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A B S T R A C T

This paper assesses the impact of China's air pollution abatement (APA) policies on both the economy and
environment in the Beijing-Tianjin-Hebei (BTH) area, using a multi-regional energy-environment-economy
computable general equilibrium (CGE) model incorporating the direct abatement expenditure of the proposed
policies.
The results show that, over the entire BTH area, the policies could generate an average annual loss of 1.4% of

Gross Regional Product growth in the Action Plan scenario and 2.3% in the Enhanced Action Plan scenario.
Moreover, realizing the 2020 PM2.5 BTH area concentration targets will not be possible in the Enhanced Action
Plan scenario, even with a reduction in emissions of over 60% of sulfur dioxide, nitrogen oxide, and primary
PM2.5 (particulate matter with an aerodynamic diameter less than 2.5 µm) and over 30% of VOCS (volatile
organic compounds). End-of-pipe control is identified as the most cost-effective policy for most pollutant
emission reductions, and that more joint measures are needed in future to address end-of-pipe control and
reductions from vehicles in Beijing and Hebei, and VOC mitigation in Hebei. Market-based policies and incentive
measures also need to be enhanced, with local governments’ expanding the development of environmentally
friendly industry to upgrade industrial structure for economic growth.

1. Introduction

China stands at the crossroads of policy choice and assessment,
having become one of the most air-polluted regions in the world and,
as most developed countries experienced decades ago, paying a high
resource and environmental price for its extensive economic devel-
opment. Poor air quality killed an estimated 1.6 million people in
China in 2013, accounting for 29% of the deaths caused by air pol-
lution worldwide, of which ambient PM2.5 (particulate matter with
an aerodynamic diameter of less than 2.5 µm) was a leading factor
(Global Burden of Disease 2013).1 Approximately 53% of the excess
mortality in China due to PM2.5 caused by coal consumption is ex-
perienced throughout the North China plain (Hove and Enoe, 2015),

with each resident of northern China losing an average life ex-
pectancy of 5.5 years due to severe air pollution (Chen et al., 2013).
The Beijing-Tianjin-Hebei (BTH) area, also in the North China plain -
consisting of two municipalities (Beijing and Tianjin) and one pro-
vince (Hebei) - suffers the worst air quality of all China. According to
China's Air Quality Report in 74 Cities,2 for example, of the 10 cities
with the highest PM2.5 concentration in March 2018, eight were lo-
cated in the BTH area, with average PM2.5 concentrations approxi-
mately 5.5–7.3 times higher than the World Health Organization
(WHO) safety standards (15 μg/m3), and the situation possibly worse
in winter (Zhang and Cao, 2015).

To curb serious air pollution in the BTH area and improve public
health, the Chinese government proposed its 2013 “Air Pollution
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Prevention and Control Action Plan (2013–2017)3” and 2016 “En-
hanced measures of Air Pollution Prevention and Control in the BTH
area (2016–2017)”,4 in which a series of policies and mitigation targets
are specified. Local governments in this area also announced their own
implementation details.5 By 2017, compared to the 2012 level, PM2.5
concentration in the BTH area needs to be reduced by 25% and PM2.5
concentration should not exceed 60 μg/m³ in Beijing and Tianjin and
not more than 67 μg/m³ in Hebei. By 2020, according to the “Ecological
Environmental Plan for Coordinated Development of the BTH Area
towards 20206”, PM2.5 needs to be reduced by 40% in the BTH area
compared to the 2013 level.

While clean air policies and regulations do matter for improving
air quality, they can also bring along challenges to the social-eco-
nomic system. On the one hand, as Upton (2016) asserts, local gov-
ernments should curb air pollution at whatever cost since citizens’
lives are invaluable. On the other, however, government intervention
in the treatment of environmental pollution must consider its impact
on the economy (Maloney and Yandle, 1984; Beckerman, 1992;
Grossman and Krueger, 1995; Becker, 2005). The increase in air
quality standards under command control policies always lead to
increased costs for hitherto polluting sectors (Palmer et al., 1995;
Greenstone, 2002; Chow, 1995; Rosenbaum, 2013), making policies
tends to be delayed. Therefore, some form of compromise is clearly
in need. Market-based methods, which can reduce direct government
intervention (Haimes et al., 1977; Mendelsohn, 1980; Maloney and
Yandle, 1984; Becker, 2005; Muller and Mendelsohn, 2009), can be
used to achieve environmental improvement goals at a relatively low
cost.

