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PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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In recent years, the extreme social and economic damages caused by flooding and drought
have increased due to extreme weather. Extreme drought can cause great economic damage
to agricultural productivity due to the reduction of the agricultural water supply, as well as
an increase in water consumption by crops. Agricultural facilities for water supply include
reservoirs, pumping stations, weirs, and infiltration galleries. According to a survey in 2011,
there are 17,505 reservoirs in Korea, accounting for 25% of the total agricultural water facilities.
However, 772,108 ha are irrigated by reservoirs, which accounts for 58% of the entire irrigated
area. Therefore, as a major supplier of agricultural water in Korea, it is important to look into
the behavior of reservoirsin relation to climate change. This requires estimation of the changes
in inflow amounts from upstream areas, water consumption by cropsin irrigated areas, and water
storagelevel of reservoirs. Finally, agricultural drought vulnerability should be analyzed by
consideringwater demand and available water supply viaagricultural facilities for each crop growth
stage, taking into account temporal and spatial changes. With this information, an adaptation
plan for agricultural reservoir drought can be provided. Therefore, the objective of this study
is to evaluate the impacts of climate change on agricultural water resources in Korea by considering
the agricultural water supply through reservoirs, water demand from irrigatedcrop land, and
changes in storage level and related agricultural drought according to the characteristics of
the reservoirs.

104 reservoirs were selected based onthe maximum available data. The selected reservoirs
were classified into five clusters based on storage ratio (lowest storage / max. storage) and
time of minimum storage level. Among the 104 study reservoirs, 5 reservoirs which have stream
flow gauge stations down stream of the reservoir, were selected to evaluate the applicability
of SWAT on ungauged watersheds.

This study consisted of 3 sub-components: 1) generating climate change scenario data through
bias correction and statistical downscaling of multiple Global Climate Models (GCMs), 2) reservoir
modeling using SWAT and HOMWRS, and 3] estimating the changes in watershed characteristics,
including cluster analysis of study reservoirs and spatial analysis of the reservoir-irrigated paddy
area. The reservoir modeling included 4 subritems, including 1) evaluating the impacts of upstream
inflow on available water supply, 2) evaluating the impact of ET changes on water demand within
an irrigation district, 3) estimating the daily storage level of reservoirs based on the estimated
demand and supply, and 4] providing an agricultural drought index based on the estimated storage
level. This reservoir modeling approach was applied within the selected 5 representative reservoirs
and then extended to all the remaining 99 study reservoirs.

Among 34 available GCMs, the KMA 12.5km resolution RCM and eight and ten GCMs for the
RCP4.5 and 8.5 scenarios, respectively, were selected because the selected GCMs provided the
6 weather variables required for SWAT application. The selected GCMs were bias corrected and
downscaled for historical (1976-2005), future 2020s (1911-2040), 2050s (2041-2070), and 2080s
(2071-2100) periods using the non-parametric quantile mapping method based on observed data
from 76 Korea Meteorological Administration (KMA] stations. Compared to the observed data,
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the bias corrected data appropriately reflected the temporaltrends of the selected weather
variables, precipitation characteristic index, and the three reservoir modeling outputs, namely
inflow, water demand, and storage level. It was decided that the quantile mapping method is
suitable for agricultural reservoir analysis in which reproducing temporal trends is important
for management purposes.

The bias-corrected climate data for future periods showed the highest uncertainties in the
precipitation variable according to the selection of GCMs by showing different (increasing or
decreasing) trends compared to the historical period. However, both the minimum and maximum
temperature variables increased in all GCMs, regardless of RCP scenarios. The future scenario
data of other weather variables showed a tendency to converge closely to the past observations.

In the case of the RCP8.5 scenario, most of the eleven GCM data, including the KMA 12.5km
RCM data, showed a tendency to increase during most months. As a result, the 30-year monthly
mean of the multimodel ensemble (MME) showed a 5.6% increase in total precipitation.

When the MME was used, inflow to reservoirsin the future period (2011~2040) increased by
7.8% and 9.3% for the RCP4.5 and 8.5 scenarios, respectively, mainly due to the increase in
precipitation. Similarly, irrigation water demands in 2020s increased 0.7% and 0.5% for RCP4.5
and 8.5, respectively, due to the increase in temperature. As a result, the water storage level
increased by 2.3% and 1.6%, respectively, for RCP4.5 and 8.5 due to the combined influence
of the increase in inflow and in water demand.

