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Abstract

Emissions of the fine particulate matters (diamefe?.5 micrometers or less) caused by
both the primary particlemissions and the precursor emission sources susihur
dioxide and nitrogen oxides, have contributed s$icgutly to poor urban air quality in
China, and have attracted tremendous public attemiver the past few years. This study
provides an interdisciplinary study to investigtte key contributors driving air

pollution emissions changes in China from 1997G02 by applying the Logarithmic
Mean Divisia Index method. The decomposition resait presented in both
multiplicative and additive approaches to showrtative and absolute contribution of
each factor in affecting emission changes. Chamgtxal particulate matte@missions

are attributed to variations in primary particlelphur dioxide and nitrogen oxides
emissions. It is manifested that the economic gnaeffect and energy intensity effect
have always been the two key drivers in affectmgdhanges in air pollutant emissions
over the period. The effects of emission efficiemmpduction structure and population
growth contribute less significantly to overall eésion changes, and the impacts of
different factors vary among different pollutaré&nce current strategies and policies in
combatting particulate matter emissions are inieffit; this paper provides a guideline for
the Chinese Government to deal with the air paluproblem for sustainable

development in China.

Keywords: China, PM s emission drivers, index decomposition analysisjdba index
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INTRODUCTION

China is among the most rapidly urbanizing coustrie the world. The economic
growth-driven urbanization process in China, arsdrélationship with the continuous
industrialization, has led to numerous problemshsws urban sprawl, severe
environmental degradation and pollution. Specificalrban air pollution is of major

environmental concern (Wang, 2009).

The rampant smog that appeared more frequentlyagt pears has revealed problems
associated with China’s urbanization. In the wirge2013, the heavy smog covered 70
major cities in the north of China, veiling 15%tbe national territory in total (Xinhua

News, 2013). The Chinese government has striveestve the issue, but effects, to date
are currently not as positive as had been hopee.ativerse weather conditions have to
some extent contributed to forming the smoggy daysfundamentally, the phenomenon
is primarily due to the pollution as a consequenteChina’s industrialization and

urbanization. Over exploitation of resources, cdesible reliance on industrial sectors
(Appendix Figure Al) and coal (Appendix Figure A#)e blind pursuit of high GDP

growth and mass population migration that furtmewreéases the density of urban areas

have resulted in unsustainable urbanization in &hin

Partly encouraged by the worldwide drive for clean by the end of 2014, Beijing’s
leaders had done all that was currently possiblensure the capital’s skies were clean
for the Asia-Pacific Economic Co-operation (APEGjmsnit and to ensure the world that
the problem was receiving intensive consideratiouring APEC, thousands of factories
surrounding Beijing were commanded to close, céunae was restricted and millions of
people were forced to take a mandatory holiday. Uiée of the newly coined phrase
‘APEC blue’ for the occasion, firmly underlined @his clean air intentions. Clearly the
smog control could not be achieved “over night” d@imel current measures in place were
still embryonic. It is believed that potential effe of the massive scale of urbanization in
China will stimulate more daring and radical smdiatament strategies and emission
targets in the future.

This study quantified the socioeconomic driversPdfl; s emissions. PMs (particulate

matter smaller than 2rfaicrometers) is the major component of smog. Mv&l noted
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that urbanization has considerable impact on nali®M, s concentrations (Han et al.,
2014), hence production-related P{emissions are used as the indicator of China’s
urban sustainability. Ppkis both a primary and secondary air pollutant. phienary
sources of PMs emission are from industrial process, diesel vekicland coal
combustion (Guan et al., 2014). According to Zhengl. (2005), a substantial proportion
of ambient PM;s concentration in China is contributed by primaryrees of PMs
emissions. The secondary sources are the resuttsiddtion of other chemicals such as
sulfur dioxide (SQ), nitrogen oxides (N¢), volatile organic compounds (VOCs), and
ammonia (NH) (Megaritis et al., 2013). It is difficult to dicdy analyze secondary P
emissions due to the uncertainties of associatittihatmospheric chemistry modeling. In
this study, therefore, SCand NQ emissions are considered as precursors of thé tota
PM, s emissions. S@is predominately emitted from coal combustion doehe high

sulfur content, while NQis primarily contributed by traffic exhaust.

