
20

2016 8 

 

GBD MAPS 



75 Federal Street

Suite 1400

Boston, MA 02110

+1-617-488-2300

 +1-617-488-2335

www.healtheffects.org

2016 8 www.healtheffects.org

GBD MAPS 2016 20  

MA

©2016 HEI 

WA 754 R432



 

GBD MAPS

20

    



IV

HEI

1980

HEI

HEI

HEI

HEI

GBD MAPS

William Flora Hewlett Oak HEI

330

260 HEI

1000

HEI

HEI

HEI www.

healtheffects.org



V

GBD MAPS

Michael Brauer (cochair)  

Aaron Cohen (cochair)  

Wang Shuxiao  

Zhang Qiang  

Ma Qiao  

Zhou Maigeng  

Yin Peng  

Wang Yuxuan  

Kan Haidong  

Randall Martin  

Aaron van Donkelaar  

Richard Burnett  

Mohammad Forouzanfar  -

Joseph Frostad -

Chandra Venkataraman 

Pankaj Sadavarte  

GBD MAPS

Dan Greenbaum 

Bob O’Keefe 

Terry Keating  

Hao Jiming  

Yang Gonghuan  

Christopher Murray  -

Majid Ezzati  

K. Srinath Reddy

Michal Krzyzanowski

Greg Carmichael /

HEI

Carol Moyer 

Zachary Abbott 

Hilary Selby Polk 

Hope Green 



HEI .......................................................................................................................................VI

 ................................................................................................................................................... V

 ......................................................................................................................................... 1

 .................................................................................................................................................. 14

 .............................................................................................................. 14

 ..................................................................................................................................... 15

 .............................................................................................................................................. 15

 .................................................................................................................................................. 15

 ............................................................................................................................ 15

 ................................................................................................ 17

 .................................................................................................................. 17

-  ........................................................................................................... 21

 .............................................................................. 23

 ................................................................................................................... 27

HEI  ............................................................................................................................ 28

............................................. 28

PM2.5
 ...................................... 29

 .......................................................................................................................... 32

PM2.5
 ......................................................... 33

 ............................................................ 33

 ..................................................................................................................................... 34

............................................................. 34

 ................................................................ 34

 ....................................................................................................................... 37

PM2.5 2013  .............................................. 39

GEOS-Chem PM2.5  ............................. 39



PM2.5
 ......................................................................................... 44

PM2.5
 ..... 45

PM2.5  ................................................................................ 47

PM2.5  ........................................................................................ 48

2013  ..................................... 49

 ..................................................................................................52

 ..................................................................................................................................... 52

 ................................................................................................................... 55

PM2.5
 .................................................................................................. 56

 ................................................................................................ 59

PM2.5  ......................................................................................................................... 59

 ...................................................................................................................... 61

 .................................................................................................. 62

 ...................................................................................................................... 67

 .................................................................................................................................. 69

 ....................................................................................................................................... 73

I PM
 ................................................................................................................................................... 81

II PM  ....................................... 82

III  ..................................................................... 85

IV   ......................................... 87

V 2013 DALYs  ........ 96

HEI  .......................................................................................................... 126

 ..................................................................................................................... 126

HEI  ..................................................................................................................... 128

HEI  ..................................................................................................... 129



1

HEI 20

PM2.5 PM2.5 40

PM2.5 2013

366000

155000 95000

2013 PM2.5 27

2013 PM2.5

177000 2013 PM2.5 19 155000

137000 86500

PM2.5

2030 BAU1 BAU2 PC1 PC2 2013 54μg/

m3 50 38 38 27μg/m3

2030

2030 PM2.5

5

2013 GBD20136

PM2.5
7 2013 290 64

5 William FloraHewlett Oak

6

7
2.5μm



2

HEI 20

8 GBD

http://www.healthdata.org/gbd 108 1000

GBD2013 1990-2013 79

188

Forouzanfar 2015

GBD

GBD

GBD MAPS GBD

PM2.5

GBD

GBD MAPS HEI

(IHME)

GBD MAPS

  HEI

HEI

Tong Zhu Markus Amman IIASA John Evans

GBD MAPS

2016 2 2016 5

HEI

8 Cohen A, Brauer M, Burnett R, Anderson HR, Estep K, Frostad J, et al. 
23 GBD2015 .



3

HEI 20

GBD 2013 PM2.5 54μg/

m3 99.6 WHO 10μg/m3

Brauer 2016 2013 PM2.5 6.4μg/m3

83.5μg/m3 1 1990 2013

PM2.5 38 40 45

1. 2013 PM2.5

PM2.5

1990 10.552 2013 36.23

2013 9

2016 1 1

2017 PM2.5 25

20 15



4

HEI 20

PM

WHO2005 [U.S.EPA]2009

PM2.5

PM 2014

PM Loomis 2013

2010

HEI 100 2007

HEI 2010

Chen 2012 Wong 2008

Cao 2011 Zhou 2014

GBD 2013 290 916000

1990

2 Cohen PM2.5

PM PM

2013 807000



5

HEI 20

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

900,000

1,000,000

1990 1995 2000 2005 2010 2013

PM
2.

5

Year

LC IHD COPD LRI

2. 1990 2013 PM2.5 LC=

IHD= COPD= LRI=

GBD MAPS 3

1.  GEOS-CHEM 2013 2030

PM2.5

2.  GBD PM2.5

3.  a GBD b

IER

PM2.5



6

HEI 20

3. 2013 2030

GBD MAPS

2013 PM2.5

MICS III 2010 2013

SO2 NOx PM10 PM2.5 BC OC

NMVOC NH3

Goddard GEOS-Chem v9-01-03

PM2.5 2013

GEOS-Chem

PM2.5

PM2.5

PM2.5



7

HEI 20

GEOS-Chem GBD 2013

(0.1 0.1 ) PM2.5 PM2.5 a

+ GEOS-Chem b TM5–FASST

c PM PM2.5

2013 PM2.5 80 PM2.5

300 PM10 PM2.5:PM10 PM2.5

PM2.5 IER (

PM2.5

)

2030

2030 PM2.5

2030

[1] [2] 

BAU 2012
BAU[1] BAU[2]

PC

PC[1] PC[2]



8

HEI 20

2030

GBD2013 PM2.5

2030 PM2.5 2013 1990 2013

2030

PM2.5 PM2.5 40

50

PM2.5

3%–4%

PM2.5 PM2.5 2013

916,000 PM2.5

2013 366,000

3 2013 PM2.5 12

2013 PM2.5  - 177,000

155,000 137,000 86,500

PM2.5

PM2.5 BAU1 BAU2 PC1 PC2

2013 54μg/m3 2030 50 38 38 27μg/m3 4



9

HEI 20

0.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

STD BAU1 BAU2 PC1 PC2

PM
2.

5(
μg

/m
3)

4. PM2.5

PM2.5 2013 916,000

BAU1 BAU2 PC1 PC2 PM2.5 38

25 24 8 2030 BAU1 BAU2 PC1 PC2

PM2.5 130 110 110 99

PM2.5 5

PM2.5 GBD 

2013 1990 2013 PM2.5 PM2.5 PM2.5

PM2.5



10

HEI 20

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

2013 2030 BAU1 2030 BAU2 2030 PC1 2030 PC2

PM
2.

5

Year

LC IHD COPD LRI

 5. 2013  2030  PM2.5 2030  GBD MAPS 

2013  2030  

2030 

2030  

 PM  

 PM2.5  

PM2.5 6



11

HEI 20

6. 2013 2030 PM2.5

2030 PM2.5

2013 PM2.5 40 2030

BAU1 BAU2 PC1 PC2 PM2.5 44

55 47 49 PM2.5

Brauer M, Freedman G, Frostad J, van Donkelaar A, Martin RV, Dentener F, et al.2016.2013

Environ Sci Technol 50:79–88; doi:10.1021/acs.

est.5b03709.

Cao J, Yang C, Li J, Chen R, Chen B, Gu D, et al.2011.

J Hazard Mater 186:1594–1600.

Chen R, Kan H, Chen B, Huang W, Bai Z, Song G, et al.2012.



12

HEI 20

Am J Epidemiol 175:1173–1181.

Forouzanfar MH, Alexander L, Anderson HR, Bachman VF, Biryukov S, Brauer M, et al.2015.188

79

1990-2013 2013 Lancet 386:2287–2323.

Health Effects Institute.2010. 18.Boston, 

MA:Health Effects Institute.

Loomis D, Grosse Y, Lauby-Secretan B, El Ghissassi F, Bouvard V, Benbrahim-Tallaa L, et al.2013.

Lancet Oncol 14:1262–1263.

U.S. Environmental Protection Agency.2009. EPA/600/

R-08/139F.Washington, DC:U.S.EPA.

Wong CM, Vichit-Vadakan N, Kan H, Qian Z. 2008. PAPA

Environ Health Perspect 116:1195–1202.

World Health Organization (WHO).2005. WHO

E90038.pdf?ua=1.

Zhou M, Liu Y, Wang L, Kuang X, Xu X, Kan H. 2014.

Environ Pollut 186:1–6.

 BAU 

 BC 

 GBD MAPS 

 GEOS-Chem Goddard

 HEI 

 IER -

 NH3 

 NMVOC 

 NOx 

 OC 

 PC 



13

HEI 20

 PM 

 PM10 10μm

 PM2.5 2.5μm

 SO2 

 U.S. EPA 

 WHO 



14

HEI 20

GBD7 2013 PM2.5
8

2013 290 64 9 10

11 12

GBD

GBD MAPS

HEI IHME

GBD

GBD

5 William Flora Hewlett Oak

6 Aaron Cohen Health Effects Institute, 75 Federal St., Suite 1400, Boston, 
MA02110, USA acohen@healtheffects.org.
7

8 2.5 PM2.5

9 2013 916,102
10 2013 586,788
11 2013 174,247

2013 184,676
12 2013 168,396



15

HEI 20

GBD MAPS

1. PM2.5 2013

2. PM2.5

13

3. PM2.5

4. 2030

PM2.5

GBD MAPS HEI 2014 HEI

2015 4

HEI

Tong Zhu Markus Amman IIASA 

John Evans

2016 2 2016 5 HEI

GBD PM2.5

2013 PM2.5 54μg/m3 99.6

WHO 10μg/m3 Brauer 2016

13

PM2.5



16

HEI 20

2013 6.4μg/m3 83.5μg/m3

1990 2013 PM2.5 38

40 46 41 45

45

PM2.5

1990 10.55 2013 36.23

PM2.5 50 –60% 2013

9

2016 1 1

2017 PM2.5 25 20 15

2005 - 2010 NOx

SO2 PM2.5 NMVOC NH3

+34 -15 -12 + 21 +10 Zhao 2013a

2005 Amann

2008 Cofala 2012 Ohara 2007 S.X. Wang 2014

Wei 2011 Xing 2011 Zhao 2013

2010 - 2030 16 -36

2015

2010 1/3 Amann

2008 Cofala 2012 S.X. Wang 2014 Xing 2011 Zhao

2013 SO2 PM2.5 2030

SO2 PM2.5 1/4-1/3

Amann 2008 Cofala 2012 S.X. Wang 2014 Xing 2011 )

2010 2030 NMVOC

NMVOC

2020

2030 Ohara 2007 S.X.Wang 2014

Wei 2011 Xing 2011 )

PM2.5 PM2.5

34.0-193.4μg/m3 PM2.5 >100μg/m3

PM2.5 <40μg/m3

PM2.5 7.1 -57

17.7 -53 7.1 -43 1.3 -12.8

PM2.5 40 -57 PM2.5



17

HEI 20

PM2.5 53 -90

PM2.5

10μg/m3 PM2.5 10 Yang 2011 )

