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Protectmg HEALTH fram clmate chone Protectmg HEALTH feom chmate chonge

World Heatza Day 2008 World eaith Day 2008

AIR POLLUTION - THE SILENT KILLER

Higher temperatures
increase dangerous
pollutants.

Air pollution is a major environmental risk to
Every yoan health. By reducing air pollution levels, countries
; can reduce:
7 MILLION
DEATHS

are due to exposure.

pollution.

REGIONAL ESTIMATES ACCORDING
TO WHO REGIONAL GROUPINGS: Over 2 million
in SouthEast Asa Region

| from chwate chonge
eaith Day 2008

Over 2 million

in Western Paciic Region
/. Nearly 1 million

8 in Afica Region

About 500 000

deaths in Esster Mediterranean Region

About 500 000
deaths in European Region

Drought impacts on the most
fundamental determinants of health
such as food and water

More than 300 000
in the Region of the Americas

CLEAN AIR FOR HEALTH #AirPollution g.jg lorid Heatth

Organization

WHO: KSISREHAIERR WHo: 1%?P@§x§q1@£m§¢un,
2008 &
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e 6. Attributi

sconomic consequences to selected climate change impacts,

al projection w.rt. ack tion

Labour productivity e All
Total damage costs in 2012:

€59 billion (and up to € 189 billion)

pollutants
PM,, SO, NMVOCS)

0 billion
(and up t0 € 115 billon) “0.40%
Carbon dioxide
€ 18 billion 060
(and up to €73 billon)
Heavy metals
(As, Cd, Cr, Hg. Ni, Pt €115

5 -080% -
€ 0.34 billion per capita

(and up to € 368)
Organic pollutants
benz s, furans, PAHS)

-120%
2015 2020 2025 2030 2035 2040 2045

o SETHEAMEEEFIEER (OECD):
ERERRIZSSSSIRAA : 400 12K (RMHERISE). P 1% (0FCD)
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IMED SG&TENMEEUAZ IMED Integrated assessment model

. Integrated Model of Energy, Environment and Economy for Sustainable Development
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IMED SG&TENMEEUAZ IMED Integrated assessment model

-

IMED #ﬁﬁ%ﬁséﬁf_; i

=

Handbook of IMED Model
Framework

*  Atechnical introduction ¥

.

BARFH

Hancheng Dai .
n and Low-carbon
nvironmental S

IMED t#&BFAe B TEL: http://scholar.pku.edu.cn/hanchengdai/imed_general
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IMED|CGE &5

IMED|CGE: {2\ &F R ANIRTITHE—RIYEIEE! (Computable general equilibrium) .
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Value added

G=15

#

S— s EFEE 30 M

Income

Expenditure block N _
o~ Goods £ 14 MERBX;
i Q Goods
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| ) — - BRERESE
i
i
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i
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i
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i

Household

SNE Income Tax Government N N
) Goods 251 331 EE 91 gBlj
Income block

Expenditure
Gross Saving Capital Goods
Formlation Goods

s

WEBINMBFEMEIEL &L http://scholar.pku.edu.cn/hanchengdai/imedcge

10/31



IMED|CGE tRBIZZHIFAT: k. SRMANTBELERBER

- BORHEE X RRHEETMN: e, Eigm il raEe 2t
- FEINRBIS AT ERm? ° °
© FENNSRBEHE A E A mRE?

27.Li, H. Dai* et al. (2017). "Exploring the impacts of regional unbalanced carbon tax on CO,
emissions and industrial competitiveness in Liaoning province of China.” Energy Policy 113: Page (3Z
SHEHE)

3X. Tian, H. Dai* et al. (2016). "The effects of household consumption pattern on regional
development: a case study of Shanghai.” Energy 103: 49-60 (&%)

47.Weng, H. Dai* et al. (2018). "A general equilibrium assessment of economic impacts of provincial
unbalanced carbon intensity targets in China.” Resources, Conservation and Recycling 133: 157-168
(X EHER)

57. Li, H. Dai* et al. (2018). "Exploring the impacts of regional unbalanced carbon tax on CO,
emissions and industrial competitiveness in Liaoning province of China.” Energy Policy 113: 9-19 (32
HhkE)

8H. Dong, H. Dai* et al. (2017). "Exploring impact of carbon tax on China’s industrial CO, reductions
and provincial disparities” Renewable & Sustainable Energy Reviews 77: 596-603 (M E§5%)

