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Abstract. There is a 95 % scientific consensus that human activities contributed to climate change and altered
hydrological processes. This study focused on a regional scale climate change impact assessment on water re-
sources in the Klong Yai River basin in Thailand using multiple Global Climate Models (GCMs) under 3 sce-
narios of greenhouse gas emission called the Representative Concentration Pathway (RCPs), i.e., low (RCP2.6),
intermediate (RCP4.5), and high (RCP8.5) scenarios. According to the projections, surface air temperature will
increase relative to the reference period (1991-2000). Maximum surface air temperature is projected to increase
around 0.3—-1.35 °C. Precipitation in the near future (2017-2026 and 2027-2036) shows an increasing trend. The
projected precipitation and temperature were used in the SWAT model for the Klong Yai River basin in order to
assess the amount of inflow into reservoirs under the climate change conditions. Despite the future projections

still have an uncertainty, but it is useful as a guideline for managing of our water resources and planning.

1 Introduction

Greenhouse gas concentration change in the atmosphere is a
major cause of climate change and climate variation (Stocker
et al., 2013; Hanson and Cramer, 2015). Since the indus-
trial revolution, human added amount of greenhouse gases
into the atmosphere by burning fuel fossil, deforestation and
other activities (Alcamo, 2007). The average global tem-
perature has increased 0.6 °C in the past three decades and
0.8°C in the past century due to greenhouse gas emissions
(Hansen et al., 2006). In Thailand, Limjirakan and Lim-
sakul (2012a), A collected the observed data and analysed
the trend of temperature change. The results showed the in-
crease in minimum and maximum temperature of 0.26 °C
per decade and 0.23 °C per decade respectively. Moreover,
Limjirakan and Limsakul (2012b) collected temperature and
evaporation data over the whole country. The statistical anal-

ysis result showed that the mean annual temperature is in-
creasing with the 95 % of confidence level.

This research aims at evaluating the effect of climate
change towards water resources assessment in Klong Yai
River basin in the near future (2017 to 2036). 3 GCMs out
of the total 10 GCMs that showed good performance to rep-
resent/mimic past climate patterns in the study were se-
lected for assessing climate change impacts. This study was
conducted under 3 climate change sceanrios, i.e., RCP2.6,
RCP4.5, and RCP8.5. For the estimate of inflow into the
reservoirs in the basin, SWAT model, which is a commonly
used hydrological model, was applied to simulate the hydro-
logical components in the future.

2 Study Area

The Klong Yai River basin covers about 1800 square kilo-
meters of watershed area as shown in Fig. 1. It is the sub-
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Figure 1. Location of the Klong Yai River basin in Thailand.

basin of the East coast watershed. The Northern part of the
basin is the mountain range whereas the south is adjacent
to the gulf of Thailand. River delineation lie along the north-
south direction based upon the topography. There are 3 reser-
voirs in the Klong Yai River basin, namely Dok Krai reser-
voir (storage capacity of 72.5 million cubic meter), Nong Pla
Lai reservoir (storage capacity of 164.7 million cubic meter)
and Klong Yai reservoir (storage capacity of 8.5 million cu-
bic meter). The annual precipitation was varied from 1300 to
2000 mm yr~! and the annual stream flow was approximately
577Mm>.

3 Selection of the Global Climate Models (GCMs)

Performance based concept is used for the GCMs selec-
tion. It was a comparison between 1991-2000 GCM results
and 1991-2000 observed data for rainfall and temperature in
mean monthly basis. A GCMs that shows good performance
to mimic observed climate patterns will be chosen (Lee and
Wang, 2012; Watanabe, 2014).

In this study, rainfall is the most sensitive patterns and con-
sidered as a critical criterion for the GCMs selection. Table 1
shows the list of GCMs that use in the study. Since the im-
proper of horizontal resolution of original GCMs and hydro-
logical aspects of the study area; therefore, downscaling and
bias correction are mandatory.

A simple 4-point linear interpolation and a so called shift-
ing and scaling technique were applied for downscaling
and bias correction (e.g. Lehner et al., 2006; Hanasaki et
al., 2013). This is one of the simplest and most popular
techniques for correcting biased GCMs data. Hanasaki et
al (2013) also expressed this method in mathematical terms
for surface air temperature and precipitation (rainfall) as

Proc. IAHS, 383, 355-365, 2020

shown in Egs. (1) and (2):

cor __ obs Fr0rg 7018
y,m,d — Ty,m,d + (Tfuture,m - Tbaseline,m) (1)
cor __ pobs ) . porg
y,m,d — Py,m,d X <Pfuture,m - Pbaseline,m) (2)

where T is temperature, P is precipitation, obs is 10 year
actual record data in the study area (1991-2000), baseline is
data obtained from GCMs in 1991-2000, and future is data
obtained from GCMs in 2017-2026 and 2027-2036.

