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ABSTRACT

This� study� uses� a� multi-regional� input-output� model� to� measure� the� consumption-based�

transfer� of� embodied� air� pollution� across� provinces� in� China.� Revised� direct� exhaust� emissions�

are� compared� under� regional� and� industrial� standards� to� reveal� the� static� volume� distribution�

and� dynamic� transfer� paths.� The� results� show� that� China� is� characterized� by� a� net� inflow� of�

atmospheric� pollution� pressure.� The� amount� of� interprovincial� transfer� exhibits� a� two-level�

divergence.� The� distribution� of� net� outflow� areas� exhibits� a� certain� degree� of� dispersion� and�

uniformity,� whereas� net� inflow� areas� exhibit� local� agglomeration.� The�main� transfer� paths� are�

from�east�to�west�and�south�to�north.�Eastern�coastal�areas�are�the�primary�source�of�embodied�

pollution� transfer,� whereas� northern� coastal� areas� and� the�middle� reaches� of� the� Yellow� River�

account� for� the� primary� concentrations� of� pollution� inflows.� The� proportion� of�major� industry�

contributions� approximately� conforms� to� the� Pareto� principle;� different� resource� endowments�

may�provide�comparative�advantages�and�thus�distinct�distributions.
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1 Introduction

Recently,� smog�has�occurred� frequently� throughout�China,�which�not�only�decreases� visi-

bility�but�also�contains�many�harmful�substances�which�endanger�human�health�(Lelieveld�et�

al.,�2015;�Wang�et�al.,�2016).�Smog�also�causes�both�explicit�and�implicit�economic�losses.�Air�

pollutants�have�the�characteristics�of�mobility�and�diffusivity.�The�emission�of� local�pollution�

sources� may� cause� regional� environmental� damage� in� related� areas,� as� well� as� significant�

cross-border�transmission�phenomena�and�regional�spillover�effects.� In�addition,�the�process�

of� regional� economic� integration� and�marketization� in� China� is� accelerating.� Therefore,� in-

ter-regional�trade�has�gradually�increased,�resulting�in�the�passive�separation�of�the�produc-

tion� and� consumption� of� products.� The� trading� party� transfers� the� resource� consumption,�

pollution�discharge,�and�environmental�pressure�generated�by�various�economic�production�

activities� to�the�other�party� to�bear;� that� is�known�as�embodied�pollution� transfer.�Thus,�ar-

eas,�where�pollution-intensive�industries�are�more�concentrated�can�achieve�economic�bene-

fits�and�social�welfare�in�the�trade�process�but�also�receive�a�large�amount�of�embodied�pol-
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lution�(Xin�et�al.,�2022).�Xue�et�al.�(2014)�found�that�the�annual�average�PM2.5�concentrations�

of�the�Yangtze�River�Delta,�Pearl�River�Delta,�Beijing-Tianjin-Hebei,�and�Chengdu-Chongqing�

City�Group�agglomerations�affected�by�outside� regions�accounted� for�37%,�28%,�22%,� and�

14%,�respectively.�Embodied�pollution�reflects�the�environmental� impact�of�a�country�or�re-

gion's�final�use�and�provides�an�important�reference�for�countries�to�formulate�environmen-

tal�policies�and�implement�pollutant�management�(Li�et�al.,�2013).

���Scholars�usually�conduct�research�on�embodied�resources�and�embodied�pollution�by�es-

tablishing�input-output�models,� including�virtual�water�(Wang,�2016;�Zhang�et�al.,�2014),�en-

vironmental�element�footprints�(Wiedmann�et�al.,�2010;�Zhu�et�al.,�2019),�embodied�pollution�

transfer�(Liu�&�Wang,�2015;�Pang�et�al.,�2017),�and�other�aspects.�Two�mainstream�methods�

are� used� to� estimate� embodied� pollution� emissions� from� international� or� inter-regional�

trade:� the�Emissions�Embodied� in�Bilateral�Trade� (EEBT)�method�based�on� the� single-region�

input-output� model� (Lenzen,� 1998;� Pan� et� al.,� 2013)� and� the� Multi-Region� Input-Output�

(MRIO)�model� based� on� final� consumption� trade� (Meng� et� al.,� 2013;� Shi� et� al.,� 2012).� The�

main�difference�between�the�two�is�whether�the�intermediate�input�and�final�use�of�regional�

trade�transfer�are�to�be�decomposed�and�distinguished.�Specifically,�the�EEBT�method�is�ori-

ented� toward�modeling� the� total�amount�of�bilateral�direct� trade�and�cannot� trace� the�em-

bodied�pollution�transfer�of�imported�and�exported�products.�Conversely,�the�MRIO�method�

is�based�on�information�and�data�and�characterizes�the�upstream�intermediate�consumption,�

local� final� use,� and� spillover� feedback� effects� through� a� complete� production� chain� (Liu� &�

Wang,�2016).�Therefore,�some�scholars�believe�that�the�calculation�results�of�the�MRIO�mod-

el�are�more�accurate.�For�example,�Wyckoff�and�Roop�(1994),�Brizga�et�al.� (2017),�and�Veiga�

et�al.� (2018)�used� the�MRIO�model� to�measure� the� transfer�of�embodied�pollution� in�OECD�

(Organization� for� Economic�Cooperation� and�Development)� countries,� the� European�Union,�

and�Brazil,�respectively.

��� Based� on� different� research� scopes� and� measurement� angles,� empirical� research� on� the�

transfer�of�trade-embodied�pollution�mainly�conducts�unilateral�or�multilateral�trade�analysis�

from�different�spatial�scales,�such�as�multiple�regions�worldwide,�a�single�region�in�a�country,�

or�multiple�regions�in�a�country.�At�the�international�trade�level,�the�research�conclusions�will�

differ� for� different� trading� parties.� For� example,�Muradian� et� al.� (2002)� showed� that� highly�

developed�countries�such�as� the�United�States,� Japan,�and�Western�Europe�shifted� some�of�

their�air�pollutant�emission�pressure�to�other�countries.�Moreover,�Ackerman�et�al.�(2007)�ex-

panded� the� Japan-US� input-output� model� to� calculate� carbon� emission� factors� in� various�

sectors�and� found� that� the�carbon�emission� intensity�patterns�of� the� two� countries'� sectors�

are� closely� related� but� have� little� impact� on� cross-border� transfer.� Furthermore,� Li� et� al.�

(2019)�coupled�four�types�of�air�pollutant�emission�inventories�to�measure�the�embodied�e-

mission�transfer�volume�of�China's�trade�with�other�countries;�the�results�showed�that�China�

is�the�emission�output�place�of�embodied�sulfur�dioxide,�nitrogen�oxides,�and�inhalable�par-

ticulate�matter,�and� the�emission� input�place�of�embodied�non-methane�volatile�particulate�

matter.�Other�scholars�have�focused�on�the�embodied�transfer�of�pollution�by�trading�parties�

such� as�China� and� the�United� States� (Du� et� al.,� 2011),� China� and� Japan� (Chen� et� al.,� 2016),�

and�China�and�Australia�(Petrovits�et�al.,�2010).

