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Implementing Rio+20 Resolutions, Demonstrating New Urbanization
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Best Practice of Sustainable and Low Carbon City: Combination of Industry, Business, Resort and Residence t B

% bs A Jsi

i B9 b A8

FHF KA T G R oAy A T e T w4
Ambassador Sha Zukang appealed to strengthen global
efforts to build sustainable cities
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Mr: Arab Hoballah, Chief of Sustainable C iption and
Production, UNEP/DTIE addressed at Guiyang IGMC
Standard Symposium
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Mr. Lu Haifeng, Secretary General of GFHS shared
the latest achievements of IGMC standards with
representatives at the Rio+20

INITIATIVE OF INTERNATIONAL GREEN MODEL CITY

Initiative of International Green Model City (IGMC) is launched by GFHS at the
headquarters of the United Nations in April 2011. With the support of UNER,
it has become a pilot project for low carbon city building with high starting
point. It mainly features in combining low-carbon city building with green
economy and with culture. IGMC is a new exploration in response to the

United Nations and the whole world to deal with climate change, to develop i
sustainable land and explore new urbanization, it is a brute force engine to B 2011 IGMC ¥ A% it A 5K 2013 F 4 A A0 IGMC R % )& &4 KXk, GFHS #: % £ G % — 47 5 ol K F 35 47
drive the rapidly development of low-carbon industry, a platform to inherit Group photo of some experts represented at 2011 GF%{IS 4’»‘4’5kiﬁ*;ﬁhi‘"“"Fgﬂ%ﬁﬁ%i% S S Ak T R S
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habitat culture. The IGMC standards are compiled by some 50 experts from M Lu s, Secretary General of GFHS and the delegari Mr. Lu aifeng, ,ecr;lt:zhr);hearz;z; an o Co::n ”ttez

China and abroad, which include 12 principles and corresponding strategies
. y and measures with an authentication rating system to guide IGMC planning
2011 ¥4 A 88, GFHS B KA B EHE 04 construction.
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On 8" April 2011, IGMC initiative was officially launched at the UN IGMC project initiative had already registered as an important commitment

discussed the further work of IGMC project with Mr. Yangjie, of the Railway Station District, Taizhou, to receive the
Deputy Mayor of Taizhou City on the Preparing Meetings of  jpiontioned investors.
Taizhou IGMC Leading Group in April, 2013

headquarters by GFHS. in the United Nations secretariat during the United Nations Conference on

Sustainable Development (Rio + 20) held in Rio de Janeiro, June, 2012. zq_
B ABTEEFIFIH (IGMC) BINZBEEIEK  GFHS has successively signed the framework agreement with Guiyang, y
AEBRELIE (GFHS) F 2011 £ 4 BERS Guizhou Province and Taizhou, Jiangsu Province, China on the IGMC pilot ( #

project. !_,.
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Global Human Settlements Award

T3 IN

——
9

“Global Human Settlements Award” is a worldwide prize
annually awarded by Global Forum on Human Settlements
(GFHS), which is aimed at promoting the implementation of
UN sustainable development and GFHS mission, and has
been successfully held for seven times to date. It has provided
a high-level interactive platform for insiders to share and
propagate knowledge and experiences. The awarded cities,
enterprises, projects and individuals can be found all over
the world. It has demonstrated positive effects and has been
crowned as “Human Settlements Oscar” by media.

“Global Human Settlements Award” is especially supported
by the United Nations Environment Programme (UNEP) and
the United Nations Department of Economic and Social Affairs
(UNDESA). The Awards Categories include:

‘“EIRABTMER” BASKARTRFILIRESRES (GFHS)
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City: Global Green City

W ARG ERT

Scenic Spot: Global Low-carbon Ecological Scenic Spots
=XE: ARMKESTE

Buildings: Global Human Settlements Model Building
(Residential Area)

BHE: 2RABETEFEAER (FH)
Transport: Global Best Practice of Green Mobility
R@E: ARG E BT RELY

Designing: Global Human Settlements Award on Planning and
Design(Architecture, Landscape, Transport)

Wt SRAEFEAN (R, @ FH) HFE
Technology: Global Human Settlements Model of Green
Technology (Products)

BARE: ERAETRGERK (&%) Lk
Individuals: Global Human Settlements Outstanding
Contribution Award, Global Little Green Ambassador (kids)
MAE: ERAETEAETRE, 2RGFEILERE

SRR J

Mr. Maurice Strong, Under-Secretary General of United Nations, famous environmental scholar awarded
“Global Green City" certificate to Lijiang City and Yichun City
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CPPCC Vice Chairman Li Jinhua awarded “Global
Green City” certificate to Wuxi City
AEHANE EFEEELEH LT RE bk ER
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Mr. Arab Hoballah, Chief of Sustainable Consumption
and Production, UNEP/DTIE awarded " Global
Green City" certificate to Curitiba, Brazil; Sino-

Singapore Tianjin Eco-City; Nantes, France; etc.
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Mr. Ralph Wahnschafft from UNDESA, awarded
"Global Human Settlements Outstanding
Contribution Award” to Mr. Richard Register,
President of EcoCity Builders; Ms. Pam O' Connor,
Santa Monica City Councilor; Representative from
Eletrobras Furnas
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Anwarul K. Chowdhury, Former UN Under-
secretary-General awarded " Global Human
Settlements Award on Planning and Design”  to
Great China International Exchange Square
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Mr. Wang Dehui, Consultant to Environmental
Impact Assessment Centre of China State Ministry
of Environmental Protection awarded * Global
Best Practice of Green Mobility” certificate to
Renault-Nissan Allianc
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Performance Troupe My Emmy made benefit
performance during the award ceremony held in
UN headquarters, New York, and presented a gift
to GFHS on behalf of the mayor of Brampion,
Canada

A b A K d038 % B My Emmy 4 2011 4.4 5%
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GLOBAL FORUM ON HUMAN SETTLEMENTS

China Office: Suite 701, Block C, World Trade Plaza, Futian District Shenzhen, PR. China  Postal Code: 518033

SR ARBIFEILIR (GFHS) http:/www.gfhsforum.org | rRERIAZE: SRIITIIEHE XABUIEEHER 4% C FE 701 #B 4% - 518033 TEL: 0755-8328 8289 FAX: 0755-8328 8619
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Ambassador Wu Hongbo Meets GFHS Secretary-General Lu Haifeng at United Nations Headquarters
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(GFHS #1515 8.3 F 42904 1) 2 A 28 B BA43)

GFHS Secretary-General Lu Haifeng arrived at GFHS New York headquarters to deploy and
coordinate the preparatory work for the Berlin High-level Dialogue on Implementing Rio+20
Decisions on Sustainable Cities and Urban Transport & 2013 Global Forum on Human
Settlements and other work just after 15th day of the first lunar month of the Year of the Snake.
Although it is still chilly in the late winter at the Manhattan East River banks, offices within the
newly refurbished UN headquarters building are as warm as spring. On the afternoon of 28"
February, Mr. Lu Haifeng came to the headquarters as scheduled to make an official visit to

LT

Under-Secretary-General of United Nations
Department of Economic and Social Affairs
(UNDESA), Mr. Wu Hongbo.

Ambassador Wu Hongbo spoke highly of
the unique role played by GFHS in building
sustainable human settlements and promoting
the United Nations sustainable development
policy outcomes, and expressed appreciation
for the contribution made by GFHS to Rio+20
and the Berlin High-level dialogue to come up
next.

Ambassador Wu said that the world is
accompanied by large-scale and irreversible
process of urbanization, it is very important
to research and promote sustainable human
settlements. He cared very much about the
International Green Model City (IGMC) initiative

Hﬁ/\l % 5544 F 438 (UNDESA) T;}%
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launched by GFHS, and he encouraged GFHS to
choose the central and western regions of China
to carry out IGMC, and play an exemplary role.

Ambassador Wu attached great importance to the
Berlin High-level Dialogue organized by UNDESA,
GFHS, INNOZ etc. He hoped that the conference
could yield substantial results and he arranged the
Berlin High-level Dialogue in his agenda.

Mr. Nikhil Seth, Director of the Division for
Sustainable Development, Department of
Economic and Social Affairs (DESA) also met
with the Secretary-General Lu Haifeng, and made
pleasant and constructive talks. Mr. Lu reported
the process that GFHS made in promoting the
Berlin High-level Dialogue in Asian region. Mr. Seth
expressed satisfaction and appreciation for the
support and contribution by GFHS to UN work in
the past and in the days to come. Mr. Seth agreed
to arrange the issues recommended by Mr. Lu
that need DESA’ s support to solve. Mr. Ralph
Wahnschafft and Mr. Liu Wei from the Department
of Economic and Social Affairs (DESA), United
Nations attended the meeting together.

(By GFHS Public Information Department, 28" Feb, New York
City time)



W@RLD BEST PRACTICES | 4 ¥k it ££ 15 M

BIGEMl FRONTIER INFORMATION

HR5/E RESEARCH & OUTCOME

010 BIE - ##% Frontier - Data
012 BI3E - $R Frontier - Technology

014 I35 - %3% Frontier - Focus

L E5iRiE SPECIAL REPORTS

018 HXMEEISH, MEARTE

Cope with Smog and Haze Pollution, Improve the
Environment for Human Settlements

013614, KEBARTELTEERALBE, Ak
B LR R 200 K, % A5 R E A BB FAKA R
L, BWIFRLETTA CEAKET RYE

T8 2 A AT KT TR AR A8 RIRI R R LR
BAMEAA B o176 AT KT R —HRAMAER, —
B SRR TR S AL AR, e AT AR AL A
A E R AT Hok pm5 9% LEAL EH AT KK

020 EERE A EERIEE S
Smog and Haze, Sound the Alarm of Environmental
Management in China

023 EIMNERE
Revelations from Abroad

026 EBEXRSFEMANHHRSUE KA EE
Urban Heat-Island Effect Caused by Haze and the
Prevention Measures

031 #=H|REMBHRAR, RERIPSESL, ETEK
FEREMNEENIERE
Global Air Quality and Health Co-benefits of Mitigating
Near-Term Climate Change through Methane and
Black Carbon Emission Controls

050 HEFHAMFEERIRL LR : TAMKERASITRE HE
Advancing Sustainable Tourism: Regional Situation
Analysis for Asia and the Pacific Executive Summary

056 SFTS L FERER

—— TR AR SR MER, KBRS, S
QEEZTS

Climate Change and Required Paradigm Shifts

-Meeting Resilience and Sustainability Requirements in Cities and Buildings

e

HAI KRG A D feALB ) R E K89, AR A7 2] BoiE Ao
Bl LA R, EREZEN A ERREER B HZF
R G T AT SR AL L3 TR 30-50% .

069 fTAFNAMEE: LR, CBSANPRES SR
XEIxFEE (D
Measuring Pedestrian Accessibility:
Comparing Central Business and Commercial
Districts in Beijing, London, and New York City (ll)

miFie CITY REVIEW

078 FEAIMEAL R

China' s Path to Urbanization

P i

REHFSBHFANANAFTEAR ARG ZFSTF, 2FPEOUE £
ERTo KRAR 394 RE—— LT & T WA RAH—FRGAE
ARBAGT 2 £ L0 RAFAMAEKEN S T3 F 6 69 JUFFANEA 25
AR R FJE T IR o

WA K A B KA. P AR R B HORT AR 20 A, A
—AE B A R AR IR 1 AR 6 B R M —

082 WHEARR
Double-Faced Tokyo

084 AJERIRE, tHM

Berlin, a Paradise on Earth

BI{EeHl BEST PRACTICES

088 R #H—EEBRE BEARFELRZEE
Green City Freiburg: Approaches to Sustainability
094 ZHBIF, UZAMEX — “ZARE" TEMIZ

Innovative Creation, In the Name of Art
-Art House Project

LARRERADK S HAELCREZNRAELS T AIHAALR, f
WNERERS, BELRSSELELBEIALLFRGH L
Tl ToyiLiL. SHELAHOFEFE L —AAFLEXLAR
b9 B R iR 6 iR, B SR T — A ek R 69 R %

CONTENTS | B #

098 FFEMEIRIT: AIEFERERIl R RE
Sustainable Fashion Design: Learmning from Denmark's
Example

TR WS &0 RARAFA T 204, €9 IRERA LA ot
BFF REA SN RNAL, X AR A ORI A
WTF AR, #RYRT EANRAE LG L.

AVIMR FIGURE

104 FIEEHT « STHFHET: RS AHERNEZ K
Curtis Fentress, Aesthetic Master of Sustainable Public
Buildings

TR THENNAS—AARREZGRITEL L XZGRME, it
7 Ao ik — B S WALAF ARG HAAR A, L EMBTFFILNE R
P FAE, RMBKAIHENAELERRRALSFUNEE L, kb
B, RIFERT RN w Rk, HFFEMH. TRMEETRG,

109 T/MMLASHEER: HEHE
Wang Xiaocun and His Enterprise Pharmacom, in
Pursuit of Their Dreams in China

{KB% 43 Low Carbon Life

114 AMEFLERNEFAESE  Sustainable Rosy Life
119 BZ{RHA Bike-cation




W@ RLD BEST PRACTICES

’l?%mwmm

+* 7 Host

S ABHEILIREES (GFHS)
BEEAREXALBRELHFSRBEHO
BEEAREXMLUEB EHRKELEH> RELAXHEL
Global Forum on Human Settlements

UN-HABITAT Best Practices Magazine Promotion Center
UN-HABITAT World Best Practices Magazine Asia-Pacific Office

YmiEHAR  Edit Publish
CEIRBRAESER RS
World Best Practices Magazine Press
#iFrAZ  Shenzhen Office
b SRR A XL ER 5 C fE 701 =

Address:Suite 701, Block C, World Trade Plaza, Fuhong Road, Shenzhen, China
Tel: 0755-83288289 83288296 Fax: 0755-83288619

E#HEHAZE  Hong Kong Office
b EEAEBUE 625 SHER O THA 9 # 909B =
Address: 909B, 9/F, Two Grand Tower, 625 Nathan Road, HK

EEMAZE  USA Office

it EEAATSETRKS 3 20-E =

Address: 10 Waterside Plaza, Apt 20-E New York, 10010
E-mail:gfhs@gfhsforum.org

1k Website:www.bestpracticesmagazine.org
http://www.gfhsforum.org

EPFRFIS Issues No. ISSN 2072-392X

Hh E EFRE B2 B E B RN RRINS A F

HAFFIS Journal No.G290Y0100

#t 4 President #3%% - #{+4F Victor Fersht

HITHKFESRIE Executive President & Chief Editor
581%  LuHaifeng

FHBIRIB A Guest Writer

BT - K$) M—B Fig - THRER & & £l

Kirstin Miler Emanuel Yi Pastreich Senen Antonio Gao Zhi Cui Yuanxing
YREEERE(E  Editorial Director

MR #1 B8 Chen Xin  Yang Xiaohong

H{E4%4E Executive Editor &= Olwen

& %% Reporters & Editors

EF A KER RFE @ KM B H T8 MEN KT
Wang Ping, Stone, Zhang Xiangzhen, Narsissus, Tian Ye, Zhang Lin, Christine,
Eva Wang, Sunny Sun, Sabrina

EARY%EE  ArtEditor 4K #E Jihui
% 1T Distributon % #B Anna

s5#2Wia  Legal Advisor
JERPIRRIPESET B=%F KIERL Xie Lanjun Zhu Yaolong

ERNEEKIE Domestic Agent
R RSHERETRAR
Tel: 0755~ 83288289 83288296

L F=ERLEAL  Beijing Office

PEBTARARS

Hodk: AEREBINA iz:ll:/J\ﬁi 2 ST 2 SHEARIBREF AT

BR%4m: 100836 Tel: 010-65244982  Fax: 010-65244975

B ATER T BARGBIEENE S SXFEN, BARBHNINAEESATIBER, MU
BN

WA, REFAREGER.

W&RLD BEST PRACTICES

& R A P
ASIA-PACIFIC EDITION KRR ————

i O] cmETsEm

RER - FHE KAEREMBRKEBERKR. 2RABTRRIZEERERE

B E ERTREENK. 2EIRREH~FLBELK

IHE ERFRBERIRK. AR

B - RER RAEWMEAUBEEZASHER . MEAFITEBBK

BEE - HBEHE BRESETEREDSER

BREE PEERFLESEEERFRBK

#fwy - LEHE KAEABBREEFHITRFOEME. KEEAES

SRAEBMNXAREFRTNERKASRTE

#ng TR BESEIRXARBSHRBERSTARPITER

BREEHRAR BHFAESY BERERE

< TN
. Ererm

I.ditorial Board
rERES

AdV|SO|’S (Names Listed in No Particular Order)

O

O 0O OO0 o

o

Ambassador Anwarul K. Chowdhury Former Under-Secretary-General and High Representative of the United Nations, Chairman
of Global Forum on Human Settlements

Yang Shen Former Vice-Minister of Ministry of Construction, Honorable President of China Real Estate Chamber of Commerce
(CRECC)

Wang Yangzu Former Deputy Director of State Environmental Protection Administration; Researcher

David Anderson Former President of UNEP Governing Council, Former Minister of Environment Canada, Senator

Richard Register President of Eco-City Builders

Xu Zongwei Deputy Executive Chairman and Secretary General of Architecture Society of China

Victor Vipritsky Director of Far East Center UNHABITAT “Best Practices”, General Director of UN HABITAT and UNESCO
International Programs Association

Victor Korskov Executive Director of UNESCO Russian Federation Commission, Far East Branch and Deputy Chairman of
UNESCO Chair “Marine Ecology”

EdITOHOl BOC”’d ( Names Listed in No Particular Order)

Kk DEBTLAEMRASEEEK. PEHSRZRMRR

IEE PEFARRPBERARITEROME. RERARRFSR[
BRESRPEE A KFEFERBITENSHEAANREE(E

BR - TEAEL H%Alﬁili‘ﬁ%AiF\ EBIMRINZR

RE - REE HRFBFARKESMBK

RHTT « K& Iﬁmﬂz,g\iﬁkﬂﬂ"i_lx%wé?ﬂﬁiﬁ

#rx - B KEEABBREEAESERSER

BREEANBEBREEHRSHITHD

R RESFEREME A RERBRAABFHITRRK
RENRAERERS

BiElE SRABRRELEREFERWLK. FEFHERALBESULK

FRATE dERAZEHER. #HTASH. ERXFHREHETRITHRPOEME

FEE PERETRRARSMBK

ApEe RNHBEALF MRS

BEE <RI REHEK %ﬁﬁﬂm&ﬂkﬂﬂﬁi

BEE KEEARE 2RHKEEH ASTARDELSTFE

SEEN FMERMRKI RN TR Eird MEHL

BiEE TRRLARERICE

O O 0 O O

O 0O O O 0o 0O OO0

Zhu Tiezhen Deputy President of China Research Society Of Urban Development; Researcher of Institute of Economics, Chinese
Academy of Social Sciences

Wang Dehui Consultant to China Environmental Assessment Center, Ministry of Environmental Protection of the PRC,Former
Deputy Director-General of the Nature and Ecology Conservation Department, Concurrently Director of China Implementing CBD

Office, SEPA

Dr. Noel Brown President of Friends of the United Nations, Environmental Protection Diplomat

Taj Hamad Secretary General of the World Association of Non-Governmental Organizations (WANGO)

Kirstin Miller Executive Director of Eco-City Builders

Victor Fersht Member of Best Practices for UN-HABITAT, Executive Secretary of UN Best Practices Magazine Promotion Centre
Zhang Keke Deputy Director of PKU-HKUST Shenzhen-HongKong Institution, Executive Dean of Shenzhen-HongKong Research

Institution, President of the Council for the Shenzhen-HongKong Technology Cooperation

Lu Haifeng Secretary General, Global Forum on Human Settlements and China City Construction & Development Expo

Chen Keshi Professor, Doctorial Tutor of Peking University; Director of Chinese Urban Design Research Centre of Peking University
Kuang Jianwei Secretary General of China Research Society of Urban Development (CRSUD)

Zhang Bailin Chair of Shenzhen Association of Circular Economy

Hou Baizhen Professorial and Senior Urban Planner, Proprietor of Urban Planner Magazine

Zhou Guozhong Director-General of UN HABITAT World Best Practices Magazine Asia-Pacific Office

Fan Zhigang Landscape Planning Export, Senior Corporate Training Instructor

Xu Defu Senior Reporter of Hong Kong Ta Kung Pao



010 W@RLD BEST PRACTICES | 4 Bk ik {F: i

Irontier - Dala
Hiis © 2

O

2430 12w

2 2020 FpERBIRRIROSERIX 2430 {23%5T
321 A, PEAREZRSKRAAT DRV LKL RSORER, 2
2020 €, HESFEHBEEEFLEREL 2430 LETNAS. TS
BT 4 B iR A R E BT

PEEFEAHBEMREMNIRE A 677 2%, k2011 FiRE 20%, SHe
KRS z—. 2012 F2IFFRBREBETR. M, HTHHE
FRAOBOREMEKEERBR, 2020 fF, hEFEIHNRESMERE
EFMI5EZ.

FE T RIE] 2020 5 15% RIRERFT R BIREREERE/E, 2011 5 2015 &£3§
BORERID 17%, F 2020 SF3EHKRE M 2005 SR FEREAR 40-45%. &
M, KEXLEIRTRAE 2015 FiREF/IL 33B0ZXTHHESE, F 2020 F
% 4,130 12 %7t

BRI ARFREBEESTRUATHIRE, BMBEHRALHA 2015 & GDP Fif4E
HI2%, X ABFRA2140ZETHE S, B 2020 FREHR OB HIAETF 2,430
fz%&7T.

“‘BRBSHOMK, 845 CGDP ) 2% AR K, HEAS AR IERK
B®O, 7 HmEMR.