7Y. Xie, H. Dai* et al. (2018). "Impacts of SO2 taxations and renewable energy development on CO;,
NOx and SO, emissions in Jing-Jin-Ji region.” Journal of Cleaner Production 171: 1386-1395 (M &4i%i%)
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BERRRIMITAS

ERITHIRER [2]
« AR = 1+ CRF*

- RERER = BiERRER *A
A

- TYERGIEHRS = BURIRK + BOURK

Category Endpoint from PM2.5
Work loss Work loss day from morbidity
Work loss day from cumulative mortality Work loss day from cumulative mortality
Morbidity Respiratory hospital admissions
Cerebrovascular hospital admission
Cardiovascular hospital admissions
Chronic bronchitis
Asthma attacks
Respiratory symptoms days
Mortality All cause (International)

ERRmAEE R
- BT - ERERE - BTNt
© GFEitEasiNE = SR - Buf
it iE
- MREEMRESIE.

- AREBAISI RN ERET AL
GDP FIsMEE4L (0.5) itE

Endpoint from ozone

Work loss day from morbidity

Respiratory hospital admissions
Lower respiratory symptoms

Bronchodialtor usage

All cause (International)
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R _Eifs: R. Wu, H. Dai*, et al. (2017). "Economic Impacts from PM,5 Pollution-Related Health
Effect: A Case Study in Shanghai.” Environmental Science Technology. (Paper link)

OFhEFE: V. Xie, H. Dai* et al. (2016). "Economic impacts from PM, s pollution-related health effects
in China: A provincial-level analysis.” Environmental Science & Technology (Paper link)

"R 517, FETEE (2016). "PM, s ISHRNITURER ABHERE IR F M. FEAOSZESH
1% 26(11): 20-28 (Paper link)

28FE]: S. Kim, Y. Xie, H. Dai, et.al.. (2019). "Co-benefits of air quality and health from mitigating
climate change in South Korea.” Environment International, Under review.

BiEiaHEIR: X. Zhang, H. Dai et al. (2019). "Health-related economic impacts of "coal to electricity”
policy in residential sector in Beijing-Tianjin-Hebei region.” Energy Policy (Paper link)

43S 3SIE: X. Tian, H. Dai, et.al.. (2018). "Economic Impacts from PM, 5 pollution-related health
effects in China’s road transport sector: a provincial-Level analysis.” Environment International
(Paper link)

15555E3ZI@: X. Tian, H. Dai, et.al.. (2019). "Toward the 2-degree target: evaluating co-benefits of road
transportation in China” Journal of Transport & Health(Paper link)

163ETE4EFE: C. Liu, H. Dai* et al. (2019). "The impacts of economic restructuring and technology
upgrade on air quality and human health in Beijing-Tianjin-Hebei region in China.” Frontiers of
Environmental Science and Engineering (Paper link)

7PM,5 #1 03: V. Xie, H. Dai* et al. (2019). "Comparison of health and economic impacts of PM,5 and
ozone pollution in China” Environment International (Paper link)
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1. REISE PM,s [SRERTIBRIEZF

N3t

- ESERYRE: FIILIEHRERT,
ug/m?, FLHELICFIR

F 2030 £, PMys RERITBEZRINE 35

© SNSRINLAES), KEDEMHI PMos MREE TFEL] 65-80%

GAINS-China model
v

PM2.5 concentration
¥

Health module
Morbldlty Mortality
Expendlture Work loss day

@!ﬁ'

THRAESE

8

H

Concentration [ug/m’]
8

g

8Environmental Science Technology. 2016. Authors
https://pubs.acs.org/doi/10.1021/acs.est.5b05576

8

= WoPol = WPol - - ~National standard = = = WHO standard

Xinjiang = -

2030 fﬁé‘,&slzi’] PM, s iRE.

: Y. Xie, H. Dai et al.
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© ISRMERIBR | RS REEH AT LR

D8 75% BIRIBALL, FimDED 75%

HEEERNEE 65 1ZE7T 2030 £ PM, 5 ;S#RFE WPol §1 WoPol EE %
BISER GDP () FIEERER (B) |RK

- GFHRK: 22030 F, ERAHEHIAA

6.00
5.00

AL 1018 {2355 (=GDP 9 0.79%), = a0 §
{Eifs5 GDP 310 117%; o
- AU AT: 2923 VERBAOE G

] LT
EEHanhIERALL R >1.0, 2m |

273 7
®GDP Gain u Control Cost Beneﬁt/Cos

2030 £F PM, 5 i55EHIRI R AR E
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2. fiE PM, s FIR|ERMEFMRONI LS

0, Concentration n 2030: woPol (gim’) 0, Concentation n 2030: wPol2 (ug/m?)