CALMET/CALPUFF Hao 2007 ) Bi

2007 Chen 2007 Cheng 2007 Li 2008 Wang 2008

Wu 2009 2012 PM PM10

CMAQ

PM2.5 PM2.5 Zhang 2012

PM2.5

Yang 2013

PM2.5 55 21 L.T.Wang

2014 2013 1 PM2.5

D.X. Wang 2014

PM2.5

58 16 Zhang 2015

Goddard GEOS-Chem www.geos-chem.org

PM2.5 49.8 26.5

PM2.5

- -

GEOS-CHEM

Heald 2004 Wang 2004 ) PM2.5

Fu 2012 Y.Wang

2014 ) GEOS-Chem

van Donkelaar 2010 2015 Geng

2015 PM2.5 PM2.5 Jiang

2015 Kharol 2013 Zhang 2015 )



18

HEI 20

GBD PM2.5

PM2.5

PM2.5 GBD 2013 PM2.5 [ ]

290 [916,000] 216,000[67,000] PM2.5

PM2.5 PM PM

2013 807,000

PM2.5

GBD
14

PM

WHO2005 [U.S.EPA]2009 ) PM2.5

ISA U.S. EPA

PM2.5

COPD

PM2.5

PM U.S. EPA

PM

PM2.5 Shah

2011 Stieb 2012 ) Brook 2010

Newby 2015 PM2.5

PM

PM COPD Sava 2012 )

IARC 2014 PM Loomis 2013 )

GBD2013

1990 2013

14
1 2

PAF3)… PAF 1 2 3



19

HEI 20

Zhou 2015 ) 2010 HEI

100 2007

HEI 2010

Chen 2012 Wong 2008

Cao 2011 Dong 2012 Zhang

2011 2014 Zhou 2014 ) Cao 2011

31 70,947 TSPs

LC

PM2.5

TSP/PM10 PM2.5 PM2.5

- Cao 2011

Zhou 2014 10 μg/m3 PM2.5 0.9

2.5% ACS Pope 2002 Laden

2006 10μg/m3 PM2.5 4 16%

PM2.5 PM2.5

PM2.5 Pope 2011

- IER

Burnett 2014 ) IER

PM2.5



20

HEI 20

  Chang 2003 Kan 2008

Qian 2007

  PAPA Wong 2008 CAPES Chen 2012 )

  Cao 2011

Zhou 2014 Zhang

2014 Dong 2012 Zhang 2011 )

  Zhang 2000 Xu 1996 Tie

2009 ) 

Hedley 2002 ) 

Cao J, Yang C, Li J, Chen R, Chen B, Gu D, et al.2011
J Hazard Mater 186:1594–1600.
Chang G, Pan X, Xie X, Gao Y. 2003.[ ].Wei Sheng 
Yan Jiu 32:565–568.[In Chinese.]
Chen R, Kan H, Chen B, Huang W, Bai Z, Song G, et al.2012.

.Am J Epidemiol 175:1173–1181.
Dong GH, Zhang P, Sun B, Zhang L, Chen X, Ma N, et al.2012.

12 Respiration 84:360–368.
Hedley AJ, Wong CM, Thach TQ, Ma S, Lam TH, Anderson HR.2002.

Lancet 360:1646–165.
Kan H, London SJ, Chen G, Zhang Y, Song G, Zhao N, et al.2008.

PAPA Environ Health 
Perspect 116:1183–1188.
Qian Z, He Q, Lin HM, Kong L, Liao D, Dan J, et al.2007.

Environ Res 105:380–389.
Tie XX, Wu D, Brasseur G. 2009. Atmos Environ 
43:2375–2377.
Wong CM, Vichit-Vadakan N, Kan H, Qian Z. 2008. PAPA

Environ Health Perspect 116:1195–1202.
Xu ZY, Liu Y, Yu D, Chen B, Xu X, Jin L, et al.1996.[ ].Chin J Public Health 
15:61–64.[In Chinese.]
Zhang J, Song H, Tong S, Li L, Liu B, Wan L. 2000. Sci Total 
Environ 262:63–71.
Zhang LW, Chen X, Xue XD, Sun M, Han B, Li CP, et al.2014.

12 Environ Int 62:41–47.
Zhang P, Dong G, Sun B, Zhang L, Chen X, Ma N, et al.2011.

PLoS One 6:e20827; doi:10.1371/journal.pone.0020827.
Zhou M, Liu Y, Wang L, Kuang X, Xu X, Kan H. 2014.
Environ Pollut 186:1–6.



21

HEI 20

GBD PM2.5

IHD LC COPD

LRI Forouzanfar 2015

Lim 2012 )

PM2.5

- PM2.5

Chen 2008 )

PM PM

PM EPA U.S. EPA 2009

PM

PM WHO REVIHAAP WHO 

2013 2009 U.S. EPA ISA

IARC

Loomis 2013 )

HEI NPACT 2013

PM2.5 GBD

GBD IER

Burnett 2014 )

IER

PM2.5 PM2.5

IERs PM2.5

PM2.5

PM2.5 Pope 2011 )

GBD 2013 IERs Bayesian Markov Chain Monte 

Carlo A. Cohen 15 Forouzanfar 2015 )

PM2.5 IER

15  Cohen A, Brauer M, Burnett R, Anderson HR, Estep K, Frostad J
2013 GBD 23



22

HEI 20

PM2.5

PM2.5

AAP SHS

HAP AS

24

μg/m3 IER PM2.5 AAP SHS HAP

AS AAP

PM2.5

-

IER

IER(z) = 1 + × (1  e z zcf)+)

zcf (z – zcf)+ = (z – zcf) if z > zcf
0 IER

IER

100 10,000

zcf TMREL

/ 5

5 -

5 II CPS 

II 5 8.8 μg/m3 GBD 2010 Lin

2012 5.8 μg/m3 CPS II 5 GBD 2013

/ 5.9μg/m3 8.7μg/m3

zcf
IER 1000 PM2.5 1000 IER

IER 1000 IER

/ 0.975/0.025

PM2.5 <125μg/m3 1000

IER A. Cohen -



23

HEI 20

IER

25-20 50-55 80+ IER

. a b c d

IER IER

PM2.5 0 5.9μg/m3 =1 TMREL

A. Cohen

2013 PM2.5 916,000 10 1990

59 2013 PM2.5 571,000 345,000

2013 PM2.5 17% 19

37 8 18

2013 PM2.5 DALYs 8 4

1a b 2013 5 5.4 DALYs PM2.5

1990 PM2.5 PM2.5 DALYs 3.8 8

PM2.5

PM2.5 DALYs 64 24 1990

PM2.5



24

HEI 20

1a. 2013

1b.2013 DALY



25

HEI 20

DALYs

PM2.5 DALYs 2

2. PM2.5 DALY

2000 3a b 1990 PM2.5

577,000 2000 19 686,000 2013 34 916,000

2000 2013 PM2.5 2.6

3a. 1990 2013 PM2.5



26

HEI 20

3b. 1990 2013 PM2.5 DALYs

PM2.5 PM2.5

0
1
2
3
4
5
6

1990 1995 2000 2005 2010 2013

(
)

LC IHD COPD LRI

4. PM2.5 GBD 2015

10 28

1990 2013 PM2.5 4 1990

2000 50/10 53/10 2013

66/10 1990

1990 80/10 2013 71/10 0.5 5

DALYs



27

HEI 20

5. 1990 2013 PM2.5 DALYs/100,000

23 PM2.5

16 1990 16.6 2013 17.0

PM2.5

2005

2020 GDP 40 -45 Wang Hao 2012

GDP SO2 20

10 2006

GDP 16% SO2 NOx 8% 10

2012 2013 9 2017

2013

2011

2012 FGD

S.X. Wang 2014 SO2

26

2

16

PAF PM2.5

DALYs



28

HEI 20

2008 Wang 2015

Zhao 2013 c,d 80

PM

Lei 2011 Zhao

2013a 2010 - 2014

S.X. Wang 2014 2006 96

1996 [THUBERC]2009

2010 2012

IV 2000

IV 2011 2013 S.X.Wang 2014 Wu

2012

HEI

HEI

Tong Zhu Markus Amman IIASA John Evans

GBD MAPS

2016 2

2016 5 HEI

GBD MAPS

1. GEOS-Chem PM2.5

GEOS-Chem

2. GEOS-Chem GBD

3. a GBD b

IER 2

PM2.5



29

HEI 20

PM2.5

GEOS-Chem PM2.5

PM2.5 GEOS-Chem

GBD

2013 2010-2012 2012

2030 1

STD 2010-2012

3 20

GEOS-Chem

PM2.5

PM2.5



30

HEI 20

100 GEOS-Chem www.geos-chem.org

PM2.5 - - - Park

2004 Park 2003 Henze 2006 2008

Liao 2007 Pye 2010 Fairlie 2007

Alexander 2005 GEOS-Chem

4  5 445 553 GEOS-

Chem 70 E 150 E 10 S 55 N Chen

2009 NASA Goddard GEOS-5 0.5

0.67 56 74 0.25

0.3125 28 35

GBD

GEOS-Chem

GBD 2013 PM2.5 7

PM2.5

NO2 GBD

GEOS-Chem PM2.5 Jiang 2015

Kharol 2013 Wang 2014 Zhang 2015 Xu 2015

GBD PM2.5 Brauer

2012 2016 van Donkelaar 2010 2015

GEOS-Chem -NOx- SO4
2

NO3 NH4
+ Park 2004 Pye 2009 OC

BC Park 2003 Alexander 2005 Fairlie

2007 Wang SO4
2 2014

HNO3 ISORROPIA II

Fountoukis Nenes 2007 Heald 2012 Walker 2012

PBL HNO3

Henze Seinfeld 2006

ORVOCs Liao 2007 Henze 2008

PM2.5 1 1.8 PM2.5

50



31

HEI 20

6

6. 

GEOS-Chem v9-01-03

PM2.5

2012 2013 2030

BAU[1] BAU[2] PC[1] PC[2] 1

Zhao

2008

1.

[1] [2]

BAU 2012
BAU[1] BAU[2]

PC

PC[1] PC[2]

4 5 GEOS-Chem GEOS-

Chem GEOS-Chem



32

HEI 20

PM2.5

2013 SO2 NOx PM10 PM2.5 BC OC NMVOC NH3

MICS-III 172010

Wang 2014

Zhao 2013 b,c,d

[NBS]2014a,b,c

2011 2009 2010

THUBERC 2009 Zhao 2013b

[MEP]2014

2013 NMVOC

NMVOC Wang 2011 Zhao

2013c Wang 2014 Monte Carlo

2

2. 90

NOx SO2 PM2.5 NMVOC

34% 30% 31%

41% 49% 53% 63%

55% 51% 68% 65%

66% 48% 52% 57%

78%

a
177% 179% 216% 184%

[-31%, 44%] [-29%, 45%] [-39%, 49%] [-42%, 67%]

2013

2010 2011 2012

PM2.5 2012

PM2.5 2010-2012

PM2.5 2012 3 PM2.5

-0.23 -6.6μg/m3 34.8

172010 HTAP GAINS



33

HEI 20

-35.4μg/m3 PM2.5

2012 PM2.5 2010-2012 PM2.5

2012 2010-2012

2012 +9.3 -1.6μg/

m3

PM2.5

GEOS-Chem GBD 2013

PM2.5 PM2.5

GBD a GEOS-Chem

PM2.5 b TM5–FASST c 0.1

0.1  2010-2013 PM

PM2.5

80 PM2.5 300 PM10 PM2.5:PM10

PM2.5 80 PM2.5 PM10

PM2.5 PM10 PM2.5 Brauer

2016

PM2.5

IER Burnett 2014 IER

GBD2010

p PM2.5

PAF p PAF p = PAF p PAF PM2.5

II PAF p  z

z

PM2.5 PM2.5 IER

PM2.5

z IER z

IER

p  z

PAF

z (1



34

HEI 20

p) z

PM2.5

I II

PM2.5 IER

PM2.5

PM2.5 95

CTM

1000 IER

PM2.5

Monte Carlo

-42 + 67

GBD

0.1 0.1

IER PAF 56 74

2013 SO2 NOx PM10 PM2.5 BC OC NMVOC

NH3 23.1Mt 25.6Mt 16.5Mt 12.2Mt 1.95Mt 3.42Mt 24.2Mt 9.62Mt

PM2.5 SO2 NOx NH3 VOC 18 7-11

III

18 7-11 AGRL= AGRF= DOFU=
DOBI= DOCB= DOSO= DOTH= INCB=

OPEN= PPCB= PRCE= PRIR= PROT=
PRSO= TRON= TROF=



35

HEI 20

0

200

400

600

800

1,000

1,200

/k
t

PPCB INCB PROT PRCE PRIR

DOFU DOBI TRON TROF OPEN

7. PM2.5 kt 2013

0

500

1,000

1,500

2,000

2,500

/k
t

PPCB INCB PROT PRCE PRIR

DOFU DOBI TRON TROF OPEN

8. SO2 kt 2013



36

HEI 20

0

500

1,000

1,500

2,000

2,500

3,000

/k
t

PPCB INCB PROT PRCE PRIR

DOFU DOBI TRON TROF OPEN

9. NOx kt 2013

0

500

1,000

1,500

2,000

2,500

3,000

/k
t

DOSO PRSO INCB DOCB OPEN PROT TRON TROF DOTH

10. VOC kt 2013



37

HEI 20

0

200

400

600

800

1,000

1,200

/k
t

AGRL AGRF PROT DOTH

11. NH3 kt 2013

GEOS-Chem PM2.5 Xu 2015 Philip

2014 Xu 2015

GEOS-Chem PM2.5

CNEMC PM2.5

2013 1 74 338

CNEMC PM2.5 50 5

http://www.cnemc.cn/).

