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Abstract

This study is a 3-years-poject to develop future emission scenarios of
LLCFs and SLCPs including current status and future development plans
about national-oriented-specific social-economic characteristics, environmental
regulations and climate mitigation programs in East Asia

This is the 1st year of the project, future O; and PM,s concentrations
changes for East Asia and the Republic of Korea w.r.t. future Chinese
emissions changes have estimated using RCP emissions scenarios for 2020s
and 2050s. The health impacts (premature death) related on the air quality
changes and its socio-economic costs also have been estimated. The ICAMS
and BenMAP were applied to estimate Oz and PM,s concentrations, health
impact, and socio-economic costs changes for 2020s and 2050s compared
with 2000s.

In 2020s, O3 and PM,s5 concentrations were predicted to be increased
resulted from increased Chinese emissions. Increase range for East Asia of
O; is 1.5 ppb (DM8H) under Case 4 to 3.4 ppb under Case 1 and PM,; is
1.1 ug/m’ under Case 2 to 2.3 ug/m’ under Case 4. For the Republic of
Korea, increase range of Oz is 1.2 ppb under Case 4 to 2.8 ppb under Case
1 and PMy;5 is 0.8 yg/m’ under Case 2 to 1.6 ug/m’ under Case 4.

In 2050s, Oz and PM,s concentrations were estimated to be decreased
except for Case 2, O; and PM,5 will be increased 4.1 ppb and 3.1 ug/m’ for
East Asia, 3.1 ppb and 2.3 ug/m’ for the Republic of Korea compared with
2000s under Case 2, respectively. Os for 2050s under Case 1 are almost
same as 2000s in East Asia and the Republic of Korea. Under the other cases
predicted O3 concentration are decreased 2.5 ppb and 1.1 ppb under Case 3
and 4 for East Asia and 1.6 ppb under Case 3 and 1.1 ppb under Case 4 for
the Republic of Korea. Decrease range of PM,; are 3.8 ug/m’ under Case 1
to 5.0 ug/m' under Case 3 for East Asia and 2.3 ug/m’ under Case 1 to 3.5ug
/' under Case 3 for the Republic of Korea.
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Premature deaths were estimated to be decreased except for under Case 2
and its changes more PM,s than Os; for 2050s in the Republic of Korea.
Premature deaths will be 81 and 267 resulted from O3 and PM;s
concentrations increased under the Case 2. Decreasing range are 6~43 for O;
and 300 ~ 406 for PM,s. Socio-economic costs related on the premature
deaths were also estimated based on above results. Under the Case 2, socio-
economic costs will be increased 37 billion and 121 billion Korean won
resulted from the increased O; and PM»; concentrations. In the other cases,
socio-economic costs were estimated to be decreased compared with the
costs for 2000s resulted from the decreased Os; and PM;s concentrations.
Estimated socio-economic costs are 3 ~ 19 billion and 135 ~ 183 billion
Korean won for O; and PM;5, respectively. The maximum decreased case is
Case 3 that reflect RCP4.5 Chinese emissions for 2050s.

The results in this study present the Case 3 that reflect RCP4.5 Chinese
emissions scenario is the best scenario what minimize an adverse effect to
the Republic of Korea for 2050s. Therefore, Korean government should to
drive that Chinese government should to follow RCP4.5 socio-economic
pathway through international cooperation. However, RCP scenarios did not
reflect the dramatic changing current socio-economic situation of East Asia
and give us a little information about a kind of environmental regulations
and climate mitigation measures and its applying time to make the
international cooperation system. For that reasons, new emission scenarios
that reflect national-oriented-specific =~ social-economic  characteristics,
environmental regulation and climate mitigation programs in East Asia must
be developed. The rest period of this study (2 years), the new scenarios will
be developed and future air quality change, health impacts, and its
socio-economic costs will be assessed based on the new scenarios. Finally,
the best scenario what minimize adverse effect to the Korea peninsula will

be presented in this study.

