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Abstract

Although problems such as river management and flood control have occurred continuously in the Imjin and Bukhan river basin, which
are shared by South and North Korea, efforts to manage the basin have not been carried out consistently due to limited cooperation. As
the magnitude and frequency of hydrologic phenomena are changing due to global climate change, it is necessary to prepare
countermeasures for the rainfall variation in the shared river basin area. Therefore, this study was aimed to project future changes in
extreme precipitation in South-North Korea shared river basin by applying 13 Global Climate Models (GCM). Results showed that the
probability rainfall compared to the reference period (1981-2005) of the shared river basin increased in the future periods of 2011-2040,
2041-2070 and 2071-2100 under the Representative Concentration Pathways (RCP)4.5 and RCP8.5 scenarios. In addition, the rainfall
frequency over the 20-year return period was increased in all periods except for the future periods of 2041-2070 and 2071-2100 under
the RCP4.5 scenario. The extreme precipitation in the shared river basin has increased both in magnitude and frequency, and it is
expected that the region will have a significant impact from climate change.
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Fig. 1. Research flowchart of this study

79erg vEste] Aol AL AEstgom, 14717
DA US4 AXSlo] 1 2o 7|7 Hl sl

et E9to] S-S AA s 2= 59 spd o2 =8l
?Jr‘?:!ld%*—%5¢ %E} %%7(}%@,%1&11] AW 10,124
H\(j S35t lom, o1l

9% G9F37.1%
AW HHLE

:{o

Table 1. Specification of South-North shared river basin
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Basin Basin Factor Total South Korea North Korea
. Channel length (km) 2901.3 158.8 132.5
Bukhan River 3 -
Area(km®) (Share Ratio (%)) 10,124 7,787 (76.9) 2,337 (23.1)
.. Channel length (km) 254.6 92.0 162.6
Injin River > -
Area (km®) (Share Ratio (%)) 8,118 3,009 (37.1) 5,109 (62.9)

Table 2. Weather observation sites around South-North shared river basin (20 km)

No. Sta. Latitude Longitude Station ID First year of observation
1 Yangdok 392N 126'8E 52 1981
2 ‘Wonsan 392N 127'4E 55 1973
3 Changjon 38N 1282E 61 1981
4 Singye 38'5N 126'SE 67 1981
5 Kaesong 38'0N 126'6E 70 1973
6 Pyeonggang 38'4N 1273E 75 1981
7 Daegwallyeong 377N 128'SE 100 1973
8 Chuncheon 379N 127'7E 101 1973
9 Ganghwa 377N 126'4E 201 1973
10 Yangpyeong 37'5N 127'5E 202 1973
11 Hongcheon 37'7N 127'9E 212 1973
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Table 3. 13 GCMs of CMIP5
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Fig. 3. Comparison of the observed precipitation (dotted line plot)
with simulated precipitation (line plot) from 1981 to 2005 in
13 GCMs (Monthly precipitation)
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No. GCM Institution
1 CanESM2 Canadian Centre for Climate Modelling and Analysis
2 CESM1-BGC National Center for Atmospheric Research, USA
3 CMCC-CM
Centro Euro-Mediterraneo sui Cambiamenti Climantici
4 CMCC-CMS
5 CNRM-CM5 Centre National de Recherches Meteorologiques, France
6 GFDL-ESM2G Geophysical Fluid Dynamics Laboratory, NOAA
7 HadGEM2-AO )
Met Office Hadley Centre for Climate Change, UK
8 HadGEM2-ES
9 INM-CM4 Institute of Numerical Mathematics, Russia
10 IPSL-CMS5A-LR . ) )
Institute Pierre Simon Laplace, France
11 IPSL-CM5A-MR
12 MRI-CGCM3 Japan Agency for Marine-Earth Science and Technology
13 NorESM1-M Norwegian Climate Centre

Table 4. Classification of RCP scenarios (RCP2.6, RCP4.5, RCP6.0, RCP8.5)

Scenario | CO2 concentration (ppm) Explanation for each RCP scenarios

RCP2.6 420 One pathway where radiative forcing peaks at approximately 3 W/m'’ before 2100 and then declines
RCP4.5 540 Two intermediate stabilization pathways in which radiative forcing is stabilized at approximately
RCP6.0 670 4.5 W/m'’ and 6.0 W/ni’* after 2100

RCPS.S 940 One high pathway for which radiative forcing reaches greater than 8.5 W/m’ by 2100 and continues

to rise for some amount of time
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Fig. 4. Comparison of the observed precipitation (line plot) with simulated precipitation (box-plot) from 1981 to 2005 in 13 GCMs (Annual
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Table 5. Frequency analysis results of simulated precipitation of 24 hours duration (RCP 4.5 scenarios)

- RCP4.5
1;:22-3 eference =~ - -
(Year) precipitation |  precipitation Rate of change precipitation Rate of change precipitation Rate of change
(mm) (mm) (%) (mm) (%) (mm) (%)
2 131.1 146.2 11.6 154.1 17.6 158.0 20.5
10 218.9 243.2 11.1 258.8 18.2 260.8 19.1
20 252.5 280.3 11.0 298.7 18.3 300.1 18.8
30 271.8 301.6 10.9 321.7 18.4 322.7 18.7
50 296.0 328.2 10.9 350.5 18.4 351.0 18.6
80 318.1 352.6 10.9 376.8 18.5 376.9 18.5
100 328.6 364.2 10.8 389.3 18.5 389.1 18.4

Table 6. Frequency analysis results of simulated precipitation of 24 hours duration (RCP 8.5 scenarios)

. RCP8.5
1;:::; eference l = =

(Year) precipitation | precipitation Rate of change precipitation Rate of change precipitation Rate of change

(mm) (mm) %) (mm) %) (mm) %)

2 131.1 147.1 12.3 159.1 21.4 178.0 35.8

10 218.9 242.2 10.6 262.3 19.8 295.7 35.1

20 252.5 278.6 10.3 301.7 19.5 340.7 349

30 271.8 299.5 10.2 3244 19.3 366.6 34.8

50 296.0 325.6 10.0 352.7 19.2 398.9 34.8

80 318.1 349.5 9.9 378.7 19.0 428.5 34.7

100 328.6 360.9 9.8 391.0 19.0 442.5 34.7

e

(d) F3 under RCP4.5

(a) Reference (e) F1 under RCP8.5 (f) F2 under RCP8.5 (9) F3 under RCP8.5

20-year precipitation(mm)
[ ‘ |
0@6\ v@é\
N 2
\é\‘§ \/o‘$

Fig. 5. Spatial distributions of 20-year precipitation (mm) for 13 GCMs
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Fig. 6. Spatial distributions of increased precipitation F3 minus Reference (mm)

Table 7. Average of 20-year return period changes at 11 stations

RCP8.5
F2

RCP4.5
F2

F1 F3 F1 F3

Return
Period

Standard
Deviation

11.6 8.9 12.1 8.4

1.89 1.31 1.52 1.45 0.98
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