- WA SRSROBRRMSFIFMEFEEFRK. FREEMHZ PMs 5
IWEIFE, FERPEn= 0 HIFINE-E.

YEnvironment International. 2019. Authors: Y. Xie, H. Dai et al
https://doi.org/10.1016/j.envint.2019.05.075
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2. FAE PM, s FIR|ERMEFIRAINI L3

Value of life: [billion USD]; GDP and welfare loss: [%]

PM2s lal GOP

1T T
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“ll. ll.lulhhl

Ozone la GoP

0.10
S LTHHTIHTLT
0.00

[6] Consumption

-
ST NI
00 11

ik i

[¢] Value

ofife lost

Region

::::::: W woPol M wPol - wPol2

- BRI : TSRAEHIIBR T, B 2030 4, PM,s F 0s HAATERISIREE D
BUIE GDP A9 2% #0 0.09%. TESHIEHIRIBIZ T, AR BEFHE (<0.5%).

- KHIBERIET: Os iISZUMIRISAIBE)N, (BRMERER. 52030 &F, RIERMHEAVA
HEBCRBRBER> 20% B9 05 iREE, M PM..s iRERIBERIDL 75%

[e] Value of

life lost

Regio

n
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3. R EERASARBRRERME ST RS

- ESERWHE EREEETIE e I
WINGUREMX PM, s 71 S0, FOHERL 51 . -\
;o ‘ B

- REREAN: 7F BTH_partial 18T, B [ S
2030 &, Jbm. K2 GAHtEEEL
BT BIETE5 81 6,700 (19.7%). e
2,500 (13.1%) #0 13,200 (11.2%)

TH FE%T—/AE THERR: PMys :Zﬁfh

20Energy Policy. 2019. Authors: X. Zhang, Y. Jin et al https://doi.org/10.1016/j.enpol.2018.12.008
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4. FREF AR SEAR RS SISREA B RRIR RS >

Current Economic Structure
and Emission of the Air Pollutants

Industry Reform

Industrial technology upgrade Economic restructure

. REGAMSE, BEESS | s v

FHPHERUREL, SSREEEL, I T i T &
=Fadl CcO NO, SO, PM, 5
ﬂ] IMED | HEL *;gg emission emission emission emisszibn en\llig?on
* BRRE GEOS-Chem Model

PM, 5 concentration O; concentration

Health Impact l IMED-HEL Model

Mortality and morbidity

|

Policy optimization

FRTHESR

ZFrontiers of Environmental Science Engineering. 2019. Authors: C. Liu, H. Dai et al.
https://doi.org/10.1007/511783-019-1155-y
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4. FUREF AR SEAR BTSSR R AR ISR

”. 2

46% (550ug m*) 2% (350ug m?) 18% (219 ug m")
E 1i7E 116 120E 117E {16E 120E 117 116E 120

40 20 o 2 w0 CINC]

SR FRi5HR ¥ F
o IR0 PM,s IRERREE, ABRC Lgmraiesws o toesgnt| s csns | eimsand |
fr, PAVERER TEIARY PMys iRE o

7t PM,s concentrations

- BX, 05 IREMEWNT 3%, €K, 0; N S
IREEBR A, B. DRLEH, EERC # ' " q
RREE PR e e
jvgm® 20 13 € 0 6 13 20 %
A T S e

e wame )
0 4080 lvgm®] 20 13 s o 6 13 0 %

03 concentrations

23/31



4. FUREF AR SEAR BTSSR R AR ISR

- BEYTR: EE= A B. Db, BAF
PM, s SBRIFETHEZIEIN, M 0 77
ERXNAHEEL

- BiFIRE: ERIFNBRT (BR8B!
EREEFT) , REIKEIAREAIE
B GDP Y 7%, JLEmAYI 2%, KiEAT 4%

o« Scenario-B
-]

B Scenario- B

PM,.5 1 O3 iSHAVEERSIA
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5. REISIEATIE PM, s iISHRAIBRRESTRIMS T

Mortality unit: thowsand
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¥ 53 & @
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BN SEFETMM 2015 B 2030 S 8.47%, AT 17 A,

I%%*E *l%\%tA;Eﬂ

2Environment International. 2018. Authors: X. Tian, H. Dai et al
https://www.sciencedirect.com/science/article/pii/S0160412018301338

=10% =S

25/31



5. PEIEIE3CIE PM, 5 iSRAEREREF MO
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6. PM 5 iSEUBAXAIRRIRA R SIRBRAIRIM: LA LiBHA6 2