Vi
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<Figure 1> Structure of this study.
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<Figure 2> Schematic diagram of ICAMS.
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<Table 1> Types of representative concentration pathways

Scenarios Description® Publication - 1A Model

Rising radiative forcing pathway
RCP8.5 leading to 8.5 W/m? (~1370 ppm
CO2-eq" by 2100

(Riahi et al. 2007%% -
MESSAGE

Stabilization without overshoot
RCP6.0 pathway to 6 W/m* (~850 ppm
COs-eq) at stabilization after 2100

(Fujino et al. 2006%; Hijioka
et al. 2008%) - AIM

Stabilization without overshoot (Clarke et al. 2007%"; Smith
RCP4.5 pathway to 4.5 W/m? (~650 ppm and Wigley 2006%; Wise et
CO,-eq) at stabilization after 2100  al. 2009%*) - GCAM

Peak in radiative forcing at ~3

W/m? (~490 ppm CO,-eq) before (Van Vurren et al. 2006%;
RCP2.6 2100 and then decline (the Van Vurren et al. 2007*) -

selected pathway declines to 2.6 IMAGE

W/m? by 2100)

a Approximate radiative forcing levels were defined as 5% of the stated level in W/m2 relative to
pre—industrial radiative forcing values include the net effect of all anthropogenic GHGs and other
forcing agents.

b Approximate CO, equivalent (CO.—eq) concentrations. The CO,~eq concentrations were calculated
with the simple formula Conc = 278 * exp(forcing/5.325). Note that the best estimate of CO,—eq
concentration in 2005 for long-lived GHGs only is about 455 ppm, while the corresponding value
including the net effect of all anthropogenic forcing agents (consistent with the table) would be 375
ppm COz-eq.

Source : Van Vuuren et al, (2011)

2 dAFdAE 9 RCP AU ES 7IWISE st FokAlor E dhits
Aol thall 1996178 20059713 2] 7|EAW MEFS AHEStR o™ v By
=TS A
A5E 4Est &8skt

RCP Auyg] oy w&a-& [IASA(nternational Institute for Applied Systems
Analysis)e] RCP databaseo| A A|&o] i Jot. =3 s Aa5+= viEY &
H 2 HlEEd TFEE 05° x0.5° o AAAEZ NetCDF(Network Common
Data Format) Fel= Al&o°] Ha dom, 10d @9 = &) A= Q)
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ot mekA B A7 5343 & RAEA &85t faiAe EE A
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Phython 7]14+e] KU-EPS$} SMOKE-Asia(Woo et al., 201D)*& &g3to] o) 7] 3}
grrdol YRR AEo] 7Hed MEYEF A5E A4S
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10d ztAe] o] ARELS Ohara (2007 ] REAS(Regional Emission
S TE3he 283 AF AEES o)&std =
a8 o 71z Atk Az slEFS At T HA gAE ALkE
AEES OA ZF A2 AAAHRE 7|90 & ofAjo} 7} IV EE A9
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OC w2 =29} INTEX-B ]2 % 2(Zhang et al., 2009 4] AZ3st= 72 7
W . X8 PMy, PMys, BC, OC JHE 7]ub0.& PMy3} PMys9] A9 wj
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J

Inventory in Asia) W& 5=
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<Table 2> Emissions summaries by countries w.r.t. RCP scenarios

Scenario  Pollutant

Year

10 years average emissions (Gg/yr)

