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Future Changes in Surface Radiation and Cloud Amount over
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ABSTRACT

In this study, we examine future changes in surface radiation associated with cloud amount and aerosol emission
over East Asia. Data in this study is HadGEM2-CC (Hadley Centre Global Environmental Model version 2, Carbon
Cycle) simulations of the Representative Concentration Pathways (RCPs) 2.6/4.5/8.5. Results show that temperature
and precipitation increase with rising of the atmosphere CO,. At the end of 21* century (2070~2099) relative to
the end of 20* century (1981~2005), changes in temperature and precipitation rate are expected to increase by +1.85
T/+6.6% for RCP2.6, +3.09C/+8.5% for RCP4.5, +5.49C/10% for RCP8.5. The warming results from increasing Net
Down Surface Long Wave Radiation Flux (LW) and Net Down Surface Short Wave Radiation Flux (SW) as well.
SW change increases mainly from reduced total Aerosol Optical Depth (AOD) and low-level cloud amount. LW
change is associated with increasing of atmospheric CO, and total cloud amount, since increasing cloud amounts
are related to absorb LW radiation and remit the energy toward the surface. The enhancement of precipitation is
attributed by increasing of high-level cloud amount. Such climate conditions are favorable for vegetation growth
and extension. Expansion of C3 grass and shrub is distinct over East Asia, inducing large latent heat flux increment.
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Table 1. Changes of temperature (T) and precipitation
rate (%) for RCPs between the period of 2075
~2099 from 1981~2005 in East Asia (15~65°N,

80~150°E).
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Fig. 1. Changes in (a) temperature (°C) and (b) precipitation (mm/day) for RCP8.5/4.5/2.6 between the period of
2075~2099 and 1981~2005.
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Table 2. Changes (Wm ?) of radiation fluxes for RCPs
between the period of 2075~2099 from 1981~
2005 in East Asia (15~65°N, 80~150°E)

Net down surface  Net down surface

RCPs

LW flux SW flux
RCP % 74 34
8.5  Diff. value 4.61 522
RCP % 34 34
45  Diff. value 2.11 5.09
RCP % 1.4 33
2.6  Diff. value 0.87 4.97
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ul i}, Fig. 2(a)el14] 30~50°N 3 ygollq Autiaje] %
7 2 Aol & eE ZA1EE 2 4 (i 3@).
e Ao Z7VAREe WEAololx] § 2(Total Cloud
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AR4oA] ojojmz-7Ea Bajele] WS AT 8T}
Ax3iet,

Fig. 2. Changes in (a) Net down surface LW flux (Wm~?), (b) Net down surface SW flux (Wm2) for RCP8.5
scenario between the period of 2075~2099 and 1981~2005.
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Fig. 3. Changes in (a) total cloud amount (fraction), (b) high-level cloud amount (fraction), (c) low-level cloud
amount (fraction) for RCP 8.5 scenario in East Asia between the period of 2075~2099 and 1981 ~2005.
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TERRP ) B2 A= 1S E=Wslal(Rosenfeld, 2006),
2o R ATk FEFE LA, v ofolzE
Z7P Sl SRS SO 447t B MFie. 10)31e!
s15-20] dax(Fig. 3(0)shs Zlor dYHnh

RCP Alu|eof wh= 21472 ofibsle), 9, #7e
4 ofolzse) vEo] MR 714 Ao AT, 59 4
qHom Fo WEY oholAele] Tl FEaG
(NIMR, 2011). Fig. 4(a)o]] w-=H Total AOD(Aerosol Optical
Depth)7} %5+ SPAIofolla] olo} QAo 24 HRE W

i
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Fig. 4. Changes in (a) Total aerosol optical depth, (b) Mineral dust optical depth for RCPs between the period
of 2075~2099 and 1981~2005 in East Asia (15~65°N, 80~150°E).
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Table 3. Changes (Wm 2) of heat fluxes for RCPs bet-
ween the period of 2075~2099 from 1981~
2005 in East Asia (15~65°N, 80~150°E).

Latent heat flux Sensible heat flux

RCPs

(Wm ?) (Wm ?)
RCP % 10.0 0.0
85  Diff 7.76 0.00
RCP % 8.7 0.2
45  Diff, 6.77 0.05
RCP % 7.1 -0.2
26  Diff. 5.54 —-0.05

(Table 3, Fig. 5(b)). & &2 R FHA] o] Fo|R]= S,
ST B S0 Aifo]7of oA RoJel= Skt
T H|Sgh 23S B 2lt(Fig. 5(b)~(c), Bateni et al., 2014).
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Fig. 5. Change of (a) Sensible heat flux (Wm2), (b) Latent heat flux (Wm 2), (c) evaporation (kgm™s™)for RCP 8.5
scenario between the period of 2075~2099 and 1981~2005 in East Asia (15~65°N, 80~150°E).
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Fig. 6. Changes in the land surface fraction of bare soil (SOIL), broadleaf tree (BDF), needleleaf tree (NDF), C3
grass (C3), C4 grass (C4) and shrub (SRB) for RCP 8.5/4.5 between the period of 2075~2099 and 1981

~2005.
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