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TECHNICAL NOTE:

ASSESSING CLIMATE CHANGE IMPACT ON

HYDROLOGICAL COMPONENTS OF A SMALL

FOREST WATERSHED THROUGH SWAT
CALIBRATION OF EVAPOTRANSPIRATION

AND SOIL MOISTURE

H.‐K. Joh,  J.‐W. Lee,  M.‐J. Park,  H.‐J. Shin,  J.‐E. Yi,  G.‐S. Kim,  R. Srinivasan,  S.‐J. Kim

ABSTRACT. This study evaluates the future impact of climate change on hydrological components in a 8.54 km2 mixed forest
watershed located in the northwest of South Korea. Before future assessment, the SWAT (Soil Water Assessment Tool) model
was calibrated using two years (2007‐2008) and validated by using one year (2009) of daily observed streamflow,
evapotranspiration, and soil moisture. Hydrological predicted values matched well with the observed values during
calibration and validation (R2 > 0.6 and Nash‐Sutcliffe efficiency > 0.5). The MIROC3.2hires GCM (general circulation model)
data of the SRES (special report on emissions scenarios) A1B and B1 scenarios of the IPCC (Intergovernmental Panel on Climate
Change) were adopted for future assessment and downscaled using the LARS‐WG (Long Ashton Research Station ‐ Weather
Generator) stochastic weather generator after bias correction with 30 years (1970‐2000) of ground measured data. The A1B
scenario reflects a future world of very rapid economic growth, low population growth, and rapid introduction of new and more
efficient technology. The B1 scenario reflects a very heterogeneous world. The underlying theme is that of strengthening
regional cultural identities, with an emphasis on family values and local traditions, high population growth, and less concern
for rapid economic development. As a result, the future changes in annual temperature, precipitation, and evapotranspiration
showed an upward tendency and streamflow and soil moisture showed a downward tendency in both scenarios.

Keywords. A1B scenario, B1 scenario, Climate change, Evapotranspiration, Mixed forest, Soil moisture, SWAT.

ossil fuel consumption has caused an increase in an‐
thropogenic emissions of carbon dioxide (CO2) and
other greenhouse gases (IPCC, 2007). Due to higher
concentrations of these gases in the atmosphere, the

proportion of solar radiation hitting the Earth that is reflected
back into space is reduced, leading to a net warming of the
planet (Kalnay and Cai, 2003). The magnitude of this in‐
crease will depend on future human activities; however, all
IPCC (2007) scenarios have predicted that increases in atmo‐
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spheric greenhouse gas concentrations will raise surface tem‐
peratures.

These changes will likely affect the hydrologic cycle (Frick‐
lin et al., 2009). Recently, a number of studies on the impact of
climate on runoff have been performed that have coupled GCM
(general circulation model) outputs with the SWAT model. Jha
et al. (2004) studied the impacts of climate change on stream‐
flows in the Mississippi River watershed using SWAT. Gosain
et al. (2006) assessed the hydrology affected by climate change
in Indian river watersheds using SWAT. Zhang et al. (2007) used
SWAT to simulate the impacts of climate change on the stream‐
flows in a Chinese river basin. Ficklin et al. (2009) examined
the climate change sensitivity assessment of an agricultural wa‐
tershed using SWAT model. Ficklin et al. (2010) assessed the
sensitivity of agricultural streamflow load to rising levels of
CO2 and climate change in the San Juan Valley watershed in
California.  Park et al. (2010) assessed the future impact of cli‐
mate change on hydrological behavior considering future
vegetation canopy prediction and its propagation to
nonpoint‐source pollution (NPS) loads using SWAT in a
forest‐dominant watershed in South Korea.

In many cases of SWAT calibration and validation,
streamflow was the single most commonly used watershed
response variable (Arnold and Allen, 1996; Manguerra and
Engel, 1998; Peterson and Hamleet, 1998; Sophocleous et
al., 1999). However, as the SWAT models have been devel‐
oped to reflect spatially distributed information about wa‐
tersheds, e.g., elevation, soil, and land use, model calibration
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Figure 1. Location and gauge stations of the study watershed.

has become possible with measured state variables in addi‐
tion to measured streamflow. Until now, few experiments
and/or current measures for multivariable calibration have
been tried, and future strategies for the adaptation of hydro‐
logical component changes as a result of climate change are
needed.