This study is built upon the research conductedChgng et al. (2009). In this study,
there are five key driving forces of the changePdt, s emissions: emission efficiency
(20 kilo-ton/PJ), energy intensity (PJ/10 thousgodn), production pattern, economic
growth (10 thousand yuan/10 thousand people) amulpton growth (10 thousand
people). The magnitude of each factor in driving,BEMmission changes is quantified by
Index Decomposition Analysis (IDA) using the Logamic Mean Divisia Index (LMDI)

method (Ang, 2004), so that potential bottom-up gmmitigation policies can be initiated

to facilitate sustainable urbanization in China.

This study first reviews the historical and currsittiation of world urbanization, with
particular focus on China. Air pollution problemsspecially smog, resulting from
urbanization process are summarized and illustlayedorldwide cases. Next, a review
of previous studies on China’s BMemissions and researches on the change ¢f SO
emissions in China through the LMDI method are giv&ocioeconomic factors affecting
China’s primary PMs SO, and NQ emissions changes between 1997 and 2007 are
guantified, and results are then presented andusBed. At the end of the study,
conclusions are drawn and recommendations on abdaiipath for urbanization in China

are made, based on the effect of each socioecordaar of PM, semissions.
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LITERATURE REVIEW

There have been numerous studies on airborne ylatéc matters in China. Some
Chinese scholars have measured the chemical cotopoas well as the possible sources
of PM,sin order to reduce the emissions in some citie€liha, especially in more
developed areas such as Beijing and Shanghai (Zhao et al., 2013; Chen et al., 2013;
Watson et al., 2012; Duan et al., 2006; Huang et al., 2006, Liu et al., 2012b). An overview
of the formation mechanism and control measuresoafbustion particulate matters in
China is given in Yao et al. (2010). Other researsihave focused on the human health
impacts of fine particle matter (Huang et al., 2015; Zhang et al., 2012). Recently, there
has been an increasing number of studies investggte spatial-temporal variations of
PM2.5 concentrations in Chinese cities (Hao and Liu, 2016; Yang and Christakos, 2015;
Chai et al., 2014). Zhang et al. (2015) and Guaralet(2014) have studied the
socioeconomic drivers of China’s primary Pdemissions by conducting structural
decomposition analysis on a consumption basis. i lan (2016) have applied the
panel data and IPAT model to study the contribufangors and mitigation strategies of
regional pollution emissions in China. Although iFugt al. (2013) studied the
technological factors affecting air pollution abatnt from 1998 to 2009 in China, there
is still a lack of knowledge of the socioeconomiivers of PM s emissions from a

production perspective in more recent years.

Identification and quantification of the socioecomo factors contributing to P
emission variations in China can be essential mbf tor PM, s mitigation and human
health impact control, but also for making recomdaions regarding sustainable
development in China. Techniques available for cetidg such analyses include
structural decomposition analysis (SDA) (Rose andsl€, 1996) and index
decomposition analysis (IDA) (Ang, 2004(Liu et &Q12a)), both of which have been
applied extensively in analyzing socioeconomic elrgvof energy consumption variations
and CQ emission changes in China (Guan et al., 2009; Dhakal, 2009; Liu et al., 2012b;
Feng et al., 2012; Chong et al., 2012), yet barely for other air pollutant emissions. Input-

output tables are needed to perform the input-duspuctural decomposition analysis
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(SDA), and it is not as simple and flexible as mdecomposition analysis (IDA). IDA is

an analytical tool originated from energy studiegich has been applied in several
energy-related fields, such as energy demand asalysitional energy efficiency

monitoring, and energy-related gas emission argalgsng, 2004). In the literature, a
variety of index decomposition methods have beereldped, most of which can be
classified into Laspeyres index and Divisia indegtimods (Ang, 2004). According to