Clustering reservoirs based on characteristics such as storage capacity and ratio of watershed
area to benefitted area cannot explain the responses of reservoirs within each cluster which
show a wide range of variations in storage levels. When storage rate and time with minimum
storage level were used for reservoir clustering, variations in each cluster decreased and it
has been considered that clusters with the lowest storage rate can be most vulnerable to severe
drought under climate change. However, inflow and water demand showed similar temporal
patterns among clusters by showing an increasing trend, regardless of clustering methods.

As far as the evaluation of the applicability of SWAT for integrated watershed management
by including agricultural reservoirs in the watershed modeling frame, SWAT showed limitations
in representing the processes of ponded paddy fields and linking required water demands in
benefitted areas to reservoir storage. However, SWAT showed reasonable performance for the
ungauged watershed conditions and the difference in inflow amounts between SWAT and HOMWRS
showed a range from-11.8% and 15.5% uncertainty envelope.

As an adaptation plan, structural, non-structural (management-based), and institutional
measures are available. However, it was suggested that a noregret or lowregret approach,
which is based on non-structural and institutional measures will be appropriate, considering
the high uncertainty in climate change impact analysis results. Non-structural measures may
include efficient water management to minimize the loss of agricultural water supplies by adjusting
the amount and time of irrigation and increasing the use of effective rainfall. This may require
the development of a drought forecasting system, decision support system for effective irrigation,




and an automatic water management system and monitoring system. Institutional solutions may
include the inclusion of a governing body within the integrated watershed management concept
for maximizing the use of surplus water and return-flow by linking water resourcesrelated facilities.
Also, the quality of agricultural water, environmental water, and the ecosystem should be
considered in the concept of integrated water resources management.
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Figure 1 Flow chart and subcomponents of climate change impact analysis on agricultural reservoir.
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FHEE ARl diste] U(daily) ARE HSHATh QAR BdstolMe

(Snyder, 2001),

Table 1 Selected CMIPS weather variables for SWAT modeling.

variable name long name units
tasmin Daily Minimum Near-Surface Air Temperature K
tasmax Daily Maximum Near-Surface Air Temperature K
pr Precipitation kgmr2s-1
sfcWind Daily-Mean Near-Surface Wind Speed ms-1
rhs Near-Surface Relative Humidity %
rsds Surface Downwelling Shortwave Radiation Wm-2

ESGFol|A] 670l thsto] dAbm7}F A Sk 33719 GCM AHRE thd WUt
Table 2= ESGFoA 4233t 337 GCM A}=& 2} 7)Aol 4] HadGEM2-AO A A7 35
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CanESM2, GFDL-ESM2G, GFDL-ESM2M, HadGEM2-CC, inmcm4, IPSL-CM5A-LR,
MIROC-ESM, MIROC-ESM-CHEM) 2} 117}(KMA-12, 5km, becesmi-l, CanESM2, GFDL-
CM3, GFDL-ESM2G, GFDL-ESM2M, HadGEM2-CC, inmem4, IPSL-CM5A-LR, MIROC-
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Table 2 Available daily CMIPS data for each GCM model and climate variable.