Accordingly, this study evaluates the impact of future cli‐
mate change on the hydrologic components of a small, forest‐
dominant watershed using the spatially calibrated (using
measured evapotranspiration and soil moisture in addition to
streamflow) SWAT model. The MIROC3.2hires GCM data
are prepared for the watershed by LARS‐WG (Long Ashton
Research Station ‐ Weather Generator) downscaling. For the
2040s and 2080s SRES A1B and B1 scenarios, the SWAT
model projects the climate change impact on future wa‐
tershed hydrology.

MATERIAL AND METHOD
SWAT MODEL DESCRIPTION

SWAT is a physically based, continuous‐time, conceptual,
long‐term, distributed‐parameter model designed to predict
the effects of land management practices on the hydrology,
sediment, and contaminant transport in agricultural regions.
The watershed is subdivided into subbasins based on the
number of tributaries. The size and number of subbasins are
variable, depending on the stream network and the size of the
entire watershed. Each subbasin is further disaggregated into
classes of hydrological response units (HRUs), whereby each
unique combination of the underlying geographical maps
(soils, land use, etc.) forms one class (Ullrich and Volk,
2009). The hydrologic components (e.g., streamflow, evapo‐
transpiration,  soil moisture, etc.), sediment, and nutrient
loadings from each HRU are calculated and predicted sepa‐
rately using input data about weather, soil properties, topog‐
raphy, vegetation, and land management practices and then
summed together to determine the total loadings from the
subbasin (Neitsch et al., 2001a). The hydrologic routines
within SWAT account for vadose zone processes (i.e., in‐
filtration,  evaporation, plant uptake, lateral flows, and per‐

colation), and groundwater flows. The hydrologic cycle as
simulated by SWAT is based on the water balance equation:

 ( )∑
=

−−−−+=
t

i
gwseepasurfdayt QWEQRSWSW

1
0  (1)

where SWt is the final soil water content (mm H2O), SW0 is
the initial soil water content on day i (mm H2O), t is the time
(d), Rday is the amount of precipitation on day i (mm H2O),
Qsurf is the amount of surface runoff on day i (mm H2O), Ea
is the amount of evapotranspiration on day i (mm H2O),
Wseep is the amount of water entering the vadose zone from
the soil profile on day i (mm H2O), and Qgw is the amount of
return flow on day i (mm H2O).

STUDY WATERSHED DESCRIPTION

The forest‐dominant Seolma‐Cheon watershed
(8.54�km2) was adopted as the study area. Figure 1 shows the
location within the latitude‐longitude range of 37° 55′ 25″ N
to 37° 56′ 50″ N and 126° 55′ 30″ E to 126° 57′ 30″ E, and
the gauge stations for rainfall, weather, streamflow, evapo‐
transpiration,  and soil moisture. The watershed average
elevation and slope are 247.8 m and 2.00%, respectively. The
land use consists of 88.1% forest, 4.6% upland crop, 2.2% ur‐
ban area, and 5.1% pasture and bare field. The dominant soil
is sandy loam (76.4%). The annual average precipitation in
the watershed is 1210.0 mm, and the mean temperature is
10.3°C over the last ten years (2000‐2009). This watershed
is very steep, and the water level appears to increase sharply
after a crushing zone is filled by precipitation (Korea Institute
of Construction Technology, http://kict.datapcs.co.kr/new‐
main.htm).

GIS, RS, METEOROLOGICAL, AND MEASURED DATA

The SWAT model basically requires elevation, land use,
soil, and meteorological data at desired locations in the wa‐
tershed. Figure 2 shows the elevation, land use, and soil infor‐
mation for the study watershed. The elevation data were
rasterized to 30 m resolution from a vector map of 1:5,000
scale that was supplied by the Korea National Geography In-
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(a) DEM    (b) Land use     (c) Soil

Figure 2. GIS and RS data for the study watershed.