Ang (2004), the LMDI method which is developed lthea Divisia index is the most

preferred method, as it passes a number of basis fer a good index number. The
decomposition is perfect, which means that themoisesidual term that other methods
may produce. The multiplicative and additive decosifion results are linked by a

simple formula, and they are also consistent imregagion (Ang, 2005). It can also deal
with zero value better than other methods (Angland2007).

Up to date, there have been some studies on theesooomic drivers of air pollutant
emissions in China employing the Index Decompasif\malysis. For example, Zhao et
al. (2010) applied LMDI (1) and (Il) methods, degoosing the change in Sntensity
(emission volume per unit of gross industrial otfluring 1998 to 2006 into industrial
structure shift effect, production intensity effeantd government control effect effect.
They discovered that the $@mission intensity declined despite an increagbenotal
SO, emission volume during the period. The main driveducing S@ emissions
intensity was the decline in $production intensity, which may be attributed to
technological improvement. Industrial structurajustiment and governmental emission
control needed to be intensified to further red8€® emissions intensity in the future.
Han et al. (2011) included the scale effect intirtilecomposition analysis to quantify
the underlying drivers of SCemission changes between 2005 and 2008. Theyuntett|
that the scale effect did not help to reduce 8@issions while structural variation did.
Zhang (2013) decomposed the ;S€hnission intensity between 2001 and 2010, and
attributed the reduction in emissions intensitytite improvement in energy efficiency,
process-integrated prevention and end-of-pipe obnkle concluded that during the
decade the reduction of $@mission density was primarily due to end-of-pigatment,
which did not require change in the production pescbut relied on relatively mature

technology. However, China needs to enhance thdewprocess treatment by such as
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utilizing more clean energy and green raw mategaats upgrading processing technology
for emissions reduction. However, the research estbj of these studies focused
predominantly on SO2 emissions, and a lack of shul/been done on primary PM2.5

and NOx emission changes.

As a result, comparing with previous studies, thégper has four main contributions.
First, to the best of our knowledge, this study tli® first investigation of the

socioeconomic drivers of the primary PM2.5, SO2 A2k emission changes in China
by applying the Index Decomposition Analysis meth&tkcond, our decomposition
analysis provides both additive and multiplicatresults, which helps to identify the
absolute and relative effect of each factor inidgvemission changes. Third, this paper
uses the ‘time series decomposition’ approach, lwhaccording to Ang et al. (2010), is
able to improve the decomposition results. Laghiyg article provides sectorial results to
pinpoint the effects of developments of primarycaelary and tertiary industries in

driving emission changes at national level.

METHODS AND DATA

The calculations of emission contributions are bdase index decomposition analysis.
According to Ang (2005), le be an energy or environmentally related aggregate.
Assume that there arefactors driving the changes Vhover time and each is associated
with a quantifiable variable whereby there areariablesXj, X, ...%,. Let subscript be

a sub-category of the aggregate, &fids expressed as the product of; XX,;, ... and

Xn,i. Therefore, the general index decomposition ama(yBA) identity is given by:
V=2V =i X1, X0; - Xni 1)

In multiplicative approach, the ratio of the aggreg between period 0 and T is
decomposed, as shown in Eq. (2):

Diot = VIIV° = DyiDyo...Din 2)

The product of the relative changes driven by eackor should be equal to the total

relative change of the aggregate.
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In additive approach, the difference of the aggeedaetween period 0 and T is

decomposed, as shown in Eq. (3):
Vit = VNP = AV + ANVyo +...+ AV (3)

The sum of the absolute change driven by each htarishould be equal to the total

absolute change of the aggregate.

