslide, flood and avalanche disaster
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in the Marsyangdi basin. The northern part of the basin is
situated in Manang district that is not only affected by
avalanche problem but also flood disaster. For example, in
Thoche and Dharapani village development committees,
the area was affected by flood in 1996, 2006 and 2009 that
destroyed dozens of houses (UNISDR 2011). Similar was
the case of flood disasters in Bhujung village of Lamjung
and Barpak village of Gorkha districts. There were ten
human casualties in Bhujung village in 1973 while the
Barpak village witnessed eight people missing in 1999
flood. As far as the casualties and damages due to landslide
are considered, it is widespread in the basin. Dharapani,
Chame and Bhraka villages in Manang district, Simpani,
Nalma and Bahundada villages in Lamjung district and
Palungtar village in Gorkha district are some of the cases
that faced human casualties and destruction of houses due
to landslide. These examples indicates that geodisasters
are common in the study area, which is expected to in-
crease in future with the pronounced climate change lead-
ing to either increased precipitation or change in nature of
precipitation to low duration high intensity. The projected
increased precipitation from the present climate model de-
lineates the areas to be considered for mitigation and

adaptation measures so as to cope with the adverse situ-
ation in future thereby reducing the disaster risk.

Conclusion

The future climate projection for the Marsyangdi basin
has been carried out using the outputs of CanESM2 de-
veloped by Canadian Centre for Climate Modeling and
Analysis (CCCma). The result from this model is also in-
cluded in the fifth assessment report (AR5) of IPCC.
Compared to fourth assessment report (AR4) of IPCC,
several improvements in terms of understanding of cli-
mate science, better simulation of climate models and
representation of future scenarios have been achieved in
AR5. An important development since the AR4 is the
more widespread use of Earth System Models (ESMs),
which include an interactive carbon cycle. Similarly,
compared to AR4, more detailed observations and
improved climate models now enable the attribution of
detected changes to human influences in more climate
system components. Previous assessment report by
IPCC (AR3 & AR4) used SRES scenarios while AR5 has
made use of Representative Concentration Pathways
(RCPs) which is framed as a combination of adaptation
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Table 7 Projected change in 99th percentile summer precipitation for future period compared to baseline under three RCPs

SN Stations 99 percentile exceedance RCP 26 RCP 4.5 RCP 85
Eredmatior‘ during 20305 2060s 2090s 2030s 2060s 2090s 2030s 2060s 2090s
aseline, mm
1 Larke Samdo 25 % change compared to baseline 21% 28% 28% 42% 43% 45% 30% 25% 32%
2 Ranipauwa 14 37% 47% 44% 46% 45% 34% 46% 48% 51 %
3 Manang Bhot 23 -13% -10% 0% 5% 7% 4% 7% 2% 1%
4 Chame 30 26% 16% 12% 21% 23% 25% 19% 23% 23%
5 Gharedhunga 114 6 % 4% 1% 11% 9% 17% 8% 9% 5%
6  Gorkha 78 42% 38% 25% 35% 47% 47% 26% 32% 47 %
7 Bandipur 96 9 % 7% 2% 0% 4% 8% -1% 6% 9%
8  Kunchha 120 1% 5% 1% 0% 3% 0% 2% 12% 8%
9  Khudibazar 122 8 % 8 % 5% 16% 13% 12% 14% 11% 11%

and mitigation. The simulation of large-scale patterns of
precipitation has improved somewhat since the AR4 and
substantial progress in model simulations of extreme
events have been achieved since the AR4. The outputs
of CanESM2 are available in large grid size (2.8125°)
which is too coarse for basin level study. Hence, the out-
puts have been downscaled to station level using statis-
tical downscaling model (SDSM). Projection of future
temperature and precipitation is carried out for three
RCPs which cover large spectrum of scenarios and com-
pared with baseline period of 1976-2005.

The projection of maximum and minimum daily
temperature for Marsyangdi basin shows that for all RCPs,
future temperature will be higher than in the baseline
period of 1976 — 2005. RCP 2.6, which is a stringent miti-
gation scenario, projects that temperature will increase till
2060s and then slightly decrease towards 2090s. For this
scenario, maximum and minimum temperatures are pro-
jected to increase by 0.82 °C and 0.87 °C by 2090s respect-
ively, compared to baseline. For 2060s, they are projected
to increase by 0.97 °C and 1.02 °C. Similarly, RCP 4.5
which is an intermediate emission scenario, has steady in-
crease and maximum and minimum temperatures are
projected to increase by 1.35 °C and 1.44 °C in 2090s. For
RCP 8.5, which is a high emission scenario, temperature
will continue to rise in future and by 2090s, maximum
and minimum temperatures are projected to increase by
2.29 °C and 243 °C, respectively. On seasonal basis, high-
est increase for maximum temperature is projected in
spring season followed by autumn while for minimum
temperature, highest increment is projected in autumn
followed by spring. For the high emission scenario of RCP
8.5, in 2090s, projected increase for maximum temperature
in spring is by 2.8 °C while for minimum temperature, pro-
jected increase in autumn is by 3.33 °C.

Future projections of precipitation data in the
Marsyangdi basin show that precipitation will decrease
slightly in future in the meteorological station above the
elevation of 3,400 masl while it will increase in other

stations. It is found that projected increase in precipitation
in future has inverse relationship with the elevation, i.e.
stations in lower elevation have higher projected increase.
For RCP 2.6, projected increase in annual average precipi-
tation for all future period is about 3—4 % compared with
the baseline. Seasonally, precipitation during spring is pro-
jected to slightly decrease in future while highest percent-
age increase is projected during autumn. Similarly, annual
average precipitation for RCP 4.5 is projected to increase
by 7, 13 and 14 % in 2030s, 2060s and 2090s, respectively.
RCP 8.5 has highest projected increase in annual precipi-
tation which is by 10, 12 and 21 % in 2030s, 2060s and
2090s, respectively. Seasonally, highest percentage in-
crease is projected for autumn followed by spring season.
In terms of extreme precipitation, 99th percentile exceed-
ance precipitation for summer season has been considered
in the analysis. Among the nine meteorological stations
considered, seven stations show increase in magnitude of
99th percentile exceedance precipitation in future for all
RCPs while two stations show increase only for RCP 8.5.
Even in the stations where annual precipitation has been
projected to decrease, magnitude of this 99th percentile
precipitation is projected to increase. It is an indication
that in future extreme precipitation events will have
higher magnitude and frequency. Compared to baseline
period, 99th percentile precipitation is projected to in-
crease in average by 13, 20 and 21 % in 2090s for RCP 2.6,
RCP 4.5 and RCP 8.5, respectively.

Thus, the study suggests that temperature and precipi-
tation will increase in future in Marsyangdi basin, com-
pared to the baseline period. The band of projection
between RCP 2.6 and RCP 8.5 has provided general
range of this increment which will be determined by
socio-economic and emission pathways in future. In
general, along with rise in temperature, in average, cli-
mate change is likely to increase water availability in the
Marsyangdi basin as suggested by projected increase in
the average precipitation. The change in climatic condi-
tion will have serious implications in various geological
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disasters in the basin, which is already facing such disas-
ters even without the effect of climate change. There-
fore, the outcome of the present study can be a basis for
future planning towards mitigation and adaptation to re-
duce the impact of climate change induced geodisasters
in the basin.
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