" _— Historical [ RCP2.6 [ RCP4LS5 [ RCP6.0 [ RCP8.5

Pr | Mx| Mn|Ws| Rh|Sr |Pr | Mx|Mn/Ws|Rh|Sr |Pr | Mx|Mn|Ws|Rh|Sr|Pr|Mx|Mn|Ws|Rh|Sr|Pr|Mx Mn|Ws|Rh|Sr
1| KMA-125km |0 fofololo|o|ofofo|o]o ololo|o|olofo|ofofo]o o|o|o|o|o|o
2| ACCESS1-0 |o|o|o o olofo olo|o
3| bee-csmi-1 [O]O0|0|0|0 |0 o o|lo|o|o|o|O o|o0|0|0|0O|O
4| bee-csm1-1-m 0|0
5 BUN-ESM o|lo|0O|0O
b CanCM4 0|00 o|o|o
7 CanESM?2 olo|o|o|o|o|o|ofo|o|lo|o|ofo|o|o|o]|O o|lofofo|o|o
8 CCSMA4 o|ofo oflo|o olofo ololo
9| CESM1-BGC |0 |O|O
10 |CESM1-FASTCHEM | O O | O
11| CMCC-CESM |O |0 |O |O 0 ojlo|o|0O 0
12 CMCC-CM o|o|o
13| CNRM-CM5 |O|O|O |0 0 o|ofo [ o o 0
14| CSIRO-Mk3-6-0 |O O |0 |0 |O|O o|o|o 0 o|o|o
15| FGOALS-g2 [0 |00 o|ololo oflofo|o [ olo|o o
16 FGOALS-s2 o|o|o o|o|o0 o|0|0 o|o|o
17| 6FbL-cM3  [ofofofo|o|o|olofo|o|o|o o|o|o|o|o|o|o|o|o|c|o|o]o
18| GFDL-ESM26 |o|o|o|o|o|o|o|o|o|o|o|o|o|o|lc|o|o|o|o|lofo|o|lo|o|ofo|o|o|o|O
19| GFDL-ESM2M |0 o]0 |0 |0 |0 o|o|ofojofofo|o|ofo o|jo|o|ofo|o
20 HadCM3 o|0|0|0O ojlo|o|o
21| HadGEM2-CC |0 |00 |0 |0 |0 o|lo|o|o|o|o olofo|o|o|o
22| HadGEM2-ES [0 |0 | O olo|o|o|o|ojo|ofo|o|o|o|o|ofo|o|o|o|o|o|o|o|oc|o|o]o
23 inmemé 0o/0/0|0|0|0O ojo|o|o|o|O olojo|o|o|o
2%| IPSL-CMSA-LR [o|o|ofo|o|o|o|ofo|o|o|o|ofo|o|o|o|o|o|o|ofo|o|ofo|o|o|o|o]o
25| IPSL-CM5A-MR |© |0 |0 |0 |0 |0 olo|o
26 MIROCEh 0|0]0 o|o ololo 0
27 MIROCS ololojofo|o o|ofo ofofo|ofo ofo|o 0
28| MIROC-ESM |[o|o|o|o|o|o|o|o|o|o|o|o|ofo|o|lo|o|ofo|o|ofo|o|ofofo|o|o|o]o
29 |MIROC-ESM-CHEM [0 {0 |0 |0 | O | O o|lo|ofofofofo|o|o]o olofo|o|o|o
30| MPI-ESM-LR |©0]0|0 /0|0 0O olo|o 0 ololo 0
31| MPI-ESM-MR |0 |O|O |O
32| MPI-ESM-P o|lo|0O|0O
33| MPI-CGCM3 |o|o |0 |0 0 olofo|olo|ofo|o|o]o o|o|o|o|o|o
34| NorESMI-M |o |0 |0 o|o o|o|o o|o|o olo|o 0
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Figure 2 Spatial resolution of selected GCMs (horizontal x vertical resolution).
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Figure 3 Location of study reservoirs (number is the reservoir ID which is provided in the appendix 1.
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Figure 5 Spatial information used for SWAT modeling.
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Figure 6  Simulation example of 10-day Agricultural Drought Index (ADI) at Jiso reservoir using multiple GCMs
(a) and drought classification based on ADI according to frequency.
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Comparison of monthly average of selected six variables between GCMs without bias correction

(RCP8.5) and the observed at Jeonju station for the historical period (1976~2005).
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Figure 8  Comparison of monthly average of selected six variables between GCMs after bias correction (RCP8.5)
for the future period (2011~2040) and the observed for the historical period (1976~2005) at Jeonju station.
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Table 4  Comparison of monthly average of selected six variables between GCMs after bias correction (RCP8.5)
for the future period (2011~2040) and the observed for the historical period (1976~2005) at Jeonju station.