Table 1. Data sets for SWAT model parameterization.
Data Type Source Scale or Period Data Description

Topography Korea National Geography Institute 30 m Digital elevation model (DEM)

Soil Korea Rural Development
Administration

1:25,000 Soil classification and physical properties, e.g., texture, porosity,
field capacity, wilting point, saturated conductivity, and depth.

Land use 2004 Landsat TM satellite image 1:25,000 Landsat land use classification (eight classes).

Weather Korea Institute of Construction
Technology, Water Management

Information System

2007‐2009 Daily precipitation, minimum and maximum temperature, mean
wind speed and relative humidity data.

Streamflow Korea Institute of Construction
Technology, Yonsei University

2007‐2009 Daily streamflow data at watershed outlet.

Soil moisture Korea Institute of Construction
Technology, Yonsei University

2007‐2009 Bihourly soil moisture data at mixed forest and sandy loam area.

Evapotranspiration Korea Institute of Construction
Technology, Yonsei University

2007‐2009 Daily evapotranspiration data at mixed forest area.

stitute. The soil information was from a 1:25,000 vector map
that was supplied by the Korea Rural Development Adminis‐
tration. The land use was prepared by classifying Landsat TM
satellite images (3 June 2004). The HRUs were created using
the spatial information.

Daily meteorological data were collected for three years
(2007‐2009) from one weather station and four rainfall sta‐
tions (fig. 1). The mean, maximum, and minimum tempera‐
ture (°C), precipitation (mm), relative humidity (%), wind
speed (m s‐1), and sunshine hours (h) were prepared for
Penman‐Monteith ET calculation. Two years and seven
months (June 2007 to December 2009) of daily soil moisture
(SM), two years and four months (September 2007 to Decem‐
ber 2009) of evapotranspiration (ET), and three years
(2007‐2009) of daily streamflow (Q) were prepared for mod‐
el calibration and validation. The data measurement was
managed by the Korea Institute of Construction Technology
and Department of Atmospheric Sciences, Yonsei Universi‐
ty, Korea.

As shown in figure 1, the soil moisture was measured with
a TDR (time domain reflectometry) system buried in the
sandy loam of a mixed forest area at 10, 30, and 60 cm depths
from the surface, and evapotranspiration was measured with
an eddy covariance system at the upper part of a mixed forest.
The eddy covariance system was set on top of a 20 m tower
that is over twice the height of the vegetation (9 m). Table 1
shows the sources of the input and measured data.

CLIMATE CHANGE SCENARIOS AND GCM DATA

The IPCC has published a set of emission scenarios in the
SRES (Special Report on Emissions Scenarios; Nakicenovic

et al., 2000) to serve as a basis for assessments of future cli‐
mate change. Among the SRES scenarios, four marker sce‐
narios (A1, A2, B1, and B2) are by far the most often used
(Van Vuuren and O'Neill, 2006; fig. 3.). The A1 and B1 sce-
narios emphasize the ongoing globalization and project fu‐
ture worlds with less difference between regions, while the
A2 and B2 scenarios emphasize the regional and local social
economic and environmental development and project more
differential worlds. The A1 scenario develops into three
groups that describe alternative directions of technological
change in the energy system. The three A1 groups are distin‐
guished by their technological emphasis: fossil intensive
(A1Fi), non‐fossil energy sources (A1T), and a balance
across all sources (A1B). The regionally downscaled A1B
and B1 scenarios were adopted in this study. Under the A1B
and B1 scenarios, the GHGs (greenhouse gases) and other
gases and driving forces were quantified in the IPCC's Fourth
Assessment Report (IPCC, 2007) for use in climate simula‐
tion by GCMs (Park et al., 2009).

Figure 3. Four markers of emission scenarios.



1776 TRANSACTIONS OF THE ASABE

GCM DATA AND DOWNSCALING METHOD
As GCM data, the MIROC3.2hires data from two SRES

climate change scenarios (A1B and B1) developed by the Na‐
tional Institute for Environmental Studies of Japan were
adopted from the IPCC Data Distribution Center (www.mad.
zmaw.de/IPCC_DDC/html/SRES_AR4/index.html).  Here,
A1B is a “middle” GHGs emission scenario and B1 is a “low”
GHG emission scenario.