4 SWAT Model

This study aims at evaluating the future inflow into the
reservoirs changes using the application of Soil and Wa-
ter Assessment Tool or SWAT model. It is a physically
semi-distributed hydrological model which was developed
by Arnold et al. (1998). This model requires input data from
physical features of a watershed such as Digital Elevation
Model (DEM) or topography, weather data, soil data, land
use land cover, and model parameters. SWAT model can sim-
ulate many processes related to soil and water, for example,
surface and sub-surface runoff, soil erosion and sedimenta-
tion, impact of soil and land use changes on water resources.
However, streamflow simulation was the main focus in this
study. Surface runoff was calculated using the SCS curve
number method. The potential evapotranspiration was based
on Penman-Monteith method (Monteith, 1965). The hydro-
logical cycle that simulated by the SWAT model was based
on the water balance concept as expressed in Eq. (3):

SW; =SWy + Zi:l (Rday — Osurr — Ea — Wseep — ng) 3)

where SW; is the final soil water content (mm), SWy is the
initial soil water content on day i (mm), ¢ is the time (d),
Rqay is the amount of precipitation on day i (mm), Qg is
the amount of surface runoff on day i (mm), E, is the amount
of evapotranspiration on day i (mm), wseep is the amount of
water entering the vadose zone from the soil profile on day i
(mm), and Qg is the amount of return flow on day i (mm).

The streamflow or river-runoff was simulated and cali-
brated with observed data to find out the appropriate model
parameters that able to represent the basin characteristics.
This study was simulated during 2007-2016 and location of
gauging stations is shown in Fig. 1. The criteria to evaluate
model performance were coefficient of determination (R?)
(Polanco et al., 2017) and graphical comparison of observed
and simulated stream flow.

R2 — |: Z:":l (Qobs— Qan) (Qsim _ QTIL :|2 (4)
Z?:] (Qobs — Qavg) Z;Ll (Qsim _ Qsim)

where Qops, Qavg, Osim and Qsim are the observed, averaged
observed, simulated, and average simulated streamflow and
n is the length of the time series.
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Table 1. List of the 10 GCMs used in this study.

357

Model Climate Modeling Organization

CNRM-CM5

Center National de Recherches Meteorologiques/Centre Europeen de

Recherche et Formation Avancees en Calcul Scientifique (CNRMCERFACS)

CSIRO-Mk3-6-0

Commonwealth Scientific and Industrial Research Organization and the
Queensland Climate Change Centre of Excellence (CSIRO-QCCCE)

GFDL-ESM2M Geophysical Fluid Dynamics Laborator (NOAA GFDL)

HadGEM?2-ES Met Office Hadley Centre (MOHC)

INM-CM4 Institute for Numerical Mathematics (INM)

GISS-E2-R NASA Goddard Institute for Space Studies (NASA GISS)

MIROCS Atmosphere and Ocean Research Institute University of Tokyo, National
Institute for Environmental Studies, and Japan Agency for Marine-Earth
Science and Technology (MIROC)

MPI-ESM-LR Max Planck Institute for Meteorology (MPI-M)

MRI-CGCM3 Meteorological Research Institute (MRI)

NorESM1-M Norwegian Climate Centre (NCC)

Source: Coupled Model Intercomparison Project 5 (CMIP5).

Table 2. Calibration results of SWAT model for reservoirs over
Klong Yai River basin.

Reservoir Mean Mean R?
Name Annual Annual
Inflow Inflow
Observed  Simulated
(Mm?) (Mm?)
Dok Krai 165.0 1447 0.61
Nong Pla Lai 191.0 2179 0.77
Klong Yai 112.6 121.7  0.71

Source: Royal Irrigation Department (RID).

