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Abstract We investigate the future climate changes in the 21st century in the Xiong’an District, recently established by
the Chinese government, and its surrounding areas in North China based on 4 sets of RegCM4 climate change
simulations over East Asia under the mid-range RCP4.5 (Representative Concentration Pathway) scenario. The model is
run at a grid spacing of 25 km, and driven by the global model simulations of CSIRO-Mk3-6-0, EC-EARTH,
HadGEM2-ES and MPI-ESM-MR, respectively. Validation of the present day (1986-2005) climate simulations is
conducted first, followed by the ensemble projection of future changes along with the inter-simulation spread. Results
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show that the model can well capture both the spatial distributions of mean temperature and precipitation and their annual
cycles. The model also shows a good performance in reproducing the temperature extreme indices of annual maximum
value of daily maximum temperature (TXx) and annual minimum value of daily minimum temperature (TNn), and the
precipitation extreme index of annual maximum 1-day precipitation (RX1day). Continuous warming and increases of
TXx and TNn are found over Xiong’an District and its adjacent areas in the 21st century, indicating a warmer climate
condition and more frequent hot spells in the future. With slight increases in mean precipitation, significant increases in
RX1day with small inter-simulation spread are projected, indicating the intensification of precipitation extremes and more
floods over the region. In the meantime, the greater increase in potential evapotranspiration compared to precipitation
following the warming will lead to increases in water stress.

Keywords Xiong’an District, Climate change, Extreme events, RegCM4 model
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Fig. 1 Region of interest and the topography in RegCM4 (shaded, units: m). Green lines indicate major rives, purple lines are the three counties of Xiongxian,
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HadGEM2-ES 192><145 Johns et al. (2006); Martin et al. (2006); Ringer et al. (2006) 1961 2099
MPI-ESM-MR 192><96 Marsland et al. (2003); Raddatz et al. (2007) 1980 2099




3 RegCM4

No. 3 WU Jie et al. Climate Change Projection over Xiong’an District and Its Adjacent Areas: An Ensemble of ... 699
I = (L=~ 100 1 2 _
(s Table 2 The biases of the ensemble averaged present day
1 P, Per (1986-2005) variables over Xiong’an and the surrounding
Thornthwaite 1948 region of interest
P/ Per UNEP Alu TX/XC TNn RX1day
UNEP, 1992 2010 01 23 13 16% 22%
-0.8 08 2.3 64% 60%
IWR Alu e_f
IWR
4 7
4
1 5 2.4°C
7 8
3 70 mm
2
3.1 39
2a—d 3a ¢ TXX
TNn
2a TXx 30°C  40°C
12.5°C 7.5°C
3b
+=0C 25°C TN 3¢
re ¢ -30°C -10°C
2 ) TNN
0.1°C -0.8°C 2 1°C
400 600 mm 5°C
20 550 600 mm TXx  TNn 08°C -23C 2
3e RX1day
450 mm 2%b
10% 2d 60 mm
35 mm
RX1day
22% 60% 2
0 50%
1 sf 2
CNO05.1 4
6% oa%
4a RCP4.5 21



700

Chinese Journal of Atmospheric Sciences Voﬂi.2 42
2°C
1.6°C =05°C 1
1°C 15°C 3 4c 21
1.5°C 2°C
123 456 7 8 9101112 123456 7 8 9101112
Month Month
2 1986 2005 a °C b mm c
°C d e °C) f
mm

Fig. 2 Multi-year averaged annual temperature and precipitation in the present day (1986-2005): (a) Observed annual mean temperature (units: °C); (b)
observed annual mean precipitation (units: mm); (c) bias of ensemble mean annual temperature (units: °C); (d) relative bias of ensemble mean annual

precipitation; (e) annual cycle of monthly mean temperature from observations (black) and ensemble averages (red) (units: °C); (f) annual cycle of monthly
mean precipitation from observations (black) and ensemble averages (red) (units:mm)
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Fig. 3 Spatial distributions of the climate extreme indices in the present day. Observed (a) annual maximum value of daily maximum temperature (TXXx)
(units: °C), (c) annual minimum value of daily minimum temperature (TNn) (units: °C), and (e) annual maximum 1-day precipitation (RX1day) (units: mm);
and the biases of ensemble averages of (b) TXx (units: °C), (d) TNn (units: °C) and (f) RX1day
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Fig. 4 The ensemble average of projected changes in temperature (units: °C) and precipitation: (a) Annual mean temperature in the mid-21st century
(2046-2065); (b) annual mean precipitation in the mid-21st century; (c) changes of temperature in the four seasons in the mid (blue) and end of the 21st century

(2079-2098); (d) same as (c) but for precipitation. The “+” in (b) indicates at least 3 out of the 4 simulations agree on the sign of change, the dot and vertical

lines in (c) and (d) indicates the mean and 1 standard deviation of the 4 projections
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