The MIROC3.2hires GCM data were downscaled by two
steps for the study watershed. As the first step, to ensure that
the historical data (30 years of data from 1971 to 2000) and
GCM output have similar statistical properties, the bias‐
correction method described by Alcamo et al. (1997) was
used. This method is generally accepted within the global
change research community (IPCC, 1999). For temperature,
absolute changes between historical and future GCM time
slices were added to measured values:

)(' ,,, hisGCMmeasfutGCMfutGCM TTTT −+= (2)

where T'GCM,fut is the transformed future temperature, TGCM,fut

is the original future GCM temperature, measT  is the average
measured temperature for the 30‐year baseline period, and

hisGCMT ,  is the average historical GCM temperature. For
precipitation, relative changes between historical data and
GCM output were applied to measured historical values:

)/(' ,,, hisGCMmeasfutGCMfutGCM PPPP ⋅= (3)

where P'GCM,fut is the transformed future precipitation,

PGCM,fut is the original future GCM precipitation, measP  is the

average measured precipitation, and hisGCMP ,  is the average
historical GCM precipitation.

Secondly, daily rainfall amount and minimum (Tmin) and
maximum (Tmax) daily temperatures were estimated over
100‐year simulated periods using the LARS‐WG stochastic
weather generator. LARS‐WG was chosen over WXGEN, the
weather generator included in SWAT, so that the generated data

could be manipulated for climate change scenarios before
SWAT input. LARS‐WG was also found to produce better pre‐
cipitation and minimum and maximum temperature results for
diverse climates than other weather generators (Semenov et al.,
1998). LARS‐WG is based on the weather series generator de‐
scribed by Racsko et al. (1991). It utilizes semi‐empirical dis‐
tributions for the lengths of wet and dry day series, and daily
precipitation. Daily minimum and maximum temperatures are
considered as stochastic processes, with daily means and daily
standard deviations depending on the wet or dry status of the day
(Ficklin et al., 2009). LARS‐WG is widely used for climate
change studies (e.g., Semenov and Barrow, 1997; Semenov et
al., 1998). Input data for LARS‐WG consisted of CIMIS climate
data collected at four weather stations within the study area
(fig.�1). The remaining climate data required for SWAT simula‐
tion (solar radiation and relative humidity) were generated by
the WXGEN weather generator (Sharpley and Williams, 1990)
included in SWAT. To address the inconsistencies between the
two weather generators, Ficklin et al. (2009) compared gener‐
ated results for precipitation, minimum and maximum tempera‐
ture, and solar radiation. The comparisons showed that
LARS‐WG and WXGEN were both successful at generating
climate variables close to the observed values, suggesting that
the discrepancies between the two weather generators were mi‐
nor.

MODEL CALIBRATION AND VALIDATION

Before model calibration and validation, we conducted a
sensitivity analysis of the input parameters concerned with
streamflow (Q), evapotranspiration (ET), and soil moisture
content (SM). To ensure an efficient calibration, a sensitivity
analysis was conducted to identify the most sensitive param‐
eters (Kannan et al., 2007). The sensitivity analysis was con‐
ducted by the LH‐OAT (Latin hypercube ‐ one factor at a
time) method, which combines the OAT design with Latin
hypercube sampling. Through the LH‐OAT method, the
dominant hydrological parameters were determined and a re‐
duction of the number of model parameters was performed
(van Griensven and Meixner, 2003).

Table 2 shows the selected parameters for the sensitivity
analysis and calibrated results. The SCS curve number (CN2)

Table 2. Calibrated SWAT model parameters.