Variable Month Annual
Precipitation (mm) Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Sum
Observed 288 32.1| 44.6| 85.6| 85.4|181.3|276.4|278.2|127.4| 55.4| 46.9| 25.11267.2
MME 314 | 334| 529| 969 98.0|191.3|261.8|306.9|140.8| 51.9| 49.3| 24213387
% difference 88| 40| 186 131| 147 56| 53| 103| 105 -64| 51| -38 5.6
Max. temperature (C) | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Mean
Observed 42| 66| 123 19.6| 243| 27.7| 302 30.6| 267 21.3| 138, 7.1| 187
MME 60| 86| 141 21.3| 260| 29.2| 323| 32.7| 28.6| 233| 160| 92| 206
diff (0-E) 18] 20 1.9 17\ 1.7, 15| 21| 21| 19 20| 22| 20 1.9
Min. temperature (C) | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Mean
Observed 48| 34 10| 68| 123| 178| 223| 224| 168| 9.6| 34| -22 85
MME 27 <130 26| 88| 140| 193| 242| 242| 191] 11.7| 54| -05| 104
diff (O-E) 210 210 16| 20 7] 15 18| 19| 22| 21| 20| 17 1.9
Wind speed (m/s) Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Mean
Observed 129 1440 1.63] 176 1.66] 156 1.69| 156| 1.36| 1.24| 1.27| 1.27| 1.48
MME 126 143 1.65| 174 1.66| 157 1.66| 153 | 1.34| 1.20| 1.24| 1.22| 1.46
% difference 22| 06, 08| -1.1| -03] 03| -19| -1.5| -1.2| 32| -21| 39| -13
Relative humidity Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Mean
Observed 0.69| 0.67| 0.65| 0.62| 0.66| 0.73| 0.78| 0.77| 0.74| 0.71| 0.70| 0.70| 0.70
MME 0.68| 0.67| 0.65| 0.62| 0.66| 0.73| 0.77| 0.77| 0.75| 0.71| 0.70| 0.69| 0.70
% difference -001| -12| 01| 09| 06, 04| 07, 01| 04| 03| -08| 09, -02
Solar radiation (MJ/m2)| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Mean
Observed 719 9591246 |15.75|17.05| 16.02 | 14.31 | 13.99|12.97 | 11.22| 7.65| 652 12.06
MME 7.07 | 9.62|12.18|15.51|16.87 | 16.13 | 14.62 | 13.77 | 12.83 | 11.16| 7.63| 655 11.99
% difference 170 04 23| -1.6| 11 07, 22| -1.6| -1.0] 05| 02| 05| -05
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Table 5 Results of precipitation index analysis at Jeonju station.
Precipitation Index §_(_j_a%/']¢ % diff. [:o:ﬁ;] % diff. 5%?[:1:10;4\_% % diff.
Observed 1.9 15.0 204
Historical 1.8 34 15.1 0.9 229 12.3
Historical 1.8 15.1 229
RCP4.5 2.1 13.8 16.1 6.8 264 153
RCP8.5 2.2 23.4 16.0 5.8 246 7.7
ZEA N ES
Precipitation Index Z*;Zé,l % diff. E'jgﬂ?i’a'_—"?— % diff. Hezedt 5 % diff.
(mm) (day) (day)
Observed 142 35 194
Historical 140 -1.7 28 -18.4 194 -0.1
Historical 140 28 194
RCP4.5 184 314 30 6.5 192 -0.5
RCP8.5 191 36.7 30 49 191 -11
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Figure 9 Comparison of precipitation index at Jeonju station.
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Table 6 SWAT simulation results at representative reservoir watershed without calibration.
Reservoirs
Performanc Criteria -
GeumGwang HaGok JiSo JeokRyang GeumJeon
% Error -10.2 6.1 3.3 -22.2 2.1
Daily 238 27.2 8.9 20.7 215
RMSE
Monthly 9.8 5.4 2.1 b4 6.0
NSE Daily 0.46 0.64 0.67 0.33 0.52
Monthly 0.78 0.91 0.93 0.68 0.86
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Figure 10 SWAT simulation results at Jiso reservoir watershed without calibration.
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Table 7 Comparison of simulated streamflow by SWAT and HOMWRS without calibration.
Reservoirs
Inflow (mm)
GeumGwang HaGok JiSo JeokRyang GeumJeon
30-year SWAT (a) 404.5 3412 544.1 578.6 452.7
annual
average HOMWRS (b) 459.1 3775 585.4 5103 522.9
% difference (b-al/a*100 135 10.7 7.6 -11.8 15.5
Jiso
600
y =1.0002x +5.7094
& R2=(.9833
g
3 200 | o/
E. . e SW AT
_E' © _SDD = HOMWORS
_E _E.HDD
gzoo 4 % .
z z
5 ‘é 200
0 ‘ ‘ lD:
0 200 400 600 1 13 25 37 43 73 85 97 109 121 133 145 157 169 181 193 205
Monthly inflow (mm, SWAT) month
(a) (b)
Figure 11 Scatter plot(a) and time series (b) of monthly streamflow simulated by SWAT and HOMWRS at