The terms on the right-hand side of Eq. (2) and @ the effects associated with

respective factors in Eq. (1).

According to Chong et al. (2012), changes in,@@issions from production processes
can be studied by quantifying the impacts of charngefive different factors: sectorial
emission efficiency, sectorial energy intensity,oguction pattern, economics and
population. This approach is extended in this stiodgnalyze Psemissions changes.
The changes in each factor help to quantify theagean PM semissions from fuel mix,
technological advancement, production pattern, @con growth and population growth
aspects. While the urbanization process may sultatgralter the layout of vegetation
and pose other negative impacts, which tend toespsntly cause air pollution, the
effects are excluded from the paper. The sub-cayerfahe aggregate is industrial sector.

The index decomposition (IDA) identity in Eq. (1aynbe written as

C= X6 = Ty g P = TUilAQP (4,

where C is the total production related air polat@mission,C; represents the air
pollutant emission from sectdar Twenty-nine industrial sectors were included and
analyzed in this pap€E is the total production-related energy consumptistands for
the energy consumption of sectpl is the total gross domestic product (GDR)is the
gross domestic product (GDP) contribution of sectoand P represents the national

population in respective years.

As shown in Eq. (4), total change in productioratetl air pollutant emissions is
represented by quantifying the contributions drinfive different factors mentioned

above:

* U; = Ci/E; (sectorial pollutant emission factor) measuresahwunt of air pollutant
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emitted per unit of energy consumption in sectorrepresenting the emission

efficiency effect.

* |} = EY; (sectorial energy intensity) measures the eneapsumption per unit of

GDP in sector, representing the energy intensity effect.

* A = Yi/Y (production pattern) stands for the structure atffd~or example, an
increasing share in production by energy-intensigetors would lead to a shift to

more energy-intensive industrial structure.
* Q =Y/P(GDP per capita) measures the economic growtlsteffe
» P stands for the population effect.

As mentioned, the changes of aggregated productiated air pollutant emissions can
be expressed by either multiplicative or additippr@ach. The multiplicative form shows
the power for each factor in driving the emissibarmmges from relative aspect, while the
additive form gives direct information about the gn@ude of emission changes by
decomposed factors. Both approaches were adoptesipaper so that results can be

generated from different aspects to enhance thgsasa

Following equations (2) and (3),
DtotaI= CT/CO = De X Dint X Dstr X Deco>< Dpop (5)1
and

ACtotaI = CT‘CO = ACe + ACint + ACstr + ACeco + ACpop (6)

The subscriptse, int, str, eco and pop denote the impacts concerned with emission
efficiency, energy intensity, production patteropeomic and population growth aspects.
The effect of a factor is computed through lettingt factor change over time with all the

other factors remaining at their respective base yalues (Ang, 2004).

According to the literature review, the LMDI is tpeeferred method since it avoids the
allocation of unexplained residual terms, which ssthe results simple to interpret. It is
also consistent in aggregation, which means ingusttivities can be grouped into sub-
groups for further effect estimation. Thereforeg tiMDI method was applied in this

study. The effect of decomposition factors on tigatrhand side of equation (5) and (6)
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are quantified by the following equations by using LMDI method:

T_,,0 T 0 T
D, =exp (Zi(vi “Vi)/(nv InVi) oy (%)) (7)

WVT-v9)/(InvT-InV?) i

AV, = Zi(l(vf;vio) X In (L) (8)

T 0
nv{-Inv?)

The national primary PMs SO, and NQ emissions data was acquired from the Multi-

resolution Emission Inventory for China (MEIC: httww.meicmodel.org), developed

by Tsinghua University. Sectorial energy consumpti@ross Domestic Product (GDP)
contribution and population data were collectedrfrthe Chinese Statistical Yearbook
(1997-2013).