Therefore, in recognition of the futility of introducing policies
that blindly compel companies to reduce emissions, it is vitally
important to evaluate the impact of these different policies on both
the economy and environment to provide an analytical base for
policy improvements in the future (Pearce et al., 2006; Muller et al.,
2011; Huo, 2016). In doing this, quantifying their costs and benefits
involved is a particularly important consideration. Cost benefit
analysis (CBA) has been used in ample research concerning the U.S.
Clean Air Act and also studied in other countries (Freeman, 1982;
U.S. EPA, 1997, 1999, 2011; Pearce et al., 2006; Revesz and
Livermore, 2008; Winiwarter and Klimont, 2011). Estimating air
quality improvement/emission reduction and economy-wide im-
pact are two especially important aspects. In doing this, computable
general equilibrium (CGE) models, specifying the optimal behaviors
of economic agents as they interact across markets, and hybrid
models based on CGE and bottom-up approaches, have been in-
creasingly used. These analyze the effects of air pollution control on
macroeconomic change and emission mitigation (Chen and He,
2014; Bollen, 2010; Rive, 2010; Vrontisi et al., 2016; Dong et al.,
2015).

The impact of different air pollution mitigation measures have been
analyzed in many studies, e.g., energy efficiency improvement and end-
of-pipe control (Amman et al., 2008; Rive, 2010); environmental tax,
energy, industrial structural adjustment, and changes in transportation
mode (Bollen et al., 2010; Chen and He, 2014; Huang et al., 2012; He
et al., 2016); and eliminating outdated production capacity and limiting
the numbers of cars on the road (Gao et al., 2016; CAAC, 2015). Some
studies have also assessed the health impact of air pollution control
polices and health feedback for the whole economy (Matus et al., 2008,
2012; Nam et al., 2010). However, most do not account for the direct

implementation costs of specific control measures. For the requirements
of various air pollution abatement (APA) measures, the sectoral and
domestic direct abatement expenditure on related abatement technol-
ogies or equipment are different, and increase the demand for the
products of other industries. Unless these direct abatement costs are
incorporated into the model, the evaluation of the interaction of the
economic system and macroeconomic impact caused by the policies
will probably be biased.

Many studies have focused on the environmental outcomes of air
pollution control policies or targets in terms of PM2.5. He et al. (2014)
and Jiang et al. (2015), for example, examine the reduction of PM2.5
and related pollutant emissions under the Air Pollution Prevention and
Control Action Plan in the BTH and Pearl River Delta areas respectively;
while Greenpeace (2014) simulate the required reductions in pollutant
emissions to realize the 2022 target of 35 μg/m³ of PM2.5 concentration.
However, only a few studies have assessed the economic impact of air
pollution control policies on sectors, economic growth, fiscal deficit,
and inflation (e.g., Ma and Li, 2014), as well as those combining eco-
nomic with environmental impacts. Equally few studies have compared
current PM2.5 mitigation policies to find the most optimal and effective
policies. The main reason appears to be the lack of a comprehensive
framework from which to analyze the economic and environmental
impacts involved.

There have also been rare studies of China's current specific APA
policies, especially the enhanced measures – “Enhanced Measures of Air
Pollution Prevention and Control in the BTH area (2016–2017)” –
proposed in recent years in the BTH area. Moreover, although inter-
regional economic differences and linkages within this area are also
likely to have a significant effect on the outcomes of current APA po-
licies, only a small number of studies have used a multi-regional fra-
mework involving both interregional economic differences and linkages
in China.

As mentioned above, there has been little research into assessing the
impact of APA policies, especially a basket of APA policies, involving 1)
considering the direct expenditure/cost of emission reductions of each
individual policy and the resulting influences on related sectors and the
whole economy; 2) assessing simultaneously the economy and en-
vironmental effects as well as regional and sectoral effects; 3) in-
corporating interregional economic relations into assessment models to
estimate the policy impact considering interregional interaction; 4)
studying the economy-wide costs of different kinds of APA policies to
identify the most effective types of measures.