Jiso reservoir.
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Figure 12 Historical simulation results of HOMWRS using multiple GCMs for inflow (a), water demand (b),
and water storage (c) at Jiso reservoir.
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Figure 13

Comparison of simulated 30-year 10-day average inflow using observed weather data and GCMs

historical data (top left: time series and top right: scatter plot) and among GCMs historical, RCP4.5, and RCP8.5
scenarios (bottom left: time series and bottom right: analysis results).
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Figure 14 Comparison of simulated 30-year 10-day average water demand using observed weather data and
GCMs historical data (top left: time series and top right: scatter plot] and among GCMs historical, RCP4.5, and
RCP8.5 scenarios (bottom left: time series and bottom right: analysis results).
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Figure 15 Comparison of simulated 30-year 10-day average water storage using observed weather data and
GCMs historical data (top left: time series and top right: scatter plot] and among GCMs historical, RCP4.5, and
RCP8.5 scenarios (bottom left: time series and bottom right: analysis results).
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Figure 16  Comparison of simulated 30-year 10-day average Agricultural Drought Index (ADI) using observed
weather data and GCMs historical data (top left: time series and top right: scatter plot] and among GCMs
historical, RCPA4.5, and RCP8.5 scenarios (bottom left: time series and bottom right: analysis results).
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Figure 17 Monthly simulation results of (a) inflow, (b) water demand, (c) water storage, and (d) count of
ADI which below ADliofor RCP8.5 scenario (2011~2040).
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Figure 18 Results of k-means cluster analysis based on pre-simulation approach.
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Figure 20  Inflow response of reservoirs within each cluster according to the climate change scenarios (black:

historical, blue: RCP4.5, and red: RCP8.5, shades represent minimum and maximum ranges).
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Figure 21 Water demand response of reservoirs within each cluster according to the climate change scenarios
(black: historical, blue: RCP4.5, and red: RCP8.5, shades represent minimum and maximum ranges).
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Figure 22 Water storage response of reservoirs within each cluster according to the climate change scenarios
(black: historical, blue: RCP4.5, and red: RCP8.5, shades represent minimum and maximum ranges).
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Figure 23 ADI response (count of ADI which is below ADI of 10-year frequency) of reservoirs within each
cluster according to the climate change scenarios (black: historical, blue: RCP4.5, and red: RCP8.5, shades
represent minimum and maximum ranges).
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DongBang 4175010031 1015| 1014| 559 2200/ 628.0| 165 26.6| 356 =¥ S 5
OhBong 4215010007 | 144531 14346| 79.4| 480.0| 10900.0 0.8 24| 939 H4E S 1
DoGok 4776010098 | 1191 1050 12.7| 190.0| 740.0/ 10.1 1.1] 64.1) EfeH B 5
DonDap 4790010127 | 1152| 1061 14.2| 81.6| 1665 121 17.8| 614 ¥= S 5
JiPyung 4725010226 | 2758| 2664| 55.0| 593.1| 2556.0/ 175/ 10.0| 65.7| 24 S 5
GaeWoon 4725010004 | 1195| 1180| 23.0| 203.5| 650.0 8.6 72| 774 &F S 5
GwangDeok 4715010110 795 795 13.1| 124.4| 384.0| 16.6 73| 710 70| S 5
SoSung 4784010168 | 1394 1280 14.7| 331.2| 9520 7.2 23| 86.6| F0| S 5
SungJu 4784010100 | 47490 28150| 205.0/3506.0| 14960.0 5.1 47| 85.6 F0] S 3
JookJeon 4889010056 | 2101 2086| 18.8| 296.4| 1320.0 4.6 24 9.4 HE S 5
SangSin 4889010129 837| 82 8.1| 88.0/ 180.0 0.0 1.8] 935 & S 5
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o=