��� In�single-country� input-output�analysis,�the�domestic� input-output�table�and�emission�co-

efficient� are� typically� used� to� calculate� the� embodied� pollution� of� imported� products� from�

other�countries�(Ni�et�al.,�2012).�For�example,�Walter�(1973)�used�US�input-output�data�to�es-
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timate�direct�and�indirect�trade�pollution�emissions,�and�Shen�(2007)�analyzed�the�impact�of�

China's� import� and� export� trade� on� energy� consumption,� which� revealed� that� the� energy�

consumed�by�Chinese�exports� is� lower� than� the�energy� saved�by� imported�products.�More-

over,� Zhang� (2010)� estimated� the� carbon� content� of� China's� foreign� trade� based� on� a�

non-competitive� input-output� table� and� decomposed� the� influencing� factors.� The� results�

showed� that� China� has� become� a� net� carbon� exporter� since� 2005,� and� its� rapid� growth� is�

mainly�due�to�the�expansion�of�the�trade�scale.

���However,�research�conducted�with�a�single�country�as�the�unit�ignores�the�imbalance�of�in-

ternal� regional�development�and�cannot� reflect� regional�differences.�Therefore,� some�schol-

ars�have�divided�China�into�multiple�regions�and�used�the�MRIO�model�to�study�the�relation-

ship�between�trade�and�the�environment.�For�example,�Wang� (2016)�quantified� the�amount�

of� virtual�water� transfer� between�China's� eight�major� regions�based�on� industry-wide� stan-

dards�and�analyzed�the�dynamic�regional�net�outflow�trend�and�flow�path.�Pang�et�al.�(2017)�

compiled�an�inter-regional�input-output�table�for�China�in�2007�with�Beijing-Tianjin-Hebei�as�

the�core�of� the� research,� selected�six�major�pollutants� to�measure� the�embodied� transfer�of�

trade,�and�found�that�Hebei�was�the�biggest�loser�and�Beijing�was�the�biggest�beneficiary.�In�

related�research�on�the�province�scale,�Wu�et�al.� (2017)�calculated� the� transfer�of�embodied�

PM2.5� in�trade�between�30�provinces�of�China�and�distinguished�the� interprovincial� transfer�

caused�by� intermediate� input�and� final� consumption.�Their�dynamic� analysis� found� that� the�

economic�crisis�had�reduced�the�amount�of�embodied�PM2.5�transfer.�Cui�et�al.�(2018)�mea-

sured�the�embodied�carbon�emissions�of�urban�residents�in�30�provinces�and�regions�in�Chi-

na�and�showed�differences� in� the� temporal� and� spatial� evolution� characteristics� and�driving�

mechanisms�of�embodied�carbon�emissions�in�various�provinces.

���Existing�research�can�be�summarized�as�follows:�1)�Regarding�the�selection�of�the�calcula-

tion� index,� a� single� pollutant� is� typically� used� to� assess� trade� diversion,� with� carbon� emis-

sions� being� the�most� popular� pollutant.� In� recent� years,� research� has� tended� to� employ� a�

comprehensive�index�of�the�Three�Wastes—industrial�wastewater,�waste�gases,�and�residues.�

2)� In� terms�of� the� spatial� scope,� studies� are�generally� concentrated�on� a� global� or� regional�

scale.� This,� coupled� with� the� continuous� publication� of� regional� input-output� tables� under�

China's�regional�division�standards,�has�ensured�that�research�on�emissions�from�internation-

al�and�interprovincial�trade�with�China�as�the�main�body�has�gradually�increased.�3)�Research�

methods�have�gradually�expanded�from�single-region�(country)�input-output�models�to�mul-

ti-region�(country)�input-output�models.�Some�scholars�have�analyzed�environmental�unfair-

ness�by�coupling�environmental� health� factors,� economic�welfare� transfer,� and�other� issues;�

however,�few�have�compared�it�with�the�distribution�of�direct�pollution�emissions.

���Therefore,�this�study�is�based�on�the� input-output�table�of� industry-wide� inter-regional�e-

missions�for�31�provincial�units� in�China� in�2012.� Industrial�waste�gas�emissions�are�used�as�

an� index� to� calculate� and� revise� pollution� emission� coefficients,� and� the� embodied� transfer�

volume� of� trade� is� calculated� through� multi-regional� input-output� models.� From� the� per-

spectives�of�regions�and�industries,�combined�with�the�Pareto�principle,� factor�endowments,�

comparative� advantages,� ecological� compensation,� and� other� theoretical� foundations,� the�

approximate� distributions� of� direct� provincial� emissions� are� compared� with� the� embodied�

pollution� transfer.� Then,� the� static� characteristics� of� air� pollution� emission� transfer� and� dy-

namic�paths� are� analyzed.� Finally,� this� study� explains� the� contributions� and� limitations,� and�

raises�some�suggestions�for�future�research.
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2. Methods and Data

2.1 Data source and index selection

This�article�uses�the�2012�inter-regional�input-output�table�jointly�compiled�by�the�Institute�

of�Geographic�Sciences�and�Natural�Resources�Research�of�the�Chinese�Academy�of�Sciences�

and�the�Department�of�National�Accounts,�National�Bureau�of�Statistics�(Liu�et�al.,�2018).�The�

table�covers�31�provincial�units�and�42�sectors�in�China�and�is�based�on�the�non-competitive�

input-output� form� that� lists� imported� products� separately� and� does� not� participate� in� the�

calculation�of�domestic�intermediate�use�and�final�use.