This paper aims to assess the impact of China's current APA po-
licies in the BTH area by 2020 to fill these gaps and contribute to the
literature. Using a multi-regional economy-energy-environmental
CGE model combining both interregional economic differences and
linkages, the study incorporates the likely abatement expenditure/
costs resulting from potential policies together with the con-
sequential increase in demands for the products of other industries. It
also assesses both the economy and environment, the regional and
sectoral impacts of these policies, and the economy-wide costs of
different kinds of policies. Attention is therefore directed to three
major questions: (1) How significant will be the likely impact of
these policies on different regional economic growth within the BTH
area? (2) How much can pollutant emissions be reduced by these
policies and can the proposed PM2.5 concentration targets be
achieved? and (3) What policies are the most cost-effective and how
should these be modified in the future?

2. Methodology and data

2.1. The dynamic multi-regional energy-environment-economy CGE model

The dynamic multi-regional energy-environment-economy CGE
model used here is built on the basic structure developed by Lofgren
et al. (2002), and the energy (including electricity) and emission

3 http://www.gov.cn/zwgk/2013-09/12/content_2486773.htm.
4 http://huanbao.bjx.com.cn/news/20160707/749105.shtml.
5 http://www.mee.gov.cn/gkml/hbb/bwj/201309/

W020130918412886411956.pdf http://www.mee.gov.cn/home/ztbd/rdzl/
dqst/mbzrs/201401/P020140127516560167960.pdf.
6 http://huanbao.bjx.com.cn/news/20160104/697490.shtml.
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modules developed by Wu and Xuan (2002) and Paltsev et al. (2005). It
is developed in two aspects: 1) the economic linkages across regions,
including interregional commodity trade, labor, and capital allocation
mechanisms is added Li et al. (2015); and 2) the direct abatement costs
of polices are incorporated into the model (see Section 2.2).

This model covers 4 regions (Beijing, Tianjin, Hebei, and the rest
of China), 17 sectors (see Appendix Tables A.1), 3 production factors
(labor, capital, and energy) and 4 emission sources (primary PM2.5

and the three precursors of PM2.5: sulfur dioxide (SO2), nitrogen
oxide (NOX) and volatile organic compounds (VOCS). The economic
agents in the model optimize their objective functions (profit for
enterprises, and utility for households and governments) and decide
separately the supply/demand of/for production factors and other
goods.

Production is described by a multi-level nested structure, since
the elasticity of substitution varies between different inputs (Fig. 1).
Intermediate commodities are entered into the model with a Leontief
structure to reflect the assumption of no substitution between dif-
ferent intermediate commodities, as well as between the inter-
mediate commodities’ bundle and factors’ bundle (comprising a
labor bundle and a capital-energy bundle). The non-substitution
Leontief structure is used because the parameters are fixed in the
short run, as the substitution between them is assumed very weak.
Energy is embedded into the model with a multi-level nested struc-
ture: an electricity bundle, and a fossil fuel bundle (comprising coal,
crude oil, natural gas, refined oil, and coke). A constant elasticity of
substitution (CES) function is adopted to describe the substitution
relationship between these energy inputs. It should be noted that
coal, natural gas, and crude oil are raw materials or intermediate
inputs (not production factors) for coking and coal-fired power
generation, natural gas power generation, and refined petroleum and
oil-fired power generation, respectively. The raw materials are dif-
ficult to substitute with other intermediate inputs and production
factors. Hence, the Leontief structure is used to describe the re-
lationship between them and other inputs. In the electricity sector,
electric power generation is divided into two types: renewable power
and thermal power (including coal-fired, oil-fired, and natural gas
power generation). These two types of power are assumed perfectly
substitutable. Technological improvements, including total factor

productivity (TFP) growth and autonomous energy efficiency im-
provements (AEEI) are explicitly represented in the production
functions. Emissions are estimated in two ways. Energy emissions are
obtained by multiplying each type of fossil fuel consumption by its
emission factor, while emissions from industrial processes are cal-
culated by multiplying each sector's output by its emissions per unit
of output.

Household income is used for tax payments, consumption, and
saving, while government income is expended on transfer payments,
subsidies, consumption, and saving. Household and government con-
sumption are co-determined by income and consumption preferences
and described by an extended linear expenditure system (ELES) and a
Cobb-Douglas function respectively. The demand of commodities for
investment is expressed by a Leontief function. The Armington as-
sumption (Armington, 1969) is used to distinguish between domestic
goods and imported (exported) goods. The demand for imports (or
exports) is determined by domestic sales and the relative price of do-
mestic sales to international sales.