2012 PM2.5 2013

12 2013 74 PM2.5

PM2.5 16.3

0.68

Zhang

2012 PM2.5

PM2.5

PM2.5 2012 2013

2013 1



38

HEI 20

12. PM2.5

GBD2013

12 GBD2013

40-70μg/m3 130μg/m3

200μg/m3

13 PM2.5

PM2.5

-23.3 -13.3 -10.8%

0.58 0.62 36 N 40 N

PM2.5

GEOS-Chem Wang

2013 22 GEOS-Chem

-10 +31 +35 Lou 2014

7 7

-41 61 55 -69



39

HEI 20

13. PM2.5 DJF=12 -1 -2 MAM=3 -4 -5

JJA=6 -7 -8 SON=9 -10 -11 NMB=

PM2.5 2013

14 14a 14b-d



40

HEI 20

14. 2013 a b-d

PM2.5

12 PM2.5

PM2.5

14a

PM2.5 50

PM2.5 40 -45 45%-50

PM2.5 40

50 PM2.5 40

15μg/m3

PM2.5

14b PM2.5

PM2.5 15

PM2.5 10

PM2.5 20 6μg/m3



41

HEI 20

14c PM2.5

PM2.5 30

20 21 -24

15

14d PM2.5

PM2.5 15

25

PM PM2.5

3 4

PM2.5 PM2.5 40

50 PM2.5

20 PM2.5 10

3. PM2.5 2013

40.3 17.4 9.5 4.3

22.1 10.6 4.4 1.5

39.6 17.7 11.5 1.9

37.5 14.2 9.6 5.9

49.1 22.4 6.9 7.4

39.0 17.2 9.4 3.2

37.4 14.4 6.5 7.5

33.7 15.2 7.2 2.6

39.1 15.6 7.6 4.3

49.2 15.9 6.9 12.2
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28.9 10.9 9.5 2.5

38.9 14.9 9.7 5.3

36.9 13.3 9.7 7.4

43.2 18.1 12.8 3.1

45.1 20.1 9.4 5.1

45.6 19.9 8.0 5.7

40.7 11.4 9.2 13.4

37.8 16.7 11.1 1.6

40.2 17.5 8.4 3.5

38.0 15.8 10.2 5.2

35.8 15.1 10.0 3.1

37.2 14.0 6.4 7.9

30.4 11.5 7.1 6.3

41.4 15.7 7.8 6.8

40.6 17.2 12.4 2.5

33.4 14.3 9.0 1.6

40.6 13.9 8.7 7.7

47.8 26.4 6.6 4.6

36.8 15.5 9.9 3.9

2.0 0.8 0.9 0.2

25.5 5.7 13.9 4.2

28.9 13.3 4.7 6.5

32.2 13.5 9.5 2.3

PM2.5

PM2.5

10 15



43

HEI 20

PM2.5

VOCs

4. PM2.5 2013

10.3 15.1 14.8 7.6 -0.1

7.4 9.4 10.6 6.1 0.0

10.1 16.6 15.4 7.6 -0.1

10.9 17.6 12.1 7.2 0.0

10.1 12.9 17.1 7.0 -0.1

10.2 11.8 14.2 8.0 -0.1

10.9 16.0 18.2 8.6 -0.1

10.1 13.3 15.8 8.2 -0.1

9.5 12.8 17.0 8.2 -0.1

12.4 13.5 18.5 9.2 0.0

6.9 8.3 12.0 5.8 -0.1

11.9 17.8 13.9 8.4 -0.1

12.0 17.0 21.7 10.8 -0.1

9.0 16.9 12.2 6.5 -0.1

10.0 15.0 14.7 7.3 -0.1

9.8 14.8 14.3 8.0 -0.1

13.5 14.7 16.6 11.3 0.0

11.0 16.2 14.6 8.2 -0.1

10.7 14.3 14.8 8.0 -0.1

11.6 15.9 18.3 8.8 -0.1

10.9 14.6 13.5 6.8 -0.1
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11.4 14.1 17.9 9.4 0.0

10.0 15.4 12.0 6.6 0.0

11.6 15.2 19.2 9.1 -0.1

8.6 17.0 12.1 6.2 -0.2

11.8 13.4 12.4 8.4 -0.1

14.0 15.9 17.2 10.7 -0.1

10.0 13.3 17.0 6.0 -0.1

10.4 18.8 11.5 6.5 -0.2

0.8 2.1 1.6 0.8 0.0

6.0 7.1 11.2 6.4 0.0

11.0 10.8 15.1 7.3 0.0

9.9 12.1 12.7 7.6 -0.1

PM2.5

15. 

PM2.5

PM2.5

PM2.5

15 12 2 6 8
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35.4

50

48 59.5

NOX

15

PM2.5

PM2.5 PM2.5

PM2.5 40

PM2.5 5

PM2.5

NRDC

2014 16

16.
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2013 9

 

(http://www.mep.gov.cn/gkml/hbb/bwj/201308/W020130820340683623095.pdf)

2014 16

CMB

16 20

21 5

5.

16% 20%

20% 23%

21% 25%

28 26

25 14

PM2.5

15 19 25

18

NRDC 2013 10

333 CAMx PM2.5

NRDC NRDC

NRDC

NRDC

17
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17. PM2.5 GBD MAPS NRDC

GBD PM2.5 GEOS-Chem

GBD PM2.5 GEOS-Chem PM2.5

18 6 GBD PM2.5

GEOS-

Chem 18

PM2.5

25 13.9 9.5
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18. PM2.5

19 PM2.5 PM2.5
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19. PM2.5

2013

6 PM2.5 IER 7

I II

DALYs DALYs/100,000 7-8 20 2013

DALYs V

DALY

PM2.5

2013 PM2.5 915,898 40 366,161

17 9 4

15 10 8

PM2.5
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6. 2013 PM2.5 95

PM2.5 2013 51.7 54.3 57.3

2013 20.8 21.9 23.1

2013 4.9 5.2 5.5

2013 9.0 9.4 10.0

2013 2.2 2.4 2.5

2013 5.3 5.6 5.9

2013 7.8 8.2 8.7

2013 7.6 8.0 8.5

2013 3.9 4.1 4.3

2013 (0.1) (0.1) (0.1)

PM2.5

7. 2013 PM2.5 95 UI

PM2.5 2013 821,470 915,898 993,077

2013 328,012 366,161 397,031

2013 77,654 86,531 93,804

2013 139,318 155,493 168,714

2013 36,763 41,021 44,623

2013 85,137 94,881 102,795

2013 123,182 137,395 148,899

2013 122,397 136,473 147,896

2013 63,006 70,228 76,067

2013 937 866 777



51

HEI 20

8. 2013 PM2.5 DALYs/100,000 95 UI

PM2.5 2013 1118 1264 1383

2013 447 505 553

2013 105 119 130

2013 188 213 233

2013 51 58 64

2013 116 131 144

2013 167 189 207

2013 167 189 207

2013 86 97 107

2013 -1 -1 -1

 

20. 2013 PM2.5 DALYs DALYs/100,000
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1

Wang 2014 Zhao 2013

BAU PC BAU 2012

PC

[1]

2030

[2] 4 BAU[1]

BAU[2] PC[1] PC[2] 1

IV

21 2013-2030

(a) NOx

0

5,000

10,000

15,000

20,000

25,000

30,000

2013 2020 2030 2020 2030 2020 2030 2020 2030

N
O

x
/ k

t

BAU[1]     BAU[2]    PC[1]    PC[2]

21. 2013-2030 (a) NOx (b) SO2 (c) PM2.5 (d) VOCs
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(b) SO2

0

5,000

10,000

15,000

20,000

25,000

30,000

2013 2020 2030 2020 2030 2020 2030 2020 2030

SO
2

/ k
t

BAU[1]           BAU[2]              PC[1]             PC[2]

(c) PM2.5

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

2013 2020 2030 2020 2030 2020 2030 2020 2030

PM
2.

5
/ k

t

BAU[1]           BAU[2]              PC[1]             PC[2]

(d) VOCs

21. 2013-2030 (a) NOx (b) SO2 (c) PM2.5 (d) VOCs
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0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

2013 2020 2030 2020 2030 2020 2030 2020 2030

V
O

C
s 

/ k
t

BAU[1]           BAU[2]              PC[1]             PC[2]

21. 2013-2030 (a) NOx (b) SO2 (c) PM2.5 (d) 

VOCs

BAU[1] NOx 2013 2030

BAU[1] PC[1] BAU[2]

NOx 28% 42% PC[2]

2013 30% /

SCR/SNCR NOX 54%

28%

SO2 2013 2030

14 BAU[1] PC[1] SO2

36 28

FGD

PC[2] SO2 BAU[1]

36 2013 42

NOx PM2.5

2030

BAU[1] PC[1] BAU[2]

PM2.5 31% 43% PC[2]

PM10 PM2.5

PC
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PM2.5

BAU[1] NMVOC 2013 2030 20

PC[1] BAU[1] 17

BAU[2] 37

PC[2] NMVOC BAU[1] 50%

NOx Ohara 2007 2000

2020 NOx 

2000-2010

Amann 2008 2005 2030

Amman Xing 2005

2020 NOx

Ohara 2007

2010 2010

2030

Cofala 2012 2010

2030 NOx

2010-2030 16% -24%

BAU[1] PC[1] Xing

Amman

SO2 Ohara 2007

2010 2020 SO2 27 -11

-23% Amann 2008 2005-2010

Xing BAU[1]
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SO2

Cofala 2012 2010 - 2030 SO2

20 -40

PM Xing 2020 PM10 BAU[1]

PC[1]

2020 Amann

2010-2030 PM2.5

PC [1] Cofala 2012

2010-2030 PM2.5 20%-34%

Ohara 2007 NMVOC 2010-2020

Xing 2011

Wei 2011 NMVOC

NMVOC 5-10

2020

2030

NMVOC 2030

PM2.5

22 PM2.5 PM2.5
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22. PM2.5

BAU1 PM2.5

PM2.5

PM2.5 BAU[2]

PM2.5 PM2.5

PC1

PC[1] BAU[2] PM2.5 PC [2]

PM2.5

BAU[1] BAU[2]

PM2.5 BAU[1]

PM2.5 BAU[2] PC [1]