4.000

{2355

N SR
8FXH 7,000 {2Z%E5T
R EF IR IEE — A BHH AR
B, SHRGFENLSIH 70001
ETURDUBHRER . {5
T RIRLTHE B R E SR S B
KB HORERFVEFELT

BRIRIVK — B 4T 2020 &£, 7
BEMUXBASHILETER
HREMNEM L, EREFMINH
7000{Z%T, ERMoRESEH
T NEE. APHREFIKEEEE

REJR.

‘B RIREFEXLUERN 21
ERMNEENRAHkE, ” FIRA
EFE% . Green Growth Action Alliance
FER/REE (Felipe Calderon) #£3%
EHhEHE.

THE WORLD BANK

FRONTIER -DATA 011

SY=EVE S

WITRN 6.2 {ZE 5P EEERNTRERE
WRRIT3 F 21 B, HITHESHRLTE LRI 622%7T,
F3HF R AR R TAPRAE . B K AR AR

TR~ PEEEZFHRENKFAL, 2030 FHIFHALEREAT X
70%. ERFZBAREETR RBSEE, HEMBRBIREES RN _SLHRHF
BEMAEE. BN, 2EANEMRERENQAARIEERS, B2H 0
3 TR AN SR TE S O — TRk AR

BRI TIFIERRERMAMRRLRELR, LELREERFER
RRBKX, TASKEERETEAIATE, TRMT TS B KT EH
RIGEIRIITE G EERPNTE.

23%

HENF 2020 F
MM E R FIXE 23%
NP S, RIBRELPESR
2EHANER, S5, RESRAARER
N EHRER, TEERESEETR, 0B
BIRFRRPTEE, 195 2020 FHHE
BEK2) 23%,

2EZRLAERSBEEE. BRMILEBKKR
MFR, FEBRSEERRIPANLZBSHE
B, BN T RAMMERP. BEHER. =t
FiPMERRIREESR TR, SENRERIE
MEK, FMBEEIXT 20.36%, HRMER
X% 29.3 12

fiEMTEE, PESMBEXRDRT LT
BIKER 23, ABBRMERT B FK
Ty 1/4, ABEBRMEREBRAHERFIKE
B1/7, Bk EER— MR DR ETSHESS A
SEmBHNTENER.

|7, AMPERERSE, THEERMK
EHPEDRE. £ESF R BFFEZR
E. ENSRECEHFENER, RERRK
—RFIEME, SHSE 2020 F, FMBEEERFHK
MERE D BIAE] 23% M 1S ZSIT5K. @




FRONTIER ‘TECHNOLOGY 013

012 W@RLD BEST PRACTICES | 4 & it ££: 15 B

wmINEHE 2 B 25 HRE, HERITA
BIRIEAR (Arup) X 2050 FIHHERY
HITRERRFRMAMER, RARNEXR
AR TERER , REBARIEIMBIR
BMAMEFNERME BRI, FHX
nE%RAR.

XMEA “EREN PREIARK
B T REIRAR:  “FI 2050 £, HH
B R AT XA L F— DU E LIRS
R— 7 X B AR A SR A A B A HAT,

ZEbe

Frontier - r|1(‘('|m()|()g_§\

HU s * HeA

o
OH »

111
G

=T
7=

AR TR - AR E AR H T X
MREAR, CREBER—IEENEDE—HF
EREBESNNEIET, SHMNBIEMABER
HEZR.

WEBER, SET—PIMALKER ‘8

AAZFEIVEERERT 3B 12 AEHR, MEMERIEE
RPN TRKR S BEHRERRSENIRNE, SEBER
e XM EERMIMEERER RS T REHD
ISR, XEER—KEW.

ERE, KWXRRBEARAHERRSNE BT MEIFENE
(JOGMEC) X P AR LFE A AR K. ABLSERZE, ‘i
R SRR AR AR R S Z0 1000 KIRAEREFLEY
300 KR, REEEHGH, BIRRBEEDNTTE, BES
BRI E SRR RBUKFI RS, FEUH Bl S

JOGMEC 3 B 19 HE#, #3 A 12~ 18 AMikeH, X%
B2 FUBAREE, REBANBE . #7%, 2008 i, H
FAEEGEMEAM EHITERERK, SNAT 6 RAFER
£EA 1.3 A TRIS .

JOGMEC T, EZMEGHANEENE/EH, EFHE
T 2011 FHABRORKRRS (LNC) HEYN 11 FHH
k. HEHEER, BABBLNATRKEE, HEF2RAE
100 FHRARUEFER . FTHRVKARRATEER v B ABER SR
H—E k.

AROKRI TR, MREAAABREANT —FERLH. AR
BNEEARN—HGEFERTID EZNETENRTHE,
FERAL 3 FNEEEHERT—RER “Fhkaet (%
K) FRmLHIERE .

SEABERR, DESES. BEFEEMNMBE
FEILMIE 27.8 F3EE (49432 LR E ) gt
TREMERHEE. HEMITKE 2013 FL¥FR
Fo

MBRARNLAH LD, BOFRHEEE—E
LREME. EUENLER, RERALBES
E AR R R 3%, AR IR R
AMEARBHEELERA. AT, BFSEF
RATBUSE R, REFUteREsREs
BRI

IREE AR RIE, SEATERRANLE
BHNRAL R, ZBHE 10 FARENHRARR B
RIS LNBHRATES T ERE, HE%
. BXERY, FOREHERMBLRR
EARNERWLR, THELFEEATUARS %
HARHR. ERE—ELRER, BEIMF
DERENOSREEARE 10 X2, MHERT
M B R B R 5 R AL 20 8,

AXERFT, WREHRNEEHERSEARE
BHXE—F, HtREXKESEILRDZERAM
MFEEM. M, FLFAREFEDENBERIMNF
BREMBERETRZH.

FRE WMARERHF A ER

BRI EF TG AR AL,
R R AR RS A R O

LIS O] §Z Bl mik i &

REAXSIANERCATELER EE— MU BIHNNEB—IRE/SSHMAIIEMW (Halley
V), ERXAERROKENRR EEERR, RKUBRYE CBERAE FFE CRNIRITIEESR
BEBSHEENET, HEBRESLHRS.

MRS SIREIL 2600 H#E, BRERMK « HFTENRITARA 8 FIENRITHRE, AEMEXE
MKAHER, BIREERERINTM. RE L2E=RRBENER, A TRELESHE
B FTRAREER KM, SHEMRERTSHNESRLNA 4 K. REVRBEEMSMKURNIR, B
MEMTZURSEME, FHEIRATENREWRE, RENEESRIERS.

BE RN E LA APRRERMAR A TGN SIM L B, XFRBEAE M A IAFE AR E 55k
NER. BEASTERE-—TMETHKRR, MEXEMNRELIRRAHAETLE. EEEFIOEK
Frofe IR A HE R R AR A E Y .

REEFAVMRR  RREAVEBESZARE
HFE. RENAPRZESEIMUEZR,



014 W@RLD BEST PRACTICES | 4 & it £ 15 B

Frontier : Focus
ﬁlﬂn ° 93‘1]3

4
%

T
®

R

Bl PRAN: PEMINPEFRMBRLESE
SR2IHREKAEMEME N “E R HZMHBE (World Forest
Day) 7 » BREERAREFMULEFEUPRKILKEKEGERTML
tx (United Nations Forum on Forests) , fiHB K » TYI/RE (Jan
McAlpine) ZEHEILRSMN THEMNE&ER .. RLKFR~, ELIKAIR
HMRRUNERET, PERNEETHAMBRENEDR, ETHELER
EMEESHRY, HEPEERFSTHREERMILIZ LRXEEE
HSSIEA.

RELFESRIE, Ml X 2 ERE A4S 8 GDP B STk & L 46801235 7T, /9
ERATZARBRTHRINS, AETTHENTFENLSEE, B
I, TN IR EMA BRI+ 20 E. haRoR, fERET XY
AN EENE—BUSEE, BKeERMILIRE 2000 FE4I370U%k, —
HESETHRMNTHFSEER, X5PEXTHTHSLREKRSTHR
WM&
AREHRZENTHRERERINR, F 67 BREEASTEF 128
21 BEEARIN, WBESFNIA21 A% ‘BiHME" . FENEE
MESFEFIREITIED, EEAMMRATRAEESRIENERE
A, #EAMKIAR, FHEERIHEMIEE.

BRI a1 EREE

o] B AEREIRA A B AR
S EBAF EFERR OGS M BER
B, 2012 FRAH W A AR RE
JIHB 27%, $RAT 8 7 A ERE A
26% Hy AT FAE RETRFI A B«

HESF, BAMABERBETLESR
TEMER P REN VB, IS
FHHOSZEIT, ERBAZENLR
TS50 RR, E02FRAEHNEER
18000GW. 2011 FEiZfTU HBEHKEZREM
B, YFERNFHTIUBEERBENMEE
&R TSR, B, BARKRTLMA
5 M 2010 FE /0 7.4 {Z BT KR 3R /5 2 38
28T, FEXRBIE175FA, ENE
2175 MW, %HE 10404GWh,

& 10 FEIBIEMARIIEERT B 7 MBIBK

2013 3 A 6 H, HAEE. «<HARYIFLLY PL. BirERRIFEKEMN
HAENR S ENMEKS LR — IR &L, X 10F454, £k

TERIHR RN ASIEM T — &, AR ADERT BN T =15

XA GEMAREYD MREiEL, HEENNEEENAR KRS A
FAREHEBMEBEPIERRNEFUALARDAEEERSHAIE. FEIEFMKRIEN
AEFE. REfEL, BEX BN TN AR R F RS ITI RS
NFHEEL: LRMEENTIEMN SN Z 8 R T MRS ER) P IEFE )RR

TEERMEER A,

RERMNEE, MEMHNTEANFAKNEFRER T —MEZRE. BFAR

FRONTIER -FOCUS 015

JEM

AR IE KA AHE TR BCE N RAESARNE S E RS BIEREE

W, F) 2050 &, ASMESHNEIVESHE/ 63%.

ZEVEIFIR 0T B LIRS

HTBEEA, XEERBRABRRESFNEE. thikst. APREMHE
AN RS T AR A FRUOR R .

RAEL ABB AR —NHE, BRGNS TREN 2.2 X018 NE
23 %5, BEEEBIRHEE, XK F 2013 £,

RIBEEFRAXREHE, 2013 FH7F, XEERERFRE, EKX
REAEFBMBUER (PTC) BRI 1 F. mARMBIER R NAXE
REFIVHEREFEIATEHA, EFENTENTHERRT IR
BB,

BT, PTCZ 1992 FXE RERBRZE HHMN—TMREBK,
RTRBEBRK. RREFRNBANZFHEE—F2H, E£XE
FREBERPLETAAIZRMIER. 2013 4 PTC MGM 7T —1E
EHNBEREE, IRSERIINENESFEMAFZANEREHN, 22
WHLXEERBRIRBENBAENE. X ETRAe T RERBBK.

BES—RNE, SFNXRBRBEERERTRE, MEZZEED
YRR T BARER-WEE R, 552t £V REXEREM
BN BB RBE AR ER . IBEEANS E ERERTUT,
BRI X E RIS R =D 40 22T R & .

N‘:ﬁ‘%m__mz

AF) I

o 7

XA T EE S HhEL
BIGRERB BB IR X R
RAHTHSERLFELBH, RAHT
BEERERASNEETHARFERLE
WRIEEERRBUERR, BERER
B HFHIEH SRR AR &
Wik BERBRRIEE, MR HIEA

M %

Aly, RREMEETHERBRERSER
MREVEHBNBA T AR -ANRRES
W, REFUEFREEBKBRARLE TS
SA19H, EFELLBETIEMEAF ILIMC
FRMEEE S W REKS S INFT B
S EAEERT, RHERBEREE LS
THR. R BN GERFHARFEX
H—il%, ERENARAETFREERER
MRARRFRY, UEXNSEE L. ]
FUREAURPESL B, EHRRFSEN
BERR o




016 W@RLD BEST PRACTICES | 4 & it ££: 5 B

@
N

WRS[IRARFKRS EVIED
S EHETHHN 2R
#RIZMAIH S AIEE, RGBT
R B S AT ABUEE A KR SRk F bR A0 A8 F0
AEH, TERBAWFUNERRE, BHF
ABHERDRENEERNFLERHE. B
i, ZEAEENBAERATNRLAA. BKa
EPAR R AW BRARMEMAIEKEET 3
A1 AZ 15 AEARNRFTER T RHEBR
BN, BANRAINERRE, BHREM
FEEMENEREAAORENE, EFRML

HE R BRI .

FramR i A AP LRT, MRELRE, 712
HRB—MBUGRE. FASXTERMHIERE
FHFBRERME. BH&E. KEEZRH RN EA
£, FIERERFRBECR, FHTHESLEK.

& B

S UNITED NATIONS

RLRELHE: 2012 FERIRRESH
1380 {Z=5tiRk TAREHRS

2013F3F 14 B BEAERDREXBMPLMEERR, 2012
F, ERSBHARET SI0XBARKRE, SE 9300 AL, 112600
BAZEIRN, SFMAERTFHTHE 1380 {2%T.

EREMRENHELRIZMMAOLERL, THES TR
Hfith X, PEMIFRRSHEB 23 8. 20 RRE, BLKA
M SEFICABRZHNREZ 12 ANEMIERRNAN EE", #
Rk 1901 AZET.

MREBERPEFREKRE, FMNOMESLIKM 63%, BT HM
#X. 2012 £ 10 AMFEN, “RiE” LERMERIER T 500 {2£7T
MK, BRWIERT 200 {ZETHRK.

M 23 . WHEE 90 FRLCRHIERRE, RENEFIREK
BE LFH.2010 Z 2012 8], &FMARELE=FBiI 10001/2E7T, &
P, FHAKMEZE, 2011 FHIRESIE 3710 2=t

SRFBEFMISBIISFIEM 7.3 AIZERWHIRREK
BAEREHNLE 4 A 156 ARRREBEN, BZIBTRN “ECRANENSHERALFY (TEEB) ” EFRA
ZRAEEEFHENAARBRIN (TuCosh) HMERMW—BRFRERT, SHERL. Ml Bl KFL. A
HRRR SRS ENN— LT BEFNNIH IS ERERNTE. DERXT AKFUNR X REEQR KL 7
75 3000 {257, RBEFLRMEMPERNENS, UHRESTHRIELRE.

wERA, BEPFHIHEFTRNAMIEK, ERR—BRNE, BEBRNESARBRUFOARFH—LEL. B
e, HEFTEESCVMRAECRRIEPROIECHNEFFENINERBEARFTERN T, FREUTHIRES KIFEF A

ME, RNRUTRDSREE. O

SPEECTAL
REPORTS

£ i ja

® MXEFTTR, WEARKE

Cope with Smog and Haze Pollution, Improve the Environment for Human Settlements

® TERUNEMRIGEE M

Smog and Haze, Sound the Alarm of Environmental Management in China

® EETE

Revelations from Abroad

©® Z3EX SR RO T AR B R R B A 4R i

Urban Heat-Island Effect Caused by Haze and the Prevention Measures

@ IZHIFR BRI, BERHSETL, XUk SRENERIERNE

Global Air Quality and Health Co-benefits of Mitigating Near-Term Climate Change
through Methane and Black Carbon Emission Controls



018 W@RLD BEST PRACTICES | % b it {£ Vi3 B

Beijing
=

Cope with Smog and Haze Pollution,

||11|)|'()\(> the Environment for Human Settlements

N3 Tt L YN R

X/ AT RIER e EE

2013510, PEBARTRZETFERARLE, FHEILERL200 K, 274
HE| N PATEARL RIRE, ST EZTETH “FAKRE AH

FER AR BIE R T TR LN B IRIE R K AR IR XAE LA 4k de T
BIIRT KT R - RA L ER —H BT IR MR LR Sk
MR AREITA. ARG E BT JBE pm25 R ERATH AT AR, FK
REGKBEHBEEOR | BRF—KADBRSEMG @42, FHERGBERARER
FIRH A T KA o

203 A EATHERTHERES ENEEERKABFRERERT o A AERMKARE
g, B S aREZRRTRERT . =7 F2FMXBAFHATA T, AMRELZY
+20 R KA, WHRRTHERTORRK. AMER AR FE. KEALE
B A AR T K AR XA & R LRT, FEEZHATNA L
LR A

VOICE FROM TWO SESSIONS W& 35

LW R iE \ SPECIAL REPORTS 019

D a

‘BMEHBNERESLRS, RER

SREEABNSSRE. HTHEN
R, HT TR, Z—RABRER
a5k, "

—=EBMNER BRA

‘M ERTHBRFERENER
REZ—. ZHHIFE SEHE M E
FELRZLERREN, HERFEXTHE
TR, MAREEE 2017 £,

—2EAKRRE. HRBRRL $El

“EREFE 30 FHI, BEARETRS
TNRE), MIAEINIRE], RATRARE
THTRS. mxiuEd, JETR
RGN SR ERNIZA o

—2EBNER. BRERZEEME K&

GEREE, BHETE, ATRRE R

RaRE WEINaREE, EERXEE
KETHKEEAR, BTdERATE
HRE. MRXHFKATAIM@A, &
WAZ—AHK. 7

— 2EBEHER. FEBATRARKEAEEK BREH

‘TR KISRIEHE, 2
ER—EMHITISRINE, CIAXRRL
ETSIERENEN. ZREEE H
BRSO OMA, FREKBTEIEN
o ERY, ZX GRERIE « <K=
SR FIUTEEHITED, 1B
BEERELEMERN. BEERINASSRINEERER. 7

—2BEARREK. LETHRRAERK Ke

“MREFEMMETLKIRE, i
RN S A A RHINEE. BERS
MFE= L BRI R AR ESREGEZ
2R, WENEIBREFLREEL. Mk
BIMBRIPMR AR BN L R RS, 7

—AERmARRKRE FiT

Qe Z BT TR RS —E
FRY, RERIT. iR, Kial. &
BREVKEHES, BT RERN
IfE, IEEFHEHEKESET—E
ME. SNBEEHIEE—ZHN
W&, MEEEEHTAE.

—AERWARRER AERIRITEEK 385

ZE PM2. 5 bR

E xR PM2.5 FSE8RA (15T / S 75K)
MEX. BXFIE 5T

XE. BT 5-15

M. BEMNSE Zi 515, SEIHK 1520
REETESF 5-20, HAfHA 15

BAH FaED 10. L& 30
HA. @8, #E 1020

Fndg 2-18
HhE 85)
R D AELHLR 10 AT




020 W@RLD BEST PRACTICES | 4 & it ££: ¥i5 B

S

N

LA A

B e Wy
sSmog and Haze, Soumnd the Alarm of

cmyirommentall Ma DaCEmenit I Glmama

E 2 AU R BARAERL

T ANEFELELTFHAMASFEERET T

.

o 2012 £, b E W OFAEA R AT 2000 F, M

EL 5207 4G, AW R FHAE A RRRE R ETE[ REIG I, 75 LM MAHER A B B3, AR
Koy W WA RGTFT LISk, R AZEGOEALERE T ERE

X/ HEREEHRLE 5E

2013 4], AEMTFUBR TILRHAFENER. B
1T R#FE, E¥ANPEBSEICERMKA B EEX
o MEILFHMBDERE. TR, MERTAERE
EMER. HitR, BSRERE S KiBfF, st LEER
NF 2,000 K. SERHREF/ 1B 15 AR INHFRHEE
REBRANEETE.

FTEAMEXERNASEECZTEZE. FUHEM
2 ) LERERRARGEENIR, SEE. BRE “—
EXER” o £LEE, HEBMERIATRER, HEN
FIREHE. ABEMELXBENZAZEM, WLEAN
BEREABEEZHXE, FERSHAE LXBEBEHE
2 140 fE/R.

EEMENE, 14 HHEMNAFRRITESEERFZKATH
B CHEREOHD RER, BEETHR LSRETE
10 MR 7 NERE, £HE 500 MEHH, EHHR
BXIHERBAALEEIRENTE 5 1

28R PM2.5

SHRAFIRE. 2013F 35183 H, AR “KRHIKEM
B ETAMNIMERAETA. FRRASYEFRMRAE
KB, ARXFEETEDRPXNRE SR LFE
R, RRECH 1952 FIRZBHEHFM LML 40-50 FRFF
R EREMIRCZRABEEHSEIREE, FHE&M
THEEENDPLSER. 3H20H, thXELEERE
R EMARPES SEBRBEARERZ BEEERRX
R, BEEEREREN, MITE 7 EREH.

REFFREHNHRET: BESRYCFARSE: —H
feax. —F| k. ZHER. BLRE. SHE. ZBEH
HhE i, sitRmE, MsiZ. REME IR
TR S RMTEET 50%. HEhZERHET PM2.5 KK
KR, ANz —. BRAMBERINRELE, EHES
Z—

66

t@flig | SPECIAL REPORTS 021

THBRAZEONAFTEBRMNEN L ARNES, BFER
BRERNEN, EFEARBSMETANSE. ENSHE
FRGRRTBRIFAMBE: ‘X IKEANTRE, HEHIANX
EER, ARRE—RARMREMN, BERHARZNTE, BRX
PEEBE - M KANTE, MPENIRECISER L
0, BERMNBABHIER. 7

EHREREENSHRE, B (PM2.5F PM10) 7
AREEREN ‘BEBRE . RELFDTEARNF
f, UK PM2E BBHUNF 10 R I L RE. A
EXREHENBHEHRNEFER, EAIER. X2 AR
FEFEILERFETE S RAA /N KA EIEE 900 fFi5 /
UhEK, BYESRERYERE (T5HR/ZHK) @
10fFE, XEWEBRIFZHH L=BEERHSHEE
ERBRNTS.

—H[E, T8 PM25 “IRR" ROAHERBOER. I
RPE, “ZHKRE UIRITEEE L, BE1R
H, BX800 HMbES5iYiE, MIFMBE<EE, KB
ZFERAN. £EHFX.