5 |82 | 9 | 40l | 99 | 9o =x0I2 4 | 92 | a0
NO | A& HEIC (Mo Mg Oy | EY | HY 4 DT 25
FE) | (B2 (ha) | (ha) | (el | = | ¥ | MR pma PE

31 | GamDong 4874010067 | 1278 1214 22.2| 351.0| 1400.0 55 44| 80.1| HY S 5
32 | OkJong 4885010167 | 3385| 3251| 19.4] 451.7, 905.0 7.2 40| 843 X1 S 5
33 | InDam 4817010061 768/ 725 10.3| 822 189.0 4.2 3.0/ 863 X S 5
34 | BongSung 4873010038 867\ 780| 13.6| 316.0/ 1317.0| 122 3.8/ 788 A S 5
35 | ChoDong 4827010134 | 1568| 1568| 43.3| 413.0/ 2050.0/ 20.9 5.4 588 L B 5
36 | BakDal 4713010276 | 1939 1890 32.0/ 151.3| 1450.0 49 54| 850 SAt S 2
37 | HaGok 4713010095 | 4785| 4785 78.4| 975.6, 3370.0 6.0 63| 814 &H S 5
38 | SimGok 4713010355 | 3124 3124 52.0/1025.0/ 1970.0 7.6 3.1 821 & S 5
39 | NamSa 4713010404 960 952| 24.0) 2383| 715.0 7.4 22| 855 &H S 5
40 | MaeHwa 4793010010 | 1156 1113| 39.1| 176.6| 5620.0 2.3 1.6 943 2% S 1
41 | MyoGok 4777010102 | 5575 5528| 63.5/1036.0/ 3530.0 1.6 250 931 &4 S 5
42 | SamJung 4711010003 856/ 852| 10.5 101.0f 250.0 0.0 0.0/ 93.6| =gt B 5
43 | DuckGok 4824010077 816 742 8.6| 3120/ 686.0 4.2 0.0/ 87.6| XIx B 5
44 | ChunChun 4574010050 | 1027 1015 125] 213.0/ 1350.0 4.1 23| 90.2| &= S 5
45 | DaeGok 4574010083 | 5871| 5218| 42.0| 643.0, 1317.0 4.0 24 839| & S 5
46 | SeokDong 4471010090 | 1083| 903 9.6| 150.7| 3226 0.9 5.0/ 938 =4t S 5
47 | JangChan 4373010058 | 4604| 3923| 37.0| 474.00 3547.0 2.2 0.6 904 2At B 2
48 | GwangHye 4155010058 | 3166| 2995| 34.9| 446.0| 1040.0/ 10.1 8.4| 75.0/ o)™ S 5
49 | YangDuk 4377010047 | 1119 1119 26.7) 2921 75401 14.8| 166/ 53.1| O|F S 5
50 | SamGi 4376010012 | 1400 1400 19.5 419.0/ 1050.0 20 101 846 HF S 5
51 | GaGok 4423010022 876 695 26.4| 209.3| 5000/ 19.2| 145 59.0| £ S 5
52 | MiReuk 4514010061 13201 1270 24.8| 302.0| 626.0/ 10.7 LA| 756 A S 5
53 | DongBoo 4477010006 | 12182 10733| 244.112799.0| 2834.0 0.7 0.0 82.1] =4t B 4
54 | ChookDong 4477010004 | 1707| 1490 82.4| 401.0| 752.00 245 17.9| 39.2| o4 B 5
55 | DeokYoung 4476010069 | 4111 3657 86.411166.0/ 1580.0/ 19.7 3.7 67.3] At B 5
56 | BongRim 4481010027 | 1074 1065 20.5| 2335 840.0 8.2 8.6/ 785| At S 5
57 | SanMuk 4481010019 7291 T4 9.3/ 100.0] 220.0 33 184 73.8| S 5
58 | InPyung 4482010002 970 891| 43.8| 202.9] 1062.0/ 15.7| 51.5| 15.0/ AfAt B 5
59 | JamHong 4421010002 | 1509 1485 69.1| 363.4| 1129.0) 34.4| 440 6.2| Mt B 5
60 | NaeHyun 4418010107 834 758| 133 130.4| 260.0/ 13.7 79| 746 2H S 5
61 | JiSo 4574010071 2253 2168 16.1| 375.8| 1380.0 0.4 0.0 980 &= S 5
62 | HwaJeong 4571010150 | 2732 2732| 34.4| 342.0| 735.0 5.7 15 869 MF B 5