��� As� industrial� emissions� account� for� a� relatively� large� proportion� of� air� pollution� sources,�

this� article� focuses� on� the� transfer� of� air� pollution� embodied� by� interprovincial� trade;� thus,�

industrial�waste�gas�emissions� (100�million�m

3

)�are� selected� to�comprehensively�evaluate�air�

pollution�emissions.�This� index� includes�both�provinces�and� industries.�Both�dimensions� are�

derived�from�the�"2013�China�Environmental�Statistics�Yearbook."

2.2 Regional division and industry integration

Regarding�the�division�of�geographical�regions� involved� in�the�follow-up�analysis,�all� refer�

to� the� eight� comprehensive� economic� zone

1

� division� standards� proposed� by� the� Develop-

ment�Research�Center�of�the�State�Council.�The�inter-regional�input-output�table�and�the�in-

dustry�classification�of� industrial�waste�gas�emissions� in� the�"China�Environmental�Statistical�

Yearbook"�both�include�42�sectors;�however,�the�specific�classifications�are�different.�For�a�u-

nified�calculation�method,� the� sectors�are� integrated� into�27� sectors,� of�which�15,� including�

accommodation�and�catering,�wholesale�and�retail,�and�finance,�are�not�reflected�in�the�"Chi-

na�Environmental�Statistics�Yearbook,"�so�they�are�not�included�in�the�scope�of�analysis.�The�

specific�merging�and�classification� results�are�shown� in�Supplementary�Table�1.�The�depart-

ment�numbers�cited�below�refer�to�this�table.

2.3 Pollution emission coefficient calculation and correction

Under�normal�circumstances,�the�direct�emission�coefficient�of�pollutants� is�calculated�us-

ing�formula�(1):

� d

ij�

=w

ij�

�/ x

ij

���������������� (1)������

���where�d

ij�

represents�the�direct�industrial�waste�gas�emission�coefficient�of�sector�j�in�region�

i,�w

ij�

� represents� the�corresponding�direct� industrial�waste�gas�emissions,� and�� x

ij

� is� the� total�

output�of�sector�j�in�region�i.

���The�limitations�of�relevant�statistical�data�make�it�impossible�to�directly�calculate�the�pollu-

tant� emission� coefficient� d

ij�

.� Considering� that� there� are� certain� differences� in� the� industrial�

structure�and� technological� level�of� various� regions,� the� total�output�of�each�sector� in� each�

region�and�the�total�direct�emissions�of�industrial�waste�gas�from�various�regions�and�sectors�

are� used.� This� article� draws� on� the�method� of� Li� et� al.� (2013)� and� adopts� the� rank� balance�

method� at� the� national� level.� As� shown� in� Table� 1,� it� is� assumed� that� the� total� industrial�

waste�gas�emissions� in�the�region�are�U

1

,U

2

,…,U

31

�and�the�total�sectoral�emissions�are�Q

1

,Q

2

,

1 Northeast region (Liaoning, Jilin, Heilongjiang) , northern coastal areas (Beijing, Tianjin, Hebei, Shandong) , eastern coastal

areas (Shanghai, Jiangsu, Zhejiang) , southern coastal areas (Fujian, Guangdong, Hainan) , middle reaches of the Yellow

River areas (Shaanxi, Shanxi, Henan, Inner Mongolia) , middle reaches of the Yangtze River areas (Hubei, Hunan, Jiangxi,

Anhui) , southwest region (Yunnan, Guizhou, Sichuan, Chongqing, Guangxi) and great northwest region (Gansu, Qinghai,

Ningxia, Tibet, Xinjiang) .
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…,Q

27

.�The�total�output�matrix�is�shown�in�Table�1.�The�correction�steps�are�as�follows:�1)�To�

facilitate�the�unification�of�the�magnitude�of�the�data�unit,�all�total�output�data�are�convert-

ed�from�10,000�to�100�million�yuan,�which�corresponds�to�a�magnitude�of�100�million�m

3

�for�

exhaust� gas� emissions,� that� is,� the� direct� emission� coefficient� unit� is�m

3

/yuan.� 2)� Assuming�

that�the�pollution�emission�coefficient�of�different�regions�and�sectors�is�equal�to�the�nation-

al�average,�the�initial�value�of�the�coefficient�is�calculated�based�on�the�total�output�and�total�

emissions�of�China.�3)�The�emissions�are� reverse�derived� from�the� initial�value�and�the� total�

output�matrix,�the�ratio�γ

i

is�calculated�between�the�actual�emissions�in�area�i�and�the�calcu-

lated�emissions�according�to�formula�(2),�and�all�direct�emissions�are�corrected�according�to�

formula�(3)�with�γ

i

as�the�row�adjustment�factor�coefficient.

(2)������

(3)������

���4)�The�corresponding�emissions�are�calculated�again�based�on�the�revised�emission�coeffi-

cient�and�each�output�data;�the�ratio�δ

j

between�the�actual�emissions�of�sector�j�and�the�cal-

culated�emissions�according�to�formula�(4)�is�calculated,�and�δ

j

is�used�as�the�column�to�ad-

just�the�coefficient�to�correct�all�direct�emission�factors�according�to�formula�(5).

(4)������

(5)������

���5)�Row�adjustment�and�column�adjustment�are�performed� in�turn�until� the�difference�be-

tween�the�calculated�value�and�the�actual�value�of�the�total�emissions�for�each�area�and�each�

sector�is�within�5%.�The�correction�is�stopped,�and�the�final�result�is�derived.

Table 1 Regional-sectoral�industrial�exhaust�emission�balance�

���Source:�Li�et�al.�(2013).
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2.4 Embodied pollution estimation model

This�study�focuses�on�local�final�use,�so�the�final�use�items�in�the�inter-regional�input-out-

put�table�only�include�consumption�and�capital�formation,�not�exports.�Let�X

r�

�and�Y

r

�denote�

the�column�vector�of�the�total�output�and�the�final�use�column�vector�of�each�sector�in�area�

r,�respectively,�and�F

r

h

�denote�the�column�vector�of�the�final�use�supplied�by�area�r�to�h.�It�is�

known� that� the� revised�direct� emission� coefficient� of� exhaust� gas,d

ij

� ,� and� the�data�of� each�

sector�in�area�r�constitute�a�row�vector,�D

r

;�then,�m�areas�are�connected�horizontally�to�form�

a�direct�emission�coefficient�row�vector,�D:

� (6)������

���Then,�the�total�exhaust�gas�emissions,�W,�can�be�expressed�as:

� (7)������

���According�to�the�basic�theorem�of�the�input-output�table,�there�is�a�balanced�relationship�

between�the�regional�output�and�final�use:

� (8)������

���where�I� is�the�identity�matrix�and�(I-A)

-1

� is�the�Leontief� inverse�matrix�of�the�inter-regional�

input-output�table.�By�substituting�formula�(8)� into�formula�(7),�we�get�formula�(9)�from�the�

associative�law�of�matrix�multiplication:

� (9)������

���Assuming�that�the�block�matrix

2

�B=(I-A)

-1

,� the�embodied�pollution,�W

h

,� that� is� finally�used�

locally�in�area�h�is�derived�as�follows:

���From�the�perspective�of�consumer�responsibility,�W

h

�represents�the�exhaust�gas�emissions�

caused�by�consumption�and�capital�formation�within�area�h,�that� is,�the�embodied�pollution�

in�the�local�final�use�of�area�h,�and�the�difference�between�the�actual�local�exhaust�gas�emis-

sions,U

h

�,�is�the�embodied�net�pollution�transfer,V

h

�.