WA, % PMI0. PM2.5 7 fR4E R EIFMRIBAAH CBREE
S5 PMIO FIPM2.5 R E RS | BTESSH, &
fB1E 100 Bk BUT MBTRI, TR R ESTERAY, RHE
REFRNE BRI 2, MAGRERAHEER/
F 10 BOKHUTIRBUS, ITRABRY, HERNFE
F 2.5 BOKMIFRA PM25, S/ NBUR R FRRBRA, 4
HAKLE AN+ HZ—, TURYAKE RN HHE
i, SEEMERAR IR, MTSIRaEER. O0nE
B XERLIR.

EFPM25pEEN, R EREZERGERAE. £
EH. ENE. REUKKES, MK PM2.5 PARFRH B
fToREIMEMRE. T L, REAR. LBEHTREHE
Xf PM2.5 BTSN, RRMAIILHHELEMER .

2H 28 B, 2ENFRARATFEZREETH PM2.5 a4
7R CEFRY , AYXREBDOMEMIET. BRE
RBB/EAN T BFHFRELMG, BHAMEKELR
RFEHIGEHRMASIIEHXER, BEREHRE.

O

SEILAE O
MEMBERTRES LM KETEAR (BBC)
BIRIRAIEE RS, MOEILRBEHME Ll
HEMEM WAS. %E R 1A 13 AT
fl, “WMRFEILTRBIMEED, —BRELFRET
u&o »

RETLAREASBULRERH IR EENLL=E?

BE RER 12 AESISRERNIER, EHMEHES
[EEX, HESER, KON, REKER, SBRE
HI¥. BFRSBELFRERS, BLEERD, BIK
R, BEESPIESROEET 8.

EBRMXEINA, FENZSUSRAOMTEERE TR
ATk WERRBERMIRE. SEREEBIBIELE
KRN IRERIPEBIRZEE.

Zhr b, BRERRSFR, ESRETE, ATE2SFHH
NER. EFEFIRLFEHNRALUR, PEPRIBHXE
THY

RRERERR, MRELSTBIKNEETEIR, BEE
ATt X B 0 R HR IR L U RE TR REHE R, A BT
AOEREREANEHRX ELE=RNESSEMRER
AIREIR B EE SHREE .

PALRAG, §—MEFEELERHNASTNEREELET “R
HR” o 2012 &, JERWETAO®EE 2000 77, #lshZEFiA
520 Hif, dEEMAFME. AO. BERBERELERR
i, SRAMBHRES Y GH, MANEE BRSO
MEBRERNTRENEE, FTRRKREHFHERTE
= “SEmE .



022 W@RLD BEST PRACTICES | 4 & it £ 5 B

FPUERZUNREERZ, WXESEINEER
W\ 3EPN. ERERAR, PM2.5 F5 A KA M A K 48 K EX X
SRR, BRFERARESRANEEZERR. BlHh
BT ASRHR, AR PM 2.5 HERR STk E R
DL

REFREXNAR—PE—IHHERE, BETIER
W, MABEESERERFEIIERT, REHREAT
PHMERS, TURBNES, EREERZ25, MRE
BRE, MRESPANTE. 7 RRERET.

E BN X TR BB S E AR R ER S REEMH
e RE RN FSOAR, PEAEERIIFR
MHBOER, BRTRZHE, BNMESESIETIEG
KERE, PEBEEHR EREENTERER. ‘hE
BT EESEXEEGBREAEER LLINHER" . XE
CONRBRY EXHITMN EGEE R ESERER
B

CHESFHRY EREMRFITFLH: “ULAZEMNES
SE5TS, EEFEAREHBXNLZRMBRNIRX
RHkIEBER « XEAA UHBEFILAZEHNENS
> IR NBUFRE THIE: “EiATERIRN
2, BNHARULELEMAXESRINERESNRESR
B, FREUAXREINBHNS . 7

REFRESSERPOBERNBBRKIBEN, BUF
EESTREANERN, EXROBIZE, K PM251E
A—AEERE, FREMIRE BRI LE,

AsilE, BEEBEA T ARARENBEDERRIKE
MARNBZ—, PEFEASHFHRAT XFEE
Roe RHPRBIARESR, BSRSEFREMAMHE
N, BUF KRR FFANSEHE 2 AR A FF PM2.5 BB 2K E
), BEMRA ERBIARISRIGEAERATEBUNINA
IMRBUENE, hERBARMBERRF. £R25.

DER P BT A
ER, FERERPHHKEERRR, PRGBS
1R H R SIS AT PM25, TR 2015
R S S PM2.5 S ISR TR 5%, SO, =
s K= RIS IREE TR 6%

BERMEESERR PM2.5 WA RYBHSIT. BN
MEZGBR. BLFERLFEN. REEFTH &E
AEMEEEN, MIRL BRI PM2.5 HElle SEHEI T
FEREXFEE, AEARSRYBRIEY 15% 0
B, 7142015 FikiR. TEKBASISRKFHREN

#, RIZBAFRFRBEX HXBIEXBEAEERBFS
MRS REPEIE TERS/NE. £EETVEER
RIFSEE, ME “|FE BARRE, SRENKKE
2ty oy

BNREEENXEREBRERE, TREZWINER
ER, FERKIEEFHZESER, 1990 FEREFRMRREIU
CEBZESR BERMEARKE BEHTRNFASR
LR HR R SRIZHIE ER B A5 H. FERUM, BX
BHERREBIEZELXERLY, RIERABITKF
HARZREFBRECY RIS RHBER. TEEAR 1990
FRAF AN KB MR B A UIASH, 78 75%
A T RHER B MR -

HEMEBAAESHFRZ -MZETRE, KREX
HRME, FRAELAERM, LIRENEL. KR
MU ROFE, MK, DRFLER. ERE2E
AHE.

SHBRREZEODERFTEBRNNEN L ARNES, B
FEABERERNEN, EREARESHEITHM
SE. FMBEFREMBANBE: “XE2—PKH
MR, AEHANXLEER, HAZ2-RKBRER
B, EKAREMNIRE, RN EFEEE—NMKEN
Nig, ZMPENARCRERDSHERN, E2RNL
RBEA. 7

LW R iE SPECIAL REPORTS 023

Revelations from Abroad

L YRR

3L/ AF AR

ZaEREE

(ELTEI R EVEL ST LENES S P ESS ST TP F TN ST Y
2, AR DHIRE, £UREAFREPE, WAHEAT. BREEORUTRETL, %
FTRIE SHAGHI. RDZT, TOAR, FERMERTLRER, R OR AR L
SRHLT R AR,

H=E SEFTASH “HIE

REAATUVEGMERNEFRRMAL TINENRER
ffr, 1952 FL4 T HRERBBEEREMF, 1.2 A ARTLH
£H. REFHAER: 1954 F, REBDGESRHRH
ER. 1956 F, R EE-MTTSAPAER GEET
ER RR/EY, MAEEBITAR. 1974 FH GEH
NEFR BETMNESE L AKEHRPER, AT
EHREH RN XEESEILERASTREHRURE, =
BIVERNRRERS, FRELBIEREET.

AAREGEFL, KEBF 2012 FiT &)%) 2020 F 7] F
SRERAE AR E Y 15% N E, 40% B HREAS

BAUR, BLEREXMREURRA K BEIEHHT ‘REHE" , B
ARLENBESZEE. FINREBESAHIRERKR
20%, AT KR 7%

ATHRAERSR, RBEXNARETRBAE. AR
RELENTED L AMEELRURDERUYHS
#, RERRERN. ERFEESENRERE, KE
ITRI2016 F AN 25 FABMARKE, EEBIT
ERRCN BB Z &
PESMDECHFENRSENEEFE. LHBRA
A#®, BANZEEREZ 24 FEH XK.



024 W@RLD BEST PRACTICES | 4 & it £ ¥i5 B

BB SRR

RE NBRIKYESES

EHE 70 R, BENERIYROSHOEBRELE.
REFRAGL TR CHER, BEESSRE
REAESLETTENER. EEE, MRESWH
FESR, WEEARRERTE, BENEXERLHE
BT, REESRCERGLLREERTY HK, B
RIS FRRBIAT TUHSRE; 1IN AN
MR T OEDERSH

AT MRA ERDETARRISR, EEMEMER EX
B R, BENREABEAUTILM:

F—, REVNMEHFBINE, SLFRIMBTHTIRENH
MER. BREEFTARRENDENFTHFERBRE IRk 7
THRA B, NEFERERRBALERSREEER
B. £#EE, RRYBEB[NEITREGERME. £, =
IR R BSR AP AN TARFERIHE U . BREBE R —ME
TIAHRERAE, HET «TUHRSY « BN, X/NE
RIPEHEREREHFMITE. B=, REVMOREHNK
Fofe, MRS, S, ATRDES5R, HITE
EEEOTRETIR, BEABY 40 MUK 2 BN
TREPRIL Y SRRECET, ARISROHRDH R
A FHRITHUEFERE, BRMANFIRSFZBURE
FHAT.

4 90 £, EEMAKRBMNBBETZREH .

£E BuU SN EIEN
LEAE 424050 FR, TURZBWRELR, LA
RERENSE, AUSRETAFE, RETRIFER
KA BFIEOIE 1048 F 2 E S HAUBEFIEMIS 50 F
REGELASAPIBE S, IHEBHRERE. Ak
R ZEARMELT, BETRILTH.

XS EERNFRIEXKEEERNEIRE—MEEN
1, M¥XRBAMFREAH#TEEREAAEE. KRR
AR I B2 RIS ER S E AL R A —Fo

EEFRBREEEMS AT IANBERE, HIREXHF
HRIASESZT +RRFEDAE, X+PRIFUABERNT S
SFXBNEER, GRENVN—HFERENOMBHEET —
2, #ITR—EH. IF SREHDAEEEEHIERE
BRAREMSZMNEIE, ZIMTFSHME. HYFERE
HITERRE, XFEKENERNFHEANSE, mMAF
B F e AR 75 (R IP T X AV EERR o

1970 F, EEMIZENHRINM, HFERABRE NN
E R A ARSI KR5S, 1976 5F, MMEZ TEHIZ
X EESSRNBE LA E—EEERETSRE
EHEX (SCAQMD) , B ZEBERFHHHE=SHRE
BREY THTHENER L.

SCAQMD BT IIE. $UE. KB, 457, HBER
FHITFRAER. ZRB#E. EREESERESMAR
WEFR L. ZYMEBREHITHETESREEET
L, HEBHESET. RE. BN EREAFEALKEE
FH AR RN, RIET BERESSRENKIFR.

£ EH &HRA

8 A%ER

B EMFINER. A5
BANSHS SRS, LML 80 FR, BATHSE
WEASR, NHERNEN, EFRNTEANERRS.

HABSHFRZ—FEHHRL, AREXIARMNE, ¥
BAEGIA G, BHRERZK. RRENRERDFH
B, MEMH, MERZAER, BERRUER.

2000 FFEIT T « A FHRHFRBREMZLHFRESRG B
WHE T WM EES SR MIZRIN AR, RRIFMR
BEFIET (ARBARAUTHREIN 2N REHBNEY |, B
—HHL T AR A NEYE , NIRE S RIEE &7 X
CERETHR” « “RUZRBER N REZHEESE
REREBR &, HIREBETRAEBRER, EXIT MEEX
L REARERERNRBHEHER. A TRIPJLEMZELEEE, R
By FERERITEVLRE “REZHEEERER B
TMERMFNEF ZEH.

HAMBIAERBEIGAERSSHE, 2003 FRRHEL—
GUEask, BRAEMFELIERS, HEIESHLEHTISE
BAKRT. FANEHRNE—R, LEERTRMER
BOSEKRSE, ILEPENLH5IE, REABEMEE
RSHMA, MREUAEMER, WEXHERTFHAR
Ho W%, BARFH WESRET LIRS, HBRE
BB TN =R, RRTRKNLDWHEENEER
KRR

Ll e \\\ SPECIAL REPORTS 025

Int IKERSEPIREBMIE = inH
HEREENIRFER, HERNRHR EESREMSRA
MERZ—. HEAH 19 HENES—HRHFKNER
AR 8, TSR FK A RIRBA A, ST A AL,
DIRRE BRI, RTINS ARERS, 19 #
DK, BERLRRLMERNTUALE, XBFHR
Wik, BAFERIE, REMH T —BRPBHRERE
. FRETRRP AN EHISE, B 2000 FE 20124, B
THRERAEPHEHTNAREEER, BOHEUAS
—o PHNESRR ML LEE T B HRRE.

BRRBREERRIBER, EHTH, KROLXREHN
MEPREEFZETETR, HMRKEALAHZTET
B, EARETEHTHRGREHEAEE, HEAE
ELENEBETHEFTETENER. FARNKEERS
FRSFHEBMER, Wt KT EICAERRURE.

AN, ARSI ANBFF BT SR8, AT 52, i
N#, ERA, RS WEN, FelEHERRE
RS TRERPE FRERAR, WA EERD SR
HER. o, B SREA E R AR %S % Fh
ZFFREFTE. O




026 W@RLD BEST PRACTICES | 4 B it {55 pl

Lrban Heat-Island Effect Caused by Smog
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Background: Tropospheric ozone and black carbon (BC), a component of fine particulate matter (PM <
2.5 um in aerodynamic diameter; PM2.5), are associated with premature mortality and they disrupt global and
regional climate.

Objectives: We examined the air quality and health benefits of 14 specific emission control measures targeting
BC and methane, an ozone precursor, that were selected because of their potential to reduce the rate of climate
change over the next 2040 years.

Methods: We simulated the impacts of mitigation measures on outdoor concentrations of PM2.5 and ozone
using two composition-climate models, and calculated associated changes in premature PM2.5- and ozone-
related deaths using epidemiologically derived concentration-response functions.

Results: We estimated that, for PM2.5 and ozone, respectively, fully implementing these measures could
reduce global population-weighted average surface concentrations by 23-34% and 7-17% and avoid 0.6-4.4
and 0.04-0.52 million annual premature deaths globally in 2030. More than 80% of the health benefits are
estimated to occur in Asia. We estimated that BC mitigation measures would achieve approximately 98% of the
deaths that would be avoided if all BC and methane mitigation measures were implemented, due to reduced BC
and associated reductions of nonmethane ozone precursor and organic carbon emissions as well as stronger
mortality relationships for PM2.5 relative to ozone. Although subject to large uncertainty, these estimates and
conclusions are not strongly dependent on assumptions for the concentration-response function.

Conclusions: In addition to climate benefits, our findings indicate that the methane and BC emission control
measures would have substantial co-benefits for air quality and public health worldwide, potentially reversing
trends of increasing air pollution concentrations and mortality in Africa and South, West, and Central Asia.
These projected benefits are independent of carbon dioxide mitigation measures. Benefits of BC measures are
underestimated because we did not account for benefits from reduced indoor exposures and because outdoor
exposure estimates were limited by model spatial resolution.

Key words: air quality, climate change, health impact analysis, outdoor air, particulate matter. Environ Health
Perspect 120:831-839 (2012). http://dx.doi.org/10.1289/ehp.1104301 [Online 14 March 2012]
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Tropospheric ozone and black carbon (BC), a
component of fine particulate matter (PM < 2.5 um
in aerodynamic diameter; PM2.5), have been associated
with deleterious effects on human health (e.g., Jerrett et
al. 2009; Laden et al. 2006; Pope et al. 2002), agriculture
(e.g., Ashmore 2005), and climate (e.g., Ramanathan
and Carmichael 2008). Methane, a relatively short-
lived greenhouse gas (residence time 8-10 years), is
an ozone precursor that affects background ozone
concentrations. Controlling methane emissions may be
a promising means of simultaneously mitigating climate
change and reducing global ozone concentrations,
compared with controlling shorter-lived ozone
precursors [nitrogen oxides (NO,), carbon monoxide
(CO), and non-methane volatile organic compounds
(NMVOCs)] (West et al. 2006, 2007). The latter may
have larger and more immediate air quality and health
bene—fits near the areas with emission reductions but
smaller benefits (CO, NMVOC) or net disbenefits (NO,)
for climate. Major anthropogenic sources of methane
include fossil fuel production and distribution, landfills,
livestock, rice cultivation, and wastewater treatment. BC
is a product of incomplete combustion from sources
such as biomass burning, transportation (mainly diesel
vehicles), residential combustion, and industry, and is
coemitted with other pollutants, including NO,, NMVOCs,
CO, sulfur dioxide (SO,), and organic carbon. Climate
benefits of reducing BC may be partially offset by
associated reductions of coemitted pollutants that may
have a net cooling effect on climate (and a net warming
effect when reduced), either directly (organic carbon) or
after chemical transformation in the atmosphere (organic
carbon, SO,, and NO,). However, all emission reductions
leading to reduced ozone and PM2.5 concentrations
would be expected to have health benefits.

Mitigating ozone and BC may benefit climate and
health simultaneously (e.g., Jacobson 2002; Smith et
al. 2009; West et al. 2006); because methane and BC
are short lived relative to the long-lived greenhouse
gases [e.g., carbon dioxide (CO,)], mitigation would
reduce the rate of climate change in the near-term
(Jackson 2009; Ramanathan and Carmichael 2008).
Although a recent series of studies has examined the
ancillary health benefits of greenhouse gas mitigation
(Haines et al. 2009), the health benefits of mitigating
ozone and BC as climate forcers have been studied
less extensively. Studies examining the health impacts
of all fossil fuel and biofuel emissions (Jacobson 2010),
percentage reductions in ozone precursors (West et al.
2006) and BC (Anenberg et al. 2011), and adoption of
European vehicle emission standards in the developing
world (Shindell et al. 2011) suggest that controlling
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methane and BC emissions may substantially benefit
global public health, particularly in Asia where large
popu lations are exposed to high PM2.5 and ozone
concentrations (Ramanathan et al. 2008).

The United Nations Environment Programme (UNEP)
and the World Meteorological Organization (WMO)
therefore initiated an integrated assessment of the
potential climate, health, agricultural, and economic
benefits that would be achieved by further implementing
methane and BC mitigation measures already employed
in various parts of the world (UNEP 2011). In the present
study, we used emissions scenarios developed for
the UNEP/WMO assessment to examine the potential
air quality and health benefits of methane and BC
mitigation measures in more detail.

Methods

Emission scenarios and modeling. We used five
emissions scenarios developed for the UNEP/ WMO
assessment to examine methane and BC mitigation
impacts on air quality and health globally and in five
world regions [see Supplemental Material, Figure
1 (http://dx.doi. org/10.1289/ehp.1104301)]. These
scenarios include a present-day (2005) reference case,
a 2030 reference scenario that incorporates International
Energy Agency energy projections (International
Energy Agency 2009) and all presently agreed upon
(but no additional) policies affecting emissions (see
Supplemental Material, Table 2 and Figure 2), and three
different policy scenarios in which varying degrees
of additional emission controls are implemented by
2030. To isolate the impacts of anthropogenic emission
changes, all scenarios assume identical meteorology
and natural emissions [including open biomass burning
(i.e., wildfires); year 2000]. The emission scenarios and
their projected effects on climate are detailed by Shindell
et al. (2012) and are summarized in Supplemental
Material.

We selected the three policy scenarios based on
an evaluation of the potential climate impacts of
approximately 2,000 mitigation measures defined in
the International Institute for Applied Systems Analysis
(IIASA) Greenhouse Gas and Air Pollution Interactions
and Synergies (GAINS) model (Amann et al. 2011).
Climate impacts of each measure were classified
according to CO, equivalence, which was calculated
based on global warming potential (GWP) over a
100-year time horizon for predicted methane, CO,
SO,, NO,, NMVOCs, BC, organic carbon, and CO,
emission changes following implementation of the
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Table 1. Description of the 14 methane and BC mitigation measures included in the three increasingly stringent policy

scenarios for 2030.

&= Scenario

VIR R HE A R Y T Ak
G B AR

Vethane measures: technical
measures for methane emissions

BERE W R RE AR
e i HE AL A9 AR

BC group i: technical measures for

reducing emissions of incomplele
combustion

B = RGBTSR
WEHGIERRT &

BC group 2: nontechnical
measures lo eliminale the most
polluting activities

BHESBE Mitigation measure

3R T e 7 AT A8 R 2 B AL =) A AL B TR

MR A ER AR AR (AR AL , mREmARALE S SR PR S
T HE AR 89 42 ]

R KA A A AR R

BEPEIRA A SEEF R FOHAR R IIZ AR (AR HdE, & B Ao A BT T Mg 3238
W AT KA A, e EBi5 KRR B Z g/ Z AT

FEHBAFTO TR E, T2 RBIS RPN F Efof £HITRRF

A 55 5 B 69 75 W 55 A7 19 BRbk 3 R

Extended pre-mine degasification and recovery and oxidation of methane from ventilation air from coal mines

Extended recovery and use— rather than venting —of associated gas and improved control of unintended fugitive
emissions from the production of ol and natural gas

Reduced gas leakage from long-distance transmission pipelines

Separation and treatment of biodegradable municipal waste through recycling, composting, and anaerobic digestion
as well as landfill gas collection with combustion ulilization

4 /{(/rudin't/ /)rimur\‘ waslewaler treatment to secondary lertiary treatment with gas recovery and mwr/lr)u' control

Control of methane emissions from livestock, mainly through farm-scale anaerobic digestion of manure from callle
and pigs

Intermiltent aeration of continuously flooded rice paddies

F WM 5 S5 AR A IS AL R S A TR B

KR B R3] 3 E P A A R

R &L EAeE X & EBRRAERGHE, ARG EY BRELKELEY , R E Lk TE R R
B A B AR

Diesel particle filters as part of a luro VI package for road and off-road diesel vehicles

Introduction of clean-burning stoves for cooking and heating in developing countries

Replacing traditional brick kilns with vertical shafl kilns and Hoffiman kilns, Replacing traditional coke ovens with
modern recovery ovens, including the improvement of end-of-pipe abatement measures in developing countries

B4 3 HEAX 5 4 09 N3 Fefe JE NS E 4y (R s )

2k PSR R B F

K P B RARR & R T A, AR IR MR XA e R I T A
Llimination of high-emilting vehicles in road and off-road transport (excluding shipping)
Ban of open field burning of agricultural waste

Substitution of clean-burning cook stoves using modern fuels for traditional biomass cook stoves in developing
counlries

H; B2, EftpHRABTEEXERERE. &5, & control measure (Shindell et al.2012). Based on this
Eéﬂ @%%F*ﬁﬁ’\]ﬁ%ﬂ%%iﬁé‘mTﬂi?%%ﬁ?ﬁii%\ EE evaluation, we identified 14 individual methane and BC

MR E (ARFER ) MRV EFIRRSE = EEHEE
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control measures that would achieve approximately
90% of the climate benefits feasible for all of the
evaluated measures combined (according to the CO,

BNEALETFN SRS ERE B S S PM25 R equivalence metric). The 14 measures were grouped

B, MR EERRR L ABmASHRE GISS) AR into three increasingly stringent policy scenarios for

2030 [Table 1; see also Supplemental Material, pp.