Results

In terms of the emission change trends of all pafits, three time periods can be
distinguished. The first period if from 1997 to 20@vhere the changes were smooth and
nominal. The second period is from 2002 to 2010eneteither the total emission or the
impact of a factor changes drastically. The thiediqd is from 2010 to 2012, when the
emission changes plateaued. Figure 1 presentsdtiéiva decomposition results of
different time periods (i.e. 1997-2002, 2002-202010-2012), and the impact of each
effect is further broken down into the contributiimpom three major sectors: the primary
(agriculture) sector, the secondary (industrial aodstruction) sector, and the tertiary
(service, transport and commercial) sector. Thiglifates the understanding of how
individual sectors affect each driving factor amdvyades a comparative analysis between
each sector (Chong et al., 2012). The additive mposition results at the sectorial level
are shown in Appendix B. Figure 2 shows the timmgesedecomposition analysis results

with respect to the five socio-economic factors.

10
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Analysis during 1997 — 2002

During this period, while the national BMemissions decreased by 10%, the SO2 and
NOx emissions in China experienced an increase 2% and 26%, respectively. The
economic growth effect was the dominant factor gbating to the change in all three
pollutant emissions in this period, and there wasiaward trend in the economic growth
effect. It contributed to 2.93Mt, 7.09Mt and 3.60Mtreases in Pk, SO2 and NOx
emissions, respectively, compared with -0.84Mt6RI2 and 2.40Mt net total changes,
respectively. The population growth effect alsotdbnted positively to all air pollutant
emissions during this period, although to a lessdent than the economic growth.

12



317
318
319
320
321
322
323
324
325
326

327

328

329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

Between 1997 and 2002, the population growth effexild have caused 3.90%, 3.88%
and 3.89% increase to BM SO2 and NOx emissions, if the impacts of othetdis
remained unchanged at the 1997 level. The enefgysity effect contributed to and
increase (0.29Mt) in Plk emissions, whereas a significant decrease in B@R (-
6.80Mt) and NOx (-3.89Mt) emissions. Interestinghg impact of structure effect on the
emission changes of three air pollutants showedffareht pattern from the energy
intensity effect. It reduced PMemissions by 3.14Mt while increased SO2 and NOx
emissions by 3.04Mt and 2.14Mt, respectively olertsame time period. With respect to
the emission efficiency factor, it drove a 1.34Mdal.84Mt decrease in both R¥and

SO2 emissions, while leading to a rise in NOx emisshanges by 0.16Mt.

Analysis during 2002 — 2010

From 2002 to 2010, there was a slight increaseMamissions (0.10Mt). The SO2 and
NOx emissions experienced a dramatic increase gltinis period, 5.30Mt and 16.14Mt
respectively. The economic growth effect remaindaathe most significant contributor
to the increase in all three air pollutant emissjaontributing to 11.49Mt, 33.12Mt, and
26.24Mt to PM5s SO2 and NOx emissions, respectively. The coniobufrom the
secondary sector was more than from the tertiacjoseat national level. The structure
effect is the second largest contributor to the Nfdxl SO2 emission changes, and in
contrast to the previous time period, it contrildute an increase in PMemissions by
3.82Mt from 2002 to 2010. That structure effectdieg to an increase in pollutant
emissions can be explained by the heavy reliancehenindustrial sector in China.
Population growth effect still contributes positivdo all emission changes, but less
significantly than the economic growth effect atdigture effect. The increase in Ry
SO2 and NOx emissions is tempered by a decreasenargy intensity due to
technological advancement in industrial, commerarad residential sectors. The energy
intensity effect is the most important factor tomdzat the increase in air pollutant
emissions, accounting for 66%, 74% and 72% of aomsseduction in PMs SO2 and
NOx emissions, respectively, if other factors watetheir particular base year level.

Reductions of energy intensity in the secondarytoseare more noticeable than the

13
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tertiary sector for all three air pollutants. Whillee emission efficiency effect also
contributes to reductions in RBiMand SO2 emissions in this period, it still leadsato
increase in NOx emission levels by 2.95Mt, whiclhgimibe caused by less nitrogen

removal during the energy production process.