Parameter Definition

Bounds[a]

Sensitivity
Adjusted

Value

Value Used in Literature

Zhang et al.
(2007)

Muleta and
Nicklow (2005)

Galvan et al.
(2009)LB UB

Streamflow (Q)
CN2 SCS curve number for moisture condition 35 98 High 0 to +4 ‐4 to +2 ‐‐ ‐2
Surlag Surface runoff lag coefficient 1 24 Medium 2.4 ‐‐ ‐‐ ‐‐
GWQMN Threshold depth of water in the shallow 

aquifer required for return flow
0 100 High 0 ‐‐ ‐‐ ‐‐

GW_DELAY Groundwater delay 0 500 High 100 ‐‐ ‐‐ 1
GW_REVAP Groundwater revap coefficient 0.02 0.2 Medium 0.2 ‐‐ ‐‐ 0.2

Soil moisture (SM)
ESCO Soil evaporation compensation factor 0 1 High 0.01 0.4 0.0882 0.01
SOL_AWC Available water capacity of the soil layer 0 1 High ‐‐ ‐‐ ‐‐ +0.04
SOL_BD Moist bulk density 0.9 2.5 High ‐‐ ‐‐ ‐‐ ‐‐
CANMX Maximum canopy storage 0 100 High 5 ‐‐ ‐‐ ‐‐

Evapotranspiration (ET)
ESCO Soil evaporation compensation factor 0 1 High 0.01 0.4 0.0882 0.01
EPCO Plant uptake compensation factor 0 1 High 1 0.2 1 ‐‐
CANMX Maximum canopy storage 0 100 High 5 ‐‐ ‐‐ ‐‐

[a] LB = lower bound, UB = upper bound.
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Table 3. Summary of streamflow for
calibration and validation period.[a]

Year
P

(mm)

Q (mm) QR (%)

E R2 NoteObs. Sim. Obs. Sim.

2007 1262.2 761.0 748.2 0.60 0.59 0.60 0.65 C
2008 1498.3 941.7 978.4 0.63 0.65 0.80 0.83 C
2009 1351.7 1000.9 920.6 0.74 0.68 0.86 0.88 V

Mean 1387.7 1094.7 999.7 0.74 0.72 0.76 0.78 ‐‐
[a] P = precipitation, Q = streamflow, QR = runoff ratio, E = Nash‐

Sutcliffe model efficiency, R2 = coefficient of determination, C =
calibration, and V = validation.

was sensitive to peak flow and amount of discharge. Increas‐
ing CN2 by 20% resulted in a 1.4% increase in Q and 5% in
peak flow. GW_ DELAY, GW_ REVAP, and Surlag affected
the recession phase of hydrograph. A 20% increase in
CANMX increased ET by 1.9%. A 20% decrease in ESCO
increased ET by 3.8% and decreased SM by 1.7%. EPCO had
an inverse relationship with ESCO.

The SWAT model was calibrated using streamflow data
measured at the watershed outlet and ET and SM data mea‐
sured in the mixed forest area. The calibration was carried out
using two years (2007 and 2008) of data. The winter soil
moisture from December to February could not be observed
due to frozen field conditions. Tables 3 and 4 show the sum‐
mary of two years of calibration results for Q, ET, and SM,
and figure 4 shows a comparison of the measured versus sim‐
ulated Q, ET, and SM. The average coefficient of determina‐

tion (R2; Legates and McCabe, 1999) and the Nash‐Sutcliffe
model efficiency (E; Nash and Sutcliffe, 1970) for Q were
0.74 and 0.70, respectively, and the R2 values for SM and ET
were 0.58 and 0.58, respectively.

The model validation was conducted with 2009 Q, ET, and
SM data. The results are shown in tables 3 and 4 and figure�4.
The R2 and E for Q were 0.76 and 0.71, and the R2 values for
SM and ET were 0.55 and 0.66, respectively. The R2 value
indicates that the observed versus simulated plot was close to
1:1, and E indicates that the observed and simulated values
were closer (Santhi et al., 2001). A value of 1 indicates that
the simulation exactly corresponds to the observed data. Dur‐
ing November to March, the differences between the simu‐
lated and observed streamflow were very consistent (fig. 4).
The differences were within a range of 0.1 to 1 mm. The er‐
rors may have resulted from the use of default LAI (leaf area
index) values instead of observed or measured LAI. Thus, ET
was affected and influenced the streamflow simulation for
these periods. If the LAI had been measured, we could have
achieved better results. The LAI values could be extracted
from satellite images, such as terra MODIS (Moderate Reso‐
lution Imaging Spectroradiometer), but the images were too
large and rough to be useful. The difference between model
performance in the calibration and validation periods is also
because the hydrologic conditions in the validation period
may have changed and did not exactly resemble the condi‐
tions during the calibration period (e.g., Beven, 2006; Liu
and Gupta, 2007; Zhang et al., 2009).