PM2.5 PC[2]

PM2.5

PM2.5

PM2.5

PM2.5
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PM2.5

BAU[1] PM2.5

PM2.5 BAU[2]

PM2.5 PM2.5

BAU[1] PC BAU

PC [1] PM2.5 PC[2]

PM2.5 BAU[1]

BAU[2] PM2.5

PM2.5 PC

PM2.5

20

90 20% PM2.5

10 8 μg/m3 PM2.5

20% PM2.5

6.8 μg/m3 PM2.5 36 μg/m3 (  

23)

PM2.5

PM2.5

PM2.5 PM2.5

23. PM2.5
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PAF

2013 PM2.5

GBD 2013 (PM2.5GBD2013)  GEOS-Chem

PM2.5 PM2.5GBD2013 PM2.5

GEOS-Chem (fcoal)

PM2.5coal = fcoal * PM2.5GBD2013

2030 PAFPM2.5 fcoal PM2.5 fcoal

2030 GEOS-Chem PM2.5 PM2.5GChem2030

2013 2030 PM2.5

PM2.5 2013 2030 GEOS-Chem

PM2.5GBD2013

PM2.5GBD2030 = 
PM2.5GChem2030

PM2.5GChem2013
 * PM2.5GBD2013

BAU[1] BAU[2] PC[1] PC [2]

PM2.5GChem2030

24-27 2030 PM2.5

GEOS-CHEM
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24-27. PM2.5 2030
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24-27. PM2.5 2030

(2030 ) (DALYs) 

DALY 1990 2013 1990 2013

2030

MortU(year) = Mort(year) * (1-PAFPM2.5(year))
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Mort = 

MortU = 

PAFPM2.5 = 

year = 

1990 2013 AROC

AROC = 
(2013-1990)

MortU(2013)

MortU(1990)
ln

MortU(year) = Mort(2013) * exp(AROC * (year-2013))

PAF

Mort(year) = 
MortU(year)

(1-PAFPM2.5(year))

PM2.5

PM2.5

28 9 PM2.5

29 2013 2030 2013

BAU1

38% BAU2 25% PC1 24% PC2 28% PM2.5

2030 BAU1 BAU2 PC1 PC2

52% 71% 45% 34%
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28. 2013 (2030 ) PM2.5

9 PM2.5

PM2.5 2013 STD 821,470 915,898 993,077

PM2.5 2030 BAU1 1,117,966 1,267,386 1,376,759

PM2.5 2030 BAU2 1,008,043 1,144,814 1,245,158

PM2.5 2030 PC1 1,003,207 1,139,228 1,239,026

PM2.5 2030 PC2 869,752 990,108 1,080,938

2013 STD 328,012 366,161 397,031

2030 BAU1 492,152 557,761 606,848

2030 BAU2 551,558 626,604 681,914

2030 PC1 467,915 531,775 579,069

2030 PC2 430,154 490,019 534,730
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29. 2013 2030 PM2.5
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30 2013 2030 PM2.5

DALY 31

DALY 2013 2030

2013

PC2  

DALYs PC1 DALYs

30. 2013 (2030 ) PM2.5

/10



66

HEI 20

31. 2013 2030 PM2.5

DALY /10
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GBD2013

2013

2030

PM2.5 GBD2013 79

PM2.5 5 PM2.5

12 9

11

15 49

. 2013 PM2.5

PM2.5

5 12

4 11

3 12

5 9

5 15

6 16

4 14

5 14

7 12

8 17

5 13

7 18

5 11

5 18

5 14

6 13
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PM2.5

6 15

4 11

6 11

5 17

3 13

5 15

7 18

5 11

4 11

4 13

5 12

5 9

3 11

23 49

7 18

8 18

4 13

  

  

. 2013 2030

PM2.5
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2013 PM2.5 13,000 63,700 8,800

4,900 24,600 3,200 2013

PM2.5 BAU2 PC1 PC2

(2013 ) PM2.5

2030

2030 PM2.5

-

PM2.5 PM2.5 2013

916,000 PM2.5

PM2.5 40

50

PM2.5 3 -4

PM2.5

2013 366,000 2013 PM2.5

12

2013 PM2.5  - 177,000

155,000 137,000 86,500
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136,000

PM2.5

PM2.5 GBD2013

2013 807,000 19

PM2.5

Lelieveld

2015 2010 2050

2010 PM2.5 GBD2013 136

85.7 20 237000 PM2.5

18 PM2.5 86,500 PM2.5

9 Lelieveld IER Burnett 2014

PM2.5 100 100km

Chen 2013 1950

1980 Chen

TSP 55 5.5

TSP

2013 BAU1 BAU2 PC1 PC2 PM2.5

38 25 24 8% 2013 916,000 32

BAU1 BAU2 PC1 PC2 PM2.5 2030 130

110 110 99 PM2.5

2013 54μg/m3 2013 50 38 38 27μg/m3 BAU1 BAU2 PC1

PC2 PC2 -1

PM2.5 PM2.5

GBD 2013 1990 2013 PM2.5 PM2.5

PM2.5

PM2.5 32 2016

19 2013 160

20 GBD  http://vizhub.healthdata.org/gbd-compare/.Accessed 01/07/16.
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14 2016

> 65

0
200,000
400,000
600,000
800,000

1,000,000
1,200,000
1,400,000

1990 1995 2000 2005 2010 2013 2030 
BAU1

2030 
BAU2

2030 
PC1

2030 
PC2

PM
2.

5

LC IHD COPD LRI

 32. 1990  2030  PM2.5 GBD MAPS  

 2030 2013  2030  

 2030  

 Apte 2015 Apte  GBD2010 

 IER  

PM2.5  2010  2030  PM2.5  23 2030  

50  

OECD  2010  2030  

PM2.5  PM2.5  56 OECD2012  

 DALYs  2030  BAU1  

 DALY  

 PM  PM  

33
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PM2.5

PM2.5 2013 PM2.5 40

BAU1 BAU2 PC1 PC2 44 55 47 49

2030 PM2.5

PM2.5
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PAF

III.1. 2013 /kt

SO2 NOx PM10 PM2.5 BC OC NMVOC NH3

166.4 342.6 80.9 56.4 13.7 12.3 347.2 52.2

243.5 341.5 143.4 107.9 16.3 25.7 324.4 45.4

998.0 1511.1 1159.9 868.3 154.7 225.4 1475.1 627.5

989.3 901.8 775.7 568.2 129.9 147.3 694.5 197.3

1122.4 1145.8 629.4 472.1 111.9 139.0 652.3 366.4

940.3 1141.1 633.8 472.6 69.0 131.3 1042.6 382.3

366.9 628.4 465.2 350.6 53.5 104.8 491.5 271.9

298.5 743.7 569.8 449.2 79.5 170.5 648.8 345.7
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SO2 NOx PM10 PM2.5 BC OC NMVOC NH3

578.4 346.9 142.0 96.2 11.2 9.5 653.3 41.0

1028.5 1426.4 894.5 647.8 76.5 161.3 2009.4 461.6

1172.7 1061.0 411.8 276.8 31.4 47.7 1645.9 173.2

611.5 1009.9 806.2 610.1 89.5 215.7 1041.3 417.1

549.6 730.1 318.5 223.2 27.5 49.4 680.5 166.7

411.3 559.5 433.0 283.9 36.8 67.4 480.7 238.5

2361.2 2625.5 1441.1 1053.7 163.8 254.8 2481.9 789.5

1060.3 1796.3 1278.8 927.5 126.7 227.3 1418.5 954.4

1235.2 1114.1 830.7 594.2 109.8 168.1 951.9 435.5

803.1 849.4 735.4 523.5 89.3 147.0 799.4 483.4

996.1 1522.0 629.9 441.8 54.7 116.7 1609.0 365.5

743.9 699.2 649.4 492.9 50.5 143.9 750.4 352.3

110.1 133.7 61.0 45.2 4.5 13.1 143.4 58.7

995.0 489.7 326.8 236.1 39.1 70.8 409.0 175.4

1593.5 1052.6 815.0 627.2 96.0 247.6 1249.0 785.7

1057.0 598.1 510.8 393.4 86.5 134.4 370.8 248.8

487.3 631.4 431.0 323.7 55.8 97.0 446.7 337.1

5.9 24.4 10.2 8.2 1.3 2.6 16.0 97.8

725.1 670.6 480.0 362.1 74.0 122.6 554.9 210.6

277.9 366.6 280.6 215.8 35.3 67.2 272.8 165.2

56.3 117.3 76.0 57.5 9.2 12.6 61.9 86.3

210.0 193.7 123.2 87.9 13.3 15.5 94.7 40.2

933.7 848.8 378.7 280.1 43.8 74.7 379.2 248.1

23129.0 25622.9 16522.9 12154.0 1954.9 3423.0 24197.0 9621.3
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III.2. 2013 /kt

SO2 NOx PM10 PM2.5 BC OC NMVOC NH3

6275.4 6463.6 1034.2 612.1 8.1 14.9

7205.3 4385.1 1533.5 1028.3 142.5 41.1 129.2

5624.9 5909.8 7546.6 4873.2 610.3 511.5 7132.8 215.0

1704.0 2884.8 2985.1 1866.7 11.3 33.9 291.1

1859.8 532.6 1388.3 1024.2 37.7 48.2 269.0

2959.7 1087.5 4295.9 3853.2 951.9 2320.0 4653.0 918.6

72.4 477.9 2970.8 2878.0 503.7 1971.4 3353.6

973.5 7249.8 364.8 345.6 183.9 75.0 2913.0

644.0 5138.2 121.2 114.8 52.4 33.5 2044.2

329.5 2111.6 243.6 230.8 131.5 41.5 868.9

8155.3

90.2 527.1 1747.9 1441.6 58.3 460.6 1213.8 8487.6

90.2 527.1 1747.9 1441.6 58.3 460.6 1213.8

5489.8

2997.9

23,129.0 25,622.9 16,522.9 12,154.0 1954.9 3423.0 24,197.0 9621.3

GDP 2011 - 2015 8.0 2026-2030 5.5

(S.X.Wang 2014 ) 2013 13.6 2020 14.4

2030 14.7 2013 53.7

2020 2030 58 63
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IV.1. Mtce = 

2030 BAU PC 2013

31 7 BAU PC

2013 61 2030 47 44 BAU

2013 13.5 8.3 2030 15.7 11.8

PC 19.2 15.1

BAU[1]/PC[1]

2030 BAU[2]/PC[2]

IV.1-IV.3

IV.1.

2010 2013
[1] [2]

2020 2030 2020 2030

100MW

CFB

NOC 11 0 0 0 0 0

LNB 89 100 100 100 100 100

LNB+SNCR 0 0 0 0 0 0

LNB+SCR 0 0 0 0 0 0
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2010 2013
[1] [2]

2020 2030 2020 2030

100MW

CFB

NOC 11 6 3 1 0 0

LNB 75 38 19 10 8 0

LNB+SNCR 1 2 4 5 6 0

LNB+SCR 12 54 74 84 86 100

NGCC

NOC 21 15 7 4 0 0

LNB 74 70 60 35 50 0

LNB+SNCR 1 0 3 6 5 0

LNB+SCR 5 15 30 55 45 100

NOC 100 77 76 76 70 0

LNB 0 18 18 18 20 0

LNB+SNCR 0 0 0 0 0 0

LNB+SCR 0 5 6 6 10 100

2000 /

NOC 70 58 39 19 20 0

LNB 30 42 36 31 30 0

LNB+SNCR 0 0 15 30 30 0

LNB+SCR 0 0 10 20 20 100

2000-4000 /

NOC 65 52 36 18 20 0

LNB 35 47 39 32 30 0

LNB+SNCR 0 1 15 30 30 0

LNB+SCR 0 0 10 20 20 100

4000 /

NOC 60 47 24 12 0 0

LNB 40 52 26 13 0 0

LNB+SNCR 0 1 30 45 60 0

LNB+SCR 0 0 20 30 40 100

-

NOC 100 76 52 26 0 0

OXFL 0 16 24 56 50 0

SCR 0 8 24 18 50 100

NOC 100 93 92 92 40 0

SNCR 0 0 0 0 0 0

SCR 0 7 8 8 60 100
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2010 2013
[1] [2]

2020 2030 2020 2030

- 

NOC 70 54 54 54 10 0

ABSP 12 16 16 16 18 0

SCR 18 30 30 30 72 100

ABSP+SCR 0 0 0 0 0 0

- 

NOC 5 0 0 0 0 0

ABSP 63 65 65 65 5 0

SCR 32 30 30 30 15 0

ABSP+SCR 0 5 5 5 80 100

CFB= NOC= LNB= NOx SCR=

SNCR= LNB+ SCR = LNB SCR LNB+SNCR= 

LNB SNCR ABSP= OXFL=

IV.2.