��� The� positive� or� negative� difference� can� indicate� the� direction� of� pollution� transfer� in� the�

area,�and�the�absolute�value�can�reflect� the�degree�of�pollution�transfer.�The�calculation�ex-

pression�is�as�follows:

� (11)������

���If�V

h

�is�close�to�0,�area�h�appears�as�a�pollution�balance�area.�If�V

h

�is�greater�than�0,�it�indi-

cates�a�net�embodied�pollution� input�area�or�a�net�pollution�pressure�outflow�area,� that� is,�

there�is�a�net�transfer�of�air�pollution�caused�by�the�final�demand�from�this�area�to�other�ar-

eas.� If�V

h

� is� less�than�0,� it� indicates�a�net�embodied�pollution�output�area�or�a�net�pollution�

2 This is a simplified formula. Here it is assumed that the corresponding sectors are included in the block matrix of each area,

and the analysis logic is consistent.

(10)������
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pressure� inflow�area,� that� is,� the� area� is� receiving� the� transfer� of� embodied�pollution� emis-

sions.

���Part�of�the�embodied�pollution�from�area�r�provided�for�the�final�use�in�area�h�by�all�areas�

is�expressed�as:

� (12)������

���Where������������� represents� the� embodied� pollution� provided� by� area� 1� to� area� h� for� final�

use� from�area� r,�which� is� the�embodied�pollution�produced� in� area� r�when� the�products� in�

this�area�are�used�for�intermediate�use�in�area�1�to�form�final�products�for�final�use�in�area�h.

���The�difference�in�the�two-way�embodied�pollution�flow�between�any�two�areas�can�repre-

sent�the�one-way�net�transfer�flow.

3 Results and Analysis

3.1 Distribution characteristics of industrial waste gas emissions

Based�on� the�quartile� classification�method� (Cui�et�al.,� 2018),� taking�20%,�40%,�60%,�and�

80%�of�direct� industrial�waste�gas�emissions�as� the�boundary,�all�emissions�are�divided� into�

five�levels,�and�the�emissions�increase�gradually.�The�regional�distribution�of�direct� industrial�

waste�gas�emissions�is�shown�in�Supplementary�Table�2.�As�a�whole,�the�spatial�pattern�pre-

sents�a�similar�trapezoidal�distribution�of�"heavy�in�the�east,�light�in�the�west,�and�low�in�the�

middle� and� high� ring."� Among� them,� the� direct� emissions� of� exhaust� gas� in� six� provinces�

(Liaoning,�Hebei,�Shanxi,�Shandong,�Henan,�Anhui,�and�Jiangsu),�predominantly�distributed�in�

eastern�and�central�regions,�correspond�to�level�five.�In�contrast,�Qinghai,�Hainan,�Tibet,�Gan-

su,�Guizhou,� and�other� regions�with� low� industrialization�and�high�air�quality� typically� have�

level�one�or�level�two�emissions�and�are�predominantly�distributed�in�the�western�region.

���According�to�the�top�ten�industries�for�direct�industrial�waste�gas�emissions�(Figure�1),�the�

emissions�of�each� industry�exhibit� substantial�differences,�with�an�order�of�magnitude�drop�

at� the� sectors� in� fourth� and� sixth� place.� The� production� and� supply� of� electricity� and� heat�

(sector�25),�metal� smelting�and�rolling�products� (sector�14),�and�non-metallic�mineral�prod-

ucts� (sector� 13)� rank� in� the� top� three,�with� emissions�magnitudes�on� the�order� of� 100,000,�

and�total�emissions�accounting�for�81.73%�of�total�industry�emissions.�The�total�emissions�of�

the�top�ten�industries�account�for�96.27%�of�all�emissions.

Figure 1 Distribution�of�top�10�industries�for�direct�industrial�waste�gas�emissions
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The�revised�direct�emissions�of�industrial�waste�gas�in�each�region�and�sub-sector�are�illus-

trated� as� a� heat�map� (Figure� 2)� to� better� reflect� the� distribution.� A� horizontal� comparison�

shows�that�the�results�of�sectoral�clustering�are�related�to�the�nature�of�the�industry.�Sectors�

with�similar� industry� types�or� industries�exhibit�more�similar�emissions,�with�a� similar�distri-

bution�in�various�regions.�The�distribution�of�emissions�within�each�department,�coal�mining�

products� (sector� 02),� oil� and�gas� extraction�products� (sector� 03),�metallic� ore�mining�prod-

ucts� and� related� product� processing� products� (sectors� 04,� 14,� 24),� and� electrical�machinery�

and�equipment�(sector�19)�exhibit�relatively�obvious�bi-polarization,�which�indicates�that�the�

industry�is�somewhat�unevenly�distributed�or�agglomerated�in�various�regions.