Table 4. Statistical summary of soil moisture and evapotranspiration for calibration and validation period.[a]

Year
P

(mm)

SM (%) ET (mm) R2

NotePeriod Obs. Sim. Period Obs. Sim. SM ET

2007 1262.2 June‐Dec. 13.7 14.0 Sept.‐Dec. 109.0 73.1 0.71 0.60 C
2008 1498.3 Jan.‐Dec. 11.7 12.8 Jan.‐Dec. 471.7 376.9 0.45 0.56 C
2009 1351.7 Jan.‐Dec 12.1 14.6 Jan.‐Dec. 408.6 395.3 0.55 0.66 V

Mean 1370.7 ‐‐ 12.5 13.8 ‐‐ 330.0 281.8 0.55 0.59 ‐‐
[a] P = precipitation, SM = soil moisture, ET = evapotranspiration, R2 = coefficient of determination, C = calibration, and V = validation.

(a) Streamflow

Figure 4. Comparison of the measured versus simulated (a) streamflow, (b) evapotranspiration, and (c) soil moisture averaged in depth (cont'd).
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(b) Evapotranspiration

(c) Soilmoisture

Figure 4 (cont'd). Comparison of the measured versus simulated (a) streamflow, (b) evapotranspiration, and (c) soil moisture averaged in depth.

RESULTS AND DISCUSSIONS
CLIMATE CHANGE IMPACTS ON Q, ET, AND SM

By using the calibrated SWAT model, the future (2040s
and 2080s) climate change impacts on the hydrologic compo‐
nents of the study watershed were evaluated with the MI‐
ROC3.2hires A1B and B1 downscaled data. Table 5 shows
the future projected seasonal temperature (T), precipitation
(P), Q, ET, and SM, and figure 5 shows the future monthly P,
T, Q, ET, and SM based on the 2009 SWAT‐simulated data.
The largest increases in future temperature and precipitation
were 4.3°C and 15.3% in the 2080s A1B scenario. The future
increase in temperature caused an increase in ET relative to
the baseline. The largest annual ET increase was 62.0%
(242.4 mm) with a 9.8% (132.4 mm) annual precipitation in‐
crease and 3.2°C annual temperature increase in the 2040s
B1 scenario. The temperature increase follows CO2 increase
scenarios. The A1B and B1 scenarios showed a sharp CO2
emission increase in the near future and am emission de‐
crease in the far future. The CO2 decrement of the B1 scenar‐
io is greater than that of the A1B scenario (fig. 6). This
phenomenon similarly affected changes in temperature. Ac-

cordingly, the results show that the temperature difference
between the baseline (2009) and the 2040s is much greater
than the temperature difference between the 2040s and the
2080s.

The future increase in ET successively caused a decrease
in SM. The largest annual SM decrease was 38.4% in the
2080s B1 scenario. The effect of future precipitation was sub‐
dued by the future temperature. The future streamflow de‐
creased due to the increase in ET and decrease in SM even
with the increase in precipitation. The largest decrease in
annual streamflow was 18.0% (166.0 mm) in the 2080s B1
scenario, and the largest decrease in seasonal streamflow was
34.3%, which occurred in spring of the 2080s A1B scenario.
Meanwhile, the future large increase in rainfall in the autumn
season increased the streamflow, with a maximum increase
of 130.0% in the 2040s A1B scenario. Thus, it might be nec‐
essary to establish policies for use and control of the autumn
water resources in the future. Henceforth, as additional future
assessment strategies for the changes in hydrologic compo‐
nents due to climate change, methods such as land use change
impact or LAI change impact will be explored.
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(a) Precipitation

     
(b) Temperature

     
(c) Streamflow

     
(d) Evapotranspiration

     
(e) Soil moisture

Figure 5. Future projected monthly (a) precipitation, (b) temperature, (c) streamflow, (d) ET, (e) and SM based on 2009 data.
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Figure 6. Scenarios for GHG emissions from 2000 to 2100 and estimates of corresponding surface temperatures (WTO, 2009).