The optimal behaviors of all the economic agents (producers,
households, government, importers, exporters, etc.) are specified ac-
cording to each region's characteristics that reflect regional economic
differences.

This model also specifies the economic linkages across regions, in-
cluding interregional commodity trade, labor, and capital allocation
mechanisms, which can facilitate the assessment of policy impacts
considering interregional interaction. For commodity trade across re-
gions, goods produced from different regions are presumed to be im-
perfectly substitutable, using a CES function to describe this char-
acteristic. Labor is imperfectly mobile across regions. Given the
national employment population, labor forces in different regions are
determined by the national average wage and a regional wage distor-
tion factor. Capital is mobile across regions according to the relative
ratio of investment returns and capital price. The tax rates levied by
governments are exogenous, whereas government savings are en-
dogenous. In addition, the exchange rate is exogenous, while the in-
ternational trade surplus is endogenous. Finally, total national invest-
ment is driven by total national savings from households, governments,
enterprises, and abroad.

The model is recursively dynamic and the simulation period is from
2007 to 2020. Regional economic growth over time is realized via ca-
pital accumulation, labor growth, and technological improvement. The
accumulation of capital over time in each sector accrues by adding net
investment to the capital stock in each time period. The national labor
force changes exogenously, assuming a constant proportion of effective
labor force to total population and fixed regional wage distortion
parameters over the simulation period (assuming wage differences be-
tween regions do not change in a short time), and regional labor forces
change accordingly. TFP growth and AEEI that reflect technology im-
provements are set to be exogenous in each time period (see Section
2.3).

2.2. Modeling abatement costs

Current APA policies are divided into four major categories: struc-
tural adjustment, end-of-pipe control, reduction from vehicles, and VOC
mitigation. Structural adjustment involves energy and industrial struc-
tural adjustment, including coal reduction, production capacity reduc-
tion, increasing gas supply, as well as the switch, upgrade, or shut down
of industrial boilers and kilns. End-of-pipe control includes the de-
sulfurization, denitration, and upgrading dust collectors in coal-fired
power and heating plants, desulfurization and upgrading dust collectors
in coal-fired industrial boilers and the steel and cement industries, low-
nitrogen transformation in gas-fired boilers, ultra-low emission

Fig. 1. Basic production structure in the CGE model.
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transformation in coal-fired generating units, and environmental con-
trol and transformation in the steel industry. Reduction from vehicles
includes eliminating yellow-sticker and old vehicles, improving fuel
quality, raising emission standards, and promoting the use of new en-
ergy vehicles. VOC mitigation measures include controlling VOC emis-
sions from key industries, vapor recovery, and promoting en-
vironmentally friendly paints and solvents.

The commonly used method to incorporate abatement costs in a
CGE framework is to impose an exogenous constraint on emissions to
generate a shadow cost or to introduce a tax on the production cost of
the emitting agents that would cause economic agents to reduce
emission levels. An alternative formulation would be the explicit in-
corporation of the emissions and marginal (or total) abatement costs in
the model (Vrontisi et al., 2016). In this model, we combine and apply
these two approaches according to the categories of current APA po-
licies.

For the measures of end-of-pipe control, reduction from vehicles,
and VOC mitigation, and specific structural adjustment-switch, up-
grade, or shut down of industrial boilers and kilns, we use the second
approach to incorporate their abatement expenditure (or investment)
and direct reduction of pollutant emissions into the model.

Following Vrontisi et al. (2016), the abatement expenditure per
sector due to these measures is added as a necessary intermediate input
to the unit cost of production, which does not create additional capital
stock in the economy. The abatement expenditure of firms and house-
holds creates a sector product demand that mainly comprises the
manufacture of machinery and electronics, the construction and che-
mical industry, providing abatement equipment, technologies, or other
inputs. Therefore, abatement expenditure can have a different impact
on different sectors.

For the measures of reducing coal consumption and certain
sectors’ outputs, we use the first approach, in which a shadow cost
(or an implicit tax) is designed to meet the exogenous constraint of
associated levels of coal consumption or outputs. In this way, pol-
lutant emissions can be reduced by the substitution of fuels or en-
ergy for other production factors that can reduce energy-related
emissions, and by a fall in production due to the increased cost of
production.