S.Korea China Japan OEAsia
2000s 1,374.4 11,730.2 2,345.4 884.3
NOx 2020s 1,102.5 27,605.3 901.8 987.1
2050s 645.4 11,619.4 553.0 427.3
2000s 1,531.6 23,403.1 2,127.5 1,665.0
RCP8.5 VOC 2020s 1,770.1 34,460.6 1,184.4 2,027.5
2050s 755.7 27,922.3 597.0 1,453.5
2000s 546.3 10,117.4 510.8 333.5
PMzs 2020s 437.2 11,340.0 133.1 344.5
2050s 183.4 5,134.9 48.9 163.1
2000s 1,374.4 11,730.7 2,345.3 883.7
NOx 2020s 1,441.9 17,562.6 1,429.2 780.3
2050s 763.6 25,723.0 422.8 400.9
2000s 1,531.6 23,404.2 2,127.5 1,663.5
RCP6.0 VOC 2020s 1,694.8 25,736.9 1,496.8 1,799.1
2050s 1,209.8 39,649.8 733.4 1,482.2
2000s 561.7 10,159.6 530.6 364.6
PM2;5 2020s 514.6 10,552.1 343.7 305.8
2050s 261.6 14,661.4 121.9 134.2
2000s 1,374.3 11,729.9 2,345.2 883.6
NOx 2020s 490.0 17,967.1 786.5 1,420.5
2050s 208.6 5,725.7 459.9 445.2
2000s 1,531.5 23,402.6 2,1274 1,663.3
RCP4.5 VOC 2020s 620.9 32,425.1 1,038.7 2,983.8
2050s 2994 14,422.8 717.7 1,714.1
2000s 561.6 10,158.9 530.6 364.6
PMys 20205 2283  11,859.2 245.1 505.0
2050s 134.6 3,147.9 158.4 191.9
2000s 1,372.9 11,720.2 2,338.6 883.2
NOx 2020s 1,184.7 18,417.4 1,298.9 1,010.1
2050s 270.1 7,622.3 571.7 348.8
2000s 1,527.9 23,387.0 2,124.6 1,658.2
RCP2.6 VOC 2020s 1,355.1 29,246.6 2,042.6 1,512.0
2050s 499.1 11,963.3 1,129.9 565.3
2000s 560.8 10,154.2 530.0 363.9
PMys  2020s 539.1 13,8726 398.2 431.7
2050s 113.9 4,349.8 87.9 104.7
OEAsia : Other East Asia (Mongolia, Taiwan, and N. Korea)
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<Table 3> Experiments design to predict air quality changes according to

climate, boundary, and emissions changes

Emissions

Climate fields and
Case name c
China Other countries boundary conditions
RCP 8.5
RCP8.5
Reference
(20009) (20005)
RCP8.5
Base (20008)
RCP8.5
Case 1 (2020s, 2050s) RCP8.5
Case 9 RCP6.0 (2000s) RCP8.5
(2020, 2050s) (20205, 20505)
RCP4.5
Case 3 (2020s, 20505)
Case 4 RCP2.6

(2020s, 2050s)
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<Table 4> Concentration-Response function values

C-R
Pollutants Endpoint - Age Reference
coefficient
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<Table 5> Recent and future air pollutants emissions from China w.r.t. RCP

scenarios within modeling domain 1(mother domain)

Pollutants  Periods 10 years average emissions (Tg/yr)

RCP8.5 RCP6.0 RCP4.5 RCP2.6
2000s" 81.5
CcO 2020s 104.5 112.5 108.0 83.0
2050s 64.6 176.0 40.8 40.2
2000s" 7.4
NOx 2020s 18.8 11.6 11.5 12.1
2050s 7.4 16.9 3.9 5.2
2000s" 11.2
SO, 2020s 194 16.7 19.7 16.3
2050s 3.8 18.4 2.9 2.0
2000s” 15.8
VOCs 2020s 23.3 17.7 20.7 18.9
2050s 18.8 26.5 9.6 8.0
2000s" 3.8
NH; 2020s 4.6 4.9 4.9 51
2050s 5.1 6.2 5.4 6.8
2000s" 6.9
PMs 5 2020s 7.6 7.3 7.6 9.0
2050s 3.2 9.2 2.2 3.0

* RCP 8.5 emissions in 2000s (1996 ~ 2005)

Lf. D2} S= &g st SUEX

a3 49 138 5+ 20204 2 20509 0] AlUg e’ ==2] NOx, VOCs,
PMys vl &% Wst&o FNEELE YeRd Folth o] &5 A3 KE ™ 2020d )9
7d-%- Case 2(RCP6.0 &= wj&% W) VOCs & PMys vl &% W3 &S A9