SEMEERAMZ Y E@RARE (GISS-PUCCINI, =
#&/R Shindell % 2006) , # & —Jy ECHAM-HAMMOZ #
B (1L FI Pozzoli & 2008) , X B 4 5l FR A GISS &
B0 ECHAM R B, F{11RIR E 2030 5 & TURHE 16 e 7

4-8 (http:// dx.doi.org/10.1289/ehp.1104301)]. The first
scenario includes seven technological measures for
controlling methane emissions. The second adds four
technological measures (BC group 1) for reducing
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The UNEP/WMO assessment demonstrated that further implementation of methane

and BC emissions control measures currently employed in some parts of the world can
slow the rate of climate change in the decades following implementation.
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AF = (RR - 1)/RR = 1 - exp-BAX, [1]
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emissions of incomplete combustion, including
implementation of Euro 6 and Euro VI equivalent vehicle
emission standards (requiring installation of diesel
particulate filters) (European Union 2010, 2011) and
improving traditional biomass cook stoves in developing
countries. We assumed that emission factors for cook
stoves would decline in all regions to levels consistent
with emissions from rocket stoves, resulting in a 25%
decrease in BC and 80-90% decreases in other species,
including organic matter, CO, NMVOC, methane, and
direct PM2.5, relative to emissions from traditional
stoves (MacCarty et al. 2008). Realistically, emission
reductions from cookstoves could be lower depending
on stove adoption and use; however, other stove
technologies may also be more effective at lowering
emissions. Finally, the third and most stringent policy
scenario adds three regulatory measures (BC group
2) to eliminate high-emitting vehicles, biomass cook
stoves (in developing countries), and agricultural waste
burning.

We simulated ozone and PM2.5 concentrations using
two global composition-climate models, the NASA
Goddard Institute for Space Studies (GISS) model
for Physical Understanding of Composition-Climate
INteractions and Impacts (GISS-PUCCINI; Shindell et
al. 2006), and the ECHAM-HAMMOZ model (Pozzoli
et al. 2008), referred to here as GISS and ECHAM.
We assumed that mitigation measures would be fully
implemented and their impacts on concentrations fully
realized by 2030. Methane concentrations (accounting
for chemical and biological loss processes) were
averaged over years 15-19 of each simulation to realize
the steady-state effects of methane reductions, although
additional minor impacts may occur beyond this period.
GISS has a horizontal resolution of 2° latitude x 2.5°
longitude with 40 vertical layers from the surface to 0.1
hecto- pascal (hPa). ECHAM has a horizontal resolution
of 2.8° x 2.8° and 31 vertical layers up to 10 hPa. Both
models simulate BC, organic carbon, SO,, sea salt, and
dust. GISS also includes nitrate (NOjz). We multiplied

AMort = y0 x Pop x (1 - exp- BAX). [2]
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Figure 1. Estimated changes in annual average PM2.5 (. g/
m’) and seasonal (6-month) average 1-hr daily maximum
ozone (ppb) concentration for the 2030 reference scenario
relative to 2005, based on the GISS and the ECHAM models.
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simulated organic carbon concentrations by 1.4 to
estimate total organic matter concentrations (Cooke
et al. 1999). Using a different conversion factor would
affect organic matter concentrations proportionally.
Because these coarse model resolutions cannot
capture fine concentration gradients, particularly for
primary PM2.5 species (BC and organic carbon) around
urban areas, we allocated BC and organic carbon to
0.5° x 0.5° resolution according to population density,
following Shindell et al. (2011; see their Supplemental
Information). All other species, including ozone,
SO,, and NO,, were simply regridded to 0.5° x 0.5°
resolution, because secondary pollutants are generally
more spatially homogeneous. For the main results, we
excluded dust and sea salt (which are assumed to be
natural) and use the health impact function described
below. We also examined the sensitivity of mortality
results to inclusion of dust and sea salt and to different
magnitudes and shapes of the health impact function.

Health impact assessment. We used epidemiologically
derived health impact functions to estimate changes
in premature PM2.5- and ozone-related mortality
between the 2030 reference scenario and 2005, and
between the 2030 reference scenario and the three
policy scenarios individually, using 2030 population
projections for all scenario comparisons to isolate
the impacts of simulated concentration changes. We
assumed log-linear relationships between PM2.5 or
ozone concentrations and relative risks (RR), following
Anenberg et al. (2010), and calculated the fraction
of baseline deaths attributable to a given change in
concentration (attributable fraction; AF) as

AF = (RR-1)/RR = 1 - exp-BAX, [1]

where P is the concentration-response factor (CRF, the
estimated slope of the log-linear relation between PM2.5
or ozone concentration and mortality) and AX is the
change in pollutant concentration. We multiplied AF by
the baseline mortality rate (y0) and population size (Pop)
to estimate the change in premature deaths (AMort) that
would result from a given change in concentration (AX):

AMort = y0 x Pop x (1 - exp- BAX). [2]

Because disease survival times vary among populations,
we estimated the change in years of life lost (AYLL) due
to a change in premature deaths using the baseline YLL
(YLLO) per death:

AYLL = AMort x YLLOAO.  [3]

We applied Equations 2 and 3 in each 0.5° x 0.5° grid cell
using corresponding population sizes, baseline mortality
and YLL rates, and the simulated changes in PM2.5 and
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0zone concentrations.

We calculated CRFs for PM2.5 based on long-term RR
estimates starting from the American Cancer Society
(ACS) cohort study (Pope et al. 2002). Specifically, for
a 10-ug/m® increase in annual average PM2.5, RRs for
all-cause, cardiopulmonary disease, and lung cancer
mortality were 1.06 [95% confidence interval (Cl): 1.02,
1.11), 1.09 (95% ClI: 1.03, 1.16), and 1.14 (95% CI:
1.04, 1.23)], respectively, when averaged based on
data for 1979-1983 and 1999-2000. Although the ACS
cohort was large compared with other PM2.5 cohort
studies [e.g., the Harvard Six Cities Study (Laden
et al. 2006)], results may underestimate the PM2.5
mortality relationship because well-educated affluent
populations are overrepresented in the cohort and
because exposure was measured with greater error
than in other studies. A 2008 expert elicitation (including
ACS authors) produced a mean all-cause mortality CRF
estimate [approximately 1.1% mortality increase per
1-ug/m® increase in PM2.5 (Roman et al. 2008)] that
was between the CRFs calculated from the ACS (~0.6%)
and Harvard Six Cities Study (~1.6%) RR estimates.
The expert elicitation (Roman et al. 2008), however,
did not estimate cause-specific RRs, which may be
more applicable globally than all-cause mortality. We
therefore multiplied the cause-specific CRFs calculated
from the Pope et al. (2002) RR estimates by 1.8, the
factor difference between the all-cause CRFs from the
expert elicitation mean and Pope et al. (2002). A newer
ACS reanalysis reported 40% higher cardiopulmonary
effect estimates with tighter confidence intervals for all
RR estimates (Krewski et al. 2009), but these results
were not available for the expert elicitation. Therefore,
we examined the effect of these RRs in a sensitivity
analysis only. Other recent cohort studies have reported
considerably larger estimated effect sizes than the
expert mean judgment (e.g., Miller et al. 2007; Puett et
al. 2009), suggesting that our approach is conservative.
Although some BC-rich PM2.5 mixtures may be more
toxic than other mixtures (Maynard et al. 2007; Smith
et al. 2009), we assumed that all PM2.5 components
and mixtures are equally toxic because evidence for
differential toxicity is currently inconclusive.

For ozone, we used long-term RR estimates from the
ACS cohort (Jerrett et al. 2009) based on a two-pollutant
model that controlled for PM2.5, in which ozone was
significantly associated only with death from respiratory
causes. For a 10-ppb increase in the seasonal (6-month)
average of 1-hr daily maximum ozone, the RR of
respiratory disease was 1.04 (95% Cl: 1.010, 1.067). The
study by Jerrett et al. (2009) was the first major study to
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MELRE, BASKRFHEARETEE. SBENZELtES
REEHZEMRE (MFHEEHFR Jocobson 2008).
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FHEGRKE ). Mo, MRFEE. BT FPIEEAERIR
K PM2.5 FIREUREIE N, M SEATIINGS
27 10-180 73 (120 -1590 F & @ik ) 5 PM2.5 #HKA9T
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Figure 2. Estimated changes in premature PM2.5-related mortality
(cardiopulmonary and lung cancer deaths) and ozone-related
mortality (respiratory deaths) for the 2030 reference scenario and
assuming implementation of methane plus BC group 1 and BC

group 2 (all) measures relative to 2005, based on 2030 population
projections. 95% Cls reflect uncertainty in the CRF only.
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find a significant positive relationship between chronic
ozone exposure and mortality in a general population;
biological plausibility for this result is supported by
evidence from toxicology and human exposure studies
showing that ozone affects airway inflammation,
pulmonary function, and asthma induction and
exacerbation (National Resource Council 2008). Global
extrapolation of U.S.-based RR estimates for both PM2.5
and ozone is supported by generally consistent short-
term PM2.5 and ozone mortality relationships around
the world (e.g., Health Effects Institute 2010)

We used simulated concentrations in the first model
layer for surface concentrations, and used annual
average concentrations for PM2.5 and the maximum
6-month average of the 1-hr daily maximum for
ozone, consistent with the epidemiology studies. We
projected population growth (global population is
projected to increase to 8.4 billion in 2030) based on
the Intergovernmental Panel on Climate Change Special
Report on Emissions Scenarios (SRES) B2 scenario,
which is near the center of projected population
growth estimates for the different SRES scenarios
(Intergovernmental Panel on Climate Change 2000).
We estimated mortality only for the fraction of the
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Figure 3. Estimated changes in seasonal (6-month) average I1-hr
daily maximum ozone concentration (ppb) in 2030 for successive
implementation of methane measures, methane plus BC group 1
measures, and methane plus BC group 1 and BC group 2 (all)

measures, relative to the 2030 reference scenario, based on the GISS
and the ECHAM models.
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Table 2. Global simple and population-weighted (Pop-wt) average reductions in annual average PM2.5 (pg/m?®) and maximum 6-month
average 1-hr daily maxi—mum ozone (ppb) concentrations, avoided PM2.5 cardiopulmonary and lung cancer deaths and ozone
respiratory deaths (millions), and avoided YLL (millions) based on 2030 population projections for increasingly stringent mitigation

policies relative to the baseline scenario for 2030.

7LIH Methane and BC Methane, BC group 1,
Methane measures

group 1 measures and BC group 2 measures
%5 R Result PM2.5 84 Ozone PM2.5 24 Ozone PM2.5 B4 Ozone
BB % Simple average
GISS -0.01 3.08 0.15 5.34 0.22 5.66
ECHAM -0.03 3.60 0.18 4.00 0.27 3.92
AONAXE Pop-wt average
GISS -0.03 2.82 2.90 9.95 3.98 11.0
ECHAM 012 4.09 3.59 4.96 492 4.71
TR BIFE T Avoided deaths
GISS -0.02 (-0.01, -0.03) 0.07 (0.02, 0.11) 1.39 (0.46, 2.47) 0.28 (0.09, 0.47) 1.93 (0.63, 3.48) 0.31(0.10, 0.52)
ECHAM -0.06 (-0.02, -0.11) 0.10 (0.03, 0.17) 1.74 (057, 3.12) 0.13(0.04, 0.21) 2.42(0.78,4.40)  0.12(0.04, 0.20)
LB R R E RS Avoided YLL
GISS -0.12 (-0.04,-0.21)  0.61(0.20, 1.01) 11.8 (3.85, 21.0) 2.54 (0.82, 4.28) 16.2 (5.25, 29.3) 2.81(0.90, 4.74)
ECHAM -0.59 (-0.20,-1.01)  0.94 (0.31, 1.56) 14.9 (4.86, 26.6) 1.15 (0.38, 1.92) 20.5 (6.63, 37.4) 1.06 (0.35, 1.76)

95% Cls (shown in parentheses) reflect uncertainty in the CRFs for PM25- and ozone-related mortality only. Estimates are

based on simulations using the GISS and ECHAM models.

BRI, YT 2030 FRSEESR, LHERKR
BEHIHEE (k—) TREBEME 648) FHGX1/N
RNERARERE 34 ppb (RZMNEZ) . HTFHRERNF
SHENTEMBRETEY (NMEEEY. BELUENLE
) MNRK, MiteXIRERES ERHERRD. R
i, [EaNZEEREs% (West 2006) It RTIERARY, SCiE R ks
BV S AE I E 1Y PM2.5 SRE B S A FRETRAT
R AR F &M MALIERIENBOR KBS B AIG K (R
B . B2, SRHMNBREEE Sk, X®
KA ECHAM RS AT AN L, mE R 2RREIENM
REVEEMENER/NAXIE. B BERIEHHEER L 2030
FHSEE R 4-5p0/m® AOMR PM2.5 RE, B
RS EHRNREHEI TR REIRE, B GISS
BTN EIE (5P e R fl i — SR
A0 11 ppb) Ltk ECHAM 2 2 70N Y #01E (82> 5 ppb) &
R—Lk. LHEBEHREHIEEATERARERE R D EHR
BN RBE (FEEERERANEIEMARTMK) , R
EYERESERNENRENEYNASEHSREIR
f14 (NO) Fn—E ik (CO) ; sRHAER, B

population = 30 years of age to be consistent with the
age range of the ACS cohort, and we used present-day
baseline mortality and YLL rates from the World Health
Organization as described previously by Anenberg et al.
(2010).

Results

Impacts of the future reference scenario. Both
the GISS and ECHAM models indicated that PM2.5
and ozone concentrations would change dramatically,
and with great spatial variability around the world,
in the 2030 reference scenario relative to baseline
estimates for 2005 (Figure 1). Projected concentration
changes are solely due to emission changes because
meteorology was held constant. Changes in climate
would also impact concentrations to a lesser degree
(e.g., Jacobson 2008).

We estimated that these concentration changes would
substantially affect air pollution-related mortality around
the world. Unless otherwise specified, ranges reported
for expected changes in mortality and YLL represent
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Figure 4. Estimated changes in annual average PM2.5 concentration
(wg/m’) in 2030 for successive implementation of methane measures,
methane plus BC group 1 measures, and methane plus BC group
1 and BC group 2 (all) measures, relative to the 2030 reference
scenario, based on the GISS and the ECHAM models.

= ( http://dx.doi.org/10.1289/ehp.1104301) ] . 7 Fh #&
BREPURET AN BRI ZHEM, B GISS HEXNF
REM TN F < 57 5 B k% I F8 HE A 8200 i X BT AR 4 E 85
R, T ECHAM RT3 B e S i R E RO 8
ERA, TN BRHIEHEERN PM2.5 B O BER K.

BN, ARSI ES 2030 F£A# % 60 -440
5PM2.5 HHXRIMEXRIE T (530-3740 FH iR KAL) F14-52
FEREHFENET (35470 FHEBMEKE) [RZ; &
7= & 8 7~ & B/ A ( http://dx.doi.org/10.1289/
ehp.1104301) 1 o XTFXPAMEESRYE, SLHEHME=4H
iR, ATEEMERAEBL 80% FLEEREAOSR
ETSRENATN (RZ) « XNFENMEER FERA—K
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BHER R AR =N RO & E S REN IR AR
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LaflziE | SPECIAL REPORTS 041

the lowest and highest 95% CI bounds estimated using
either the GISS or the ECHAM model, where the 95% Cls
reflect uncertainty in the CRF. We expect that regulations
that are currently in place or planned in North America
and Europe will reduce PM2.5 and ozone concentrations
substantially, resulting in 0.1-0.8 million avoided PM2.5-
related deaths per year (0.5-4.8 million YLL) in 2030,
with the majority of avoided deaths in Europe [Figure 2;
see also Supplemental Material, Figures 4 and 5 (http://
dx.doi.org/10.1289/ ehp.1104301)]. Regulations are
also expected to reduce PM2.5 concentrations in East
Asia, Southeast Asia, and the Pacific, resulting in 0.1-
1.1 million avoided PM2.5-related deaths (0.4-7.7 million
YLL) annually, based on 2030 population projections.
However, we estimated that increased ozone
concentrations in East Asia, Southeast Asia, and the
Pacific would cause 0-0.2 million additional premature
ozone-related deaths (0.1-1.4 million YLL) per year. In
addition, increased PM2.5 and ozone concentrations
in South, West, and Central Asia resulting from rapid
emissions growth would cause an estimated 0.1-1.8
million (1.2-15.9 million YLL) additional PM2.5-related
premature deaths and 0-0.2 million (0.1-2.4 million YLL)
additional ozone-related premature deaths annually.

Benefits of the mitigation measures. Relative to the
2030 reference scenario, implement ing the methane
measures (Table 1) would decrease seasonal (6-month)
average 1-hr daily maximum ozone concentrations by
3-4 ppb (Table 2 and Figure 3). Projected ozone con
centrations decreased fairly evenly across the globe due
to the relatively longer lifetime of methane compared
with other ozone precursors (e.g., NO,, VOCs). However,
simulated annual average PM2.5 concentrations
increased slightly from northern Africa to the Indian
subcontinent in response to the methane mea sures due
to particle formation resulting from changes in oxidant
concentrations (Table 2 and Figure 4), as demonstrated
previously by West et al. (2006). However, when BC
and methane measures were applied together, these
increases were projected only by the ECHAM model
and were limited to a small area off the coast of eastern
Africa and India. Adding the BC measures would
reduce population-weighted PM2.5 concentrations by
4-5 pg/m® compared with the 2030 reference scenario.
Adding BC measures would also decrease ozone
concentrations due to reductions in coemitted ozone
precursors, but GISS projected larger reductions (11
ppb reduction when methane and BC measures were
applied together) than did ECHAM (5 ppb reduction).
Projected reduc tions in ozone concentrations resulting
from the BC measures were localized near the emis
sions sources (primarily in South and East Asia where
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F=. MXTF 2030 FHSEER. RBECRERMT RSN LEETERTTEESHIER
Table 3. Distributions of estimated numbers of avoided premature deaths according to policy measures and world

regions, relative to the 2030 reference scenario.

BT EABREHRBRNIETER
Percent of avoided deaths attributed to
each group of policy measures®

BC BC
X Fke %4 HEH
Region Methane Group 1 Group 2
£33k Global
GISS 2.36 72.09 25.55
ECHAM 1.62 72.09 26.29
JEM Africal
GISS 3.62 74.36 22.01
ECHAM 2.78 72.88 24.34

ZIr. ZREIMAFEMX East Asia, Southeast Asia, and Pacific

GISS 2.22 68.52 29.26
ECHAM 6.29 64.27 29.45

R T EM5mME LS Latin America and Caribbean

GISS 9.67 64.36 25.96
ECHAM 12.0 54.71 33.26

Je=FEM North America and Europe

GISS 6.53 68.76 24.70
ECHAM 3.81 60.63 35.56

BIr. FIEFAIE South, West, and Central Asia

GISS 1.56 75.50 22.94
ECHAM -2.49 79.23 23.26

BRI R TR
Percent of all avoided deaths resulting from
implementation of policy measures®

Methane and Methane, BC Group 1

Pk 5 B Fe 5 Bk B—
Methane F—H HEBHmETA
BC Group 1 and BC Group 2
12.77 8.71 8.32
17.84 10.68 10.40
38.14 38.48 40.50
130.84 32.34 33.79
7.37 1.79 1.80
138.72 1.68 1.85
11.94 4.36 4.31
12.29 4.58 5.24
29.78 46.66 45.08
-74.69 50.73 48.72

“The individual impact of each group of policy measures is estimated based on the difference in mortality with the implementation of
the increasingly stringent policy scenarios; the total for each row equals 100%. bProportions of avoided deaths associated with the
successive implementation of the policy scenarios; column totals for each model (GISS or ECHAM) equal 100%.

BREIETABMFLA 10% [RibzmsRl, B+ (http:/
dx.doi.org/10.1289/ ehp.1104301) 1 . SCIRFR kel B ARis
FIRERES MR RIRERRIETR, HFEMSK (I
MEFBEE. AEMAE) FHEHTFESERAMSBIET
R EFMERE (BD) .

B S . AT T SEHEFTE B iR BRR SIS
S F G R THBAREMNEE (CRF) #TR
RRENNE (BR) - EXBLER (26—) #, R
HEBR T RAFEZ, BAXERSHEELETT M
B FEENANYRNSHES. NIREEFERLNE
3, PM2.5 FUHRE B S MB/IME 62-73 pg/m® (T X T4
Rrh) BMNERAE 269-451 pg/m’.

emissions are largest) because of the short atmospheric
lifetime of the ozone precursors that are affected by the
BC measures [NO, and CO; see Supplemental Material,
Figure 3 (http://dx.doi.org/10.1289/ehp.1104301)].
Spatial patterns of simulated concentration changes
were similar for both models, but GISS projections for
0ozone were more sensitive to precursors that would be
affected by BC measures, whereas ECHAM projected
greater reductions in ozone in response to the methane
measures and greater reductions in PM2.5 in response
to BC measures.

