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Abstract This study investigates the impacts of carbon neutrality and air quality control poli-
cies on near-term climate change in East Asia, by examining three Shared Socioeconomic Path-
ways (SSPs) scenarios from five climate models. Specifically, low carbon and strong air quality
control scenario (SSP1-1.9), high carbon and weak air quality control scenario (SSP3-7.0), and
high carbon and strong air quality control scenario (SSP3-7.0-lowNTCF) are compared. For
these scenarios, the near-term climate (2045-2054 average) changes are evaluated for surface air
temperature (SAT), hot temperature extreme intensity (TXx), and hot temperature extreme fre-
quency (TX90p). In all three scenarios, SAT, TXx, and TX90p are projected to increase in East
Asia, while carbon neutrality reduces the increasing rate of SAT and hot temperature extremes.
Air quality control strengthens the warming rate. These opposed mitigation effects are robustly
forced in all model simulations. Nonetheless, the impact of carbon neutrality overcomes the
impact of air quality control. These results suggest that fast carbon neutrality, more effective
than an air quality control policy, is necessary to slowdown future warming trend in East Asia.
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Fig. 1. (a) Time series of annual mean global CO, concentration, surface air temperature (SAT) changes averaged over the (b)
globe and (c) East Asia (15~60°N, 70~150°E) from the three SSP scenarios. Changes are defined by a departure from 10-year
climatology over the period of 2005~2014. The blue, red, and yellow lines indicate the SSP1-1.9 (low carbon and strong air
quality control scenario), SSP3-7.0 (high carbon and weak air quality control scenario), and SSP3-7.0-lowNTCF (high carbon
and strong air quality control scenario). In respectively, (b) and (c), the solid and dashed lines denote the multi-model mean

(MMM) and their linear trends.
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Table 1. List of SSP scenarios used in this study and definition of mitigation effects.

SSP scenarios

Description

SSP3-7.0

High carbon emissions (CO, emissions double by 2100)

Weak air quality control

SSP1-1.9

Low carbon emissions (CO, emissions cut to net zero around 2050)

Strong air quality control

SSP3-7.0-lowNTCF

High carbon emissions (same to SSP3-7.0)

Strong air quality control (same to SSP1-1.9)

Mitigation effects

Description

SSP1-1.9 minus SSP3-7.0-lowNTCF

Carbon neutrality effect only

SSP3-7.0-lowNTCF minus SSP3-7.0

Air quality control effect only

Table 2. List of climate models used in this study.

Model Institution Country Resolution
CNRM-ESM2-1 Centre National de Recherches Météoroglogiques of the Earth France 1.4° % 1.4°
System Model
GFDL-ESM4 Geophysical Fluid Dynamics Laboratory USA 1° x 1.25°
GISS-E2-1-G NASA Goddard Institute for Space Studies USA 2.5 %x2.0°
MIROC6 The University of Tokyo, National Institute for Environmental Japan 1.4° x 1.4°
Studies, and Japan Agency for Marine-Earth Science and
Technology
MRI-ESM2-0 Meteorological Research Institute Japan 1.1°x 1.1°
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TX) 427} A HIAT. ZH9] w9} MEE Expert
Team on Climate Change Detection and Indices
(ETCCDI)IA] Ak A 2]} kol & A3 THK ein
Tank et al., 2009). &, 92| A= 7 sivitt 714
=2 o F77]2(annual maximum value of TX, TXx)
o2 AoHon, ZHe] W= 7t sttt 2kEd
o Ha7]22] 90 WELG ek A 75 Bk

Sh=71748k3] 7] AI33¢ 55 (2023)

S FEta, o] B w2 d HwleS Yehlle 7
#¢] g 4*(count of days where TX > 90™ percentile,
TX90p)E Lottt A3W 7] 25w S T3
Folxlol A A9 (15~60°N, 70~150°E)e] H+F Wiz}
sl Aurgton, LA AHE S| A FE &
2o A o] WMaleke 2 sk