2.3. Input and output of the model

The input of the CGE model comprises the input for the basic
model and the input for scenarios. The former includes information
of the current economic system and energy-environmental situation,
specifically including the interregional input-output table for China,
energy consumption and emissions data (emission inventory), and
such other information as tax, payment, flow of funds, investment
and population.

The inputs are different for different scenarios. The CGE analysis
compares policy scenarios with a baseline scenario to assess the
impact of APA polices by the change in key variables. The baseline
scenario describes how the economy could develop towards 2020,
which involves assumptions of the main drivers of economic growth,
such as population change and technical improvement, and the in-
fluences of already adopted policies. These parameters are inputs for
baseline scenarios as well as for policy scenarios, for they do not
change in all scenarios. The additional inputs for policy scenarios are
the change in variables related to APA policies, which include
abatement expenditure, emission factor, and the outputs of certain
sectors.

The output of the CGE model comprises Gross Regional Product
(GRP) by region, output by sector by region, emission reduction by
pollutant by policy by region, economy-wide cost by policy by region,
and such other results as energy consumption and sector price.

The CGE simulation results can provide the emission reduction rates
from local production. In addition to locally produced emissions,

regional transport from surrounding area also influences the PM2.5
concentrations of a specific area. To include the interregional emission
transfer effect, based on CGE simulation results, the emission reduction
rates with spatial transfer effect (ERT) can be calculated as

ER ER *(1 ) ER *T loca surr= + (1)

where ERloca and ERsurr denote the local and average emission reduction
rates respectively of surrounding area, while denotes the con-
tribution ratio of interregional emission transfer, retrieved from Xue
et al. (2014) and presented in Table 1. It is assumed that the inter-
regional transfer pattern of PM2.5 precursors share the same pattern as
the interregional transfer pattern of PM2.5 itself. The ERsurr of the BTH
area is estimated using Hebei's individual pollutant's emission reduction
rate multiplied by the ratio of the PM2.5 concentration reduction targets
in the BTH surrounding area and Hebei. The average PM2.5 con-
centration reduction target in the BTH surrounding area is assumed
15%.7

2.4. Data

The basic dataset of the model is Shi and Zhang's (2012) 2007in-
terregional input-output table of 55 sectors of China's 30 regions. These
are merged into 4 regions and 17 sectors according to the National
Economic Industries (GB/T4754-2011) classification system. Customs,
tax, international balance of payment, flow of funds, and fixed assets
investment are obtained from the China Statistical Yearbook (NBSC,
2008a), Finance Yearbook of China (FYCCC, 2008), and China Customs
Statistics Yearbook (NEPRC, 2008). The parameters for the substitution
elasticities of production factors are taken from Wu and Xuan (2002)
and Li et al. (2015). The values for the substitution elasticities between
regional commodities are set to be two times those between import and
domestic commodities. The latter is taken from the GTAP (Global Trade
Analysis Project) 9 Database.8

Because thermal power and renewable power are not separated in
the input-output table, the electric sector needs to be split according to
these two power ratios in different regions in the China Energy
Statistical Year Book (NBSC, 2008b). Their power generation costs are
obtained from the IEA (2005, 2007) and Paltsev et al. (2005). The
energy consumption data are from the Energy Balance Sheet in the
China Energy Statistical Year Book (NBSC, 2008b), and the emissions

Table 1
Contribution of interregional emission transfer in the BTH area (%).
Source: Xue et al. (2014).

Regional source Beijing Tianjin Hebei

Beijing 63 5 5
Tianjin 4 58 5
Hebei 24 26 64
Shanxi, Inner Mongolia, Shandong, Henan, etc. 9 11 26
Total interregional emission transfer 37 42 36
Total 100 100 100

7 No policy simulation and emission inventory is established for the BTH
surrounding area of Shanxi, inner Mongolia, Shandong and Henan provinces,
etc. Therefore, no information is directly provided of the average emission re-
duction rate of this surrounding area as a whole. It is estimated by using Hebei's
individual pollutant emission reduction rate multiplied by the ratio of the PM2.5
concentration reduction targets in the BTH surrounding area and Hebei. In the
Air Pollution Prevention and Control Action Plan, the PM2.5 concentration re-
duction target in Hebei, Shanxi, inner Mongolia, and Shandong provinces is set
separately at 25%, 20%, 20%, and 10%, while no quantitative target specified
for Henan province. Therefore, we choose 15% as the average PM2.5 con-
centration reduction target for the whole BTH surrounding area.
8 https://www.gtap.agecon.purdue.edu/databases/default.asp.
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Table 2
Scenario settings.