Table 5. Change in future temperature (T), precipitation (P),
streamflow (Q), evapotranspiration (ET), and soil moisture

(SM) values compared to the base year (2009).
Scenario and
Period

T
(°)

P
(%)

Q
(%)

ET
(%)

SM
(%)

A1B Scenario
2040s

Winter +4.4 +452.4 ‐14.1 +243.4 ‐42.0
Spring +1.9 ‐1.0 ‐30.6 +34.4 ‐51.3
Summer +3.0 +11.5 ‐3.2 +49.2 ‐26.1
Autumn +3.7 +243.2 +130.0 +115.4 ‐14.2
Annual +3.2 +9.8 ‐11.0 +61.3 ‐34.2

2080s
Winter +4.9 +383.6 ‐23.9 +252.4 ‐37.3
Spring +2.5 +15.1 ‐34.3 +30.5 ‐38.0
Summer +4.7 +21.1 ‐4.7 +47.2 ‐24.0
Autumn +5.2 +222.5 +91.0 +102.8 ‐24.9
Annual +4.3 +15.3 ‐16.1 +56.8 ‐32.9

B1 Scenario
2040s

Winter +4.5 +418.8 ‐11.5 +256.5 ‐39.9
Spring +0.3 ‐7.1 ‐30.5 +28.6 ‐53.6
Summer +2.9 +14.9 +0.2 +51.4 ‐29.4
Autumn +3.5 +220.5 +10.5 +120.2 ‐10.2
Annual +2.8 +8.4 ‐11.9 +62.0 ‐34.6

2080s
Winter +4.9 +338.3 ‐21.3 +216.2 ‐46.2
Spring +1.5 ‐12.5 ‐34.1 +17.3 ‐52.2
Summer +3.5 +10.6 ‐3.9 +53.9 ‐28.1
Autumn +3.8 +204.7 +100.4 +125.0 ‐19.3
Annual +3.4 +3.3 ‐18.0 +58.9 ‐38.4

Baseline (2009)[a]
T
(°)

P
(mm)

Q
(mm)

ET
(mm)

SM
(%)

Winter ‐1.3 73.1 99.3 22.6 18.2
Spring 11.7 246.7 101.3 74.87 15.5
Summer 23.5 856.5 377.2 183.7 13.4
Autumn 13.6 175.4 342.9 114.1 11.2
Annual 11.9 1351.7 920.6 395.3 14.6

[a] T is average; P, Q, ET, ad SM are totals.

SUMMARY AND CONCLUSIONS
This study tried to evaluate the future impact of climate

change on hydrological components in a small forest wa‐
tershed by calibrating SWAT with forest evapotranspiration
and soil moisture in addition to streamflow at the watershed
outlet. The model calibration (2007‐2008) and validation
(2009) results had Nash‐Sutcliffe model efficiencies of 0.70
and 0.86 for streamflow and R2 values 0.59 and 0.55 for eva‐
potranspiration and soil moisture.

The future assessment was conducted by using the MI‐
ROC3.2hires A1B scenario (middle CHG emission and
warming) and B1 scenario (low CHG emission and warm‐
ing). The monthly data were downscaled at daily scale using
the LARS‐WG stochastic method. The future projected
annual temperature and precipitation both increased, show‐
ing 4.3°C and 15.3% maximum increases in the 2080s A1B
scenario. The future estimated maximum changes in stream‐
flow, evapotranspiration, and soil moisture were ‐18.0% in
the 2080s B1, +62.0% in the 2040s B1, and ‐38.4% in the
2080s B1 scenario, respectively. The result showed that fu‐
ture temperature affected the hydrologic components of the
study watershed more than future precipitation. On the other
hand, future streamflow increased from 10.5% to 130.0% due
to the large increase in rainfall in the autumn season. This
kind of information on future quantitative and estimated
hydrologic components will allow appropriate decisions on
water resource management for a watershed.
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