��� Conversely,� a� longitudinal� comparison� shows� that� the� regional� clustering� results� are� ap-

proximately�the�same�as�the�emission�distribution�shown� in�Supplementary�Table�2.�For�ex-

ample,� Liaoning,� Henan,� Anhui,� Hubei,� Guangxi,� and� other� regions� are� concentrated� in� the�

lower� half� of� the� heat�map,� and� the� overall� color� is� darker,� indicating� that� industrial� waste�

gas� emissions� are� relatively� high.� The� distribution� of� emissions� from� various� sectors� within�

the�region,�the�distribution�of�industries�in�regions�with� lower�emissions�exhibits�some�simi-

larities.� In�contrast,� the�distribution�of� industries� in� regions�with�higher�emissions� is�not� the�

same,� which�may� be� due� to� different� types� of� resource� endowments.� For� example,� Shanxi,�

the�"Hometown�of�Coal�Sea,"� ranks� first� in�the�emission�of�coal�mining�products� (sector�02)�

and�electricity�and�heat�production�and�supply�(sector�25);�Xinjiang,�where�the�Karamay�Oil-

field�is�located,�takes�the�lead�in�oil�and�gas�extraction�products�(sector�03)�industry;�Jiangsu�

has�very�high�emissions�in�the�three�industries�of�electrical�machinery�and�equipment�(sector�

19),� instruments� (sector� 21),� and� scrap� waste� (sector� 23);� and� Hebei� is� more� prominent� in�

metallic�ore�mining�products�and�related�product�processing�products�(sectors�04,�14,�24).

Figure 2 Revised� heat�map� of� the� distribution� of� direct� industrial� waste� gas� emissions� by�

sector�in�each�region�
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3.2 Overview of the net transfer of interprovincial embodied air pollution

The�net� transfer� of� embodied�waste� gas� emissions� in� various� provinces,� autonomous� re-

gions,� and�municipalities� is� shown� in� Figure� 3.� The� selection� of� each� value� interval� node� is�

still� based� on� the� corresponding� quartile.� The� national� direct� emissions� of� industrial� waste�

gas� for� 2012� amounted� to� 635,519� billion� m

3

.� The� total� amount� of� embodied� transfer� of�

waste�gas�caused�by�local�final�use� in�31�provinces,�autonomous�regions,�and�municipalities�

was� 529,930.64� billion�m

3

,� which� indicated� that� pollution� pressure� is� generally� flowing� into�

the� region,� and� emissions� generated� by� international� demand� account� for� approximately�

16.7%�of�China's�actual�emissions.�Most�provinces�are� receiving� regions� for� the�net� transfer�

of�air�pollution�(20�provinces,�autonomous�regions,�and�municipalities),�whereas�net�pressure�

outflow�regions�still�account� for�a�minority� (11�provinces,�autonomous�regions,�and�munici-

palities).�There� is�a�significant�gap� in�the�transfer�volume�between�the�two�types�of�regions,�

with� the�highest� value�of�embodied�emissions� in� the�pollution� inflow� region,�approximately�

six� times� that� in� the� outflow� region.�Moreover,� in� net� inflow� regions,� the� amount� of�waste�

gas� transfer� exhibits� relatively� obvious� bi-polarization.� For� example,� Hebei,� the� region� with�

the�highest�net� inflow,�has�nearly� twice� the� transfer� volume� than� the� second-ranked�Shanxi�

Province.

���The�embodied�net�transfer�of�air�pollution�trade�is�similar�to�the�overall�distribution�of�ex-

haust� gas� direct� emissions,� exhibiting� an� approximately� similar� trapezoidal� distribution� of�

"high� in� the�east�and� low� in� the�west,�heavy� in� the�north� and� light� in� the� south."� Thus,� the�

embodied�inflow�of�pollution�is�one�of�the�important�factors�of�local�exhaust�emissions.�The�

net�transfer�of�the�embodied�pollution�input�region�is�positive.� It� is�possible�because�certain�

energy-intensive� industries� transfer� the� exhaust� gas� emission� pressure� to� other� regions,�

thereby�reducing�local�emissions.�While�the�embodied�pollution�output�region�becomes�the�

recipient�of�high-emission� industries,� in�addition� to� local�demand,�production� links,� such�as�

intermediate�input,�are�also�employed�for�product�demand�in�other�regions,�which�indirectly�

increases� local� exhaust� emissions.� The� distribution� of� the� net� outflow� of� pollution� pressure�

has�a�certain�degree�of�dispersion�and�uniformity.�Each�comprehensive�economic�zone�con-

tains�approximately�1–2�embodied�input�regions,�mostly� in�surrounding�regions�with�a�de-

veloped�economy,�a�high�degree�of�urbanization,�or�a� low�proportion�of�heavy�chemical� in-

dustry� regions,� such� as� Beijing,� Shanghai,� Tianjin,� Chongqing,� Hainan,� Tibet,� and� Hei-

longjiang.�The�net� inflow�of�pollution�pressure�from�the�northeast� to�the�southwest�exhibits�

a� general� slope� distribution� from� high� to� low,� and� there� is� a� local� concentration� phe-

nomenon�within�each�comprehensive�area.�The�region�with�the�highest�burden�of�embodied�

pollution� pressure� is� Hebei,� whose� net� transfer� volume� is� nearly� twice� as� high� as� that� of�

Shanxi�Province.
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Note:�This�map�is�made�based�on�the�standard�map�No.�GS�(2020)�4630�downloaded�from�the�Stan-

dard�Map�Service�website�of� the�Ministry�of�Natural�Resources�of� the�People's�Republic�of�China.� The�

details�of�the�base�map�are�not�changed.

Figure 3 Distribution� of� embodied� atmospheric� pollution� net� transfer� among� provinces� in�

China

3.3 Main flow directions of the embodied transfer of air pollution in the eight

major regions

Local� final�consumption� in�major�regions�has� led� to�double�pollution�pressures� in� this� re-

gion�and�other�regions.�However,�compared�with�the�direct�emissions�of�exhaust�gas�within�

each� region,�only� the�eastern�coastal�areas�have�higher�emissions� in� regions�other� than� the�

local� region.�The� total� amount�of� transfer� in� the�northern�coastal� areas,� the�middle� reaches�

of�the�Yellow�River�areas,�and�the�Great�Northwest�areas�show�a�state�of�net�pollution�inflow,�

whereas�the�other� five�regions�are�net�pollution�outflow�regions.�Figure�4� is�a� flow�diagram�

of� the� embodied� transfer� of� exhaust� emissions� between� China's� eight� comprehensive� eco-

nomic� zones,�with� the� thickness�of� the� arrow� symbolizing� the� size� of� the� transfer.� The� em-

bodied�air�pollution�pressure�predominantly�shifts� from�the�east�and�south� to� the�west�and�

middle,�and�most�of�the�pollution�outflow�areas�are�coastal�areas�with�a�more�concentrated�

population� and� a� more� developed� economy.� The� eastern� coastal� areas� are� the� primary�

source�of� embodied� pollution� transfer;� with� the� exception� of� a� small� amount� of� net� inflow�

from� the� southern� coastal� area� (52.509� billion�m

3

),� each� group� of� exhaust� emissions� is� net�

transferred� to� other� regions.� The� two� places�with� the� largest� net� flow� in� China� include� the�

area�from�the�eastern�coastal�areas�to�the�northern�coastal�areas�(717.806�billion�m