2010 2013
[1] [2]

2020 2030 2020 2030

100 300MW

CFB

NOC 21 20 18 15 0 0

FGD 79 80 82 85 100 100

CFB

NOC 7 7 5 3 0 0

FGD 93 93 95 97 100 100

CFB
NOC 47 47 34 20 0 0

CFB-FGD 53 53 66 80 100 100

 

NOC 4 0 0 0 0 0

WET 95 70 68 68 68 0

FGD 1 30 32 32 32 100

NOC 90 70 65 60 0 0

FGD 10 30 35 40 100 100

CFB= NOC= FGD= CFB-FGD=

WET=
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IV.3. PM

PM
2010 2013

[1] [2]

2020 2030 2020 2030

 
NOC 0 0 0 0 0 0

CYC 12 10 0 0 0 0

WET 88 90 100 100 100 100

NOC 0 0 0 0 0 0

CYC 0 0 0 0 0 0

WET 0 0 0 0 0 0

ESP 93 85 90 80 80 0

FF 7 15 10 20 20 100

CFB

NOC 0 0 0 0 0 0

CYC 0 0 0 0 0 0

WET 0 0 0 0 0 0

ESP 100 85 90 80 80 0

FF 0 15 10 20 20 100

NOC 0 0 0 0 0 0

CYC 0 0 0 0 0 0

WET 95 85 85 85 60 0

ESP 0 10 10 10 20 0

FF 5 5 5 5 20 100

NOC 0 0 0 0 0 0

WET 100 100 100 100 100 100

 - 

NOC 0 0 0 0 0 0

CYC 0 0 0 0 0 0

WET 5 0 0 0 0 0

ESP 75 75 75 75 70 0

FF 20 25 25 25 30 100

 - 
NOC 0 0 0 0 0 0

CMN 60 50 50 50 30 0

HIEF 40 50 50 50 70 100
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PM
2010 2013

[1] [2]

2020 2030 2020 2030

 
NOC 8 0 0 0 0 0

CYC 14 15 15 10 0 0

WET 78 85 85 90 100 100

CFB= NOC= CYC= WET=

ESP= FF= CMN= HIEF=

FGD 2020 100

NOx SCR/SNCR

2013 SCR/SNCR

PM HED

LNB LNB ESP HED

WET

BAU[1]/PC[1] HED 2020

2030 20 40

PM

NMVOC BAU[2]/PC[2]

BAU[1]/PC[1]

IV.2

IV.2. BAU[1]/PC[1]/BAU[2]/PC[2] 1-6

I VI 2010
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BAU[2]/PC[2] BAU[1]/PC[1]

BAU[1]/BAU[1] NMVOC

1999/13/EC 2004/42/ EC 2013

2020

IV.4

IV.4. VOC

[1] [2]

2010 2020 2030 2030

(GB18582-2001) 0 0 0 0

GB18582-2008 100 70 0 0

2004/42/EC 1 0 30 80 0

--

2004/42/EC 2
0 5 20 100

78 70 50 0

22 30 50 100

97 35 0 0

2 15 30 0

1 40 65 0

+ 0 0 5 100

92.5 80 40 0

7.5 20 60 100

89 50 15 0

0 15 25 20

4 15 25 20

UV 7 20 35 60

90 60 15 0

UV 10 20 30 10

0 20 55 90
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[1] [2]

2010 2020 2030 2030

64 30 0 0

35 40 30 0

1 10 30 0

+ 0 20 40 100

85 62.5 5 0

15 22.5 40 0

0 15 50 0

+ 0 0 5 100

85 62.5 5 0

15 22.5 40 0

0 15 50 0

+ 0 0 5 100

97.5 90 60 0

2.5 10 40 100

87 70 50 10

13 30 50 90

0 0 0 0
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V.1.2013 PM2.5 μg/m3 *

PM2.5

54.3 21.9 9.4 5.2 2.4 5.6 8.2 8.0 4.1 (0.1)

29.9 6.6 3.2 1.3 0.5 2.2 2.8 3.2 1.8 (0.0)

61.7 24.4 10.9 7.1 1.2 6.2 10.3 9.5 4.7 (0.1)

75.1 28.2 10.7 7.2 4.4 8.2 13.3 9.1 5.4 (0.0)

60.9 29.9 13.6 4.2 4.5 6.1 7.9 10.4 4.2 (0.0)

29.5 11.5 5.1 2.8 0.9 3.0 3.5 4.2 2.4 (0.0)

36.7 13.7 5.3 2.4 2.7 4.0 5.9 6.7 3.2 (0.0)

43.8 14.7 6.7 3.1 1.1 4.4 5.8 6.9 3.6 (0.0)

37.3 14.6 5.8 2.8 1.6 3.5 4.8 6.3 3.1 (0.0)

35.2 17.3 5.6 2.4 4.3 4.4 4.8 6.5 3.2 (0.0)

19.5 5.6 2.1 1.9 0.5 1.4 1.6 2.3 1.1 (0.0)

77.2 30.0 11.5 7.5 4.1 9.2 13.7 10.7 6.5 (0.1)

26.0 9.6 3.5 2.5 1.9 3.1 4.4 5.7 2.8 (0.0)

83.5 36.1 15.1 10.7 2.6 7.5 14.1 10.2 5.4 (0.1)

59.4 26.8 11.9 5.6 3.0 6.0 8.9 8.7 4.4 (0.1)

50.8 23.2 10.1 4.1 2.9 5.0 7.5 7.3 4.1 (0.1)

30.4 12.4 3.4 2.8 4.1 4.1 4.5 5.0 3.4 (0.0)

65.2 24.7 10.9 7.2 1.0 7.2 10.6 9.5 5.4 (0.1)
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PM2.5

43.0 17.3 7.5 3.6 1.5 4.6 6.1 6.3 3.4 (0.0)

34.1 13.0 5.4 3.5 1.8 4.0 5.4 6.2 3.0 (0.0)

44.3 15.8 6.7 4.4 1.4 4.8 6.5 6.0 3.0 (0.0)

37.0 13.8 5.2 2.4 2.9 4.2 5.2 6.6 3.5 (0.0)

29.0 8.8 3.3 2.0 1.8 2.9 4.5 3.5 1.9 (0.0)

58.4 24.2 9.2 4.6 4.0 6.8 8.9 11.2 5.3 (0.0)

71.2 28.9 12.3 8.9 1.8 6.1 12.1 8.6 4.4 (0.1)

56.1 18.8 8.0 5.0 0.9 6.6 7.5 7.0 4.7 (0.1)

57.4 23.3 7.9 5.0 4.4 8.0 9.1 9.9 6.1 (0.0)

64.9 31.0 17.1 4.3 3.0 6.5 8.6 11.0 3.9 (0.1)

69.5 25.5 10.8 6.9 2.7 7.2 13.1 8.0 4.5 (0.1)

6.4 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.1 (0.0)

57.5 14.6 3.3 8.0 2.4 3.4 4.1 6.4 3.7 (0.0)

22.9 6.6 3.1 1.1 1.5 2.5 2.5 3.5 1.7 (0.0)

45.9 14.8 6.2 4.4 1.0 4.5 5.5 5.8 3.5 (0.0)

PM2.5
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V.2. BAU1 2030 PM2.5 μg/m3 *

PM2.5

49.8 22.1 9.3 5.1 2.3 3.2 4.7 3.2 3.2 (0.1)

28.2 5.9 3.1 1.4 0.3 1.2 1.3 1.1 1.1 0.0

55.8 25.2 11.0 7.1 1.7 4.2 6.6 4.3 4.3 (0.2)

70.5 30.5 11.3 6.5 3.5 4.2 6.6 3.1 3.1 (0.1)

56.2 30.8 13.8 3.9 5.4 3.0 4.2 4.7 4.7 (0.1)

28.3 10.9 5.3 2.7 0.7 1.9 1.7 1.7 1.7 (0.0)

31.8 13.7 4.7 2.5 2.3 1.8 2.3 2.5 2.5 (0.1)

41.0 14.0 6.5 3.1 0.9 2.4 3.0 2.6 2.6 (0.0)

34.3 14.7 5.9 2.4 1.6 1.7 2.4 2.6 2.6 (0.1)

32.5 16.7 5.9 2.0 4.7 1.8 1.9 2.4 2.4 (0.0)

17.2 5.4 2.1 1.2 0.4 0.8 0.8 0.9 0.9 (0.0)

70.6 31.3 11.6 7.2 3.1 4.4 6.8 3.5 3.5 (0.2)

23.6 9.1 3.6 2.3 1.7 1.5 2.2 2.4 2.4 (0.0)

76.8 37.9 15.8 10.2 2.6 5.0 9.3 4.1 4.1 (0.3)

52.8 26.1 10.6 5.4 3.5 3.7 5.2 3.6 3.6 (0.2)

46.6 22.1 9.0 4.1 2.8 2.8 4.2 2.9 2.9 (0.1)

26.9 11.6 3.6 2.7 2.9 1.6 1.2 1.3 1.3 (0.0)

60.4 25.9 11.6 7.9 1.3 4.8 6.4 4.2 4.2 (0.2)

39.6 16.0 7.0 3.6 1.3 2.8 3.5 2.6 2.6 (0.1)

31.3 13.1 5.7 3.4 1.8 2.4 2.6 2.7 2.7 (0.1)

42.4 16.3 7.2 4.3 1.5 3.2 3.4 2.5 2.5 (0.1)
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HEI 20

PM2.5

32.8 14.4 5.0 2.8 2.2 1.9 1.6 2.4 2.4 (0.0)

25.8 8.1 3.1 1.5 1.6 1.5 2.1 1.2 1.2 (0.0)

50.7 25.0 8.6 5.3 3.5 2.9 3.8 4.3 4.3 (0.1)

66.5 30.4 12.9 8.9 1.8 4.4 8.7 3.8 3.8 (0.3)

54.5 20.8 9.9 6.4 0.8 4.6 3.6 2.5 2.5 (0.1)

49.6 23.4 7.5 4.9 3.0 3.0 3.2 2.9 2.9 (0.1)

59.2 29.7 14.6 4.3 4.1 3.4 6.0 5.3 5.3 (0.2)

65.5 27.9 11.5 6.7 2.5 4.2 7.4 2.9 2.9 (0.2)

6.2 0.2 0.1 0.0 0.0 0.0 0.1 0.0 0.0 (0.0)

46.7 12.4 4.2 3.3 1.5 1.7 1.3 2.3 2.3 (0.0)

19.9 6.6 3.0 0.9 1.2 1.3 1.0 1.2 1.2 (0.0)

44.7 16.2 7.9 5.0 0.8 3.3 2.8 2.3 2.3 (0.1)

PM2.5
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HEI 20

V.3. BAU2 2030 PM2.5 μg/m3 *

PM2.5

38.1 21.0 8.2 4.2 2.2 3.1 2.2 2.9 2.9 (0.4)

22.9 8.5 2.8 1.1 (0.1) 1.0 0.6 1.0 1.0 (0.1)