We estimated that implementing all measures would
avoid 0.6-4.4 million PM2.5- related deaths (5.3-
37.4 million YLL) and 0.04-0.52 million ozone-related

i, XEBEHDSHMRIERREMNEE (CRF) #
L MEEFTIX 30 pg/m® (& HTE Krewski % 2009) , MM
R AN K T BT ST R & MBI 40 pg/m® (1% Laden
% 2006) , BHLITERP PM25 5FET-RNXRESR
ERATRESHFH (W5HE Pope % 2009) .« FH{THE LI
MTNABEREMNEES (CRF) MISURIMERE.

EH—FRBAMRIEHER (Pope 2002) FHAMERENMNH
# (CRF) MEZLRBIRERN 18T KEFTREILHFY
{& (% 2 Roman % 2008) , i 5 < , B PM2.5 &30 1-pg/
m’, S.CRRMATRER X MFETRIE EF 1.6% F12.4%, iX
MEEERZ—EHW (BH-) .

HERBZPRANEMTHME (Pope 2002) ZFHI X HUORE
W Rz % (CRF) sEpl 1.8, HEmY &L PM2.5RE
FOF AR XM T R R R AES 50 0.2794 F
0.4180 (#&E#ZE Cohen ZFyRk & 2004, LY KETSI 517
0.1552 #1 0.2322) o ZFI=MZEHFI "KM, REXNEORE
MRz % (CRF) #E2A 7 po/m’ LTI MR K. R

Apaided deachr [melliaan|
-
-

B H 4452030 Fd A Hn 4T 2030 Fh A A& &
R GISS %A 4 W 93k & Ak B % o B 3% (CRF) #7 Bl #
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R EH T, 4 EFE PM25 X B < B e i &
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Figure 5. Estimated annual PM2.5-related cardiopulmonary and
lung cancer deaths assuming implementation of methane plus
BC group 1 and BC group 2 (all) measures relative to the 2030
reference scenario using concentrations simulated by the GISS model
and different assumptions for the CRF, based on 2030 population
projections.

« Case 1: Pope et al. (2002) x 1.8, linear

* Case 2: Pope et al. (2002) x 1.8, log

* Case 3: Pope et al. (2002) x 1.8, log with linear modification
« Case 4: case 2 with dust and sea salt

« Case 5: case 3 with dust and sea salt

* Case 6: Krewski et al. (2009), linear

* Case 7: Laden et al. (2006), linear

o &4 —. &4 (Pope ) % (2002)x 1.8, K&k
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deaths (0.35-4.7 million YLL) in 2030 [Table 2; see
also Supplemental Material, Figures 6-9 (http://dx.doi.
org/10.1289/ehp.1104301)]. For both models, > 80%
of the estimated mortality benefits from implementation
of all three groups of measures would occur in
Asia, where large populations are exposed to high
concentrations (Table 3). BC groups 1 and 2 measures
(four technological measures for reducing emissions
of incomplete combustion and three nontechnical
measures to reduce the most polluting activities,
respectively) would account for 72% and 26% of avoided
deaths globally for either model. In contrast, estimated
global mortality benefits of the methane mea—sures
were an order of magnitude smaller than those of
the BC measures (approximately 2%), because of
reductions of non-methane ozone precursor and organic
carbon emissions associated with implementation of
the BC measures and because of stronger relationships
of PM2.5 with mortality. The estimated contribution of
each policy measure to the total mortality benefit in
each region generally followed the global contributions.
When low-carbon CO, measures (decrease in use of
fossil fuel) were included in both the reference and
policy sce-narios, estimates showed approximately
10% fewer avoided deaths in East Asia, Southeast Asia,
and the Pacific and in South, West, and Central Asia
[see Supplemental Material, Figure 10 (http://dx.doi.
0rg/10.1289/ ehp.1104301)]. Implementing the methane
and BC measures would reduce mortality substantially
in all regions, and in some regions (Africa and South,
West, and Central Asia) would reverse trends of
increasing mortality due to air pollution (Figure 2).

Sensitivity analysis. We examined the effect of varying
CRF assumptions on estimated avoided deaths from
implementing all methane and BC measures (Figure
5). In the main results (case 1), we excluded dust
and sea salt because evidence for toxicity of these
components is weaker than that for particulate products
of incomplete combustion. Including dust and sea salt
would have increased estimated PM2.5 concentrations
from a maximum of 62-73 pg/m° (in the main results) to
a maximum of 269-451 pg/m”.

Whereas linearity of the CRF has been demonstrated up
to 30 pg/m® in the ACS study (Krewski et al. 2009) and
up to 40 pg/m® in the Harvard Six Cities study (Laden
et al. 2006), some evidence suggests that the PM2.5
mortality relationship may flatten at high concentrations
(e.g., Pope et al. 2009). We therefore examined several
sensitivity cases in which the shape of the CRF was
varied.

Case 1 represented our baseline assumptions of linear
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BN, BEFEF . =0, HfitH PM2.5 BORE
RERET KALMEH, I%' %ﬁﬂ#T%ﬁﬁm%#
EREEEW, FHEBERATERNEERE LML
RMRF—HNERBM. BIFEDERMERFINN T H
BFNEERENSET ST RENmNE$ (CRF) , 4
PM2.5 &K 1-pg/m®, OB EHNTET X545
51§88 ¢ 1.3% F1 1.4% (552 H7 & Krewski Z 2009, Z= 5]
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EFORE, % PM25RESHEM 1-pg/m® L FiE i
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2006, EfI+) . FE (Laden 2006) FiREHMEXERK
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Wa (") « BRAOBUT, XLRBHBITLUFSBRA DM
1 PM2.5 MR ERE 2 51D 3.98-4.92 pg/m® (23.0-
33.7%) #14.71-11.0 ppb (6.5-17.0%) , 7 B it 2
2030 FF, £IRGFRBR 60-440 FH4-52 F AORIE R
LT . FITIXLEREHE 80% DA _E M B BRE G FeE RN - 1R
EBRMNOMIT, EBREELXCXEEENEGT, &7
BEMIET-AOHE 1-8%30 & X LA OFETF O Ffifm
B, B17% ENFREMNAORTEMREE. BBRRERE

CRFs from Pope et al. (2002) multiplied by 1.8 to scale up
to the mean of the expert elicitation (Roman et al. 2008),
that is, that cardiopulmonary and lung cancer mortality
would increase by 1.6% and 2.4% with each 1-pg/m°
increase in PM2.5, as in the main results (case 1).

For case 2 we used log CRFs from Pope et al. (2002),
multiplied by 1.8, such that the slopes of the relation
between log-transformed PM2.5 concentra—tion
and cardiopulmonary and lung cancer mortality,
respectively, were 0.2794 and 0.4180 (0.1552 and
0.2322 prior to scaling, as reported by Cohen et al.
2004). Case 3 was identical to case 2, except the
log CRFs were modified to be linear below 7 pg/
m°. Cases 4 and 5 were identical to cases 2 and 3
except they included dust and sea salt in estimated
total PM2.5 concentrations. Because dust and sea
salt were not significantly affected by the mitigation
measures, using linear functions with dust and sea
salt produced results that were similar to case 1.
Two additional sensitivity cases examined the effect
of using linear CRFs from the latest ACS reanalysis
in which cardiopulmonary and lung cancer mortality
increased by 1.3% and 1.4%, respectively, with each
1-ug/m® increase in PM2.5 (Krewski et al. 2009: case
6) and linear CRFs from the latest Harvard Six Cities
reanalysis in which cardiopulmonary and lung cancer
mortality increased by 2.8% and 2.7% with each 1-ug/
m?® increase in PM2.5 (Laden et al. 2006; case 7). The
significantly higher RR estimates reported by Laden
et al. (2006) are still lower than estimates from other
studies with less exposure error (e.g., Puett et al.
2009).

Compared with regional avoided deaths estimated
using a linear function, those estimated using log
functions without dust and sea salt (case 2) were 1.2-
8.3 times higher and had larger differences in the least
polluted regions due to a higher marginal impact of
PM2.5 on mortality for the log functions at low concen-
trations. When dust and sea salt were included in PM2.5
concentrations (case 4), estimates were 12-29% lower
in Asia (where PM2.5 concentrations are high) and 1.4-
4.6 times higher in less-polluted regions. Modifying the
functions to be linear at low concentrations (cases 3
and 5) reduced the inflated estimates that occurred in
relatively unpolluted regions when log functions were
used. Using RR estimates from Krewski et al. (2009;
case 6) reduced estimated deaths by approximately
25% relative to the main results. Although RR estimates
by Krewski et al. (2009) are higher than those reported
by Pope et al. (2002), we multiplied CRFs from Pope
et al. (2002) by 1.8 for the main results. Using RR

MERREL 98% M RIET, BN BHRE R MR
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BRI AT 56 TRk > B aREN B e HE R X 48 R 2 M 0 1R 1k 2
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estimates from the Harvard Six Cities cohort (case 7)
increased estimates by approximately 60%. Uncertainty
ranges were large for each case, with the exception of
case 6, because Krewski et al. (2009) estimated more
precise RRs than the other studies. However, confidence
intervals overlapped among estimates from all of the
sensitivity analyses.

Discussion and Conclusion

We estimated the potential future air qual ity and health
benefits resulting from imple menting 14 specific
methane and BC emission control measures selected
for their near-term climate benefits (Table 1). We
estimate that these measures could reduce global
population- weighted average surface PM2.5 and ozone
con-centrations by 3.98-4.92 pg/m® (23.0-33.7%) and
4.71-11.0 ppb (6.5-17.0%), respectively, and avoid 0.6-
4.4 and 0.04-0.52 million annual premature deaths
globally in 2030. More than 80% of the health benefits of
these measures are estimated to occur in Asia. Based
on our estimates, avoided deaths would represent 1-8%
of cardiopulmonary and lung cancer deaths among
those > 30 years of age and 1-7% of all deaths for all
ages, assuming constant baseline mortality rates. BC
mitigation measures would account for approximately
98% of the estimated deaths avoided, because BC
mitigation would also reduce emissions of non-methane
ozone precursors and organic carbon and because
concentration-response relationships are stronger for
PM2.5 than for ozone. Our estimates are consistent with
previous health impact assessments of BC and methane
reductions (Anenberg et al. 2011; Shindell et al. 2011;
West et al. 2006) after accounting for methodological
differences [see Supplemental Material, p.16 (http://
dx.doi. org/10.1289/ehp.1104301)].

We used two global composition-climate models (GISS
and ECHAM) to improve confidence in our results,
and sensitivity analysis indicated that our results and
conclusions are not strongly dependent on assumptions
for the CRF. However, we were unable to quantify other
uncertainties associated with estimating air pollution
mortality on a global scale, including uncertainties in
the atmospheric model assumptions and inputs (e.g.,
emissions) and in estimates of population growth and
baseline mortality rates. We applied U.S.-based CRFs
globally, despite differences in concentrations, air
pollutant mixtures, and exposure and population sus
ceptibility characteristics. We assumed that all PM2.5
mixtures are equally toxic, despite some evidence that
BC-rich mixtures are more toxic than the average (e.g.,
Smith et al. 2009). These uncertainties may cause
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under- or over- estimation in the results.

The benefits of implementing BC measures are likely to
have been underestimated because we did not account
for health benefits of reduced indoor exposure from
the burning of solid fuel, which has been estimated to
cause 1.6 million premature deaths annually (Smith et
al. 2004). In addition, while we downscaled modeled BC
and organic carbon concentrations to a finer resolution
grid, observed BC concentrations near highly populated
regions that rely on biomass combustion for cooking
and heating are orders of magnitude higher than the
grid mean values used here (Rehman et al. 2011). We
also did not consider benefits from reductions in non-
carbonaceous primary PM2.5 components (e.g., fly
ash) that may result from the BC mitigation measures.
We estimate that including noncarbonaceous primary
PM2.5 components would reduce total PM2.5 emissions
by an additional 18% [see Supplemental Material, Figure
3 (http:// dx.doi.org/10.1289/ehp.1104301)] but would
have a smaller effect on PM2.5 concentration changes
(and associated mortality changes), because some
PM2.5 components included in the PM2.5 definition are
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The anticipated projections of lourism growth in Asia and the Pacific over the next few decades

can deliver national economic benefit if planned and managed properly; but, al the same time, will

present sz:(]ng‘i(,'(ml‘ challenges to sustainability ﬁ)r communities, the industry, governments and will

have an impact on the natural resources that are so vital lo the lourism experience.
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Against the background of the growing importance
of tourism to the region of Asia and the Pacific, this
report describes the situation in the region in relation
to progress of mainstreaming sustainability into the
regional tourism sector, barriers and opportunities
for such an approach as well as the priorities and
needs of destinations across the region. The nature
of international development funding relevant to the
tourism industry and the perceived need for and value
of networks on sustainable tourism are also assessed.
Strategic recommendations relate to interventions
needed to mainstream sustainability into the tourism
sector in the region.

Similar exercises are being undertaken by UNEP in a
number of other regions.

Key Findings: The economic, political, geographic and
cultural diversity of the region has contributed to a
lack of political and economic regional cooperation
and development networks. This includes the tourism
industry across Asia and the Pacific. Significant recent
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and forecast high economic growth rates along with
global shifts in "middle class" populations to Asia
present new opportunities for tourism development.
Simultaneously, challenges such as climate change,
pressures on natural, cultural and heritage resources
as well as economic and social inequality will impact on
tourism across the region and its ability as an industry to
achieve national development objectives.

Key barriers identified to enabling sustainable tourism
development in the region include Insufficient access
to technical and financial assistance in marine, coastal
and other sensitive environments from international
donors; insufficient knowledge within industry about
sustainable tourism indicators, tools and mechanisms;
a lack of government level strategic planning and
policy commitment to sustainable tourism as well as
insufficient attention by industry and government to
avoid environmental, social or economic damage from
tourism development before it occurs. Generally, there
remains a wide range of interpretations and lack of
policy consistency in relation to ‘sustainable’ tourism as
well as resource and capacity limitations for effective
implementation across all levels of government as well
as industry based organisations.

The region also lacks networks and partnerships working
specifically on sustainable tourism at local, national and
regional levels and embracing participatory planning
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Great Wall, China

processes, sharing and exchanging information among
multi-stakeholders including industry, government,
international donor agencies, NGOs, local authorities
and others. There are weak or non-existent linkages
between Asia and the Pacific agencies and useful global
level initiatives relating to sustainable tourism.

Opportunities for mainstreaming sustainability into the
tourism sector include public and private sectors effectively
cooperating and working together; more strategic and
longer term plans between government and industry;
encouraging more sustainable consumption of resources
by tourists and industry operators; and equating a quality
tourism destination with improved choices of available
sustainable products and services.

Destinations need creative new ways to assist the private
sector to adopt sustainable management practices and
to manage tourism’s use of natural resources and its
impacts on environment and biodiversity. Where they are
lacking across Asia and the Pacific, developing effective
policy frameworks as well as integrating sustainability
into finance and investment for sustainable tourism is a
priority as well as a competitive issue for destinations.
While there are individual country variances in
application and measurement, sustainable tourism as
a contributor to poverty reduction has been identified
as a key policy action in all of the least developed
countries in Asia and the Pacific.
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At both the destination and enterprise levels,
they often lack the resources, knowledge,
skills, and practical tools for the mainstreaming

of sustainable tourism practices.

Facilitating regional and global networking to provide
information on sustainable tourism practices and
linkages to tourism project funds from international
donor agencies is seen as a desirable outcome from
any initiative to improve partnership structures for
sustainable tourism across Asia and the Pacific. The
research has enabled the identification of support
across countries and tourism stakeholders for a new
regional partnership mechanism for mainstreaming
sustainability into the tourism sector.

Key recommendations

Include developing a more cohesive mechanism for
regional cooperation on sustainable tourism; addressing
the gaps between sustainable tourism policies and
effective implementation; developing more consistency
as to the practical meaning of sustainability across the
region; incorporating sustainable tourism criteria into
investment decision-making and private capital inflows;
driving sustainable tourism interventions according to
local needs and not donor agencies; extending the
concepts and practices of sustainable tourism delivering
a quality outcome for consumers, destinations and the
business of tourism; underpinning policy with good
research; using investor and operator resources more
efficiently and working on engaging the private sector in
mainstreaming sustainability into tourism; and providing
further balance to the three pillars of sustainable
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tourism, particularly socio-cultural elements that have
been neglected in comparison to economic and
environmental issues.

Conclusions

It is therefore concluded that the anticipated projections
of tourism growth in Asia and the Pacific over the next
few decades can deliver national economic benefit if
planned and managed properly, but, at the same time,
will present significant challenges to sustainability for
communities, the industry, governments and will have
an impact on the natural resources that are so vital to
the tourism experience.

While some destinations across Asia and the Pacific can
be accused to paying ‘lip-service’ to the concepts of
sustainable tourism, a number do have well-intentioned
policy and legal instruments to encourage sustainable
tourism development in their destinations. However, at
both the destination and enterprise levels, they often
lack the resources, knowledge, skills, and practical tools
for the mainstreaming of sustainable tourism practices.

Destinations across Asia and the Pacific also require
development of a strategic knowledge base, institutional
structures and partnerships to promote effective policy
frameworks for sustainable tourism. The business case
for sustainability in tourism operations is either not
well understood or poorly explained. As the Asia and
the Pacific tourism industry is dominated by SMEs,
improved awareness of what sustainable tourism
objectives should set out to achieve, is as essential as
facilitating SME access to industry-oriented decision-
support tools, information, knowledge and capital.

There is also a clear aspiration for a focused
regional network to facilitate the shift towards more
sustainable tourism. The primary part of the solution for
mainstreaming sustainability into the tourism industry
will be nested within the destinations themselves.
However, regional networks can facilitate access to
and development of multi-disciplinary knowledge and
information created through its access to a range of
internationally benchmarked quality research.

It therefore appears from the survey conducted that
there would be broad support for the setting up of a
region-wide sustainable tourism network. This would
address the need identified by one survey respondent to
influence the work of multilateral and bilateral agencies
across the region, and to increase resource efficiency.

Any such regional partnership structure should
encourage new forms of collaboration between internal
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government agencies responsible for a range of tourism
related issues and impacts. It would also encourage
countries in taking a ‘bigger picture’ approach, learning
from the experiences of other destinations and sharing
knowledge to build local capacities and adapt methods
and practices from other locations.

Such a network could provide the opportunity to establish
joint projects with neighbouring countries or at the sub-
regional level, contribute to a new regional communications
platform on sustainable tourism and enable improved links
to UN agencies with an interest in sustainable tourism
development in Asia and the Pacific.

About the Global Partnership for
Sustainable Tourism

The Global Partnership for Sustainable Tourism, a Uniled Nations-backed
membership organization, was founded in January 2011. lls mission is
to transform lourism around the world by making it more sustainable.
It encourages 11('luwrkiny and cooperation lo promole the /r)n,(/—h'rm
economic health of the tourism sector; the success of which depends on
allractive natural and buill environments and vibrant communities. The
main strategies are knowledge sharing and project development — notably

u(/rz/)[in'«/, rv’/)/i('ulin'r/, and .\'1-(1[1'11'(/-11/) .\'umv'x,\'/izl projects.
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http:/ /www.unep.org/resourceefficiency/ tourism;

http:/ /www.GlobalSustainable Tourism.com
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For more information, including details about membership, visit hitp:/ www.
GlobalSustainable Tourism.com.
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ABSTRACT

Climate change, sustainabilily, the depletion of energy and natural resources, GIH (G
emissions, natural disasters and their management should be considered as subjects
which are closely linked to each other. Climate change is happening and will have
large and irreversible impacts if global lemperatures continue to increase significantly:
Impacts are very likely to increase due to increased frequencies and intensities of extreme
weather evenls (ﬂoo(ls, storms and droughts).

The statistics on natural - extreme weather related - disasters are showing an increasing
trend. Related economic losses are even higher. Traditional defence systems are not
working anymore or are becoming loo costly. Innovation and development of new basic
concepls are required (‘paradigm shifis”), in which also the importance of governance
aspects should be recognised. The challenge for societies and the engineering communily
is lo develop systems thal increase resilience lo natural hazards and al the same time
work lowards increasing sustainability, making less use of enerqy and natural resources.
The latter is especially required in cities and buildings in which continuing progress can
be reported.
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Figure 1. Flooded areas in New Orleans caused by Hurricane
Katrina (source: the U.S. Army Corps of Engineers Interagency
Performance Evaluation Task Force).
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Figure 2. Trends in number of hydro meteorological
disasters (Source ISDR 2009, Ref 1)

Introduction

Over the period 2000-2008, a total of 2,000 million people
were affected by natural disasters, with losses of 770,000
dead and US$ 835 billion costs. Most disasters (90%) are
related to weather extremes (Fig. 1) (Ref 1). Of particular
concern is the fact that disasters have been increasing
over recent decades (Fig. 2), with evidence mounting
that climate change is an important trigger for example
in more intense hurricanes, higher rainfall intensities and
heat-waves (Ref 2). Other factors that play a role include
unplanned settlements, environmental degradation and
increased populations in hazard-prone locations. Here it
has to be realised that a majority of the world’'s population
is living in urban areas and a large proportion of these will
be in river deltas (Ref 3).

Various strategies are being developed to protect these
delta areas, also considering the risk of sea level rise
due to climate change. In general conventional defence
systems will not meet the future requirements or are too
costly to implement and maintain (higher dikes and levees).
New possibilities are being explored in which building with
nature instead of building against nature have a central
role. Protection against flooding is going to be based on
various combinations of traditional and innovative forms of
flood defences, depending on costs, risks and vulnerability.
In the Netherlands costs are estimated to be 1.0 -1.5 bin
Euro per year for the period 2010 -2100 in implementing
the Dutch Delta programme to protect the Netherlands
against flooding considering climate change and scenarios
for sea level rise (Ref 4) (Fig. 3).