3

)�and�the�

middle� reaches� of� the� Yellow� River� (680.648� billion� m

3

);� the� sum� of� the� two� accounts� for�

30.5%�of�China's�total�net�transfer.�The�northern�coastal�areas�and�the�middle�reaches�of�the�
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Yellow�River�are� the� two�major� receiving�bases�with� severe�pollution�pressure� transfer,�with�

densely�distributed�source�regions�and�a�typically�high�net�transfer�volume.�The�inflows�from�

these�two�regions�together�account� for�75.1%�of�China's� total�net� transfer,�and�most�of� the�

provinces� are� rich� in�mineral� resources,� land� resources,� and� energy� resources,� with� a� high�

proportion� of� heavy� chemicals.� To� some� extent,� the� advantages� of� location� development�

make�it�difficult�for�the�underdeveloped�central�and�western�regions�to�make�breakthroughs�

in� the� national� industrial� chain,� and� they� still� export� low-end� primary� products� or� provide�

high-polluting�intermediate�products�to�eastern�coastal�provinces.�Therefore,�the�implemen-

tation�of�policies,�such�as�western�development,�the�rise�of�central�China,�and�the�revitaliza-

tion�of�the�old�industrial�base�in�Northeast�China,�may�be�supported�by�regional�trade�at�the�

cost�of�the�embodied�pollution�input.

���Note:�This�map�is�made�based�on�the�standard�map�No.�GS�(2020)�4630�downloaded�from�the�Stan-

dard�Map�Service�website�of� the�Ministry�of�Natural�Resources�of� the�People's�Republic�of�China.� The�

details�of�the�base�map�are�not�changed.

Figure 4 Embodied�air�pollution�pressure�transfer�paths�among�the�eight�regions�in�China

3.4 Interprovincial transfer of embodied air pollution for each industry

3.4.1 Commonality of different industry contributions to embodied air pollution transfer in

different regions.

Examining�the�distribution�of�embodied�air�pollution� transfer�between�different� industries�

in�each�region�reveals�that�industry�rankings�are�approximately�the�same�in�different�regions.�

Moreover,� the� closer� to� the� two�poles,� the� smaller� the� ranking�difference.� The� transfer� vol-

ume� of� embodied� pollution�was� summarized� for� the� same� industry� in� various� regions� and�

shown�in�Figure�5�as�a�two-axis�column�chart�of� the�top�10� industries.�The�top�three� indus-

tries� are� electricity� and� heat� production� and� supply� (sector� 25),�metal� smelting� and� rolling�

products� (sector� 14),� and� non-metallic�mineral� products� (sector� 13).� Their� embodied� pollu-

tion�transfer�volume�accounts�for�more�than�20%,�the�cumulative�proportion�is�83.09%,�and�

the� top� five� sectors� cumulatively� account� for� 92.03%.� This�basically� conforms� to� the� Pareto�
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principle,�that�is,�80%�of�the�pollution�output�comes�from�20%�of�the�industry�input.�Agricul-

ture,� forestry,� animal� husbandry,� and� fishery� products� and� services� (sector� 01)� are� ranked�

26th,�with�a�relative�proportion�of�embodied�air�pollution�transfer�of�less�than�0.01%.

���Primary�industry�can�involve�pollution�emissions�in�terms�of�land�use,�mechanized�produc-

tion,�and�intensive�development,�but�its�embodied�transfer�problem�has�not�yet�been�largely�

reflected�in�regional�trade.�The�secondary�industry�sector�is�still�the�main�source�of�industrial�

waste�gas�pollution�emissions,�with�the�development�of�regional�trade,�it� leads�to�embodied�

pollution�transfer,�whose�pollution�flow�situation�is�particularly�manifested�in�the�processing�

and� production� processes� of� energy� consumption,�metal� smelting,�mineral� chemical� indus-

tries,�etc.

Figure 5 Distribution�and�cumulative�proportion�of�the�top�10�industries�for�the�transfer�of�

embodied�atmospheric�pollution

��� Comparing� the� industry� contribution� of� direct� exhaust� gas� emissions� from� Figure� 1� and�

Figure�5�for�the�transfer�of�embodied�pollution�reveals�a�similar�ranking�for�the�top�10�indus-

tries,�as�well�as�a�slight�change�in�the�rankings�of�some�industries.�Metallic�ore�mining�prod-

ucts� and� processing� and� related� products� (sector� 04,� 15),� transportation� equipment� (sector�

18),�and�other� industries�with�obvious�characteristics�of� resource�endowments�are�higher� in�

the�embodied� transfer� ranking�and�are� typical� industries�where� regional� trade�causes�pollu-

tion� transfer.� Conversely,� communications� equipment,� computers,� and� other� electronic� e-

quipment� (sector� 20),� papermaking,� printing,� and� cultural,� educational� and� sporting� goods�

(sector�10),�and�other�relatively�basic�manufacturing�industries�exhibit�lower�rankings�of�em-

bodied�emissions,�indicating�that�these�industries�prefer�a�production�structure�of�"local�use�

and�local�pollution."

3.4.2 Differentiation of embodied air pollution transfer between industries in different re鄄

gions

Whether�observing� the� industry�distribution� from�a� regional�perspective�or�examining� re-

gional�differences� from�an� industry�perspective,� the�general�distribution�and�agglomeration�

characteristics�of�the�embodied�transfer�of�exhaust�gas�(Figure�6)�are�similar�to�the�direct�e-

missions�of�exhaust�gas�(Figure�2).�The�transfer�contribution�exhibits�a�certain�degree�of�ag-
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glomeration�in�different�industries� in�each�region,�but�the�distribution�shows�substantial�dif-

ferences.�This�difference�is�closely�related�to�the�characteristics�of�different�resource�endow-

ments.� If� there� is� a� certain� comparative� advantage� in� regional� trade,� the� local� production�

structure�may�be�adjusted� to� focus�on�consuming�resources�or�energy�with� relative�endow-

ment�advantages�and�undertake�the�production�and�export�of�high-emission�resource-inten-

sive�products�such�as�coal,�petroleum,�and�metal�materials.�Then,�through�the�transfer�of�em-

bodied�emissions�from�trade,�a�situation�of�"outside�use,� local�emissions"� is� formed,�making�

it�a�concentration�area�for�the�inflow�of�pollution�pressure.�For�example,�Shanxi�ranks�first�in�

the� embodied�waste� gas� emissions� of� coal�mining� products� (sector� 02)� and� electricity� and�

heat�production�and�supply�(sector�25).�Among�them,�the�embodied�transfer�volume�of�coal�

mining�products�(sector�02)�in�Shanxi�accounts�for�34.0%�of�total�industry�emissions,�and�the�

sum�of�the�two�sectors�accounts�for�46.3%�of�the�total�embodied�transfer�of�all� industries�in�

the�province.�Moreover,�the�proportion�of�structured�products�is�relatively�high.