41.1 22.7 9.5 5.8 1.3 3.9 2.9 4.0 4.0 (0.3)

55.4 31.6 12.8 6.9 4.0 4.8 3.2 2.4 2.4 (0.8)

42.4 25.8 9.6 2.8 6.0 2.2 1.9 4.2 4.2 (0.5)

22.1 11.4 3.9 2.0 (0.3) 1.6 0.9 1.3 1.3 (0.2)

25.5 13.5 4.2 2.3 2.7 1.7 1.2 2.2 2.2 (0.2)

32.9 16.8 5.9 2.6 0.2 2.2 1.5 2.4 2.4 (0.3)

27.4 14.4 5.0 1.9 1.9 1.6 1.2 2.5 2.5 (0.2)

26.2 16.1 4.1 1.2 4.8 1.0 0.8 2.1 2.1 (0.3)

13.7 5.1 1.7 1.0 0.2 0.8 0.4 0.9 0.9 (0.0)

54.8 32.0 12.7 7.2 3.5 4.8 3.1 2.9 2.9 (0.7)

18.6 8.3 3.4 1.3 1.4 1.8 0.9 2.1 2.1 0.0

57.0 35.0 14.9 8.9 3.2 5.6 4.1 4.0 4.0 (0.4)

40.0 23.6 9.2 4.4 3.8 3.3 2.4 3.3 3.3 (0.5)

36.2 20.2 8.2 3.2 3.1 2.7 2.0 2.7 2.7 (0.3)

22.1 10.2 2.6 2.0 2.4 1.2 0.6 1.1 1.1 (0.2)

44.6 24.4 10.0 6.6 0.4 4.5 2.9 3.7 3.7 (0.4)

30.6 15.0 6.4 3.3 0.6 2.5 1.8 2.2 2.2 (0.3)

24.2 12.2 5.3 2.0 1.3 2.7 1.1 2.4 2.4 (0.1)

32.6 16.8 7.1 3.0 0.7 3.8 1.7 2.2 2.2 (0.2)
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HEI 20

PM2.5

26.6 13.8 4.1 2.6 2.4 1.7 0.9 2.1 2.1 (0.2)

21.3 7.7 2.7 1.2 1.6 1.4 1.0 1.0 1.0 (0.1)

39.5 23.4 7.2 5.4 4.2 2.6 1.9 3.7 3.7 (0.5)

48.9 28.7 12.7 7.2 2.0 5.5 3.8 3.7 3.7 (0.2)

41.1 21.2 7.8 5.5 (0.5) 3.9 2.0 2.1 2.1 (0.3)

39.7 23.8 7.5 5.4 3.2 2.7 1.6 2.4 2.4 (0.5)

43.6 25.0 10.7 3.5 4.7 2.7 2.8 5.1 5.1 (0.5)

50.2 27.6 12.9 6.5 2.9 5.4 3.5 2.5 2.5 (0.5)

6.1 (0.1) 0.0 (0.0) (0.0) 0.0 0.0 0.0 0.0 (0.0)

39.9 11.4 2.5 1.2 0.1 1.0 0.5 1.8 1.8 (0.4)

16.6 5.1 1.8 0.6 1.2 0.4 0.3 1.0 1.0 (0.6)

34.3 17.1 5.5 3.8 (0.5) 2.5 1.5 1.9 1.9 (0.3)

PM2.5
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HEI 20

V.4. PC1 2030 PM2.5 μg/m3 *

PM2.5

37.8 17.7 8.4 4.3 0.5 3.6 4.9 1.2 1.2 (0.2)

22.9 6.4 2.7 0.8 (0.3) 1.2 1.4 0.3 0.3 (0.0)

41.2 19.3 9.4 5.7 (0.1) 4.6 6.6 1.7 1.7 (0.3)

56.2 26.0 11.6 7.7 1.0 5.5 7.7 1.2 1.2 (0.3)

40.1 22.4 12.4 2.3 2.5 3.2 4.4 1.7 1.7 (0.2)

21.9 8.1 4.4 1.5 (0.7) 1.8 1.7 0.6 0.6 (0.1)

24.6 10.1 4.4 2.5 0.9 2.1 2.7 1.0 1.0 (0.1)

32.2 13.2 6.1 2.0 (0.4) 2.6 3.2 0.8 0.8 (0.1)

26.3 12.1 5.8 1.6 0.7 2.0 2.7 0.8 0.8 (0.1)

24.0 12.7 5.2 0.9 2.3 1.7 1.8 0.8 0.8 (0.1)

13.1 3.5 1.9 0.8 (0.1) 0.8 0.8 0.3 0.3 (0.0)

55.6 26.7 11.7 7.8 0.8 5.6 7.8 1.4 1.4 (0.3)

17.9 6.9 3.1 2.0 0.3 1.7 2.0 1.0 1.0 (0.1)

58.3 29.6 14.2 9.6 0.7 6.3 9.7 1.8 1.8 (0.5)

38.9 18.3 9.5 4.4 1.3 4.2 5.6 1.4 1.4 (0.3)

35.1 17.0 8.4 3.2 1.0 3.3 4.6 1.1 1.1 (0.3)

21.1 8.9 3.0 2.1 0.9 1.5 1.3 0.5 0.5 (0.0)

45.4 21.5 10.1 6.1 (0.7) 5.1 6.6 1.6 1.6 (0.3)

30.5 12.6 6.6 2.7 (0.3) 3.0 4.0 0.9 0.9 (0.2)

23.6 11.0 4.9 3.0 0.1 2.7 2.5 1.1 1.1 (0.1)

32.8 15.4 6.8 3.7 (0.4) 3.8 3.7 1.1 1.1 (0.1)
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HEI 20

PM2.5

25.7 11.9 4.5 2.8 0.8 2.1 2.1 1.0 1.0 (0.1)

21.0 4.7 2.7 1.3 0.4 1.7 2.2 0.5 0.5 (0.1)

37.9 20.2 8.1 5.4 1.5 3.4 4.5 1.7 1.7 (0.2)

50.3 25.7 11.8 8.1 0.0 5.6 8.8 1.7 1.7 (0.5)

42.6 18.8 8.6 4.6 (1.3) 4.4 4.3 0.9 0.9 (0.2)

39.2 19.7 7.5 5.6 1.0 3.5 4.1 1.2 1.2 (0.2)

41.6 21.8 12.6 2.9 2.0 3.7 5.8 2.0 2.0 (0.3)

51.3 23.5 11.4 7.3 0.4 5.6 8.2 1.2 1.2 (0.4)

6.1 (0.1) 0.0 (0.0) (0.0) 0.0 0.1 0.0 0.0 (0.0)

39.1 8.5 3.0 1.6 (0.7) 1.3 1.1 0.9 0.9 (0.0)

16.3 4.1 2.4 0.4 0.7 1.2 0.8 0.4 0.4 (0.0)

34.9 14.1 6.3 3.1 (1.1) 2.9 3.1 0.8 0.8 (0.1)

PM2.5
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HEI 20

V.5. PC2 2030 PM2.5 μg/m3 *

PM2.5

27.2 13.6 7.0 2.9 0.4 3.8 2.0 1.2 1.2 (0.2)

18.0 6.9 3.0 1.1 (0.4) 1.6 0.8 0.3 0.3 (0.0)

28.4 13.4 7.7 3.8 (0.5) 4.5 2.5 1.6 1.6 (0.2)

40.4 20.4 11.0 6.0 1.5 6.6 3.1 1.3 1.3 (0.2)

28.4 16.9 8.4 1.3 2.8 3.2 1.9 1.6 1.6 (0.2)

16.9 7.2 3.9 1.4 (1.0) 2.2 1.0 0.5 0.5 (0.1)

18.4 8.3 3.6 2.0 1.0 2.2 1.2 0.9 0.9 (0.1)

24.7 12.5 5.9 2.0 (0.7) 3.3 1.6 0.8 0.8 (0.1)

19.7 9.3 4.6 1.1 0.9 2.3 1.3 0.8 0.8 (0.1)

18.7 10.9 4.1 0.6 3.0 1.7 0.9 0.8 0.8 (0.1)

10.0 3.3 1.5 0.6 (0.2) 0.9 0.4 0.3 0.3 (0.0)

39.6 21.0 10.9 6.0 1.1 6.4 3.0 1.5 1.5 (0.3)

13.7 4.3 2.8 0.9 0.2 1.9 0.7 0.9 0.9 (0.0)

39.9 21.6 11.5 6.1 0.6 6.3 3.5 1.8 1.8 (0.3)

27.3 14.9 7.5 2.7 1.2 4.1 2.2 1.3 1.4 (0.2)

25.4 13.8 7.1 2.0 1.0 3.7 2.0 1.1 1.1 (0.2)

17.1 7.0 2.6 1.8 0.8 1.6 0.6 0.5 0.5 (0.0)

31.8 15.0 8.5 4.2 (1.4) 5.1 2.6 1.5 1.5 (0.2)

22.2 10.4 5.9 2.4 (0.5) 3.4 1.9 0.9 0.9 (0.2)

17.5 6.7 4.3 1.3 (0.2) 2.8 0.9 1.0 1.0 (0.1)

23.8 10.3 6.2 1.9 (0.9) 4.2 1.5 1.0 1.0 (0.1)



105

HEI 20

PM2.5

19.7 9.3 3.8 2.5 0.9 2.2 1.0 0.9 0.9 (0.1)

16.8 4.6 2.1 0.7 0.3 1.5 0.9 0.4 0.4 (0.0)

27.2 15.5 6.3 4.4 1.9 3.5 1.9 1.6 1.6 (0.2)

34.0 17.4 9.8 4.6 (0.3) 5.7 3.0 1.6 1.6 (0.3)

31.1 14.4 7.6 3.8 (1.9) 4.8 2.1 0.9 0.9 (0.2)

29.1 16.4 7.1 4.9 1.3 4.0 1.8 1.1 1.1 (0.2)

28.4 16.2 8.3 1.9 2.0 3.4 2.3 1.8 1.8 (0.2)

35.9 17.3 10.4 4.8 0.3 6.4 3.0 1.3 1.3 (0.3)

6.0 0.1 0.0 (0.0) (0.0) 0.0 0.0 0.0 0.0 0.0

34.3 7.0 2.3 0.2 (1.3) 1.5 0.5 0.8 0.8 (0.0)

13.6 3.7 1.5 0.3 0.7 0.8 0.4 0.3 0.3 (0.0)

26.4 11.9 5.8 2.8 (1.6) 3.4 1.7 0.8 0.8 (0.2)

PM2.5



106

HEI 20

V.6.2013 PM2.5 *

PM2.5

915,900 366,160 155,490 86,530 41,020 94,880 137,400 136,470 70,230 (870)

4,780 1,060 500 210 70 350 450 510 290 0

47,210 18,650 8,350 5,410 920 4,780 7,810 7,260 3,590 (70)

13,050 4,890 1,850 1,250 770 1,430 2,300 1,580 950 0

25,460 12,480 5,660 1,760 1,900 2,560 3,290 4,370 1,780 (20)

16,640 6,480 2,860 1,570 530 1,700 1,960 2,360 1,320 (10)

11,600 4,330 1,670 740 860 1,270 1,850 2,110 1,000 (10)

47,660 16,090 7,250 3,450 1,250 4,820 6,300 7,500 3,910 (30)

30,840 12,020 4,800 2,350 1,320 2,920 3,920 5,230 2,530 (20)

23,760 11,670 3,780 1,640 2,900 2,970 3,220 4,390 2,190 (10)

2,830 810 300 270 70 190 230 340 160 0

63,680 24,630 9,450 6,170 3,420 7,550 11,290 8,780 5,280 (60)

25,930 9,510 3,420 2,510 1,910 3,090 4,390 5,630 2,800 (20)

79,070 34,180 14,380 10,080 2,450 7,150 13,330 9,740 5,150 (110)