718 A AR Adel o 7] $sl $helat
(mitigation effects)= B4~ Hl& 2 2R t)71E 7
A ZAo] T F Ay 29l SSP3-7.0 (AL Eha
=, st t71d 71 A )2 SSP3-7.0-lowNTCF (32
A wlE, st o7 A A A)e] ez A est
ATt STy BA Ado] o3 gty 71
M AL PA T &4 wjEFo] OE F AU
¢1 SSP3-7.0-lowNTCF (2L §4& H|&, 743 o712 7|
A gA)ek SSP1-1.9 (A &4 wiE, As di71d A
A Aol zpol= A |3 tHTable 12] 2.9F =),

3.4 1

3.1 SOlAlo} HZ7|2 #s}

z} Ay Lol vehdE A A 71 WEE g
olal7] flsked A 71L& HF(2005~20143)0] th3k
A2 AALE YePthFig. 1b). ZE AluE] 29



REDREE:

L= 509

Table 3. Linear trends of surface air temperature (SAT), annual maximum of daily maximum temperature (TXx), and warm

days (TX90p) for each SSP scenario.

Variables Region SSP scenarios Linear trend Unit
SSP1-1.9 0.14
Global SSP3-7.0 0.30 [K decade™]
SSP3-7.0-lowNTCF 0.33
SAT
SSP1-1.9 0.21
East Asia SSP3-7.0 0.36 [K decade™]
SSP3-7.0-lowNTCF 0.41
SSP1-1.9 0.22
TXx East Asia SSP3-7.0 0.36 [K decade™]
SSP3-7.0-lowNTCF 0.43
SSP1-1.9 221
TX90p East Asia SSP3-7.0 4.01 [days decade™]
SSP3-7.0-lowNTCF 5.03
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Fig. 2. The MMM SAT changes in the period of 2045~2054 (unit: K) for (a) the SSP3-7.0, (b) SSP1-1.9, and (c) SSP3-7.0-
lowNTCF scenarios. Statistically significant changes at the 95% confidence level are dotted.
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al,, 2022; Li et al., 2023). Folx|o} x]4H7]& w3}
ME AEe 7123 FARH 845y Ad 9 o
714 WA BEFAGUE A 71 22 s FAE
Ho|m(0.21 K decade™), W72 B4 Avta] Qo0
7 & 2337F YR TtH0.41 K decade™; Table 3).
BE AU QoA Folalo} o] 7] Aol A
T 7)1 ARt A3, wEA Jepton, o)z
13l 2050 ol ©|2XS W=, AT Gl Bis)] 7]

< W37} BHop & AL Rl

Figure 1941 &2y 9 o718 Ad 53 Alv

Q9] A%, 20309 FHE o]F 9] 2% Hh-go] F
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= AYA 71 S7F B F=e A thFig. 2a).
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Fig. 3. Mitigation effects of (a) carbon neutrality and (b) air quality control in MMM SAT changes in the period of 2045~2054
(unit: K). Carbon neutrality effect is defined as the difference between the SSP1-1.9 and SSP3-7.0-lowNTCF scenarios (i.e.,
Fig. 2b minus 2c). Air quality control effect is defined as the difference between the SSP3-7.0-lowNTCF and SSP3-7.0
scenarios (i.e., Fig. 2c minus 2a). Statistically significant differences at the 95% confidence level are dotted.

(a) East Asian SAT change (b) Mitigation effects

2.5 1.5
o MMM
x CNRM-ESM2-1
x GFDL-ESM4
GISS-E2-1-G X 5.0
2.0] » Mmoce )
: x  MRI-ESM2-0
X
X X 0.5 9
gl5 gé R
= X
o X 0.0
- X
<=
0 1.0
% -0.5
0.5
-1.0 X
0.0 - - -1.5 - -
High Carbon, Low Carbon, High Carbon, Carbon Air quality
Weak AQ Strong AQ Strong AQ neutrality control

control scenario control scenario control scenario

Fig. 4. (a) East Asian SAT changes (15~60°N, 70~150°E) for each SSP scenario in the period of 2045~2054. (b) Mitigation
effects of carbon neutrality and air quality control on East Asian SAT changes in the period of 2045~2054. MMM and
individual models are shown by box and crosses, respectively. Individual model names are listed in the legend.
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