5 |58 | 9 | 49| 99 | 9o =x08 (4 | 92 | Lo
PSEONE] HFIC  MeE N BHY | By | EY A DS | 2
(FE) (B (hal | (ha) | (el | = | ¥ MR pma P
GeumMa 4514010093 935 818/ 25.0/ 218.9| 452.0/ 19.7| 13.8| 53.7| ®F B 5
WangGoong 4514010130 | 1957| 1941 47.9| 554.8| 866.0| 23.7 48] 610 M B 5
SooChung 4518010207 | 4b44| 4426 40.3| 540.3| 1270.0 0.7 34| 906 B S 5
YongSan 4518010021 2647\ 2439 37.4| 4184 1290.0 49 2.1 870| g B 5
SungNae 4579010308 960 958 27.9| 181.0| 54501 29.4| 138| 474 BS S 5
SeokWoo 4518010094 991 991| 24.3| 221.0] 4460/ 13.0| 155 59.4| HS S 5
MiRyong 4513010006 | 3953| 3950 88.0{1000.0/ 366.0 0.0 0.0 0.9] ot B 5
YangSin 4577010178 | 10200 878| 13.9] 93.4| 2450 0.0 15 964 B B 5
ChungWoong | 4575010197 | 1068| 908 9.7/ 178.0/ 555.0 1.4 7.0 835 A S 5
GuRim 4577010172 | 1239 1127| 21.9| 238.1| 1154.0 7.4 2.8/ 833| Hg S 5
PalDeok 4577010100 | 1141] 1034 13.5] 510.1] 11720 0.1 0.0 89.7| &¢ S 5
DongHwa 4519010159 | 32349 | 32242| 126.8/3000.0| 5880.0 2.0 1.8| 89.9| &= B 3
DamAn 4678010125 | 1138] 1035 9.2| 200.0/ 360.0 2.6 0.7/ 99| = S 5
SongDan 4679010103 | 1529| 1508| 15.2| 252.1 450.0 52 14| 183.9| =% S 5
YuCheon 4679010112 | 1692| 1692 24.3| 313.1| 1225.0 3.7 29| 900| =™ S 5
JeokRyang 4885010022 | 1265| 1237| 11.0| 145.4| 450.0 9.6 25 75.6] TF S 5
SamHwa 4885010025 | 1213 1209 9.4 991 590.0 7.9 1.6| 875 Xz S 5
BongYang 4681010059 9791 973| 11.4| 155.1 394.0 0.0 1.7/ 81.5| aliid B 5
SinChon 4680010063 | 1503 1503| 16.5| 222.8/ 600.0 0.2 2.7, 930 B B 5
HaePyung 4678010098 | 2014 1853| 23.2| 263.0/ 480.0 0.2 23| 909 1E B 5
WonDeung 4677010203 | 1421 1417) 14.0) 185.7| 375.0 7.1 32| 848| 1= B 5
YeonBong 4677010153 | 1020 1020| 45.0| 219.8| 2292.0, 20.8| 19.3| 488 1= B 2
PoongDo 4677010039 | 1108| 1046 21.0| 195.7| 200.0, 23.3| 270/ 400| 1= B 5
JeungGwang | 4678010018 | 1384| 1372| 22.9| 375.4| 860.0 95 50| 749 = S 5
OhWol 4677010210 | 2844| 2844| 54.6| 465.6| 730.0, 205 19.9| 463] 1= B 5
DaePo 4613010040 | 1381| 1381| 22.6| 265.0| 1440.0 9.7 b4 731 G B 5
SinPoong 4613010053 782 782| 10.6| 76.2| 400.0 1.3 0.4 79.2| G B 5
WolSan 4671010097 | 1192 1192 12.2| 2044, 710.0 0.5 0.1 93| H5 S 5
GeumJeon 4679010013 | 2738 2585| 50.1| 825.8| 3147.0 6.5 2.6 835 HF S 5
JangChi 4679010051 17511 1717 23.4| 383.0| 1885.0 6.6 19| 885 =% S 5
DoAm 4679010093 | 1857| 1854| 22.0| 220.0| 444.0 6.9 7.1 725 B B 5
YeepSeok 4683010051 805/ 805| 13.1] 2040/ 516.0 23 5.6, 873 M= S 5
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o=