3.4.3 Key regions and industries with interprovincial embodied air pollution net transfer

Here,� the�top�25�flow�combinations�with�the� largest�absolute�value�of�net�transfer� flow�of�

one-way�embodied�waste�gas�pollution�between�provinces,�regions,�and�cities�were�selected.�

The� top� three� industries� in� each� group's� transfer� contribution� represent�more� than� 80%� of�

the� embodied� emissions,� which� conforms� to� the� Pareto� principle� of� the� industry� contribu-

tions�mentioned� above.� The� results� are� shown� in� Table� 2.� In� combination�with� a� large� em-

bodied� net� transfer� volume,� the� inflow� of� pollution� pressure� is� predominantly� energy-� and�

resource-based� regions�or� underdeveloped� areas,� including�Hebei� (15� times),� Shanxi� (seven�

times),�Inner�Mongolia�(twice),�and�Henan�(once),�concentrated�in�northern�coastal�areas�and�

the�middle� reaches� of� the� Yellow� River,� which� is� consistent� with� the� regional� flow� conclu-

sions.�The�main�pollution�pressure�outflow�areas�are�distributed�outside�of�the�northwestern�

region,�and�the�areas�with�a�higher�frequency�of�occurrence�or�larger�input�emissions�typical-

ly�have�a�developed�economy� and�dense�population,� such� as� Zhejiang� (four� times),� Jiangsu�

(three�times),�Shanghai�(twice),�and�Beijing�(once).�The�key�transfer�industries�are�concentrat-

ed�in� high-energy,� high-emission� resource-� and� energy-intensive� industries.� There� are� six�

sectors�in�total,� including�metal�smelting�and�rolling�products�(25�times),�electricity�and�heat�

production�and�supply� (25� times),�non-metallic�mineral�products� (13� times),�petroleum�cok-

ing�products,�and�nuclear�fuel�processing�products�(eight�times),�coal�mining�products�(three�

times),� and� metallic� ore� mining� products� (once).� Among� them,� metal� smelting� and� rolling�

products,� electricity� and� heat� production,� and� supply� are� in� the� 25� key� regions,� which� also�

corresponds� to� the� industrial� development� status� of� the� four� typical� pollution� pressure� in-

flows.

Table 2 Key�regions�and�major�industries�embodying�the�net�transfer�of�waste�gas�pollution

Pollution pressure

outflow areas

Pollution pressure

inflow areas

Key industries

Zhejiang, Jiangsu,

Chongqing, Heilongjiang,

Guangdong, Shaanxi,

Henan, Shanghai

Hebei

①Metal smelting and rolling products

②Electricity and heat production and supply

③Non-metallic mineral products
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Pollution pressure

outflow areas

Pollution pressure

inflow areas

Key industries

Shandong, Anhui,

Sichuan, Fujian

Hebei

①Metal smelting and rolling products

②Electricity and heat production and supply

③ Petroleum, coking products, and nuclear fuel processing

products

Beijing, Tianjin Hebei

①Metal smelting and rolling products

②Non-metallic mineral products

③Electricity and heat production and supply

Hubei Hebei

①Metal smelting and rolling products

②Electricity and heat production and supply

③Metallic ore mining products

Zhejiang Shanxi

①Metal smelting and rolling products

②Electricity and heat production and supply

③ Petroleum, coking products, and nuclear fuel processing

products

Jiangsu Shanxi

①Metal smelting and rolling products

②Electricity and heat production and supply

③Coal mining products

Hubei, Jiangxi Shanxi

①Electricity and heat production and supply

②Metal smelting and rolling products

③Coal mining products

Chongqing, Shaanxi,

Shanghai

Shanxi

①Electricity and heat production and supply

②Metal smelting and rolling products

③ Petroleum, coking products, and nuclear fuel processing

products

Zhejiang, Jiangsu Inner Mongolia

①Metal smelting and rolling products

②Electricity and heat production and supply

③Non-metallic mineral products

Zhejiang Henan

①Non-metallic mineral products

②Metal smelting and rolling products

③Electricity and heat production and supply

4 Conclusions

1)�Overall,�China�exhibits�a�net�influx�of�atmospheric�pollution�pressure�into�regions,�and�a�

significant� gap� in� the� embodied� transfer� of� exhaust� gas� between� provinces,� regions,� and�

cities.

��� 2)� The� direct� emission� of� air� pollution� and� the� net� transfer� of� embodied� pollution� are�

similar,�exhibiting�a�pattern�of�"high�in�the�east�and�low�in�the�west,�heavy�in�the�north�and�

light�in�the�south."�Net�outflow�areas�are�more�evenly�distributed�and�scattered,�whereas�net�

inflow�areas�show�local�agglomeration�characteristics.

���3)�Embodied�air�pollution�pressure�transfer�exhibits�a�dynamic�path�from�east�to�west�and�

south� to�north.� In�addition� to� the�principle�of�proximity,� the�eastern� coastal� areas� (Jiangsu,�

Zhejiang,� and� Shanghai)� are� the� primary� sources� of� embodied� pollution� transfer,� and� the�

northern� coastal� areas� (Hebei� and� other� places)� and� middle� reaches� of� the� Yellow� River�

(Shanxi�and�other�places)�are�the�primary�concentrations�of�pollution�inflows.

���4)�The� rankings�of�direct�emissions�and�embodied�pollution� transfer�of� various� industries�

are� approximately� similar� to� the� regional� distribution;� however,� different� industries� are�
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unevenly�distributed� in�various�regions,�and�different�resource�endowments�may�trigger� the�

transfer�of�embodied�pollution�from�regional�trade�and�lead�to�industry�differences.