41,340 18,620 8,270 3,860 2,100 4,150 6,180 6,070 3,040 (50)

44,940 20,460 8,890 3,570 2,570 4,390 6,610 6,440 3,590 (50)

15,050 6,110 1,720 1,380 1,970 2,010 2,210 2,460 1,680 0

53,160 20,090 8,860 5,880 840 5,850 8,620 7,770 4,370 (70)

22,440 9,000 3,930 1,890 780 2,400 3,200 3,310 1,790 (20)

19,040 7,200 2,980 1,930 990 2,190 3,010 3,460 1,670 (10)

40,710 14,550 6,150 4,040 1,270 4,420 5,950 5,500 2,780 (30)
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HEI 20

PM2.5

2,700 1,010 380 170 210 310 380 480 250 0

2,510 760 290 180 160 250 380 300 160 0

23,910 9,910 3,770 1,860 1,650 2,760 3,600 4,580 2,180 (20)

88,550 35,870 15,160 10,920 2,240 7,650 15,000 10,770 5,530 (130)

11,680 3,900 1,670 1,050 190 1,380 1,570 1,450 980 (10)

22,270 9,040 3,050 1,920 1,780 3,170 3,550 3,850 2,420 (10)

69,300 33,030 18,220 4,610 3,230 6,920 9,190 11,810 4,150 (60)

8,790 3,230 1,360 870 340 910 1,650 1,010 570 (10)

120 0 0 0 0 0 0 0 0 0

13,650 3,350 740 1,780 570 850 970 1,510 880 0

18,110 5,150 2,370 840 1,180 2,000 1,940 2,720 1,320 0

25,110 8,090 3,410 2,390 580 2,490 3,030 3,210 1,920 (20)

* PM2.5
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HEI 20

 V.7.BAU1  2030  PM2.5 DALYs/100,000 *

PM2.5

1,267,390 557,760 234,810 127,370 59,460 81,720 116,720 83,080 83,080 (3,040)

6,750 1,410 730 330 70 280 310 250 250 0

56,830 25,530 11,200 7,210 1,730 4,310 6,670 4,420 4,420 (190)

13,640 5,910 2,180 1,260 670 810 1,270 600 600 (20)

30,170 16,510 7,370 2,120 2,900 1,610 2,250 2,510 2,510 (70)

28,750 11,140 5,370 2,740 680 1,980 1,750 1,700 1,700 (20)

15,140 6,480 2,230 1,170 1,110 870 1,110 1,210 1,210 (30)

63,390 21,660 10,110 4,830 1,330 3,720 4,590 4,060 4,060 (30)

59,850 25,660 10,200 4,180 2,870 2,990 4,180 4,530 4,530 (90)

31,140 15,960 5,630 1,900 4,530 1,730 1,840 2,290 2,290 (40)

3,150 970 380 220 70 150 140 160 160 0

96,160 42,430 15,660 9,670 4,220 6,010 9,190 4,720 4,710 (220)

28,430 10,810 4,300 2,700 2,000 1,800 2,620 2,860 2,860 (40)

102,830 50,760 21,250 13,700 3,570 6,790 12,460 5,600 5,600 (430)

59,640 29,410 11,970 6,030 4,000 4,130 5,800 4,090 4,090 (190)

71,880 33,990 13,840 6,270 4,380 4,350 6,370 4,550 4,550 (180)

16,540 7,090 2,220 1,630 1,750 960 740 810 810 (10)

87,980 37,790 16,960 11,470 1,920 7,010 9,360 6,050 6,050 (250)

28,890 11,660 5,120 2,630 910 2,050 2,560 1,880 1,880 (50)

19,810 8,270 3,610 2,170 1,140 1,510 1,630 1,670 1,670 (40)

54,010 20,700 9,180 5,460 1,950 4,080 4,250 3,170 3,170 (80)
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HEI 20

PM2.5

3,730 1,640 570 310 250 210 180 270 270 0

4,130 1,290 490 230 250 230 340 190 190 (10)

26,400 13,000 4,470 2,730 1,820 1,510 1,940 2,240 2,240 (60)

138,560 62,990 26,680 18,370 3,730 9,180 17,930 7,890 7,890 (550)

16,000 6,100 2,900 1,870 250 1,340 1,070 720 720 (20)

23,680 11,170 3,520 2,310 1,470 1,440 1,480 1,380 1,380 (40)

101,700 50,980 25,020 7,410 7,120 5,840 10,260 9,160 9,160 (300)

8,720 3,720 1,530 890 330 560 980 390 390 (20)

120 0 0 0 0 0 0 0 0 0

15,980 4,170 1,380 1,090 510 560 410 750 750 (10)

22,420 7,340 3,300 970 1,340 1,430 1,080 1,360 1,360 (10)

30,960 11,220 5,470 3,500 580 2,290 1,960 1,610 1,610 (40)

* PM2.5



110

HEI 20

 V.8.BAU2  2030  PM2.5 DALYs/100,000 *

PM2.5

1,144,810 626,600 245,370 124,870 66,180 93,940 64,250 89,110 89,110 (10,680)

6,070 2,240 750 300 (20) 270 170 270 270 (30)

50,830 28,070 11,750 7,210 1,580 4,860 3,590 4,980 4,980 (420)

12,590 7,180 2,920 1,580 920 1,100 710 560 560 (190)

26,940 16,380 6,090 1,750 3,830 1,360 1,210 2,650 2,650 (340)

25,380 13,010 4,500 2,240 (300) 1,780 1,020 1,550 1,550 (230)

13,750 7,280 2,270 1,260 1,450 910 630 1,190 1,190 (130)

58,130 29,620 10,470 4,630 380 3,880 2,570 4,320 4,320 (580)

54,330 28,500 9,970 3,820 3,670 3,180 2,450 4,960 4,960 (490)

27,980 17,150 4,390 1,240 5,110 1,050 860 2,270 2,270 (300)

2,700 990 330 200 40 150 90 170 170 (10)

88,840 51,630 20,550 11,560 5,760 7,820 5,050 4,730 4,730 (1,200)

25,270 11,160 4,510 1,750 1,850 2,450 1,240 2,880 2,880 40

92,970 56,880 24,200 14,410 5,320 9,120 6,690 6,610 6,610 (640)

53,650 31,680 12,280 5,880 5,080 4,360 3,210 4,420 4,420 (640)

65,700 36,570 14,710 5,710 5,560 4,950 3,620 4,950 4,950 (620)

15,050 7,010 1,800 1,390 1,630 800 410 740 740 (130)

79,090 43,350 17,810 11,640 670 7,960 5,180 6,610 6,610 (710)

25,880 12,700 5,390 2,810 520 2,120 1,530 1,890 1,890 (280)

17,820 8,970 3,840 1,470 950 1,960 830 1,730 1,730 (50)
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HEI 20

PM2.5

48,850 25,140 10,670 4,530 1,040 5,690 2,500 3,220 3,220 (260)

3,430 1,790 530 340 310 220 120 270 270 (20)

3,780 1,380 490 210 290 250 180 180 180 (30)

24,230 14,340 4,420 3,240 2,580 1,550 1,130 2,260 2,260 (300)

124,970 73,110 32,390 18,380 4,970 14,120 9,740 9,460 9,460 (490)

14,410 7,430 2,730 1,910 (180) 1,380 700 730 730 (120)

21,760 13,040 4,040 2,900 1,760 1,440 860 1,310 1,310 (270)

89,710 51,430 21,930 7,230 9,770 5,510 5,660 10,420 10,420 (990)

8,000 4,390 2,050 1,030 460 860 550 400 400 (80)

110 0 0 0 0 0 0 0 0 0

15,070 4,390 1,000 530 120 380 180 660 660 (140)

20,020 6,100 2,220 740 1,450 460 410 1,240 1,240 (780)

27,500 13,700 4,400 2,990 (390) 2,020 1,170 1,500 1,500 (240)

* PM2.5
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HEI 20

V.9.PC1 2030 PM2.5 DALYs/100,000 *

PM2.5

1,139,230 531,770 252,710 125,920 14,960 109,920 146,340 37,890 37,890 (6,700)

6,070 1,700 720 220 (70) 310 370 80 80 0

50,860 23,790 11,610 6,970 (100) 5,630 8,120 2,060 2,060 (380)

12,650 5,850 2,610 1,720 240 1,240 1,740 280 280 (60)

26,310 14,670 8,060 1,530 1,650 2,090 2,870 1,090 1,090 (150)

25,260 9,270 5,110 1,690 (750) 2,130 1,980 660 660 (60)

13,520 5,550 2,420 1,380 520 1,160 1,500 560 560 (50)

57,650 23,520 10,920 3,670 (780) 4,620 5,700 1,420 1,420 (120)

53,330 24,490 11,730 3,290 1,360 4,100 5,480 1,650 1,650 (240)

26,760 14,070 5,810 960 2,510 1,890 1,990 890 890 (70)

2,610 690 380 160 (20) 160 160 50 50 (10)

89,220 42,700 18,640 12,520 1,240 8,970 12,450 2,290 2,290 (550)

24,710 9,490 4,270 2,750 460 2,380 2,710 1,400 1,400 (80)

93,650 47,500 22,770 15,310 1,120 10,100 15,550 2,910 2,910 (840)

53,010 24,950 12,950 5,940 1,790 5,680 7,560 1,920 1,920 (420)

64,950 31,480 15,560 5,890 1,830 6,150 8,410 2,060 2,060 (470)

14,710 6,270 2,110 1,500 600 1,060 910 370 370 (20)

79,580 37,760 17,690 10,680 (1,220) 8,900 11,550 2,810 2,810 (520)

25,850 10,700 5,570 2,260 (270) 2,550 3,360 780 780 (140)

17,610 8,130 3,600 2,210 100 1,980 1,870 850 850 (70)

49,000 23,050 10,110 5,460 (640) 5,700 5,570 1,580 1,580 (200)
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PM2.5

3,380 1,580 600 370 100 270 280 130 130 (10)

3,750 850 490 230 80 310 400 90 90 (10)

23,870 12,710 5,100 3,350 950 2,100 2,810 1,060 1,060 (140)

126,120 64,490 29,560 20,290 10 14,140 21,970 4,220 4,220 (1,150)

14,610 6,460 2,930 1,560 (440) 1,510 1,470 320 320 (60)

21,640 10,850 4,090 3,030 560 1,930 2,190 640 640 (90)

87,910 45,950 26,520 6,210 4,290 7,750 12,280 4,150 4,150 (610)

8,060 3,690 1,790 1,140 60 880 1,280 190 190 (60)

110 0 0 0 0 0 0 0 0 0

14,950 3,440 1,120 710 (190) 500 410 340 340 (10)

19,790 4,940 2,890 500 850 1,450 980 420 420 (20)

27,730 11,180 4,970 2,410 (890) 2,290 2,410 650 650 (90)

* PM2.5
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V.10.PC2 2030 PM2.5 DALYs/100,000 *

PM2.5

990,110 490,020 254,220 104,100 13,660 140,790 72,140 44,050 44,040 (6,170)

5,290 2,020 890 320 (110) 480 3,850 100 100 (10)

43,750 20,670 11,810 5,770 (770) 6,860 850 2,410 2,410 (340)

11,240 5,680 3,040 1,670 410 1,820 1,480 350 350 (70)

22,510 13,360 6,670 1,010 2,190 2,510 1,250 1,250 1,250 (120)

21,610 9,160 5,000 1,830 (1,250) 2,820 770 650 650 (90)

11,680 5,310 2,290 1,270 680 1,380 3,290 580 580 (50)

51,360 25,630 12,170 4,110 (1,400) 6,760 3,050 1,660 1,660 (190)

46,160 21,850 10,750 2,540 2,040 5,380 1,120 1,940 1,940 (230)

23,140 13,490 5,100 740 3,760 2,080 90 950 950 (70)

1,890 640 300 120 (30) 180 6,020 50 50 (10)