T A%len, 2050

R P
ddje] ¢ Case 1(RCP8.5 £ wj&= w+9)3} Case 22] NOx & VOCs, Case

298] PMys2 Al &5t

&

q

K

27h vehte

=39

= tE-E2 Ao A Hj

al =

At

+

B

0
o

ge

o
A%

L2 Aty R 20203t 9

| Case 12| Hj

3]

AlyE] 50l Hl

1
R

7h&ol Yeht

=
[S)

il

& A BE Aol A 70 % o] d2

o, WeI Ads A<

o

7
Nlo

= A

7heo] vE

=
[€)

o ALt A HelAM 30 % ~ 50 %]

A

S}k
=

iy

o

o, Case 3(RCP4.5 Z= i

T AR
tzZA o

o)
o

o
=

+

o

o7
or
o
XS

ol
4

]

A% F7heo

AdERT YET

=
L.

p—
T

)
AR 2050 o] A9 Case 2+ T=9 BE A YoA wjEFo] St

=
=

’

F AL

)

oju

had

S Um A Aol A 80 % ol #e] 5

Fe= B2 Q9A9e A9

7
No

o} Case 19 4% A HjE7Fol

Fol Lol A v & ol

50 % ©]3

179 AgES A o

9]

ol

oA ol A

A

Ay B Case 29} Case 3

\a

o

0

o

K

Aol A Case 3°] Case 4ol Hl&] =&

Z3+9] 202083t VOCs i

€ Ag=a A

7hgol o

otk oyt Case 2914 = th2 Autbg

.
o} Case 19| 4% 3t54 doidll 50 % ~ 80 %] F7FH&ol, 21 9 A HefA 20

% ~ 40 %°] S71&°] LEt

A efel Aol o

=,

e
Al ArjH o F71go] 2

+

B

o7
o
el

=
T

W& 27189 Agko] Case 1R Hlwa #U3H

o)

o} Case 3¢ A$ WEAY

15



Ag HAT & YT WA NBE A SR ko] F4Fo] 0 % o)
]

(Ao 150 %22 e} o] A

it
P
ttlo
0
ok
4»
3:0
32

= ANA W& Z7 AF <l 4
o} Case 49] ¢ ZE A YolA 20 % olste] T7FE&S AT 4 AATH Al
g o’ F=r9] 2050 ] VOCs & ¥3t&-2 Case 29| ¢ B A HolA )
= 3S7HE 1T 5 A3, 53] HEeEEAYe vE SV FEEAE s
A 4= AATh Case 19] A9 sHEAFE Al o2& 3 ALAHE
I AT 22 IR YEA YA wjEFo] At I 52 tiEE 2000
A vl 20 % ol o] FEo R FFAasAR 3] YR A9 A9 A&
O 2 A 0T F AReH, 1 9 & AYEL 200089 &5 e &
AE g 4 ATk Case 37 Case 49] 79 NOx2] -9} vlzt7}A| 2 A<

o
R o] A ol 4 W ZaFo] 743, Case 30| Case 4ol HI8) FaEo] 2 7
& g

RGAIT Case 32] A% U5= 5 A Yo A vj&aFo] 40 % o] 2
_{r\_

o

oN &
ru
i
H
f
o
k]
%0
o ©

N
9,&
rr
oﬁ, Oﬁ ﬂllﬂ]
ot

ot
tlo o
T
o
L K
z X2
3Q
v il
!
=
jud)
Y
I\
_\|L
to
o
N
o
Ir
(o]
>
v
Ac)
b
rlr rlr