Scenarios Description

Baseline scenario During 2013–2020, GRP grows and energy intensities reduce (in all regions), based on the local governments’ goals in the “12th Five-year
plans” (2010–2015) and “13th Five-year plans” (2016–2020) respectively.

Action Plan (AP) scenario From 2013, the “Air Pollution Prevention and Control Action Plan” and its detailed rules are implemented in the BTH area. After 2017,
they continue to be implemented until 2020.

Enhanced Action Plan (EAP) scenario Based on the AP scenario, from 2016, the “Enhanced measures of Air Pollution Prevention and Control in the BTH area” are carried out
until 2020.

Table 3
Regional economic impact of APA policies (%).

% change from baseline GRP Income Cons Inve Exports Imports Net outflows

2017 AP scenario BTH −4.8 −2.54 −2.9 −0.21 −5.2 2.6 −594.4
Beijing −4.6 −3.50 −3.6 −0.11 1.6 5.4 −9.7
Tianjin −4.1 −3.39 −3.2 −0.16 −4.1 4.4 −9.1
Hebei −5.1 −2.57 −2.2 −0.29 −22.9 −11.1 −127.5
ROC −0.1 0.41 −0.3 0.01 0.4 4.0 594.4

EAP scenario BTH −8.4 −4.58 −5.0 −0.36 −6.4 2.4 −554.5
Beijing −9.7 −6.46 −6.2 −0.19 1.4 6.1 −32.9
Tianjin −6.9 −5.85 −5.0 −0.26 −4.6 4.0 −13.0
Hebei −8.5 −3.83 −3.9 −0.51 −28.1 −12.7 −205.5
ROC 0.1 0.45 −0.1 0.00 0.5 4.1 554.5

2020 AP scenario BTH −10.2 −5.92 −5.0 −0.49 −8.8 15.8 −856.3
Beijing −9.8 −4.85 −3.7 −0.16 3.1 19.5 −42.2
Tianjin −6.7 −6.28 −4.9 −0.22 −10.0 21.7 −22.8
Hebei −11.7 −7.26 −6.2 −0.84 −34.1 −8.7 −155.5
ROC −0.3 0.65 −0.2 0.01 0.7 13.7 856.3

EAP scenario BTH −16.0 −8.45 −6.9 −0.68 −11.5 17.7 −780.1
Beijing −18.2 −7.87 −6.4 −0.27 4.4 23.2 −73.8
Tianjin −11.1 −8.43 −6.7 −0.29 −13.9 22.7 −40.3
Hebei −17.0 −9.57 −7.4 −1.00 −45.6 −8.7 −252.7
ROC 0.0 0.79 0.3 0.02 0.9 14.4 780.1

Note: BTH represents the whole BTH area. Cons and Inve denote consumption and investment respectively.Net outflows denotes the exports to other domestic regions
minus imports from other domestic regions.

Fig. 2. GRP growth rates (%) in different scenarios.
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data are from Tsinghua University's MEIC9 (multi-resolution emission
inventory for China). The data for the direct reduction and abatement
expenditure of policies are calculated based on statistical data, policy
plans, and research by CAAC (2015) and He et al. (2014) (Appendix
Tables A.2–A.4).

The data for the employed population and GRP growth are set based
on the historical records for 2007–2012 and the growth trends for
2013–2020. The AEEIs are set according to the AIM (Asia-Pacific
Integrated Model) provided by the Energy Research Institute (ERI) of
China, and the “Medium- and Long-term Energy Conservation Plan”
(www.ndrc.gov.cn). The TFPs are calibrated according to GRP growth,
which are set in a baseline scenario based on the historical records for
2007–2012 and the local government economic growth goals in the
“12th Five-year plans” for 2013–2015 and “13th Five-year plans” for
2016–2020.10

3. Scenarios

Three scenarios are designed in this research: the Baseline, Action
Plan, and Enhanced Action Plan scenarios. The Baseline scenario is a
simulation of economic development towards 2020 considering certain
economic growth and energy intensity reduction without additional air
pollution mitigation policies. The Action Plan (AP) and Enhanced Action
Plan (EAP) scenarios are policy scenarios in which Air Pollution
Prevention and the Control Action Plan and Enhanced measures are
carried out. The setting of these scenarios are detailed in Table 2. The
specific AP and EAP policies are shown in Appendix Tables A.2 and A.3
respectively.