Analysis during 2010-2012

The emission levels of PM2.5, SO2 and NOx remamesatly stable during this period of
time, with a net increase in PM2.5 emissions (0.05kid decreases in SO2 (-1.37Mt)
and NOx (-2.12Mt) emissions. The economic growtd population growth during the

two-year period still contributed to the increaseall three air pollutant emissions. They
jointly led to an increase by 1.65Mt, 2.93Mt an@QMt of PM2.5, SO2 and NOx

emissions. Contrary to the earlier period, thecstme effect contributed to a decline in
all emission levels, and the energy intensity efigas favorable to the growth of the
pollutant emissions. The emission efficiency effeatall pollutant emissions is found to
contribute towards decreasing the PM2.5, SO2 and Bi@issions in this period, thus
resulting in a decline in SO2 and NOx levels. Altgb the total PM2.5 emissions in
2012 was not as much as the that in 1997, the $ON®OX emissions were higher than
the 1997 levels.

DISCUSSION

Although the primary PMsemissions have decreased slightly between 19972ahd,
the increase in SOand NQ emissions may result in a rise in secondary,PM

formations, thus causing severe urban air pollution

The decomposition results identified the economangh effect as the primary factor in
driving the growth of primary Pbk, SG and NQ emissions in China, especially since
2002. A new phase of rapid economic developmenstased since the second half year
of 2002 after China’s accession to the WTO, andpteeess of industrialization and
urbanization has been expedited (Liao et al., 20E&onomic activities from the

secondary sector contributed most to the growtlalimair pollutant emissions, which

14
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shows the national economic reliance on the matwiag and construction industries.

The economic growth effect from the tertiary sedtas become more prominent in

recent years, particularly on the N@mission changes, which might stem from the
explosive expansion of the transportation sector.

The results have also shown that improvements erggnintensity have been the key
factor in decreasing the overall RM SQ and NQ emissions from 1997 to 2012,
although it contributed positively to all three gollutants after 2010. However, the
increasing economic effect is more significant thiaa energy intensity effect, such that
the economic-growth-driven pollutant emissions ainfe completely offset by

technological advancement.

There has been improvement in the emission effogiegffect in reducing all pollutant
emissions, due to an energy mix shift at the natidevel. This was achieved by the
increasing percentage of electricity and naturad ga energy consumption, a rising

proportion of renewable energy, and a reductiainénshare of coal in energy production.

The structural change in the economy has led teases in emission levels of all three
air pollutants from 1997 to 2010, with varying exteHowever, the structure effect has
started to contributed to a decline in pollutantissions since 2010, which can be

attributed to the national’ efforts in structuraitionization.

The population effect has also played an essemtialin growing PMs SG and NQ
emissions, which implied an increasing proportidnpeople that are engaged in less

technical and more pollution-intensive production.

POLICY IMPLICATIONS

Sustainable urbanization consists of urban devedspmrocesses without deterioration
of the environment, while still providing an urblie in accordance with the desires of
people (World Bank, 2014). Reforms that provide étuys to urban environmental
improvement would contribute to sustainable urbatan. Therefore, in the future,
China should consider environmental sustainabdgya policy goal possessing the same

weight as economic growth and social inclugian et al., 2013; Liu et al., 2015b).
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With regard to the considerable contribution ofremoic growth effect to Pk, SG and
NOx emissions, government should control the GDP drotet limit environmental
degradation and pollution. Many local governments atill blindly pursuing the
economic growth and constructing “image and adrratise achievement” projects,
without fully understanding the significance of @owmental protection. As a result, the
pollution levels increase as the economy devel@tsna should emphasize economic

efficiency and quality rather than quantity, scatel speed.