Scenarios
Sea Level Rise  4.m

(meters)
bR

COSTS Lbm
(until 2050

1.2- 1.6 bin euro/year) g
Period 2050-2100
(0.9-1.5bIn

0o m
-

T

1

2050

I Royal Netherlands Metereological Institute 2006
- Netherlands Delta Commission 2008

B= i LEah AT RO L4 ZHMELEG %
MEl AL RA, (KRR L2 HMLEER A 2008,
A LK)

Figure 3. Estimated costs for implementing the Dutch Delta
programme to protect the Netherlands against flooding

considering climate change and scenarios for sea level rise.
(source Netherlands Delta Commission 2008, Ref 4)
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The vulnerability to natural disasters is often the result
of multiple risks. The impact of natural hazards may
be aggravated by factors linked to human activity (e.g.
intensive socio-economic investment in risk-prone
areas, inadequate technical standards for construction
in risk-prone areas). Conversely, technological risks can
be aggravated by natural conditions, with technological
impacts adding to natural impacts (power failures linked
to fires, chemical pollution linked to floods).

The potential impact of a disaster varies depending on
the vulnerability and resilience of the various areas and
countries. The impact of the different disasters on the
population also varies depending on the type of disaster.
In the EU, disasters caused by extreme temperatures
have led to over 75,000 casualties since 2000,
representing 95% of all deaths caused by disasters.
76% of these deaths occurred in France, Italy and
Spain. Flooding, which killed 524 people in 2000-2008,
is more widespread and had high economic impacts.
Vulnerability to floods appears to be particularly high
in Romania (38% of the deaths) followed by Italy (15%)
and Bulgaria (15%).(Ref 5).

With climate change and increases of extreme weather
related events new challenges lie ahead for the societies
and engineering community. Systems are required that
increase resilience to natural hazards, which at the
same time are in line with sustainability requirements.
Basically new concepts (“paradigm shifts”) are required,
which not only incorporate new technologies and
innovations, but also consider the governance aspects
in management. Sustainability, adaptive and mitigative
approaches to climate change, are therefore important
steering element.
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Examples of required paradigm shifts
and innovative solutions.

Paradigm shifts in waste water treatment and
sanitation

The present systems of centralised wastewater
treatment without resource recovery need a transition
to decentralised concepts based on source separation,
resource recovery and reuse.

Decentralised waste water treatment to save
water, energy and nutrients

Conventional centralised systems for waste water
treatment require huge financial investments and have
relatively high maintenance and operation costs. These
costs are a barrier for developing countries to build and
operate centralised sanitation systems. Industrialised
countries however also face huge problems in the
maintenance and operation of their sewer systems and
treatment plants. In Latin America less than 20% of the
wastewater collected is actually treated, whilst in Europe,
of 540 major cities, only 79 have advanced tertiary
sewage treatment, 223 have secondary treatment, 72
have incomplete primary treatment and 168 cities have
no or an unknown form of treatment of their wastewater
(Ref 6).

Next to cost considerations, conventional water-
borne sanitation systems have other fundamental
shortcomings. The energy requirements to transport
the waste water are relatively high. As water is used
to transport the wastes, these systems also have high
water consumption, making them unsuitable in the long
term for regions with water scarcity. In many places this
has already led to an over-exploitation of the limited
renewable water resources.

A far more fundamental problem is that the conventional
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Figure 4. Separate collection, transport and
treatment of Black [feces & urine) + kitehen waste
& grey water.
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Figure 4. Separate collection, transport and treatmetn of
Black (feces & urine)+ kitchen water & grey water
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centralised systems do not facilitate the reuse of macro
and micro nutrients present in excreta and wastewater.
This lack of nutrient recovery and -use leads to a linear
flow of nutrients from agriculture, via humans to recipient
water bodies.

New systems include various forms of recycling of
nutrients based on separated waste water, close at the
source at individual houses or at decentralised units
covering a number of houses.

An increasing number of projects, in developing
countries as well as in industrialised countries facilitates
the application of decentralised systems with reuse and
recycling of nutrients and less use of water (Figures 4
and 5)
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Decentralized wastewater syslems are de_ﬁned as 'fgyslems that collect, treat and
reuse or dispose of wastewaler al or near ils poinl of generation.” They include
single-home onsile systems and cluster systems that may serve many hundred
of homes (or equivalent flows). Centralized systems are those thal serve entire

communilies or mulliple communities
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Figure 5. Vacuum collection and transport,

use 1 liter for flushing. Producing 7 l/p.d-1
concentrated black water; saving 30-42 I/p.d-1

Decentralised waste water treatment plants to
reduce vulnerability to natural disasters

Public property often includes critical facilities that
should be designed to not be compromised during a
flood or hurricane.

Water supply and waste water facilities that provide for
public health and safety are examples of such critical
facilities.(Ref.7).

For flooded areas, sewage treatment often is the last thing
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back on line, because plants are at the lowest point of the
city and thus under the deepest water. One of the post-
Katrina concerns was gastrointestinal illnesses from direct
contact with floodwaters. New Orleans’s two wastewater
treatment plants were damaged: the larger facility, which
serves 1.2 million customers, was flooded; the smaller
facility, located on the west bank of the Mississippi River,
experienced extensive wind damage.

In general, conventional systems of centralised waste
water treatment are relatively more vulnerable to
disasters than nodal systems which are based on
decentralised units.

In decentralised systems the diversity of treatment
units, ease of repair, and other factors may make
these systems more resilient than centralized ones,
but technology choices and local conditions will affect
comparative resilience.

Repair of decentralized treatment systems may be
simpler and quicker than repair of centralized systems.
The latter may require more sophisticated or expensive
equipment and expertise.

However, decentralized wastewater systems are not a
panacea. Proper siting, maintenance, management,
and regulatory oversight is necessary to ensure their
reliability—just as for centralized systems. (Ref. 8).

Paradigm shifts in flood protection

In flood protection the trend is moving from “safe fail
systems (targeting at almost 100% protection) to fail safe
systems (if flooding occurs damage will be minimal)”
and from building against nature to building with nature.
This trend can be seen in river basin management as
well as in management of delta areas.

Delta areas

In delta areas, demographic and economic
developments lead to a growth in the number of people
and economic activities to be served and protected. At
the same time the vulnerability of deltas is increasing
because of rising sea levels, subsiding soft soils, and
increasing pressure on space and environment. There
are basically two options to respond to the increase in
vulnerability:

1) adapting land and water use or
2) adapting the infrastructure

In the Netherlands the focus has always been on
prevention of flooding through flood defences.
Nowadays flood risk management aims to minimize the
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probability of flooding and/or the impact of flooding (both
casualties and damage). Also the UK has regulations
for spatial development and flood risks: the Planning
Policy Statement 25 -PPS 25- (Ref 9). The aim of PPS
25 is to ensure that flood risk is taken into account at all
stages in the planning process to avoid inappropriate
development in areas at risk of flooding, and to direct
development away from areas at highest risk. The
PPS25 defines what type of land use is compatible with
particular flooding probabilities

A lot of infrastructure in deltas is already present for
decades or centuries. Rehabilitation of this infrastructure
opens new opportunities to enhance their functionalities.
Examples include the transition of conventional
embankments into super levees in Japan and the
reconstruction of Closure Dam of the Lake IJssel in the
Netherlands with innovative concepts including nature
development and energy generation.

New concepts are also developed in building with
nature instead of building against nature.

It is well known that storm and flood protection is provided
by delta ecosystems that include mangroves, coral
reefs, dune systems and salt marshes, but also include
coastal forests, sea grass beds, intertidal flats and
lagoons, depending on the delta considered. Ecological
engineering is being practiced to restore these ecosystems
in for example mangrove restoration projects. More recent
approaches in protection of coastal zones against erosion
is the application of soft engineering measures such
as beaches and foreshore sand nourishments. A new
approach of “supernourishments”is currently being studied
in the Netherlands (Ref. 10).

River basins

For centuries rivers have been used and adapted
to our economical needs resulting in normalisation
and canalisation of river stretches. Groynes and the
narrowing of the floodplain hindered a rapid discharge
of water and ice, increasing the risk of flooding. Over the
past decades the adverse consequences of these river
engineering measures became apparent, especially
with climate change resulting in higher peak discharges.
In the Netherlands the old practice of raising and
strengthening embankments along the rivers is replaced
with a new approach giving more room to high waters.
This so-called room for rivers policy contains a wide
range of measures, such as lowering of floodplains,
creation of side channels, lowering of groynes, river
dredging and realignment of dikes. Dike strengthening
has become a last option, if other interventions prove to
be technically, or financially not feasible.
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Shanghai situated on the estuary of Yangtze River. Deltas
are usually areas with major economic potential because of
their strategic location close to seas and inland waterways.
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Paradigm shifts in urban
infrastructure and buildings

In urban infrastructure and buildings multi-functional
approaches are required. Cities are moving towards
constructing sustainable, climate friendly (i.e. energy
efficient) and climate proof (i.e. disaster resilient)
buildings.

Sustainable Buildings

Buildings are responsible for on average one third
of total energy use and associated greenhouse gas
emissions in society, both in developed and developing
countries. The energy is mainly consumed during the
use stage of buildings for heating, cooling, ventilation,
lighting, appliances etc. Only a smaller percentage,
normally 10-20%, of the energy consumed is used for
materials manufacturing, construction and demolition
(Ref. 11).

The potential for drastic reductions of the energy
consumption in buildings is significant. With proven
and commercially available technologies, the energy
consumption in both new and old buildings can be
reduced by 30-50% without significantly increasing the
investment costs of new construction or renovation
projects. Technologies typically include improved
insulation, low-energy appliances and cooling/heating
systems, smart design and incentives to building users
to conserve energy. The Intergovernmental Panel on
Climate Change (IPCC) stated in its fourth assessment
report that the building sector not only have the largest
potential for significantly reducing greenhouse gas
emissions, but also that this potential is relatively
independent of the cost per ton of CO, eqv achieved
(Figure 6).
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Figure 6: Potential of emission reduction in different sectors

as a function of the cost assigned to reduction measures
(US8/ CO, eqv). Source IPCC 2007
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Figure 7. Green Roofs- Delft Library, the Netherlands.
Benefits include better insulation, better cooling and sound
adsorption. Green roofs also provide an advantage in storm-
water retention.

There is a strong trend visible in the move towards
sustainable and energy efficient buildings.

An overview is given in the UNEP report (Ref. 12).

Towards Sustainable, Climate friendly and
Climate proof buildings.

A considerable number of cities have taken initiatives
to reduce GHG emission. Other cities have initiatives
aimed at sustainable buildings, with Hamburg even
having a special award system - the Hafen City
Ecolabel- ( Ref 13; Ref 14).

A trend is to be seen that especially in vulnerable areas
like deltas combined initiatives are taken.

An example is the Rotterdam Climate Initiative (RCI) and
the Rotterdam Climate Proof (RCP) programme (Ref 15 ).

The RCI focuses on the basic measures designed
for tackling climate problems (mitigation). Leading
institutions in Rotterdam, the Netherlands, including
the Rotterdam City Council and the Port of Rotterdam
have set themselves a joint target of a 50% reduction
in carbon dioxide (CO,) emissions by 2025, compared
with 1990 levels. This is the percentage needed, if the
Netherlands as a whole is to be able to comply with the
European proposal for a 30% cut in emissions by 2025.
Specific measures include those for the building sector
aiming at all houses and buildings being energy neutral
by 20025, measures for industry including Carbon
Capture and Storage and measures for transport
including the use of cleaner fuels and alternative
vehicles. The RCP aims at adaptation to climate change
and is complementary to the RCI which is focusing on
climate change mitigation measures.

The RCP climate change adaptation measures include
for example:

* constructing Green Roofs
* constructing Water Plazas

* easing heat stress in the city (for example, by
providing shade and cooling)

* applying new innovative concepts for adaptive
methods of construction, water storage and water
safety.
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Figure 8. Partly due to its location on a North Sea River
Delta, Rotterdam is susceptible to the effects of climate
change.
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Interaction with civil society

It is not the technological solutions only that can
improve the resilience to natural disasters. An important
and maybe the most important element is steering the
management of vulnerable areas including deltas and
cities in disaster prone areas. There are usually many
conflicting interests in these areas of economical and
ecological importance and the challenge here will be to
find the www(win-win-win) type of solutions.

Governance aspects

How can deltas and their cities avoid calamity and
make the most of their opportunities? Increasingly, it is
hoped that improved governance will be the answer.
The term “governance”, has come to be understood as
both government responsibility and civic engagement.
Generally, it refers to the processes by which local
governments—in partnership with other public agencies
and different segments of civil society—respond
effectively to local needs in a participatory, transparent
and accountable manner. Good governance will indeed
be essential in the future of areas vulnerable to natural
disasters including deltas and its cities; however, its
concerns and planning horizons must extend beyond
current needs.

Deltas as well as cities in disaster prone areas need a
longer-term strategy for expected change.(Ref 3)

Co-operation between levels and sectors of
government

Prevention is an integral part of the disaster management
cycle. The impacts of disasters may be reduced by
measures aiming at preventing the disasters and their
impacts, enhancing preparedness and response, and
ensuring effective recovery/reconstruction. Furthermore,
potential measures in these areas require a range of
instruments, which may fall within the competence of
different ministries and involve a diversity of private and
public actors. Hence there is a need to have a platform
for structured communication and negotiation between
all parties involved in development of these vulnerable
areas. The founding of the Delta council in the South-
western Delta of the Netherlands is an example of such
a multi-level governance. (see reference)

Dealing with uncertainties and adaptation

Climate change is introducing many uncertainties
in managing and planning for effective measures to
protect vulnerable areas. Various adaptive approaches
are being developed for delta areas and vulnerable
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Good governance will indeed be essential in the future of areas vulnerable to natural disasters
including deltas and its cities; however, its concerns and planning horizons must extend beyond

current needs.
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cities. An example is the Thames Estuary 2100 project
in the UK. It incorporates decision-making on required
changes to the existing flood management system,
taking into account the uncertainties in the expectations
of sea level rise. (Ref 16. Thames Estuary 2100 project))

Co-operation between government and private
sector and involvement of stakeholders

Co-operation between government and private sector
in the development of infrastructure is a well known
approach. Reasons for this approach may be induced
by the lack of public financing and limited capabilities
and capacities of public services. Well established forms
of contracts are being used for this purpose, including
the service contracts, management contracts and BOT/
BOO/BOOQT contracts. With the required implementation
of new concepts and innovative solutions, specific new
elements are to be considered. Especially the element
of risk sharing in innovative projects is an element to be
covered by existing or new forms of contracts between
government and private sector.

Involvement of stakeholders is essential, not only in
developing sustainable and disaster resilient solutions
(See FIDIC PSM) (Ref 17)., but also in the maintenance
of developed new systems. New financial instruments
including new forms of insurance, eg flood insurance
with a variable premium system depending on risk
reduction measures taken, may motivate stakeholders
to take preventive risk reduction measures to decrease
damage as a result of a storms and floods.
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[ll. Analysis

Results of this study yielded interesting data in terms
of the variation of distances travelled in the business
and commercial districts studied, and the number of
resources (jobs and commercial floorspace) accessible
within the catchment areas. While the relatively short
walkability within New York City’s urban core was
surprising, the high number of jobs and commercial area
accessible was consistent with expectations because
of how the City is built — up instead of out. On the
other hand, urban design elements including building
compactness, floor-area ratios (FARs), block size, and
road network design contribute to the walkability of
Beijing’s urban core compared to London or New York —
indicating an easier, more efficient walking environment
—though at the price of lower accessibility.

The visual representation from a footprint of a Google
Earth (2009) aerial imagery displaying 500x500 meter
snapshots of the three CBD catchment areas, as shown
in Figure 4 below (the length of white lines is 500m),
indicates very different planning models and urban
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M Figure 4
BEHER: WHBEMIARE (2009)  Google Earth Aerial View of Urban Density (2009)
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Figure 5.Comparing urban density in commercial cores
in New York City (34 Street Herald Square) versus
Beijing (Guomao)
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design between the three CBDs. Each urban core
displays variations in building height and proximity,
road network design and block size, and pedestrian
infrastructure and visual environment. These are all
important variables in a city’s level of accessibility, as
discussed below.

1) Urban Compactness

Perhaps the most significant and variable factor between
survey areas of the three cities is the compactness of
the cities’ built area, especially the height and proximity
of buildings within the urban cores. Within the catchment
areas, New York features buildings that are both tall and
built near each other, which allows for a large number
of jobs and services within a smaller area. The situation
is slightly different in London, where buildings are not
as tall — an average of five stories in the commercial
catchment area — but they are built close together.

Urban design in Beijing is nearly opposed to what
is observed in New York: despite the presence of a
significant number of high-rise buildings, the wide
layout is spaced out, resulting in low horizontal capacity
for jobs and commercial floorspace area. This is due
in part to Beijing’s urban construction regulations,
which stipulate a much wider area to be left in between
buildings and between buildings and the edge of the
road when compared to New York or London. Figure 5
below illustrates the differences in layout between New
York and Beijing: New York’s densely built design and
the underutilized spacing in Beijing have a significant
impact on the number of jobs and commercial
floorspace available.

Further, Chart 1 below shows the approximate number
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of buildings present within the 20-minute catchment
area of each business and commercial district studied.
As expected, the number of buildings in New York City
is significantly higher: 70% more buildings than Beijing,
but only 40% more than London.

2) Road Network Design: Qualitative Differences
in Secondary Road Network, Block Size, and
Community Design

Crucial to urban compactness is the layout of the road
network. New York City features a dense urban grid with
small blocks and narrow roadways, in other words a solid
secondary road network that allows flexibility in accessing
different addresses. Beijing’'s road network, on the
other hand, is marked by wide avenues and few, narrow
secondary roads. Figure 6 displays the road network and
differences in block size in the research area, confirming
that the road network density in Beijing is clearly lower than
that of NYC.

The catchment areas studied present differences
both the width of the roads and the length of the road
network. Chart 2 below summarizes the differences in
average road width and total network length between
New York City, London, and Beijing for the catchment
areas. New York City’s roads are 29 percent narrower
than Beijing’'s and 34 percent wider than London'’s.
However, in terms of total road length, New York City’s
network is 52 percent longer than Beijing’s and 15
percent longer than London’s. While road width may
result in higher allocation of road space for pedestrians
and therefore a more comfortable displacement, it
provides less flexibility for more convenient access
throughout the catchment area than does a longer road
network.

%4 NYC 66 21
#£% London 43 17
4t = Beijing 98 10

®T ANTH. CBHIERMERER (M EBNFEE)
Chart 2. Road Information of NYC, London and Beijing
(Mean Value of Both Catchment Areas)

The main difference in road network design between
the catchment areas in the three cities is block size.
Higher road network density in New York City is a
product of the presence of more but smaller blocks
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Figure 7. Pedestrian Route in Beijing
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compared to Beijing and London, as shown in Chart 3
below. Beijing’s lower road network density and limited
secondary network is a result of the city’s widespread
“superblocks”. In fact, Beijing’s superblocks within the
catchment areas are, on average, almost four times
larger than New York City’s, and therefore Beijing’'s
catchment area contains less than half the number of
blocks than New York City’s. London lies in between
NYC and Beijing, with an average block size 60 percent
larger than New York’s, but 53 percent smaller than
Beijing’s, and nearly doubles Beijing in number of
blocks. Block size is relevant to accessibility to the
extent that it impacts the time it takes pedestrians to
cross from one side of the block to another (to access,
for example, a main road or a public transport station),
and the amount of commercial and work places
available within a determined area, since these are often
on the edges of the blocks.

The relevance of the block size is compounded by the
micro design of the actual block areas: land use and
building distribution. NYC tends to use the area within
its smaller blocks more efficiently than Beijing: buildings
are built closer to each other and nearer to the road
and sidewalk, taking maximum advantage of the area
available. Beijing, on the other hand, tends to distribute
constructions in its superblocks according to planning
of gated community areas, whether commercial or
residential. The design of these gated communities
hinders free access throughout the superblock. Figure
7 below illustrates this situation: path 1 and 2 drawn
below are the ideal routes for pedestrian travel from
Xidan Metro station (the yellow placemark west of
the block) to a typical residential building (identified
in the figure by a green house). However, the gated
community design requires that pedestrians use Path
3, equivalent to 50% additional walking time. Compared
to Beijing, London has no gated complexes. Instead,
because London’s original design was based on narrow
roads for pedestrians, the equivalent area of a Beijing
superblock in London would generally involve a series of
narrow roads traversing the block and therefore allowing
higher access to the premises.

An additional factor impacts pedestrian accesibility:
traffic light crossings. The variation in traffic signal
cycle times is very high for the three cities, as shown
on chart 4 below. By far, New York City has the most
predictable and short waiting times with uniform 90
second cycle times. Beijing has the longest waiting
times — nearly 60% higher than New York City and
40% higher than London —, creating significant delays
for pedestrians. Beijing also has the lowest level of
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Chart 4. Road Information of NYC, London and Beijing
(Mean Value of Both Catchment Areas)
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predictability, given the high levels of variation in cycle
times across the different intersections (265 seconds
vs. 91 seconds for London). As in other comparisons,
London is a middle point between New York and
Beijing averages.

3) Pedestrian Infrastructure and Visual Environment:

Safety and comfort are critical to the perception of the
pedestrian’s walking experience, as is the visual content
of the walk in terms of commercial activity, greenery,
etc. The walking experiences in Beijing, London, and
New York are very different. The snapshots below
demonstrate some of the differences in terms of visual
environment, obstructions, pedestrian congestion, and
width of sidewalks.