Case 40]H &

offt
W
ot

= S7HE0l e X]”*‘:Oﬂ Hlsl Fhz o=
A 53] el 3 AHe mjE S7HECl =2 Ae
s B A wME S7FEC] BE A Yol Hl§) A

o7 52 AEES ‘Jr‘ﬂxl /\lurﬂ QoM = fFARSHA YEbE & Q‘ﬂ%‘ T AN

X0 o
0
ot

o

_l

32
0o

3, AAEA A mjEEe 2000511‘419} FARE 2 UdEllen, Fa4d A9
of WEFE 238 Uadts 202 vebRth UmA AU eEL BT T
A Al A PMys Wi & 3ol 20000 d ol Blsl Zrasts A o= YE e, case
13} Case 4 Adl wWiEFo] Az-&ol FASIY &2 2to]7} treb Case 19
Me WeEAGS dthao= wjE A&l oL, 200080 sEe] =2 A
o2 I Aets FHoRRE o Ak B dF WEAG WiE A&



o] & WA, Case 4= W& AL 59 X7} vl 43 Ao =2 Yepd

olgoll A duid 7 Case B =9 vlef vl W3S SR, Case 2
E AT BE AFolA 20208 tol= 74 AldeEle W Ho miEede 2ol
2050t = 20008t FE=S HolAY IHG fastes Ze &S Aok
Case 2& T2 /\lb‘rﬂ&%ﬂr% GEA 20503t = wjE o] AL Srheke

& AT HEol FA do wiE®o] o, v

=

AbsEr o A =734z =(Pearl River Delta)el] ©]
SR AR YEAYEY A HA2 39 Ed-
A ATolA Evet dir|ded AR g FFES VA= AHe

AF3sta 2lo(Kajino et al., 2013; Kajino et al., 2011; Lin et al.,, 2008)!+1>18
A G e] v&aF wsle] A& A4S 71 Bart J& o= FaHT

o
oii oft

Case 1 Case 2 Case 3 Case 4

Ox

P g‘ —3 x e
2o M - } ¥ &/; 3 /¢
ol ,» . 5 Ai) ,Fr‘ﬂf' 1 ‘:;;g L}Qij%v ¢ ) ,L:u L (ﬂ " i
-~ : 4 70

VOCs 50

o )? ;/% j/ j 3 /j
i L 2 A el 4

PM25 10

- / -, 2 ﬁ e L a5 |

? 2 {j; b o : | "//\ -10 1

Harl 5 4 / ‘), o=y ‘ e
?W - }. L oo D

<Figure 4> Spatial distributions of Chinese NOx, VOCs, and PM,s emissions

differences between each Cases and Base for 2020s.

17



Case 1 Case 2 Case 3 Case 4

100,
90,
80
701
601
50
40
30
20
10

DIFF(3)

2101
-20. 4
-30,
-40,
50,
-60.
70,
-80.
-90,

<Figure 5> Same as figure 4, but for 2020s.

2. 71d ndy Ay A=

ZIEdUE s s Ay A3 HF5S #ste] EANET #5 A&
T v Al d4A, 989 s x(Hedo) €87 03 v59 Rdy AR(ZE
HH =29 sld A 23d AA9 438+ Oys =& vlalstinh g
a2 AFoNA AL METF AR S4S E}" st7] flste] AA FL AH
3 FL 71zt el SRES Ayl oo MiEd ARE A8 723} vlal
sttt Wiw A= 29 60 YERd viel 2. o]5< A EH 3} SRES H

A5E AL ATFE2 vnF FFA 9} FAR sEFES Hol= R,
of Bla) BT O3 =5 ANH o2 AR st= A

B

il

gl 4 Atk #AA 2 EH SRES vl Ame ofAlof A Hof Tk uf

o] A1 918 71E9] SRES Alvhe] 2(PCC, 200D72] wj&
S HlwFd A=Y} E& INTEX-B HiEE =(Zhang et al,

2009)*¢] wiEeo g X33 H, o] A IMAGE(Integrated Model to Assess

the Global Environment) 2.2 ¥iZ& & A5 5 &85t X 9E 347 - v|g| vj&F



Il g7zs 2 n&]

o= 4% Ao® s1Ee| SRES Alele B WEFHE Ho|7} 3 u} =

7438k, 2008; 2009; 2010). ©]& 38 RCP7F A SRES Ht} %
2 1A%, FokAloh A o] thahA = O}Zlﬁ}xl

o= A% 4 AUtk 1Y 62 53

3 QAT W wstel

> 1N
o
-]
OEL
~
0
;O
N,

ox
9
32
”
)
ftlo
o
)
N

_l

o e & Hw
flo

U

A/ ]