To effectively address the smog issue, China shaidd gradually phase out energy-
intensive, pollution-intensive and emission-inteesiindustries. Though bringing
challenges to China’s economy, the reform will adince opportunities for production
structure optimization. A decrease in pollutioremgive industries there will provide
more development space for the environmentallynftiye enterprises. The essence of
tackling smog is to eliminate bubbles in China'sreamy, and to regard environmental

protection as a key component in China’s economouwti.

Urban production patterns should be based on & aityvironmental capacity, factor
endowments and comparative advantages. A shiftadygtion structure to low energy
consumption and low pollution is also necessary $oistainable urbanization in
China(Liu et al., 2015a). China should intensifye thtructural adjustment, including
stimulating the tertiary industry and curtailingetshare of secondary industry, to cut
primary PM s, SQ and NQ emissions in pursuit of improvement in urban aialdy.
China should also encourage an increase in theogrop of light industry in the
secondary sector, for instance, biology and eleatsy while slimming down the size of
heavy industry sectors, especially those high gneopsumers. There is, however, an
enormous domestic demand for automobiles and rs@tes now in China, which
inevitably reflects the need for energy-intensiveducts, for instance, cement, steel and
suchlike (Zhao, 2010). Under this situation, chanigeinternational trade pattern could
be considered. Products requiring higher levels t@thnology but less energy
consumption should be encouraged to be producee ih@mestically in exchange of
high-energy-intensive commodities manufacturedoieifgn markets. This will not only
satisfy the domestic demands for development, bavige a stimulus to industrial

structure alteration as well.
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Promoting technological advancement is crucial toeprove emission efficiency.
Technological advancement is considerably corrdlarth PM,s, SG and NQ
emissions. In order to improve emission efficiendy,is necessary to upgrade
technological advancement from both macro and maspects. On a macro basis, large-
scale and more efficient factories should replacellsscale and less efficient ones.
Small and scattered coal-fired units, for instarstmuld be replaced by large and central
ones to improve the overall efficiency of coal-firplants. From a micro perspective, it is
necessary to advance the technology dealing wislh, @0 and NQ emissions. All key
industries such as coal-fired power plants and Insetalting plants should install sulphur
reducing measures as well as nitrogen and dustsemisontrol facilities. The costs of
pollutant reduction facilities need to be reducedlse penetration rate of these facilities
in relevant industries can be enhanced. Exhausfigawion device should be legally

required on vehicles to effectively reduce mobdarses of pollutant emissions.

Lowering coal consumption and improving coal qyadite also crucial to the control of

energy intensity driven emissions. The Chinese gowent should stimulate the

development of hydroelectricity, promote utilizatiof geothermal energy, wind energy,
solar energy and biomass energy provision andysdélelop nuclear energy. The rate of
coal dressing should be increased. The importgi-dust and high-sulphur content coal
should be prohibited. The efficiency of energyigétion should also be aligned with

international standards to gradually reduce enargysity.

Smog is threatening sustainable development inahimd PM2.5 emission control is a
tough and challenging task. China should implens&mgent environmental policies and
regulations as well as empower the Environmentateetion Bureau to ensure relevant
standards are complied with, and targets met. Tindbgre is still a long way to go,

China is determined and committed to providing tebejuality of life to its citizens.

CONCLUSIONS

We analyzed the total PM2.5 emission changes fr@®7 1o 2012, and the analysis
including primary PM2.5, SO2 and NOx emissions. Tésults show that emissions of

primary PM2.5 remained nearly stable from 1997Q@&2 and the emission level of the
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other two air pollutants increased during the saeréod, most of which was induced by
the economic growth effect. Structural variationsl @opulation growth also contributed
to more pollutant emissions, but to a significamégser extent and with varying impacts
on the three pollutants. The emission efficiencyg anmergy intensity effect should be

intensified to further facilitate a reduction inljption emissions.