IV. Analysis of Results

Identifying an adequate measure for accessibility in
a city is important because it is a measure of how
well a city performs bringing people together and
providing access to services. This simple indicator for
accessibility, based on number of jobs and commercial
floorspace area available within a 10 and 20 minute
walking circumference, illustrates the “accessibility”
component of walkability and highlights key urban
design elements which enable such access, therefore
establishing the impact that urban design has on
developing a sustainable urban transport system.

The study demonstrated that a city with design
characteristics like New York that gives way to a much
more accessible urban environment than a city with the
design characteristics of Beijing: fewer, wider roads,
large superblocks and widely spaced buildings set back
from the road. The study brought to light the importance
of the following considerations when designing a
detailed urban area plan for high accessibility:

1) High density land use, a closely built set of high-rises;

2) Dense grid network with sufficient secondary roads
and small blocks;

3) Pedestrian-friendly environment.

The indicator proposed in this paper, assessing how
people are able to access jobs, services, recreation,
and other points of interest on foot, is therefore useful
in planning for improved urban design in the central
business district of major cities as this can partially
remove the burden on a city’s public transport and road
network system, and help to achieve a more efficient
urban transport system. In addition, a more sustainable
individual travel pattern also means significant time
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and economic savings, both for the end-user as well as
for the city’s investments in public transport and road
infrastructure. Further, and crucial to megacities like
Beijing, London, and New York, pedestrian accessibility
is key to the success of a public transport system: no
matter the number of metro lines or the quality of the
system, if pedestrians cannot access the stations from
their point of origin, they will opt for alternative modes of
transport.

The accessibility indicator proposed in this paper can be
used across cities as a key tool to help decision makers
understand how their urban cores compare and plan
for enhanced walkability and general service access in
urban environments, including improved utilization of
public transport options and pedestrian access. Further,
this indicator should form part of a standard set of
urban performance indicators, given its importance to
cities in terms of determining productivity and linking to
sustainability in urban areas through higher connectivity
and therefore increased non-motorized access. Finally,
particularly for the case of China’s fast-developing cities,
identifying and implementing the urban design variables
that are conducive to more people-oriented cities will
enhance competitiveness to the country’s new and
developing urban communities. £
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Annex 1: Calculation Methodology and Assumptions
+#1T WALK

%% Methodology

SN

W W K ) ¥ Time Square, New York

{&1& Assumptions

c BEEFSIENE

s UEEREITE

c REBARVENATEE, B—1AETE

* ATRAHFIEST

s MRTEF—ANTEBENEARRBERT (AR
%) B, f2iATH

» Not performed during rush hour

* Walk in a constant rate

» Continue in one direction without unnecessary street
Crossings

* Not walk during red lights

*|f a pedestrian reaches a dead end that cannot
be avoided or walked around (such as a river..), the
pedestrian will stop

s RIFRAEFEEMAZNHEKL O

* BHEEWFHIEIR

s EEREHHASEIREIAMERS

s BEMITERE

» Workers use the metro exit closest to their office
* No accidents or delays en route

* No road closures or construction activities removing
sidewalk access

* Constant walking rate




076 W@RLD BEST PRACTICES | 4 & it ££: ¥i5 B

47/ &b 3E ANALYSIS/PROCESSING

FiE Methodology

{2i% Assumptions
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Figure 1. Area of cumulative analysis by minute.
Commercial space and jobs were calculated by minute total
in all directions, rather than by cardinal direction (the light

blue area rather than the red hatched area)

» Jobs and commercial space reported every minute are sum
totals for that minute in all directions, not just the direction
walked (see Figure 1 below)

¢ Total commercial space and jobs in London and New
York City were calculated assuming 1 employee for every
300 square feet of commercial space, as per the DeChiara
Planning & Design Criteria Handbook . Because of different
planning requirements and context, this calculation was not
used for Beijing.

* Figures used in this study were rounded to the 100's place in
order to avoid giving a false sense of accuracy (as these figures
are estimates, meant only to provide a general framework for
comparison between cities).

* All commercial area was converted to meters for easy
comparison

* ATHIFXRHR, BNABBRRBNAEIERERE 2K
W, BEB LRGSR BB RAXE].

c MRZMAXYE (B) BHFPEBFIRMIX. iR
BRm~E, WSEHXERKTERUBNRLGEE (0:
MREFR 1/3 £ 10 $PSITER, BARERRA /3 KR
= [EZREH)

s FMBERERESIH UM TERUBMEN, RZFR,
MEHMAATHIRKE (DEMNTEE) -

* WFANT, RNBRREMHIEREN PRGN L MDA
RFHMEFRANHLIRX, BERAMRASHEEGARE—E
300 FHERE—BER.

s TR, HIMNVBREMXNENIIERNNERSAE
300 SEHERMFIK.

o XFAERMIERM, BINBRRSLHEEZRARFISH
F—PRERAM.

s NFIERNESXER, RIMBRRESIMBYHCHENRE
ERBEFEFLXER, ZRAXRER.

* For this study, we had to assume that our data was generally
up-to-date, or that figures hadn't changed drastically since the
last reporting period.

* If the study area (circle) created by a walk cut through a
block, lot or building, total commercial area or jobs would
be taken proportionally (ie. if 1/3 of a building is within the 10
minute circle, only 1/3 of the building's commercial space is
accessible).

* Assumptions were made based on the number of jobs per
commercial area, and visa versa, for both London and New
York City (see Methodology, to the left).

* For New York City, we assumed that any taxlot coded for
Commercial and Office space were commercial areas with
employees, and that employees were located throughout the
building - one every 300 square feet.

* For London, we assumed that for every job per block, there
were 300 square feet of commercial space surrounding the
employee.

* For Beijing jobs, we assumed that the employment numbers
is equally distribution by area in one traffic zone.

» For Beijing commercial areas, we assumed that for each
shopping mall, all the area that belongs to this building is
commercial area and no office area.

RTBREZES
M uhsERz . hitp://go.worldbank.org/OWNNK85Q00

For More Information
Website Link: http://go.worldbank.org/OWNNK85Q00

A RB: HR4EATE M Source: Official Website of World Bank
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China’s Path to Urbanization
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Urbanization should not be a new fast-tracked Greal Leap Forward, but rather a natural process
that pulls redundant, willing rural labor to the cities, assimilates new recruils, and promoles the
general social welfare, narrowing the rural-urban gap.

By Tim Hanstad
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As more than 200 million people board buses, trains,
and planes for lunar New Year celebrations in their
ancestral homes across China, it is worth pausing
to consider what this—the largest annual migration
of people on the planet—says about the uneasy co-
existence of China’s two worlds: the wealthy cities and
the poor countryside.

Although in many Western minds China is a rich
economic rival, the nation’s wealth remains concentrated
in cities. An estimated 394 million Chinese—nearly
all rural—still subsist on less than $2 a day. Country
dwellers lag behind their urban cousins on almost
every socio-economic indicator from income to life
expectancy.

With such disparities, it is little wonder that each year an
estimated 10 million poor rural residents put down their
hoes and head for the city lights.

Thus far, most migrants have been “pulled” to
the cities—attracted chiefly by greater economic
opportunities.

But an increasing number are being “pushed” from
their rural home into the city, often triggered by loss of
their land. According to our 2011 nationwide survey
of more than 1,700 farmers, one out of seven villages
experienced government takings of at least some of
their farmland in 2010 alone. In many of these cases
farmers are neither consulted nor compensated.

And land-hungry cities, like Tianjin, Chongging, and
Wuxi, under the banner of “increasing rural and urban
integration,” have launched urbanization campaigns.
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Thus far, the majority of China’s migrants still have land and children back in their
home villages (UNICEF reports that in 2008 an estimated 55 million Chinese children
were left in the care of relatives or neighbors by their migrating parents).
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They promise but, according to our survey, often fail to
deliver urban social security, access to urban schools,
and coveted urban residency permits (hukou) to farmers
in exchange for their land.

Urbanization should not be a new fast-tracked Great
Leap Forward, but rather a natural process that pulls
redundant, willing rural labor to the cities, assimilates
new recruits, and promotes the general social welfare,
narrowing the rural-urban gap. Rural land rights are
a critical component: without secure land rights,
farmers are more likely to flood the cities and create a
destabilizing underclass of city dwellers often excluded
from services and opportunity.

Desperate families pushed into the cities by poverty
and landlessness have characterized urbanization in
countries such as Brazil, Pakistan, and South Africa and
created vast urban slums. By contrast, urbanization in
Japan, Taiwan, and South Korea has seen land-owning
farmers (the beneficiaries of successful post-war land
reforms) gradually shift to the urban sector, drawn by
opportunity, with their land—or the resources gained
from a market transfer of that land—as a source of
income to ease their transition.

Thus far, the majority of China’s migrants still have
land and children back in their home villages (UNICEF
reports that in 2008 an estimated 55 million Chinese
children were left in the care of relatives or neighbors by
their migrating parents).

A trio of historic legislative reforms between 1998 and
2007 were important steps in attempting to give China’s
farmers long-term tenure security so crucial in facilitating
an optimal urbanization process. Those laws provided
farmers with renewable 30-year rights to use their
farmland and the ability to lease out their land should
they want to migrate to the city or start a business.
These well-crafted reforms were intended to allow
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Tim Hanstad is president and chief executive officer of
Landesa, a global development non-profit that works to
secure land rights for the world’s poor. The piece originally
appeared on Asia Unbound: A blog from the Council on
Foreign Relations.
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farmers to think and plan long-term—invest in the land,
increase their harvest and save (for college, retirement,
or migration).

Implementation, however, is lacking. Only 37 percent of
farmers have received the important legal documents
that formally reflect their land rights, leaving them
little defense against the increasing pressure for land.
Women are even more vulnerable, because the land
documents that have been issued usually don't include
women’s names—a serious oversight.

This comes at a time when the balance in China has
tipped. The country will this year become a majority
urban, and Li Kegiang, China’s new premier who takes
office, has identified urbanization as one of his top
priorities.

There are indeed, benefits to urbanization—
from increasing domestic consumption to labor
productivity. Likewise, there are serious and irreversible
consequences when the pace and nature of
urbanization are disregarded.

The China’s State Council took some steps in the right
direction late last year, with a proposed amendment
to the Land Management Law aimed at increasing
compensation for farmers whose land is seized. And at
the beginning of Jan the Central Committee of China’s
Communist Party called for a dramatic acceleration in
the effort to legally document and register farmers’ land
rights.

But the stakes are high, and much more can be done
to ensure that China’s ongoing urbanization process
is driven more by the “pull” of opportunity and less by
the “push” of desperation and landlessness, including:
providing legal land documents to all Chinese farmers—
men and women; increasing farmers’ awareness of
their rights and how to exercise those rights; further
reforming the law on land takings to improve not only
compensation but also due process; providing farmers
with still-longer rights to their farmland; and insisting that
any relocation include an urban hukou, as well as full
compensation. All of this would need close monitoring
of local compliance (think both surveys and hotlines).

Such reforms would bring a happy and prosperous
China, urban and rural alike.
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BESNRERE) - BRINKIXEIRELHNETE, b

T, BMIBEEMRERRSN. AHBXNEEMNFEE
AEERAMEA 1000 BT, RBBEMMENTRE, XM
WAREEE. SR, ERESRXKBLEZESRNNE, B
FABWEMNIALSE, FEMXER. BIAMKNEERAR
EERZHNABRENHTT.

® e B
AMBERIRS “FILRE” , BAXBLZERRAEME
THEX, HENASEEEHENPIIE—RMEREN
KR, REREQE MK BE. M3 % MEE. 18
MRRXHRFREIFE. BFHE, ERSIBE/\TTRE, B
B, MEMARRERETHEARES, XEABEMERT
N BHRAENSEMNIWSENER.

EEANAEMRREBERBENITEAEE, XUT 5
EHRRRE (HERXNHAESHZXEN—HTEN
PEEZEEE) . MAEADERAANEE, B0
HBEREMENABRNZAEENEEEHES. KEYUE
H/NTRILMIREE, RENTHAGRARAF—EE

HIEF. NMd. FLTile. BEGRHKRNERS. 4
R, ZEHTESBY, MIEANERRHNFHIT. B
SR IEENE D EEA R RESHNR. AIRZEER
HIZEIBE. FEEE, KRAT. EEMTEHILARE
SERMZARGEEMML RO, FHRERIE. TR
B, MEMEEE REF « B FHERKREESE
R—ib. ERAKEATIHT), SFIRMNSRE, X
AR ERBERRIGYHILNRRA S ARETEMRER
SMEEATBRSHNETRVETBER, EEAFER
BFAL - @R+ HEK. BETEIMNEELEIERN
Fht, HERBNOEREE BRI .

BRMTRORNEN, S—MABBEEXEEE: M
BEE—MFHEFENA, FRENETFNERZBE
TREM, DARLELRNYE, HERAMSE. BE
. O, BETEREEN, X2 EEANT
B, ERTHRENTRE, RINERR. £0OK, K
MBS, BATROAREER—H XS
TEiTHesE. ©
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FHRTANTHEEAREHER, KPEZRAEDE KRG ATELERR LR, HEELELLSHINGE
FRAC GG 7 L IR 5E S P AT T R e 4o
RTHFEREAR KT RASFREFXI, . &E. BRARE. RTAEZT Xt
SREFTGOFELAX)E “GEZH 4LERE, BRI TRAMREHGOIE. HXEF
RHE . AR EE, BRETRHELEER. BEL2F. Y23 K58 B EREETHME A
iR At R RIS, SRR AR AN B AR

— NEH - EH I BERRET RG-SR RBEEK

‘ez i MRERETHSEE, ILBEMAIAL, T EIRIA N RIS fo AERY
HBRT. SR, A2 FREES, LR TERUH. HHIZH AL K0 L L
B il oL, ded~, IRREFFORATZHNZ2FIHEZ—,

TRNA, IEFRBFFHRHEERTRMNG T ZEIFRAY. RTHTHELELE, 5FEM
BAKREA KFERALIERPFFTEIAEGRBSH 20T,

—— i FEEENE REREETTK

5

B ES

3SR BRI SRR RIPEGR

BEEBFAMNEBRTHEEER ‘@ WEH, S57EE
HMRX NI THEL, BREMEESHMLINE
Hh. BRENHEERASH, EEREXETHEAE
N, ENEEEZER—TK. EMERTES, NERMK
Ll R B OB ST AR B SRBEUIDA A BT, RBERA. W
RWEENBFHEE, BATSBL. HENHEN
B, BANSE. EXRTHRS, BRINERERNE
EhE, EXERTRE 19 HEEZAREMMAEE.

R, HBREFAENBRMEEMEETA. BaI, XE
BHERALRESHN N BESRPHN ‘X7 BES
A MELZRMETE. MEBR. AMHERAR. THELR
RMSERPE, ERABE. EFURBTRRLEN
R BT IR BMERMMBE LS, FEEN—R
£F, ZHERMIUTERERMIARRIEES.

ZERTHITTIT R R
R REHG: REEFSHERR
SDRFHBYETE “AROTHRFRESS o T
AARRTENPAFEERRE. OEREFRR
BR. ESETEE, TR RNEBERERE 2350 12
HT, ATREESTHELRLE. SRR
HIR M-

FAZ S AR C, MEESG B ERM R AL
RRMANE, THRENETHERFERANZ LS
. ZEMNBEEH THERBRNIERS DL FEX
HA, HPFEBRERRRERMLT, BREBXERR
AL, BMRE, KFAREIVRITAR, TREMRIRE X
RFIUBHEE “RkREE F. AU, BREBRHR
WEHL, TAEFGEEFENZERAESES, T
R R EFHETEM R AT LRI AR R
MEESZDE, MAERHREXZIUBRESEHRR. K
VHAHFSLRMANREEZHANREN R 5
S, (NEMREEMFI—I, EHRRERLELELEZD
MANE, BFE-PREHREZFZHERRM. 2007 F
REERBRRLAHANBERERSE, LRI THBERR
MAPL, HFARTSEFEIN ‘THLAREEEE
B mtmRLE. FEeHRAFSFORHFIIHRR
HRkB TUFMABXNEEREMNEZNRIEAR, %
O RBIRE SRS IX —E A ARRA SR, MEEH
SLERF T IR GIETAY . BRILAERAR.

N BARRAITHAITERRERITATG, FHRE

=

A
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b ERAK—1B

FERFMESHERRKF . NLRHBRERKBKRIH
ITHEERRERGERTBTAE, REZFR. ¥E
MRE, KAEBATELLTE. TANSEERY
BAPERERM, THIMBRMALX ENBEARRALBR
. BREFEHHRNEEY 1800 /MY ; FFHARA
BHEN T TFR/ERAK, BTEERRKRFESHN
MZ—e

BRENZEERR
BREZMUERAFE, ELERBUE &5 HEMA
XHLEZERRHAREMPLER. 1986 FLUK, TEF
BYAMTE. RRE. BEES (BIMEIHKEMA
PREEZUREM L) SR, FRIRKIFAPHREFANLR. &
BEFTAER AR (Badenova) Fih X sEIRHV B AL, TR
RS ERBERBENALIA, RITKESKIRPE
FEER.
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EHIRERIREFT
SIERIPS AL
ERSEARPFEREZEDESEE, FEXRNE
Fro WX A RAREMEENIER. FESK
RPERRABOARFILFFRMIWEZE, FBRECHIR
KHARSFRPBER, TBSEERPLE.

1997 FESERIPN T

1996 £, WiINSREZE 2010 5, HFim —EBHEEK
B 25%. ME R —RFIHEE, ZBEMER]
MESHRSEIREES. BERARHR, ZENIEER
60% > F 10% AT M2011 F1 B2, AKX LR
7 Badenova B AN RERIE N @R NA P RHENIE
BER. #AIY 50% R A A SRIR TR BB (Com-
binedheatandpower) .

2007 EREIRIAE
MBERIERRE, 2010 £ ZAAmEERER D 25% 1
BB Af, AMMNFEEROERS, MEESE
B, MNSSRTESHRANSERPLEED, £ 2007
FESMH TEK 1996 FAXRRPPANRE, MHITER
HTESHMBR: ZE 2030 F, S hmRNERERRE
40%. XPMBEREARARE, BHTZFTEITN, BA
EENEE, BRMERANSERPIRFHEERK
g . BRIMBUNEERESHRATHEGIZES 2050 &
I SRR KBS -

B AR R
HXEMNSIERRPBGR, TRERTFEAMESHRE, M

BRI AT ERBR ML ENEFEMARE. 3
REREFAMXERHE AR EBERRRG AR EH
BVHNBESZT (—BZTAKRT) EATFRERF
HE (FERATXBNEREETR) .

S E1E
SURRIPRAZ RS, EEEMMSNARE AR
FH9. Eitt, BAEEhl. sERHNSEM. K¥E. FEK
NABRNAZESTHEEPMELAER, HTRARE. E
IEHERSIEN2REIEZE, B2HafsE. BSRNED
BB TR, AREZEE.

BEHRGEE

BHIMNEEXRMELES, EREHIHTENE
ML ETFER. BERESMN “NZSABEE EE, U
BRZENEX, BUTRTBACH S HRIERE
e MRAMBMBEXRMN, SEMANZSABRAREHR
Tt HHEBCH SR BAE itkl. “200 %
ERFSE MERNEARRN “AUHEEFZR R
RSN S, E—FRNEE, XLEBPRENRETIU
EHBARPFEHREESUERRMAEFET X, MM
AIFEERLTANERSE.

ITRSSUS EELE Y s
BREBEDELEL—HE-EEFMEWMNET. —B5SF
BI, 298 * 1R1E « #H/R (Jo-hannPeterHebel) B 4&1E1F
#®E, BT, RS ELABERRBRETHRBN. &
BRAEBHNRBREAR. & #H. BEFEHEMNEIR
SRLREF, NEHEEERTFEY. BRETEREGAYL
BIMFNEDE, BRIETF2MNMEEKF.

U F A 5 25 R
IR 80% WARAKRAMUEMIE. B 1991 Fie, kI

P EBROEHNREE

B

FEWFIR, EHRESRATAEN. K RIEFHY)
FRIBFRIEHILIRE, AEMEARR RARE RHt
MU, XFERAE S LR WA R (E P RER AR Rk AN R
A, WER BRI EHTHEES.

R [E] Yig bar 3% f &b 28

M 2005 FFiE, AT E KRR AIEE R SR 20 A A
TREA 1R b BuE3E K. TREA BERERHERIE, RIET
BRI R 2. RIS ERNRR, ARIER
ARFRARKHE. 82011 £5hEE, TREAXHEH
AMBHBNEBRAE R OHA, ZHORAEMEE~ER
KA BIERRBE AR . Fo, BREPTELS
"KM, TRRETHIALRAE AR,

Bk AL B Y E AN RS T

2008 FHRIIR LML, ARKNWELBIERT HE. M
IR E IR EM A EEES, MRNERFFERZ, &
ERNIRAE R, BRINIREMNIENSEAE, FIT
M “ANEY HHESREIERR. ETFELREE
BMEZRERE. BEEBHMEERS 28 (ASF) M 1994
Fig, MSARMTENKEIR LR ENSIE
B, RE WIR KA, FROINFRERIR. M, &F
EPNSRTERED, HERE LHITHRRES.

FhIRB—EBSARSREIIN T
TR, ER2W, BES
—METEENHENLLAERSN, SEASNER
B, BREEARERA. TBALBE. FHS
SERPEHE, TEEEEE. RERE BR. R
FRHELFOSUABREETL. MIMRHLZUBRER

e

24
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66

WETESh RE VT “RFRREMRIE” B9 “AE A7 il
=, mEE REN MBt. Eimk
B, TNEXH B R, EERZH

EARIEA. g)g)

B EPRREAR, TRETURSLRER, BREX
FEMKAMEE.

