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ABSTRACT

We explore the impact of Chinese future air pollutant emissions on ozone air quality in Northeast Asia (NEA)
and health in South-Korea using an assessment framework including ICAMS (The Integrated Climate and Air Quality
Modeling System) and BenMAP (The Environmental Benefits Mapping and Analysis Program). The emissions data
sets from the climate change scenarios, the Representative Concentration Pathways (RCPs) (emission scenarios,
EMSO), are used to simulate ozone air quality in NEA in the current (1996~2005, 2000s), the near future (2016~2025,
2020s) and the distant future (2046~2055, 2050s). Furthermore, the simulated ozone changes in the 2050s are used
to analyze ozone-related premature mortality and economic cost in South-Korea. While different EMSOs are applied
to the China region, fixed EMSO are used for other country regions to isolate the impacts of the Chinese emissions.
Predicted ozone changes in NEA are distinctively affected by large changes in NOx emission over most of China
region. Comparing the 2020s with the 2000s situation, the largest increase in mean ozone concentrations in NEA
is simulated under RCP 8.5 and similarly small increases are under other RCPs. In the 2050s in NEA, the largest
increase in mean ozone concentrations is simulated under RCP 6.0 and leads to the occurrence of the highest
premature mortalities and economic costs in South-Korea. Whereas, the largest decrease is simulated under RCP
4.5 leads to the highest avoided premature mortality numbers and economic costs. Our results suggest that continuous
reduction of NOx emissions across the China region under an assertive climate change mitigation scenario like RCP
4.5 leads to improved future ozone air quality and health benefits in the NEA countries including South-Korea.
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Fig. 1. A schematic diagram for ICAMS and study do-
main.
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Table 1. Characteristics of RCPs and used integrated assessment models (IAMs) for the development of the so-
cioeconomic and greenhouse gas emissions scenarios

Type Description Used model Reference
Rising radiative forcing pathway leading to 8.5 W/m’ L
RCP8.5 MESSAGE .
C (~1,370 ppm COr-eq’) by 2100 SSAG Riahi et al., 2007
.y . . 2 .. .
RCP6.0 Stabilization without overshogt pe.athway to 6 W/m AIM F?J.lno et al. 2006;
(~850 ppm CO,-eq) at stabilization after 2100 Hijioka et al., 2008
Clarke et al., 2007;
[N . . 2 ) s
RCP4.5 (Siazglézat“r’z ggho‘;; 0:“211;’1‘1’; Ii?d;wagt ° 2‘1"050 Winr GCAM  Smith and Wigley 2006;
PP reg at s ation atte Wise et al., 2009
. .. . . 2 _ .
RCP2.6 Peak in radiative forcing at ~3 W/m~ (~490 ppm CO»-eq) before 2100 IMAGE van Vurren et al., 2006;

and then decline (the selected pathway declines to 2.6 W/m® by 2100)

van Vurren et al., 2007

a Approximate CO, equivalent (CO,-eq) concentrations. The CO»-eq concentrations were calculated with the simple formula Conc

= 278 * exp (forcing/5.325). Source: van Vuuren et al. (2011)
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Table 2. A simulation design to investigate the impacts
of future Chinese emission changes on ozone
air quality in Northeast Asia (NEA) and Korea
based on RCP climate and emission fields. BC
stands for boundary condition

Emissions
Case Climate field
th
China Other —and BC
countries
Base RCP8.5 (2000s)
Case 1 RCP8.5 (2020s and 2050s) I RCPS.S
Case 2 RCP6.0 (2020s and 2050s) ) (2020s and
(2000s) 20505)
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Case 4 RCP2.6 (2020s and 2050s)
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Table 3. Used concentration-response factor (§3) for the
health impact assessment (NIER, 2013b)

Pollutant Endpoint B Age
All-cause  6:350x10°* All
Ozone .
mortality 106510 > Above 65
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Fig. 2. Spatial distributions of the baseline (2000s) and the projected (2050s) population in South-Korea.
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Table 4. Summary of the recent and future Chinese
emissions in each modeling scenario for im-
portant O3 precursors (i.e., NOx and VOC)

NOx (Tg/yr) VOC (Tg/yr)

Scenario

2000s  2020s 2050s  2000s 2020s 2050s

Base 7.4 15.8

Case 1 18.8 74 233 18.8
Case 2 11.6 16.9 17.7 26.5
Case 3 11.5 39 20.7 9.6
Case 4 12.1 52 18.9 8.0

HjEo] 27k 47%9} 30% ZHAgIth VOC Bj&-2 Case 1(RCP
8.6)} Case 2(RCP6.0)o4] 19%2} 68% 217+ Z7}a}al, Case
3(RCP4.5)7} Case 4(RCP2.6)0l| A= Zhzh 39%9} 49% 7ha3t
o} 7]k Alue] 2 NOxeF VOCY] &l 75113}
-8 BAo] AZNAFE(=EAPIAH o] WoldaR) 7]
29 2 & E3F ZAEck= RCPL] 7} (van Vuuren et
al., 2011y 9PA3] == o=tt 1 7Pgo] wk2H Case
10| 4] Case 49] =42 NOx&} VOC & F7kEo] #HAof
Sh=tl] ZLFA] ¢3tth RCP Alu2] @of4] a12f3i| Az=o]
gk A2 Q1 Abm gh T} of 9] AFelgt Al 4 4= (lA
Tk RCP Alube] o 2Hd7|3ke] 2jo]eh Alute] @ 2o
A 71581 gt o712l B4 T Hof 1H AT AAKN
o] W2 HAlSo] HLE S 7hsAde] & AR wekdch