79,520 41,890 21,880 11,930 2,180 12,860 1,090 2,930 2,930 (570)

20,710 6,510 4,220 1,310 230 2,850 7,090 1,330 1,330 (60)

81,410 43,900 23,420 12,390 1,130 12,760 3,720 3,720 3,730 (680)

45,610 24,910 12,500 4,570 1,970 6,860 4,480 2,250 2,250 (340)

57,080 31,030 15,880 4,510 2,170 8,330 500 2,480 2,480 (420)

13,050 5,450 2,060 1,380 640 1,250 5,680 360 360 (30)

69,380 32,850 18,570 9,270 (2,950) 11,210 1,890 3,220 3,220 (520)

22,140 10,420 5,930 2,380 (510) 3,430 810 900 900 (160)

15,130 5,770 3,720 1,110 (170) 2,450 2,670 880 880 (60)

42,680 18,450 11,190 3,390 (1,580) 7,470 160 1,760 1,760 (200)
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PM2.5

3,000 1,420 580 370 140 340 180 140 140 (10)

3,340 940 430 150 60 310 1,490 80 80 (10)

20,990 11,980 4,880 3,330 1,470 2,670 9,590 1,220 1,220 (130)

109,140 55,770 31,370 14,730 (1,180) 18,420 880 5,200 5,200 (960)

12,880 5,980 3,150 1,560 (800) 1,980 1,170 370 370 (90)

19,140 10,810 4,610 3,240 890 2,580 5,930 730 730 (100)

73,670 42,070 21,510 5,050 5,320 8,760 590 4,790 4,790 (440)

7,100 3,420 2,060 950 70 1,260 0 260 260 (60)

110 0 0 0 0 0 210 0 0 0

14,130 3,090 1,010 250 (410) 630 480 310 310 (10)

17,090 4,640 1,890 340 940 980 1,520 430 430 (10)

24,180 10,890 5,320 2,520 (1,480) 3,120 220 710 710 (150)

* PM2.5
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 V.11.2013  PM2.5  DALY  

(DALYs/100,000) *

PM2.5

1,264 505 213 119 58 131 189 189 97 (1)

634 140 67 28 10 47 60 67 39 (0)

1,307 516 231 150 26 132 216 201 99 (2)

1,098 412 156 105 65 120 194 133 80 (0)

1,362 667 303 94 101 137 176 234 95 (1)

878 342 151 83 28 90 104 125 70 (1)

1,055 394 152 68 79 115 168 192 91 (1)

995 336 151 72 26 101 132 157 82 (1)

1,276 497 199 97 55 121 162 217 105 (1)

1,536 754 244 106 188 192 208 284 142 (1)

619 177 67 58 15 42 51 74 35 (0)

1,773 686 263 172 95 210 314 244 147 (2)

1,274 467 168 123 94 152 216 276 138 (1)

1,727 747 314 220 54 156 291 213 113 (2)

1,330 599 266 124 68 134 199 195 98 (2)

1,181 538 234 94 68 115 174 169 94 (1)

1,299 527 148 119 170 174 191 212 145 (0)

960 363 160 106 15 106 156 140 79 (1)

1,083 435 190 91 38 116 154 160 86 (1)

1,286 487 202 130 67 148 204 234 113 (1)
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PM2.5

1,434 513 217 142 45 156 210 194 98 (1)

1,128 420 158 72 89 128 159 201 106 (0)

1,276 385 145 89 79 127 195 153 83 (1)

1,311 543 206 102 90 151 198 251 119 (1)

1,506 610 258 186 38 130 255 183 94 (2)

622 208 89 56 10 74 83 77 52 (1)

1,308 531 179 113 104 186 208 226 142 (1)

1,410 672 371 94 66 141 187 240 84 (1)

1,147 422 178 114 45 119 216 132 75 (2)

149 3 1 2 0 1 2 2 1 (0)

1,796 441 97 234 76 112 127 198 116 (0)

958 272 125 44 63 106 103 144 70 (0)

689 222 93 66 16 68 83 88 53 (1)

* PM2.5 DALY
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V.12. BAU1 2030 PM2.5 DALY

DALYs/100,000 *

PM2.5

934 411 172 93 45 60 86 61 61 (2)

502 105 55 25 5 21 23 19 19 0

809 364 159 103 25 61 95 63 63 (3)

600 260 96 56 30 36 56 26 26 (1)

849 465 208 60 82 45 63 71 71 (2)

819 317 153 78 19 56 50 48 48 (1)

762 326 112 59 56 44 56 61 61 (1)

688 235 110 52 14 40 50 44 44 (0)

1409 604 240 98 68 70 98 107 107 (2)

1064 546 192 65 155 59 63 78 78 (1)

344 106 41 24 8 16 16 18 18 (0)

1522 672 248 153 67 95 146 75 75 (3)

771 293 117 73 54 49 71 77 77 (1)

1217 601 252 162 42 80 147 66 66 (5)

1057 521 212 107 71 73 103 72 72 (3)

934 442 180 82 57 57 83 59 59 (2)

814 349 109 80 86 47 36 40 40 (1)

775 333 149 101 17 62 83 53 53 (2)

740 299 131 67 23 53 66 48 48 (1)

727 304 133 80 42 56 60 61 61 (1)
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PM2.5

1048 402 178 106 38 79 83 62 62 (2)

876 386 133 74 60 50 43 63 63 (1)

1161 363 137 66 71 66 95 52 52 (2)

789 389 134 82 54 45 58 67 67 (2)

1318 599 254 175 36 87 171 75 75 (5)

412 157 75 48 6 35 27 19 18 (1)

758 358 113 74 47 46 48 44 44 (1)

1093 548 269 80 77 63 110 98 98 (3)

567 241 99 58 22 36 64 25 25 (2)

77 2 1 0 0 0 1 0 0 (0)

1206 315 104 82 39 43 31 57 57 (0)

663 217 98 29 40 42 32 40 40 (0)

415 151 73 47 8 31 26 22 22 (0)

* PM2.5 DALY
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V.13. BAU2 2030 PM2.5 DALY

DALYs/100,000 *

PM2.5

843 460 180 91 50 69 47 65 65 (8)

450 166 55 22 (2) 20 13 20 20 (2)

721 398 167 102 22 69 51 71 71 (6)

551 315 128 69 40 48 31 24 24 (8)

757 460 171 49 108 38 34 74 74 (10)

720 369 128 64 (9) 51 29 44 44 (7)

691 366 114 63 73 46 32 60 60 (7)

628 320 113 50 4 42 28 47 47 (6)

1279 671 235 90 87 75 58 117 117 (12)

958 587 150 43 175 36 29 78 78 (10)

294 108 36 22 5 17 9 19 19 (1)

1404 816 325 183 91 124 80 75 75 (19)

684 302 122 47 50 66 34 78 78 1

1100 673 286 171 63 108 79 78 78 (8)

950 561 217 104 90 77 57 78 78 (11)

850 473 191 74 72 64 47 64 64 (8)

740 345 88 68 80 40 20 36 36 (6)

694 380 156 102 6 70 46 58 58 (6)

661 324 138 72 13 54 39 48 48 (7)

652 328 141 54 35 72 30 64 64 (2)
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PM2.5

947 487 207 88 20 110 48 62 62 (5)

805 420 124 80 74 51 28 62 62 (5)

1060 387 137 59 81 69 51 51 51 (7)

722 427 132 97 77 46 34 67 67 (9)

1186 694 307 174 47 134 93 90 90 (5)

367 189 70 49 (5) 35 18 19 19 (3)

696 417 129 93 56 46 28 42 42 (9)

965 553 236 78 105 59 61 112 112 (11)

517 284 133 67 30 56 36 26 26 (5)

73 1 0 0 0 0 0 0 0 (0)

1137 331 76 40 9 29 13 50 50 (10)

592 180 66 22 43 14 12 37 37 (23)

367 183 59 40 (5) 27 16 20 20 (3)

* PM2.5 DALY
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V.14. PC1 2030 PM2.5 DALY

DALYs/100,000 *

PM2.5

838 390 185 93 12 81 107 28 28 (5)

450 126 54 17 (5) 23 28 6 6 (0)

721 337 165 99 (1) 80 115 29 29 (5)

554 256 114 75 10 54 76 12 12 (3)

739 412 227 43 46 59 81 31 31 (4)

717 263 145 48 (21) 60 56 19 19 (2)

680 279 122 69 26 58 76 28 28 (3)

623 254 118 40 (8) 50 62 15 15 (1)

1255 576 276 77 32 97 129 39 39 (6)

916 482 199 33 86 65 68 30 30 (2)

283 75 41 17 (2) 17 18 6 6 (1)

1410 675 295 198 20 142 197 36 36 (9)

668 257 115 75 12 64 73 38 38 (2)

1108 562 269 181 13 119 184 34 34 (10)

938 442 229 105 32 101 134 34 34 (7)

840 407 201 76 24 80 109 27 27 (6)

723 308 104 74 29 52 45 18 18 (1)

698 331 155 94 (11) 78 101 25 25 (5)

660 273 142 58 (7) 65 86 20 20 (3)

644 298 132 81 4 72 69 31 31 (3)
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PM2.5

950 447 196 106 (13) 111 108 31 31 (4)

794 370 140 86 24 64 66 30 30 (2)

1053 239 138 66 22 86 111 24 24 (3)

711 379 152 100 28 63 84 32 32 (4)

1197 612 281 193 0 134 209 40 40 (11)

372 165 75 40 (11) 38 37 8 8 (2)

692 347 131 97 18 62 70 20 20 (3)

945 494 285 67 46 83 132 45 45 (7)

521 239 116 74 4 57 83 12 12 (4)

73 0 0 0 (0) 0 0 0 0 (0)

1128 259 85 53 (14) 38 31 25 25 (1)

585 146 86 15 25 43 29 13 13 (0)

370 149 66 32 (12) 31 32 9 9 (1)

* PM2.5 DALY
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V.15. PC2 2030 PM2.5 DALY

DALYs/100,000 *

PM2.5

727 359 185 76 12 103 53 32 32 (4)

390 149 66 24 (8) 36 16 7 7 (1)

617 292 167 81 (11) 97 54 34 34 (5)

490 248 133 73 18 80 37 16 15 (3)

631 374 187 28 61 70 42 35 35 (3)

610 259 141 52 (35) 80 35 18 18 (3)

587 267 115 64 34 70 39 29 29 (2)

552 276 131 44 (15) 73 35 18 18 (2)

1085 514 253 60 48 127 72 46 46 (5)

793 463 175 26 129 71 39 33 33 (3)

203 69 33 14 (3) 20 9 6 6 (1)

1255 661 345 188 34 203 95 46 46 (9)

558 176 114 35 6 77 29 36 36 (2)

961 518 277 146 13 151 84 44 44 (8)

805 440 221 81 35 121 66 40 40 (6)

734 399 204 58 28 107 58 32 32 (5)

641 268 101 68 32 61 25 18 18 (1)

605 287 162 81 (26) 98 50 28 28 (5)

563 265 151 60 (13) 87 48 23 23 (4)

551 210 136 40 (6) 89 30 32 32 (2)
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PM2.5

826 357 217 66 (31) 144 52 34 34 (4)

702 333 136 88 32 80 38 32 32 (3)

935 263 122 43 18 86 51 24 24 (2)

623 356 145 99 44 79 44 36 36 (4)

1032 527 297 139 (11) 174 91 49 49 (9)

324 150 79 39 (20) 50 22 9 9 (2)

612 346 147 104 29 82 38 23 23 (3)

792 453 231 54 57 94 64 52 52 (5)

457 220 133 61 4 81 38 17 17 (4)

71 1 0 (1) (1) 0 0 0 0 0

1067 233 76 19 (31) 48 16 24 24 (1)

505 137 56 10 28 29 14 13 13 (0)

320 144 71 34 (20) 41 20 9 9 (2)

* PM2.5 DALY
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1 PM2.5 DALYs
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