��� 5)� The� major� industries� causing� the� embodied� transfer� of� air� pollution� trade� in� various�

regions� exhibit� similar� common� contributions� and� regional� differences.� The� contribution� of�

industries� basically� agrees� with� the� Pareto� principle.� The� key� transfer� sectors� are�

concentrated� in� resource-intensive� industries� with� high-energy� consumption� and� high�

emissions,�such�as�energy�consumption,�metal�smelting,�and�mineral�chemicals.

5 Future Research Prospect

There� are� some� innovations� in� the� indicators,� methods,� and� perspectives� of� this� study,�

which� can� provide� a� reference� to� the� subsequent� research� on� the� embodied� transfer� of�

exhaust� gases.� Specifically,� in� terms� of� the� selection� of� indicators,� the� total� amount� of�

industrial� waste� gas� emissions� is� used� in� the� measurement� of� the� embodied� transfer� of�

exhaust�gases,�covering�all�kinds�of�pollutants,�and�the�calculation�results�are�comprehensive.�

Regarding� the� application� of� the� method,� the� direct� emissions� of� subdivided� industries� in�

each� region� are� calculated� using� the� revised� emission� coefficient� of� pollutants,� the� general�

distribution� of� inter-provincial� embodied� pollution� transfer� is� compared� with� that,� and� the�

specific�analysis� is� carried�out�based�on� the�dual�perspectives�of� region�and� industry,� static�

and�dynamic�dimensions.� In�addition,�aiming�at� the�problem�of� regional�division,� this� study�

selects� the� classification� criteria� of� eight� comprehensive� economic� zones� during� the� "11th�

Five-Year�Plan"�period,�and�considers�the�geographical� location�and�economic�development�

level,� to� analyze� the� spatial� distribution� and� dynamic� path� of� the� implied� transfer� of�

inter-regional�trade.

��� Although� this� study� has� carried� out� a� relatively� objective� measurement� of� the� implied�

transfer�of�air�pollution�at�the�provincial�level�in�China,�there�are�still�some�limitations,�which�

is� also� a� possible� future� research� direction.� For� example,� this� study� uses� the�multi-regional�

input-output� model� in� 2012� to� measure� the� embodied� transfer� of� exhaust� gas� between�

provinces,� regions,�and�cities.�Although�the�data�are� from�the� latest�available�years,� there� is�

still� a� certain� degree� of� lag.� In� future� studies,� previous� and� updated� annual� data� can� be�

added�to�cover�the�impact�of�international�trade,�and�the�hidden�emissions�of�each�year�can�

be�vertically� compared� in� the� form�of� time�series� to� further� investigate� the� spatio-temporal�

evolution�trend.
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Appendix

Supplementary Table 1 Trade�classification�comparison�table�

ID Interregional input-output table departments Industry from China Environmental statistical yearbook

01

Agricultural, forestry, animal husbandry and

fishery products and services

Agriculture, forestry, animal husbandry, fishing services

02 Coal mining products Coal mining and washing industries

03 Products of oil and gas extraction Oil and gas extraction industry

04 Metal mining products

Black metal mining and processing industry

Non-ferrous metal ore mining and processing industry

05

Products from non -metallic and other

minerals

Non-metallic mining industry

Mining auxiliary activity

Other mining industry

06 Food and tobacco

Agricultural and sideline food processing industry

Food manufacturing industry

Wine, beverage and refined tea manufacturing

Tobacco products industry

07 Textile products Textile industry

08

Textile clothing shoes and hats leather down

and its products

Textile and garment industry

Leather, fur, feathers and their products and footwear in鄄

dustry
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10

Paper printing and cultural and educational

sporting goods

Paper and paper products industry

Printing and recording media reproduction industry

Manufacturing of cultural, educational, industrial, sports

and entertainment products

11

Petroleum, coking products and nuclear fuel

processing products

Petroleum processing, coking and nuclear fuel processing

industries

12 Chemical product

Manufacturing of chemical raw materials and chemical

products

Pharmaceutical manufacturing industry

Chemical fiber manufacturing industry

Rubber and plastic products industry

13 Non-metallic mineral products Non-metallic mineral products industry

14 Metal smelting and calendering products

Ferrous metal smelting and rolling industry

Nonferrous metal smelting and rolling industry

15 Metal products Metal products industry

16 General purpose equipment General equipment manufacturing industry

17 Special equipment Special equipment manufacturing industry

18 Transportation equipment

Automobile manufacturing industry

Manufacturing of railway, shipping, aerospace and other

transportation equipment

19 Electrical machinery and equipment Electrical machinery and equipment manufacturing

20

Communication equipment, computers and

other electronic equipment

Manufacturing of computers, communications and other

electronic equipment

21 Instrument and meter Instrumentation manufacturing industry

22 Other manufactured products Other manufacturing industries

23 Waste product waste Comprehensive utilization of waste resources

24

For services to metal products, machinery

Metalwork, machinery and equipment repair industry

25

The production and supply of electricity and

heat

Electricity and heat production and supply industry

26 Gas production and supply Gas production and supply industry

27 Water production and supply Water production and supply industry

ID Interregional input-output table departments Industry from China Environmental statistical yearbook

09 Woodworking products and furniture

Wood processing and wood, bamboo, rattan, brown, grass

products industry

Furniture manufacturing industry
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Supplementary Table 2 Regional�distribution�of�direct� industrial�waste�gas�emissions�（Unit:�

millimetric�cubic�meter）

Region

Total industrial

exhaust emissions

Level Region

Total industrial

exhaust emissions

Level

Beijing 3263.7 1 Hubei 19512.5 4

Tianjin 9032.2 1 Hunan 15887.5 3

Hebei 67647.4 5 Guangdong 27078.2 4

Shanxi 38124.3 5 Guangxi 27610.7 4

Inner

28132.7 5 Hainan 1960.3 1

Liaoning 31917 5 Chongqing 8359.9 1

Ji Lin 10316.3 2 Sichuan 21909.6 4

Heilongjiang 10444.6 2 Guizhou 14311.6 2

Shanghai 13361.3 2 Yunnan 14955.2 3

Jiangsu 48623.3 5 Tibet 114 1

Zhejiang 23967.3 5 Shaanxi 14767.4 3

Anhui 29645 5 Gansu 13899.7 2

Fujian 14739.3 3 Qinghai 5507.6 1

Jiangxi 14814.1 3 Ningxia 9324.5 2

Shandong 45420.2 5 Xinjiang 15869.9 3

Henan 35001.9 5

— — —
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