Alute] el =AY vl HiEHskE 3 0R AR
9IKFig. 6). LE AJLke]£.0] NOxe} VOC HjZ0] 20004
of| ]3] 2020\ tljof] F715H= FARS HQltKCase 22] VOC
v o] kel kA EA). ¥, 2050 Aol 1Eet o
e S7PE fgich vl wiEe] SR A & i,
Case 13} Case 2 A|U}g] 2 &-gof u= NOx2} VOC Hi|&9]
SAHEE HEPE 7 F8st) Casel 2] NOx HijE-2 2020
o]l %5 NOx-limited 3591 F-5- X <(3]H4, FH|o]A
3)OIA oF 100% o), S5 A (3o, 2kd/d, Al
A4, Aol oF 50% ol S7HetE. eEAYAdollA
VOC-limited®} NOx-limited 3F730] EAal= EH ook
SN, A, A 5 VOC-limited 85 714
NEAEH(EA, "X, Asto] 5)%= oF 100% o] NOx HiE
o] 37zt VOC &2 S= AYellA <F 10~100% ¢
of| Al S7FglcE. 0% 2050t NOxe} VOC &2 4yt o]sf
2 £3H IVHIE BolAY, S B AR GEelA=
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Fig. 6. Percent change of future (2020s and 2050s) emissions in each modeling scenario from the baseline (2000s)
emissions in China for important O3 precursors (i.e., NOx and VOC).
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QEFE 34 ppb STIE TP F 9 025k SUHE AW
FHHHA] Alve] 252 °F 1.6 ppbo] 25k F7h)(Fig.
7). Case 12] 2020 tolli= F= 52t 52 (@A) VOC-
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Fig. 7. Spatial distribution of the predicted change in daily maximum 8-h O3 (DM8HO3) concentrations over the
NEA region due to the impact of the projected change in Chinese future emissions (period: April-August

in 2020s and 2050s).

Table 5. Averaged daily maximum 8 hour O; concentra-
tions (from April to August) in NEA and South-
Korea base on different model scenarios: fu-
ture versus present

NEA South-Korea
Average Difference Average Difference
(bpb) from Base (bpb) from Base
(ppb) (ppb)
Base 49.15 0.00 49.47 0.00
Case 1  52.56 341 52.27 2.80
2020s Case 2 50.82 1.67 50.82 1.35
Case 3 50.78 1.63 50.70 1.23
Case 4  50.68 1.53 50.69 1.22
Base 46.42 0.00 47.30 0.00
Case 1 4637 —0.05 47.25 —0.05
2050s Case 2 50.52 4.10 50.40 3.10
Case 3 43.89 —2.53 45.74 —1.56
Case 4 44.64 —1.78 46.22 —1.08

ZdiE 2tz BASI NO, A471EHS(e: VOC + OHe}
NO + HOo] B 2hls|d Tk 93o] mAlE Aow
a4k,

2050 Atholli= Case 2049t 550} Hat @EF%E 4.1 ppb
2 2 F0 5= 37 AL, WA AU s 55
oF 3t 0.1~2.5 ppb 7Fge] oEF= A5 HAYRkFig. 7).
Case 29] 2050 dtjoll= HA NOx-limited 3742 7HA= 5
HR2|A7} F5 A HEo)A NOx HjZEo] 100% oA Z7}st
Wk ofdel, Y A] F=A] ol A= 40~80% HLloflA 1=
A 5718l Eleh(Fig. 5 ¥ Fig. 6). RH, 20501 VOCS] 73
T, S5t S5 5 NOx-limited A]%(H2=2 VOC F-5- 4|
A)ollA FasHA Flet ool weh thE AluhE]2of HIsfiA
Case 29] 2050dth= B W& A Hel AA dj7] 5 F3tet
2 Aol L2l NO, A/d712K¢]l: NO + HO,)ol £1%
o Fe 2F0] HARE Zo® Heltk gh, 2050 7
T Ho 2EFE e Case 304 AGESITKFig. 7). o=
VOC-limited 3748 712 tJEA] ST} VOC-limited9} NOx-
limited $Hgo] EAf5h= 5 AR HollA4] NOx2}F VOC Hf
Z0] FAlO] i st HHA @AE Zlos sAEch

e @ EFwo] S 4 AvEeds A9 1
A3t fARRE FAfolm(Fig. 7, Fig. 8 U Table 5), =53
SERAGDA G| 0L njg FHtE x99 fj7]d &
A&Hog T JgFS A 2 2o Helrk. Case 19
2020 AtHe} Case 29] 2050HE & W F=rA|ollA] F7I_E
2F @ ke AA|ofA 2020 o= 2F 2.8 ppb, 2050
drolli= oF 3.1 ppbo] Bt & %= 77t A dEch v
7HA] JFFe R e At W SR UEAS di7] 5 &
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Fig. 8. Spatial distribution of the predicted change in daily maximum 8-h Os; (DM8HO3) concentrations over the
Korean Peninsula due to the impact of the projected change in Chinese future emissions (period: April-

August in 2020s and 2050s).
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