5 Results and Discussion

5.1 SWAT model calibration

The SWAT model was simulated in 10 years (2007-2016)
and compared the simulate result with the observed inflow
into the Dok Krai, Nong Pla Lai and Klong Yai reservoirs
as shown in Fig. 2 and Table 2. The simulation results were
closed to the observation for each reservoir and the summa-
rized of mean annual inflow of the model simulation and ob-
servation were also shown in Table 2. The result showed the
similarity of annual inflow between simulation and observa-
tion.

https://doi.org/10.5194/piahs-383-355-2020

5.2 GCMs selection

For the GCMs selection, 10 CMIP5 GCMs of historical
monthly rainfall and temperature data during period 1991—
2000 are compared with observed data for selecting the suit-
able GCMs in Klong Yai River Basin. The standard devia-
tion of the monthly observed data is represented the simi-
lar pattern of the rainfall and temperature in this river basin.
3 GCMs were selected to evaluate the impact of climate
change based on the period 2017-2026 and 2027-2036 rela-
tive to 1991-2000 using bias correction in the next step. The
comparison of selected GCM precipitation output and ob-
served data from 1991-2000 was shown in Fig. 3. The blue
band represented the standard deviation range of observation
(mean monthly over the period 1986-2000). Three suitable
GCMs namely GISS, MIROC and MPI showed similar pre-
cipitation patterns with the observation.

Moreover, the analysis result showed that there were
2 tropical monsoons in this Klong Yai catchment. Two pe-
riods are May—July and September—October.

5.3 Impacts of climate change on water resources

The study of precipitation changes under climate change
scenario was analyzed based on the selected 3 GCMs. The
results of monthly precipitation were shown in Figs. 4
(2017-2026) and 5 (2027-2036). The findings showed an
increasing trend of annual rainfall in both 2 future periods.
The increase rainfall occurs mainly during March—-May and
August—October. The future annual rainfall projects change
were varied around 0.51 % to 19.05 % (6.24 to 232.31 mm),
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Figure 2. Calibrated inflow in 3 reserviors from SWAT model for the Klong Yai River basin.

and —7.22% to 17.30% (—88.04 to 211 mm) for periods
2017-2026, 2027-2036, respectively

For the future projection of temperature, the monthly tem-
perature trend will be increased around 0.3-1.35°C or in-
creasing of a 1.25 % to 5.00 % by comparing to the average
temperature during 1991-2000 as shown in Figs. 9 and 10.

April was the hottest month while December was the win-
ter season in the past but temperature will increase about
1.0°C. These projected results showed good agreement with
the IPCC’s report (IPCC, 2013) on 1.0-2.4 °C of surface tem-
perature rising at the end of 21st century.

The selected GCMs (MIROCS5, GISS and MPI GCMs)
were applied to forecast the effect of climate change impact
on reservoir inflow. There are 2 assessment periods which
are 2017-2026 and 2027-2036. As shown in Figs. 8 to 13,
there are the future simulations of the monthly reservoir in-
flow into the Dok Krai, Nong Pla Lai, and Klong Yai reser-
voirs in 2 periods, respectively. The comparison of monthly
reservoirs inflow in the past (2007-2016) and under climate
change conditions showed a decreasing trend due to the ris-
ing temperature and evaporation

Moreover, an increase in temperature will increase the
agricultural water demand or crop water requirement in
Klong Yai River basin. The climate change in the Klong
Yai River basin is the negative impact on water resources. It
can be developed adaptation options for address the climate
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change impact especially drought management for example
increase water efficiency, reduce the water use or promote a
water saving in the future.

6 Conclusions

3 GCMs, namely, MIROCS, GISS and MPI GCM models
were applied to assess the potential impact of climate on
precipitation and temperature in the Klong Yai River basin
in Thailand. The future precipitation trend under climate
change scenarios were slightly increase compared to the his-
torical period (1991-2000). Temperature projection in the fu-
ture, we found that the temperature in Klong Yai River basin
trend were increase apparently, and the increasing trend of
temperature varied between 0.3 to 1.35 °C relative to the past
observation.

The impacts of climate change on water resources as-
sessment in the Klong Yai River basin during 2017-2036
clearly are the reduction of streamflow volume. Relatively
low amount of water storage for 3 reservoirs in the basin is
expected as the direct impact of changing climate. An in-
creasing rate of evapotranspiration is also expected due to
surface temperature rise.
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Figure 3. Comparison of Average Monthly Precipitation of the
selected GCMs and observation (1991-2000) in Klong Yai River
basin.
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2027-2036 (under the climate change scenarios) and 1991-2000.
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1991-2000.
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narios for the years 2017-2026 at Dok Krai Resevoir.
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Figure 9. Projected mean monthly reservoir inflows under 3 sce-
narios for the years 2027-2036 at Dok Krai Resevoir.
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Figure 11. Projected mean monthly reservoir inflows under 3 sce-
narios for the years 2027-2036 at Nong Pla Lai Resevoir.
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Figure 12. Projected mean monthly reservoir inflows under 3 sce-
narios for the years 2017-2026 at Klong Yai Resevoir.
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Figure 13. Projected mean monthly reservoir inflows under 3 sce-
narios for the years 2027-2036 at Klong Yai Resevoir.
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