32

O

b

e

o

i

ol

oy

Y

o

il

ooy

oot

LR
JJN_‘ ‘h’ r

B
jz
O
&
N
N
2
N

a
>
2
>
wn
=
&©
wn
i

o
H
=2
>
td
—
o\
N
e
P2
ftlo
-l \
o

o M o

Y
30
2
i
=]
D
Y
N

oo
I
g,
oL z
il
_E
il
R
Bl ol
e
Y

(a) Jeju (b) Imsil (C) Hedo

—e— OBS.(2002-2005) 0BS : 366 —o— OBS.(2002-2005) OBS:0T 11 e OBS(2001-2008) OBS ;319

—a— SRES SRES: 441 || —e— SRES SRES: 436 || o gpps SRES: 48
80 ——nee RCP: o1l | [ —+— RCP RCP48 1 [ —e— ROP RCP: 470

dan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month Month Maonth

O (ppbyv)

<Figure 6> Comparisons between simulations and observations on monthly

average ozone concentrations at surface sites.

<Table 6> Statistical analysis for comparing modeling performance

SRES RCP
r I0A r I0A
Jeju 0.81 0.68 0.88 0.86
Imsil 0.79 0.74 0.81 0.88
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<Figure 8> Spatial distribution of predicted DM8H averaged surface O;

concentrations (from April to August) changes according to the projected

Chinese emissions changes for East Asia.

<Table 7> Spatial mean values of predicted DM8H averaged O; concentrations

(from April to August) for East Asia

Averaged concentration Difference with Base

(ppb) (ppb)

Base 49.15 0.00

Case 1 52.56 3.41

2020s Case 2 50.82 1.67
Case 3 50.78 1.63

Case 4 90.68 1.53

Base 46.42 0.00

Case 1 46.37 -0.05

2050s Case 2 50.52 4.10
Case 3 43.89 -2.53

Case 4 44.64 -1.78
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<Figure 9> Same as figure 8, but for the Korean peninsula.

<Table 8> Same as table 7, but for the Republic of Korea

o

Averaged concentration

Difference with Base

(ppb) (ppb)

Base 49.47 0.00

Case 1 52.27 2.80

2020s Case 2 50.82 1.35
Case 3 50.70 1.23

Case 4 50.69 1.22

Base 47.30 0.00

Case 1 47.25 -0.05

2050s Case 2 50.40 3.10
Case 3 45.74 -1.56

Case 4 46.22 -1.08
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<Figure 10> Spatial distributions of predicted annual averaged surface PM;s
concentrations changes according to the projected Chinese emissions changes

based on reference years for East Asia.

<Table 9> Spatial mean values of predicted annual averaged PM,s

concentrations for East Asia

Averaged concentration Difference with Base
(ng/ne) (ug/m)
Base 9.9 0.0
Case 1 11.7 1.8
2020s Case 2 11.0 1.1
Case 3 11.5 1.6
Case 4 12.2 2.3
Base 9.0 0.0
Case 1 5.2 -3.8
2050s Case 2 12.1 3.1
Case 3 4.0 -5.0
Case 4 4.7 -4.3
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<Figure 11> Same as figure 10, but for the Korean peninsula.

<Table 10> Same as table 9, but for the Republic of Korea

Averaged concentration

Difference with Base

(ng/me) (ug/m)

Base 10.5 0.0

Case 1 12.0 1.5

2020s Case 2 11.3 0.8
Case 3 11.8 1.3

Case 4 12.1 1.6

Base 9.7 0.0

Case 1 74 -2.3

2050s Case 2 12.0 2.3
Case 3 6.2 -3.5

Case 4 6.6 -3.1
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