5 |82 | 9 | 40l | 99 | 9o =x0I2 4 | 92 | a0
NO | A& HEIC (Mo Mg Oy | EY | HY 4 DT 25
FE) | (B2 (ha) | (ha) | (el | = | ¥ | MR pma PE
95 | SsangJung 4683010003 | 1264 1138 20.6| 285.0/ 837.0 14.1 46| 732 B S 5
96 | SungSan 4683010119 797\ 797| 30.9) 265.0/ 909.0/ 30.2| 458/ 11.8 =X S 5
97 | DunJeon 4690010025 | 1761| 1316| 79.7| 227.9 72501 13.9| 29.2| 458| X= B 5
98 | BongAm 4690010124 | 1950| 1407| 74.2| 397.7| 571.3| 147/ 182 51.4| Tl= B 5
99 | YangChon 4682010038 | 4673| 4481 62.9| 486.00 1780.0 8.0 470 81.1] s S 5
100 | GoongSan 4579010257 | 2210 2210 81.0| 260.0| 3025.00 443 149| 164 HS B 2
101 | SeokNam 4579010158 | 1427| 1427| 75.9| 263.0| 1080.0, 30.9 342 222 HS B 5
102 | DaeJung 4579010116 | 2362| 2360 54.0| 605.5| 11280 229 153| 55.2| S S 5
103 | YeJeon 4579010146 826| 787 363 146.0) 7940 27.0| 384 271 Hs S 5
104 | WolCheon 4686010028 | 1251| 1251| 50.7| 361.5| 1308.0 113 36.9| 248 HS B 5
Hg D5 B (SWAT U HOMARS X8), S (SWAT Xg)

S
T 23 2T Je) 248 VI 2 2 2t
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Figure 24 Spatial resolution of CMIP5 recommended land use change scenario data.

1047} A7k EGEo] Gl 2 8 EX|o]§ WBkE-S RCPAS H 8.5 ALt 20]
tfste] 2025 A Ao BAIEE ATHe Figure 250 AAElo] Qlow] £ Autel
B 359] X|ofo] Z7oke AOE Halo] ik, oft A Rk} AIEL A}E Ko

F3 9l

RCP4.5 scenaio at 2025 RCP8.5 scenaio at 2025

om0
100
1

50
I
)
50
I

land use changes (%)
0
I
oo*};
land use changes ('
1]

-50
I
-50
1
°

-100

T T T T T T T T
Forest Agricultural Urban Etc Forest Agricultural Urban Etc

-100
I

Figure 25 Percent land use changes at 2025 for RCP4.5 (left) and RCP8.5 (right).
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Figure 26 Temporal trend of bias-corrected monthly precipitation at seven KMA weather stations (RCP4.5

future period: 2011~2040).
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Figure 27
(RCP4.5 future period: 2011~2040).
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Figure 28  Temporal trend of bias-corrected monthly minimum temperature at seven KMA weather stations

(RCPA4.5 future period: 2011~2040).
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Figure 30 Temporal trend of bias-corrected monthly relative humidity at seven KMA weather stations (RCP4.5

future period: 2011~2040).
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future period: 2011~2040).
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Figure 32 Temporal trend of bias-corrected monthly precipitation at seven KMA weather stations (RCP8.5
future period: 2011~2040).
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Figure 33  Temporal trend of bias-corrected monthly maximum temperature at seven KMA weather stations

(RCP8.5 future period: 2011~2040).
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