EN AT Fg A B2 B EBER 4 ShriVilasMuttem-war 755 X E fr A
PHEER AR SN E R, HETHFEMBRENER
kB, FAMIEE, TNFZER, LtEEHE. &
BERMAZR, FHLHEEWARMBTMRABEE. BEE
FBIRBHT “KFEBEIRIE M X" KE, MESE ‘%
B MAG. BMNmkHN, TXEKRH “EM 5
%, REHSIEANEL,

BREAHFZHMEA NGRS, RhSFRBFETE
THREXR, EEEHR—T . BRENHFEMET
ZHABRARE S, BREMAIRE R4 ERF
AR HENRNERDTT. BREMNFHEFEHTEFBHE
AFRRESUSRFAESIE;, ARRFINGHRETHSE, B
WHHERE T BAF BRI RANAPRRERMA 2%, =
E MR T R EAEM IR B RERBEEE RO
MEXEIAHELRP L. ZENNRMRTEHEE
EBTEETIREZLRTENKBZRNN. SR
MEERTIEN SR ZGRBBTNEN — R 5B
ERFERKR, UPHEBRMERSENKIRSEE
BRUHIKE.

o, SHEEREHTHNREEHATRKNGHEEER
Fro FEHE/RLAE 100 2 BLHE—EE 50 7 A QFER T
thER AR,

2007 FHRAERKES DI XEATBEREARER
BARBMREIRSWUINX —TLRIW. BRETEER
ERRENETENRERMNRPRASFEARENIX—5
W, BIBER. BUAR. HRRIMBMIIEARMEERHENE
MU BLRBRNMR. FRMEBHTRIY. M2011 F
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g2, EHRREEDEFRAGHRASR, ZSWRRARTE
XegRBENAREN, RESUVFAZSWUELRENHNE
Btk B AR iR A = AR S o

FHFEY 25000 fii. REY B PERNERME LT
BZUZERRE, ATERAXERHARREHA
AINE,; XEMAFERBT, HEDTERK. BRE
HRSINETFHRLETHFSZHETE. BERRTILN
EMMREEUARBEBRRAYTEANFEELR. N
%, REREMNAZHEERREA—IIARLN. BiE
RFREMIT » AXE, AMIAUARZEMEFHEIF
PR, REBEIFHRRESRIPMAEFIERKIFETE. M
BERMER.

E 7R AI3Z B2
EREHZBML
1969 £, BREHFETE— “RELSHML o WHZE
MUBRNRE—BEET: XBRIENFTENT ERaEx
BHEZRMESHETRISHNARZW. BRENTE
MUBCREZRRZANBE. ZBORZOETEMAL]
FERNRRES/NMIZBELRMRE, SFRELST. &
ABITEMRAH#ZESE. BREFILT 1995 FRHEK “BOM
TBEBREX .
BRRZERE
BREZBAYBRNEZBIRERAREBRERTX
BRE. X—BENFEIEERIEEETHEMUEEME
TOMNEREBY . BUSHX P OXHAIIE. BETHEK
RXEERFLAZEFLINE. ERARAEHK, #%
EIPINT R & F B R1GIASE L
FrA EXW TR T B B ISR 2Bz R IKTE

%48 B AT B AT

ERERN. FRZAMRIB/ N MBI REXREGEED
RONBEHMEE. TRENEHBERNBREZZHAF
XHSuE, HNEEFCHHELE, EEEXMLRIE
R MR, WA R EB R T .
ERBRFESRZTEIR
FESZBTAEMAMENRN, REAERNITES
RAANBNARE, HBEMAMNERBITEMST. =+
ZER, BRELRELE. BITETHENSTHRH
FEMRBEYT. X, BITEURRZIRIEE BRI
EHBEECERNBRERTEREN 5.
EZEH (L FnEE My 2
BREZBAYBRNE =P B RAEEHREFAA
AENETHENAEZE. B, BHHEToTEMN
FERE. BYRITAREENEESISRSE, TRE
FHRMRATBRREREE, AKXRETRARENEE
XEFH. EFENT 2EHEN, EERER®R, I
RATEEBAEEKX.

WHBRR—XBA

B — T

FIREIE MM 6398 A, MMERATREXBERMN
43%, H1 5139 R THRETBNAE, BREME
RREERERS MBS BNz —. K2 REN
‘i, DREREZEMNRASHRGR. SF2MKi
BEREMBENNAL, BHENBRESG. BRELETF
BAMLE, BRRAEAWSF (Wi 90% & B 2R K
SHRPX; 15% BESEERIPX) |, MPH BRI
BHEIEE LK, MEEESKERL 450 A8, AIAHE
MEMNEEE. RERNBZEEED, BAKPRNERE

L ES SRS
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LES TEZE 3

FEHEANGEIEXEH/NREMBEE. BEXREFRE
BT, BEETAOARE, XEMHMEFADITHEA
X FMMEBK EER . X—1), MRRKSIHERLR
SN o

RIEZ Y

ZRUEEMBRERIPEX
NRENFERSERNBRERERZNZMLT, H
BEFIXL 660 AW, MNH—BEEHETH L. EY
E. MRAE. WEIERBAERRIFX (RAE) MBE
AR, EEFERTEG GHKR) 2@, EREML
E. BRMRERPX. NEE. JIBRERGEZEHDN
dE, BESRMNE, hEgE—H.

BHER, EEBHNKR, REZE

THRER, BHRLENEKEEE, URAREMEH
AREMAEER, BRFERARY, AMERLFTARFE
Ko BEMBEEREMEETREEBRERRIK, B
BRESZHMBUBERE. BT SHREER LK
AMFAAFATZHRAERUMAR, KARETHTH/NS
B WFNMNEE, TNEETHESREN S REH
R, AATESTEOMKRNEN, ZUTASER
KX R BEEMN 160 NLER Kipth, 245 46 MNEE
KIBRRKINMELE, REGRKEARMBENHTTY
E. HTHERRPRIFBAAK, FRAIAMNERTE
SNERNIZET, WARREBTTERNERES.

FBIKE M Schauinsland SEXEFTEEFMRRA BN —
B4y, XA E G 370000 A, REEEEZARRAA
f. BRETIEANERRMRAEHEHMA, BAOTF
SSWMBRRP . R KMEFFMWEN FEHE—D
F AR R B AR

WS, ERRENSRREE
EFSLRER, WEARRRME, REEERR, X2
BREXRNSHE, LREATSRELEMNEN . X
BEgemmkit, TRELREEHERMRBEKS LN
EE, XERETMRFERELRSIALHNERDSE.

SELK, BRERBAFELRERN, BFRRHHIIIR
BREAR. KEREZARTMEMRARETEREE, EXLEG
EEFENZFRBEURE, BN hERTRESIME
ERERIRS. BRENIUEHFAENEETANE
EER, AMUARRAHBANEIR, MABRIIIANE
Bk. FIL, SBREMS|THZRAMFRMMZE. B
ARMBHEE. X—TTHEHE T HBREAORNRPIZKM
MR, Z—HEEAETREFERMESNIAE LR
BE T B

Brl, BRELTLRERINSENEREANSEFIZ
KIE, EEEBRTIEF.

2007 &, WHEEANEREAEH—BEHAL. BRE
TR . REHEHNFEHRMEMUA RO E, &
BT 2EPHKT. BRITBRENBNSESHR
B, X EREIT AR B REEET TSR RER
B, AHLTIX— B AR X -

BRENTHELREBAASRE. BTEH. £%5
AETHENR ROHSMBELRERFR. ETHFELR
B, BEEF, FREASHEK, RERREEREM
ERNARRNES, THTSENERBF. 015, XE
FEHETSHAERMPONE “RREE” , RAKA%
EE5ZIHEH.

(RiR: #ARE R RETRG - sk - RRRBT REZ
B REY )
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Innovative Creation, In the Name of Art

-\rl“ouM‘Pnﬂvﬂ

Byitlg, DLAANNHANY

— "ZARK" BiHMm

ZRRENDBBHIRAMECRENRELS TFAIAALR, BRENEREARASE, IXFERDHS

HH G R EALIFE TN T F A T I,

The Art House Project lakes emply houses scatlered aboul residential areas, and turns the spaces

themselves into works of arl, weaving in the history and memories of the period when the houses

were homes.

((H-RRE" BEEMLEHAERSANKARNA—
PMERZARTE . EEKNEFCIBADE, 2
ARFRNREFANR HEZNERERIENCIENRM, BH
RERMNESHRIFEMLMUESER, EHMA L
FEMARERZRER.

KX M RFRERROPHER, YHERHAREE
ZFMHMEZTE. NERIAN, HRERNREHEE, ™
BHAANFHEIMERFRBRIAEE, RILWRTRE
SR ZRRANZFEEEZETEREDZT
R eIHiNE, CREMSNEF TREN—EET, B
EAESEFEREARNES, XIRRT ZARR HibE
RMEE.

1998 £, SRXE (EFEFZLENAAZAR) BEHN
ARFSEXIIMENTG, M5, “ZRARE mMBEH
BLAXHENER, B2 BE. BF. RE. FEH
He oFE. ESANFEISH.

ZRARETMBERBSHEFTERENRERE FRAFI AR
Sk, BBEMNERZAR, XFEZRABEFEFEEALIL
EANAEMETMICI. 3B LERNKEEMHE—H
AREXZARFENERTHMBANGE, BEXRRKT
— R AR I o

ZRARETMBRXERN ‘BREZAR” #£BF ‘N, ¥
EAMPBEELEFRERMAZATER, FERA—IMEEE
. RWENNIE, NEREFHREFAFNEL.

he Art House Project is an art project underway

in Naoshima's Honmura district. After long
communication and coordination, the artist used
the old traditional houses as creative material, and
they combined contemporary art, the history and
culture of Naoshima community together to create the
contemporary art that only belongs to Naoshima.

This plan is not as simple as imagined; it is not easily
accepted by the local residents who think that the
contemporary art is difficult to understand, and the
Japanese is always nostalgia about the hometown and
old house, so ownership is not easy to transfer. Renowned
architect Tadao Ando once shared his story in Hong Kong
University, he mentioned that he want one of the house,
but still needs the approval of the old lady, and this also
shows a respect from the artist to the local people.

The project began in 1998 with Tatsuo Miyajima's
Kadoya, and presently comprises seven houses:
Kadoya, Minamidera, Kinza, Go'o Shrine, Ishibashi,
Gokaisho, and Haisha.

The Art House Project takes empty houses scattered
about residential areas, and turns the spaces themselves
into works of art, weaving in the history and memories
of the period when the houses were homes. Meetings
between visitors to the island and the island's people in
places where they go about their daily lives also provide
occasions for a variety of interesting encounters.

Shifting its focus from "nature and art" to "people" and
conducting its activities in a zone of daily life, the Art
House Project continues its growth into a truly organic
project that changes day-by-day.

SEEG - W5

fAlZ Kadoya

1l
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B= Minamidera

AEXYLARBME 4 LZREESR, EAEF BEGTHEE O A LA <, G F A B A (M AR KA
A 200 % mE, HEETERRAT O AEES AW) , BEARGBRI L hm o hER, simd k4R g
K. EHL KM AERESEEHH, ERha g RANF B o, ddd £ ARG Rkl h £ B LR R A
ZTHEFHAERS SHE 2L HAERBL B 7 % (James Turrell) b4k & "R % 8% & " (Backside of the Moon)

REHHFETERFTRAEAL,

HE M E AR SR T AR R

Kadoya was the first art house completed. This Located in the historical and cultural heart of Naoshima near Buddhist
nearly 200-year old house was restored using temples and Shinto shrines (Gokuraku-ji and Hachiman Jinja),
Japanese plaster, smoked cedar board, and Minamidera is a new structure that pays homage to a temple formerly
traditional tiles. Inside, Tatsuo Miyajima's Sea of at this site, which was a spiritual gathering place for the community.
Time '98 was created with participation from local Designed by Tadao Ando, accounting for the size of artwork by James
residents. Turrell inside with the work of Backside of the Moon

IR Kinza

B e AN hETF A—a%5Fhnt, ERRZER
%G TEMAREE AHABFERER (L) TR
TERG, Wi Ar il 24 KRAEAL 2001 Fhies 4%
% B

Kinza was formerly a small house, well over a century old.
The original roof and supporting structures are still intact,
but traditional techniques have been employed to transform
the building (including the outer walls) into a work of art. The
work inside is “Being Given” by artist Rei Naito in 2001.



096 W@RLD BEST PRACTICES | 4 & it £ i5 B

PEWIE Go'o Shrine

EARARE AN EHH LT EHELAERL, FAHEN DAL RS
At T AR R b @, — Bk b A B A T
ERERA— G KRG TE, FEARRZEAORKE, AEF
B AR, ZRERAN @A T TN ARG ELR M (Ledr 449
) RATERR AT HGHRE

Artist Hiroshi Sugimoto restored the main building and designed
a new front structure at this Edo period shrine. An optical glass
staircase links the main building to an underground stone chamber,
uniting heaven and earth. Aesthetically, the main and front structures
draw on the architectural style of early shrines (such as the Grand
Shrine of Ise) while reflecting the artist's own sensibilities.

GI5EUS  Ishibashi

—ANELAME SR — RS XM, 2 —
REEHNBiredmit, LARMNAA, EH
B2 B ROBEEA AT FROMAR AT
Bon ALk F 9 EEF ),

One industry in Naoshima about a century ago
was salt making. The Ishibashi family prospered
in this business, and restoring the building
where the family lived was identified as a
significant way to bring Naoshima's historical
and cultural heritage into clearer perspective.

HEPFT Gokaisho

a
NS
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SFEEiZFT Haisha

BHE, LG EESR—BFEORERMGH, ERRKAMHA 0 2hiEEHEE
HEANES, LEERT 24BARF AL OERESL, SARDEL, €EBASA
LEARBERTRE—Ehe 2, EERIOFELH LSO RHE, EHELRR
HE AN EREOR RILTE R L kb e dh b AR A AN < F AR A 4
¥ EAE,

(kA "LKRA RdER)

Haisha (literally "dentist"), once the home and office of a local dentist, has been
completely transformed by artist Shinro Ohtake into a sculptural/graphic work of art-
or perhaps a kind of sculptural scrapbook with various elements-in any case, an art

house combining an array of eclectic styles. Dreaming Tongue, the title of the artwork,
represents the process of calling to mind a dream from the tastes and aromas of a morsel

in one's mouth.

(Source: Official website of art house project )

Hem (%% "TEARHLS ) L&£EARESLEN
AETHOE Y, EARMEHLINEEEERMERT A
Bt tRAdB B, Lk Aol AZH
BAES, AAERBRALRORAHAHBEEL LA L
%" (Falling Camellia)o & W BHEFWH ot h LA E
s B E R KCE R & LA %40 sk R,

Gokaisho (literally "a meeting place to play go") was built
where a gathering place for go players once stood. Artist
Yoshihiro Suda turned the entire building into an ideal
presentation setting for his Tree of Spring sculpture inside,
which was inspired by the painting Falling Camellia by
Hayami Gyoshu. There is an intriguing contrast between this
sculpture and the real camellia outside in the garden.

i DMEMEN—ER

ABERP ARTAED G, LEFRLERLRD T REL
e ARLEF HEAb ) S04 hib ks A GAES
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FERENEHNE B PEARBENNEAIRRRHRERERRHENSK, AZAMETH
BMAE: MITRAZMNRITER. WEM. SRENHAMRT—F, UQFENNEE
ElRFE. MERNXRET ‘2% , NFARRENKRE, MERENRLIF.

Where fast fashion providers boast that they are democratising fashion by providing catwalk
style at low prices, the Danes make a different promise: they will combine Danish design heritage,
wearability, quality and durability at a fair price. The key here is "fair". They don't promise the

lowest possible price but a fair price. ’ ’

T+ & B E AT WA A RATVE A L B 2

Can the Danish Fashion Industry Teach Others a Thing or Tiwo about Sustainability.”

= AfrdASHERA Y BREEZEFARS LY - L
4 (Benedikte Utzon ) ¥4 & , AE W E 4705 H F A ET
i %,

Models display creations by Benedikte Utzon during
Copenhagen Fashion Week in January, the Danish fashion
industry has committed itself to sustainable fashion.

B AR FARE sk o LB« Gk & (Jeppe Bjoern Vejloe)
Photograph: Jeppe Bjoern Vejloe/EPA
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FEMGEMAT RN FERMBF/NE SRR, B1E
FERELFHRT 352kt (30125 , HPARASHH

he Danish fashion industry prides itself in offering

"affordable luxury". It proudly shuns "fast fashion".
Where fast fashion providers boast that they are
democratising fashion by providing catwalk style at low
prices, the Danes make a different promise: they will
combine Danish design heritage, wearability, quality and
durability at a fair price. The key here is "fair". They don't
promise the lowest possible price but a fair price.

The Danish textile and fashion industry is made up
primarily of micro and small enterprises, between them
they turn over more than €3.5bn (£3bn) annually, of
which €400-500m is represented by home textiles. It is
an export-oriented industry where more than 90% of the
turnover is generated by sales abroad.

Sustainability fits with the Danish ethos. It builds on
social values such as equal rights and opportunities,
honesty and collaboration, that are well rooted in the
Danish society and form the base of the Danish welfare
state.

Nordic Initiative Clean & Ethical, the NICE project, a
public commitment by the Danish fashion industry
to sustainability, is promoted by the Nordic Fashion
Association, with the Danish Fashion Institute taking
the lead. It is still in its early stages in terms of creating
practical solutions for fashion businesses, but its scope
and aim give an idea of the commitment and resources
that Denmark and other Scandinavian countries are
devoting to these issues.

Danish fashion businesses may have an advantage

mEE LA 4~5 2T, XR—MHASERETY, 8
i 90% M E W&k B g
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2010 1) 95%, SCIRSEMEEFZAIM 2009 1) 60 % 5]
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NIGE

Nordic Initiative, Clean and Ethical is a joint
commitment from the Nortic fashion industry to take
a lead on social and environmental issues.

when it comes to corporate sustainability because
they operate in a national business environment where
sustainability requirements are more stringent than in
many other European countries.

Denmark established a ministry of the environment in
1971, and was the first country in the world to implement
an environmental law in 1973. In 2008 it introduced the
Danish Financial Statements Act. This requires large
and public companies to practise integrated reporting,
in other words, they must say if they undertake any
corporate social responsibility activity, and if they
do, they must provide details of their policies, their
implementation and results.
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Public companies are more inclined to report on
corporate responsibility anyway, in order to show their
investors how they avoid and address current and future
threats. However, the law resulted in an increase in
the number of businesses reporting on their corporate
responsibility policies (from 69% in 2009 to 95% in
2010), actions (from 60% in 2009 to 89% in 2010) and
results (from 37% in 2009 to 65% in 2010). In 2012,
Denmark was ranked second in Europe by the Eco
Innovation Observatory, an organisation that measures
a country's performance in eco-innovation at a business,
research and governmental level.

The Danish textile industry was ahead of the pack in
developing cleaner production methods. The Danish Co-
operation for Environment and Development (Danced)
was founded in 1994 to give environmental assistance
to developing countries. It launched a three-year project
in 2000 to assess the impact of textile production from
raw material sourcing through to end of life, in order to
throw up ideas for cleaner production techniques. The
beneficiary of the project was South Africa, a country
that was considered a rising star in textile production at
that time. It was built on the results from three previous
cleaner production and technology programmes funded
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by the Danish government in the mid 1980s and early
1990s. The outcome of the projects proved the business
case for alternative production systems that allowed
reduced costs and decrease of chemical and water
usage.

Denmark was one of the first countries to cotton on to
the fact that waste can be a source of income rather
than just a nuisance. The Danish waste strategy focuses
on ensuring that all waste is prepared for reuse, recycled
or converted into energy.

Trash-Couture is one of the innovator brands in this
context: all the garments are hand-sewn in their
Copenhagen atelier, using up to 50% of industrial
leftover fabrics. The leisurewear company Neutral is
trying to develop garments made of recycled cotton
mixed with recycled plastic bottles. At the moment
it uses cotton that meets the Global Organic Textile
Standards and is Fairtrade certified. Neutral believes
that only by combining different certifications can it build
trust with customers.
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WHFT © tHHTEME (llaria Pasquinell) ZZRHTER
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llaria Pasquinelli is co-founder and director of the
fashion industry consultancy texSture

The key to better practices among small businesses like
these is to share tools and resources freely and openly.
Besides the Nice code of conduct, released in 2012 by
the Danish Fashion Institute and publicly available, the
CSR Compass is another tool developed to support
companies with a step-by-step approach to improve
their supply-chain management. It is very basic but it
gives businesses a starting point to assess their risks
and their suppliers a chance learn from some practical
case studies.

But what about the big businesses? In an interview with
one of the few large Danish fashion brands, Jack and
Jones, part of Bestseller Group, sustainability manager
Dorte Rye Olsen explains that they believe that supply-
chain transparency is key to addressing all the main
issues. In partnership with their suppliers, they launched
their low-impact denim initiative: a range of denim
produced with a much lower water and energy footprint.
Through a partnership with 1:Co, an organisation giving
services related to collecting and reusing fashion
retailers' customers garments, Jack & Jones also
recently launched an international take-back scheme
across the 17 countries and more than 900 stores they
retail in.

Despite the leadership that Denmark has demonstrated,
bad consumption habits are still a problem. Tonnes of
textile products are discarded as waste each year. Online
marketplaces for second-hand clothing such as Trend
Sales and Den Bla Avis might help. In January 2012, there
were 700,000 used and unused garments for sale on Trend
Sales from 600,000 sellers. And Den Bl& Avis recorded
more than a million trades of clothing in 2011. Luxury
secondhand clothing, flea markets, swishing parties,
and charity shops complete the panorama of channels
available to consumers that now have fewer excuses to
throw away unwanted garments. @
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® FFEHT - SAFEHT: AHEAHERMEFKID
Curtis Fentress, Aesthetic Master of Sustainable Public Buildings
® T/NHIMSSHIEER: WEHE

Wang Xiaocun and His Enterprise Pharmacom, in Pursuit of
Their Dreams in China
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