5

Morbidity
[case/cap/year]

z

Expenditure
[Yuan/cap/year)

Mortality
[thousand case/year]

W cerebrovascular
hospital adimission

@ cardiovascular
hospital adimission

mrespiratory hospital
admission

Dupper respiratory
infections

Dasthma

@ chronic bronchitis

m work time loss

from mortality
Bwork time loss
from morbidity
Amortality
&5
s
ER
£L
¥5
B

S L &P
# & & &

& S L &L
S S & & SS

sz

- BERERYMERTERSE
TURIBUERAT LAB P (6
RS

ZEnvironmental Science and Technology. 2017. Authors: R. Wu, H. Dai et al
https://https://pubs.acs.org/doi/10.1021/acs.est.7b00026
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6. PM 5 iSEUBAXAIRRIRA R SIRBRAIRIM: LA LiBHA6 2

Morbidity
[case/cap/year]

Mortality
[thousand case/year]

W cerebrovascular
hospital adimission

@ cardiovascular
hospital adimission

mrespiratory hospital
admission

Dupper respiratory
infections

Dasthma

=

@ chronic bronchitis

Expenditure
[Yuan/cap/year)

m work time loss
from mortality
@ work time loss

from morbidity
Amortality
&5
s
Eg
£
¥5
B

o 4 3 <l
S & &S

o ol 3 P J
& & P FF S

& &

sz

ERIEREFHNERSE
TURIBUERAT LAB P (6
RS

IXZ NDC BRI LB AT
=M 10-15.9 5 AT RS
T

ZEnvironmental Science and Technology. 2017. Authors: R. Wu, H. Dai et al

https://https://pubs.acs.org/doi/10.1021/acs.est.7b00026
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6. PM 5 iSEUBAXRIRRIRA R SIREERAIRIR: LA LEHA6

RSSREFAES:

© WNRAREERE, *¥k GDP
FMEFIRKIG D BB 2% 70
3%

. Z‘ FERSEIXIIERIT: D5
%% 0.34% 71 0.38%

- Rl R EREE T
BRI TR BERAIB A

© K= XA ER B B3
=®A
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6. PM, 5 ;SEHBXRIRBIRKA R SURERRIZZN: LA LiEhR6)

Table 2. GDP and Welfare Losses in 2030 (Lower and
Upper Values of 95% Confidence Interval of Exposure—
Response Functions)

o—. GDP losses (% welfare losses (%
ASISRIETFEES: e —t
scenario lower medium upper ower medium upper
- BAUO 1.60 226 2,95 2.18 3.14 4.15
° &D%Z:%HR%E‘@, 5E;E GDP INDC1 0.70 095 122 0.78 1.07 137

*DTE*UTEQEJ%%% ui@ir__r 2% 3‘:-” INDC2 0.65 0.89 114 0.72 0.99 128

BAU3 027 0.37 0.48 037 0.51 0.65
3% INDC3 025 034 0.44 028 0.38 0.50

- EEEAOKEEFIT: 25T
&% 0.34% 1 0.38%

- IS EEDENESEY
HARE T REBERAIR A

- K=/ XIGH B Bt iR
=N

/|
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6. PM 5 iSEUBAXRIRRIRA R SIREERAIRIR: LA LEHA6

Table 2. GDP and Welfare Losses in 2030 (Lower and
Upper Values of 95% Confidence Interval of Exposure—
Response Functions)

o—. GDP losses (%) welfare losses (%)
*%;54&9&;*&*: scenario lower  medium  upper  lower  medium  upper
- BAUO 1.60 226 2.95 218 3.14 4.15
° ﬁﬂix%ﬂy?ﬁﬁﬁ, EE;E GDP INDCI 0.70 095 1.2; 0.78 1.07 1.37
*DTE*UE%QEJ%%\%UEH 2% *u INDC2 0.65 0.89 1.14 0.72 0.99 1.28
BAU3 027 037 0.48 037 0.51 0.65
3% INDC3 025 0.34 0.44 028 0.38 0.50
- FEFRRAIXKEEEE T 2B
FEZ 0.34% #0 0.38% % s 30
- iR EERDENEEEY Lo | 5 ol 1ol 20 o
SAHS T BRI i ENE Hﬂ o]
g 00% + 10 Q
- KA RSB BB R s T EHEREEEEE s
BX -10% E foo &
2020 | 2030
2.0% 10

INDC1 INDC2 BaU3 INDC3 INDC1 INDC2 BaU3 INDC3
D Control Cost @ GDP Gain ¢ Benefit/Cost
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