The results imply that rectification of the undémty socioeconomic drivers that cause
emission increases is of great significance ifanable development is to be achieved in
China. Although strict policies in strengtheningvil@mission production technologies
have been implemented, yet more effort is requicednprove economic development

patterns, optimize industrial sectors, and adjost@y supply structures.
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Appendix A

Figure A1 Total Energy Consumption by Sector of China, 2007

Construction 2%, Other 4%
Agriculture 3%

Transportation

8%
Commercial
consumption 2%

Residential
consumption
10%

Industry 71%

Source: Chong et al. (2012)

Figure A2 Total Energy Consumption by Fuel of China, 2007
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Appendix B Sectorial emission contributions (unitilion tons)

Table B1 PMs
1997-2002
ACce Acint Acstr ACeco ACpop Actotal
Primary Secondary Tertiary Primary Secondar, Tertia Primary Secondary Tertiary Primary Secondar tidgr
-0.03 -1.30 0.00 0.04 0.60 -0.25 -0.05 -3.25 0.15 .030 2.76 0.14 0.32 -0.84
2002-201C
Acce ACint Acsn Acec( ACpop ActotaJ
Primary Secondary Tertiary Primary Secondar, Tertia Primary Secondary Tertiary Primary Secondar tider
0.10 -6.17 0.03 -0.14 -8.93 -0.43 -0.08 4.03 -0.13 0.20 10.35 0.94 0.33 0.10
2010-2012
ACce Acint Acsn Acec( ACpop ACmtaJ
Primary Secondary Tertiary Primary Secondar, Tertia Primary Secondary Tertiary Primary Secondar tider
-0.03 -2.05 -0.11 0.01 1.08 -0.06 -0.01 -0.52 0.08 0.02 141 0.13 0.08 0.05
Table B2 SQ
1997-200z
Acce ACint Acsn Acec( ACpop ActotaJ
Primary Secondary Tertiary Primary Secondary Tertia Primary Secondary Tertiary Primary Secondary  tider
-0.09 -1.44 -0.32 0.07 -6.33 -0.54 -0.09 2.80 0.33 0.06 6.72 0.30 0.77 2.26
2002-201(C
Acce ACint ACStI Acec( ACpop ActotaJ
Primary Secondary Tertiary Primary Secondar, Tertia Primary Secondary Tertiary Primary Secondar tider
0.28 -10.52 0.22 -0.31 -21.99 -1.04 -0.19 4.76 0.2 0.46 30.69 2.18 1.05 5.30
201(-201%
ACce Acint Acsn Acec( ACpop ACmtaJ
Primary Secondary Tertiary Primary Secondar, Tertia Primary Secondary Tertiary Primary Secondar tider
-0.08 -5.90 -0.13 0.04 3.90 -0.21 -0.02 -2.11 0.22 0.03 2.31 0.45 0.15 -1.37
Table B3 NQ
1997-200z
Acce ACint Acsn Acec( ACpop ActotaJ
Primary Secondary Tertiary Primary Secondar, Tertia Primary Secondary Tertiary Primary Secondar tider
0.07 -0.15 0.25 0.11 -2.80 -1.21 -0.15 1.47 0.82 100. 2.71 0.79 0.39 2.40
2002-2010
Acce ACin! ACs!r Acecu ACpop Actolaj
Primary Secondary Tertiary Primary Secondar, Tertia Primary Secondary Tertiary Primary Secondar tider
0.16 2.06 0.73 -0.39 -14.30 -2.41 -0.17 3.89 -0.62 0.50 19.82 5.92 0.95 16.14
201(-201%2
Acce ACint Acsn Acec( ACpo; ActotaJ
Primary Secondary Tertiary Primary Secondar, Tertia Primary Secondary Tertiary Primary Secondar tidgr
0.03 -3.94 -1.22 0.00 2.14 0.34 -0.08 -1.12 -0.07 .140 1.40 0.17 0.09 -2.12

Source: Self calculations
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