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Future Climate Changes over North-East Asian Region Simulated
by RegCM4 Based on the RCP Scenarios
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Abstract : In this study, long term simulations for current(1979-2010) and future(2019-2050) climate
over North-East Asian region were performed using RegCM4 driven by HadGEM2-AO provided
by the KMA(Korean Meteorological Administration). The spatial resolution is 12.5km and two RCP
scenarios(4.5, 8.5) are applied for the future climate simulation. The RegCM4 simulates well the spatial
and temporal variations of air temperature of current climate. However, it weakly simulates the intensity of
rain band associated with the seasonal march of the East Asian summer monsoon and thereby significantly
under simulates the summer rainfall and fails in reproducing the seasonal and spatial variations of
precipitation. The 20-year averaged differences between current(1986-2005) and future(2031-2050)
simulations showed that the temperature increases are generally greater in RCP8.5(1.93K) than
RCP4.5(1.86K) and all the changes are statistically significant at 1% level. In general, the temperature
increases are greater in the northern region(autumn, winter) than in the southern region(spring, summer)
irrespective of RCP scenarios. The temperature over South Korea is expected to increase by 1.53K to 1.87K
irrespective of RCP scenarios and seasons. The precipitation changes vary significantly according to the
season and region irrespective of RCP scenarios and the changes of spring and autumn in the certain
regions are statistically significant at 5% level. The precipitation over South Korea is expected to increase
by +0.42mm/day in RCP4.5 during spring but it is expected to significantly decrease during autumn(-
0.35mm/day) and in RCP 8.5 during summer(-0.30mm/day).
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Table 1. Model configuration used in this study.
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Contents Description
12,5-km horizontal resolution
Domain Central Lat, and Lon,: 37.50°N, 127.50°E
200 (Lon) X 180 (Lat)
Map projection Lambert Conformal

Vertical layers

23 vertical sigma levels

PBL scheme Holtslag
Cumulus parameterization scheme MIT-Emanuel
Land surface model NCAR CLM3,5
Short/Longwave radiation scheme NCAR CCM3
Boundary data HadGEM2-AO
Spectral nudging Yes

Simulation period

1. Current period: Jan, 1979~Dec, 2010
2. Future period: Jan, 2019~Dec. 2050

Analysis period

1. Current period: Jan, 1986~Dec, 2005
2. Future period: Jan, 2031~Dec, 2050
(RCP4.5, RCP8.5 Scenarios)
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Figure 1. Model domain and topography. a) Entire domain, b) North-China, ¢) South-China,
d) North-Korea, e) South-Korea, and f) Japan.
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Figure 2. 20-year (1986-2005) averaged winds (m/s) and temperature (°C) of reanalysis data (R2: left) and
differences between RegCM4 driven by HadGEM2-AO and reanalysis data (right) at 850hPa for summer (JJA)
and winter (DJF).
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Figure 3. Spatial distribution of 20-year (1986-2005) averaged CRU air temperature (°C) and air temperature
differences (°C) between RegCM4 and CRU during summer (JJA) and winter (DJF).
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Figure 4. Same as Figure 3 except for precipitation (mm/day).
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Table 2. Geographic information of the subregions.

Analysis region Latitude ('N) Longitude (E)
Entire domain 29-46 117-138
North China 4346 120-130.5
South China 29-38 117-123
North Korea 38.5—43 124-130.5
South Korea 33-38.5 125-130
Japan 31-375 130-138
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Figure 5. Seasonal variation of 20-year averaged monthly mean air temperature (°C) of CRU (solid line) and
RegCM4 (dashed line) driven by HadGEM-AO for each sub-region.
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Figure 6. Same as Figure 5 except for precipitation (mm/day).
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Figure 7. Statistical validation of surface air temperature (°C) and precipitation (mm/day) simulated by RegCM4
using CRU 3.0 data for 20 years (1986-2005). The size of circles are proportional to the RMSE values.
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Figure 8. Spatial distribution of temperature changes from current (1986-2005) to future (2031-2050)] according
to the RCP scenarios (4.5/8.5) and season.
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Table 3. Temperature differences (AT, unit: °C) between future (2031-2050) and current (1986-2005) according

to the RCP scenarios and subregions.

Analysis region Scenarios Annual Spring Summer Autumn Winter
RCP8.5 1,93%% 1,73%* 1.88%% 2.07%* 2,04%*
Entire domain s . e s
RCP4,5 1.86%% 1.62% 1,82%* 1,84%* 2.17%%
RCP8.5 2.18%% 1.74* 2.00%* 2.49%% 2,50%*

North China ™ o . .
RCP4,5 2.02%% 1.39 2.12%% 2.20%% 2.38%*
RCPS8.5 1.86%* 1.84%% 1.93%* 1.90%* 1.76%*
South China - e - e o
RCP4.5 1.80%* 1.88%* 1.69" 1.67%* 1.96%%
RCPS8.5 1.96%* 1.72% 1.78%% 2,09%% 2.23%*
North Korea P S I I
RCP4,5 1,92%% 1.56 1,83%% 1.86%* 2.45%%

RCP8.5 1,70%% 1.59% 1,87%% 1.80%% 1.53

South Korea o e e e s
RCP4,5 1.68%* 1.63%* 1.75%% 1,54%% 1.79%%

RCP8.5 1.54%% 1.55% 1.56%% 1.56%* 1.49%

Japan e ek s soh
RCP4,5 1.51%% 1.65%* 1,577 1.25 1.57%%

* Significance level: 5%
% Significance level: 1%
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Figure 9. Same as Figure 8 except for precipitation (mm/day).
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Table 4. same as Table 3 except for precipitation changes (AP, unit: mm/day).

Analysis region Scenarios Annual Spring Summer Autumn Winter
RCP8.5 0.06 0,287 0,17 =011 -0.09
Entire domain e
RCP4,5 0,03 0,18* 0.21 —=0,27%%* 0.00
RCP8.5 0,04 0,24* 0,02 -0.06 —0.02
North_China
RCP4,5 0,04 0.11 0,18 -0,16™ 0,04*
RCP8.5 0,22%% ) 71 0.24 0,02 —0,08
South China .
RCP4.5 0.08 0.32% 0.26 -0.19 —-0.07
RCPS8.5 0,01 0,20* 0,08 -0.13 -0.10
North Korea .
RCP4,5 0,00 0,04 0.16 -0,23* 0,01
RCP8.5 —-0.02 0,12 —0.30 0.05 0.04
South Korea . .
RCP4,5 0.03 0,42* —0.01 —-0.35* 0.08
] RCPS8.5 -0.03 0.00 0.65 —0,57%* -0.20
apan RCP4.5 0,01 0.32 0.32 0,647 0.03

* Significance level: 10%
% Significance level: 5%
A% Significance level: 1%
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