4. Results and discussion

4.1. Economic impact of APA policies

Table 3 presents the regional economic impact of APA policies
compared to the baseline scenario. The BTH GRP decreases by 4.8%
and 10.2% for 2017 and 2020 respectively in the AP scenario. With the
implementation of the enhanced policies, the magnitude of the abate-
ment policy shock increases further and the BTH GRP has an overall
decrease of 8.4% and 16% by 2017 and 2020 respectively in the EAP
scenario. The simulated BTH GRP growth rates by 2020 are described in
Fig. 2. The decline in GRP growth rates in Beijing and Hebei are larger
than Tianjin due to the policies’ focus in the former regions being
higher than the latter region. The average annual loss of GRP growth

rates during 2013–2020 in Beijing, Tianjin, Hebei, and BTH are 1.4%,
0.9%, 1.7%, and 1.4% respectively in the AP scenario, and 2.6%, 1.6%,
2.5%, and 2.3% respectively in the EAP scenario. By 2020, the GRP
growth rates in different BTH regions will be around 3.4–5.8% in the AP
scenario and 2.2–5.1% in the EAP scenario respectively, while they will
be 6.2–6.7% in the baseline scenario.

The decreases in GRP in the AP and EAP scenarios may be traced to
a deterioration of international and interregional trade balance and a
decline in household consumption (Table 3). In particular, there is a
large increase in Beijing and Tianjin imports, a large decrease in Hebei
exports, and a significant fall in net outflows (exports to other domestic
regions minus imports from other domestic regions) for all BTH. This is
due to the higher production costs and prices of the goods produced by
the abating sectors and a (comparatively) lower price of the goods
produced by international and other domestic producers compared to
the baseline. Household consumption declines because of the increased
prices of goods and services and the loss of disposable income to satisfy
the required abatement expenditure caused by substituting coal for gas
or electricity. The rest of China (ROC) impact on the GRP is small and
even better by 2020, with net outflows increasing because of ROC not
implementing APA policies.

The impact varies significantly across different sectors according to
their air pollution emissions, energy use structure, abatement require-
ment, and cost. As Fig. 3 illustrates, many sector outputs decline as the
APA policies are implemented. The most negatively affected sectors are
coal mining, manufacture of non-metallic mineral products, electricity
and steam supply, chemical industry, smelting, and metal pressing. In
the EAP scenario, for example, the output reductions in these sectors
are around 19–69% by 2020. Most of these are energy-intensive or
emission-intensive (except coal mining) and have a higher abatement
cost to reduce coal use and increase other cleaner energy use by buying
abatement equipment or technology, resulting in significant output
reductions in these sectors. Reduction in coal demand leads to a sub-
stantial decrease in coal mining output. In addition, in the EAP sce-
nario, the outputs in the manufacture of food, textile and leather,
timber, furniture and paper and other manufacture sectors drop sig-
nificantly because of the strengthened policies for more polluting sec-
tors. On the other hand, there are also some “better-off” sectors. The
increase in the outputs of oil and natural gas extraction, gas supply,
petroleum processing and coking, is generated by the policy require-
ment to increase the gas supply and decrease coal consumption, and the
substitution of coal by other energy inputs. The outputs of other mining
and quarrying and construction increase mainly because of less shock
on themselves and obtaining released capital and labor resources from
the sectors with a decrease in production. There are few changes in the
outputs of the service and transportation sectors. Industrial structure
will upgrade to some degree because of the decline of the outputs of
many energy-intensive and emission-intensive sectors caused by these
policies.

The impact of these policies on the economy is the price to pay for
reducing air pollution and is so big that it may become the largest of all
environment policies ever been adopted in China; it also demonstrates
the Chinese government's strong determination to upgrade economic
structure to control air pollution.

4.2. Emission reduction impact of APA policies

Fig. 4 shows the significant emission reductions caused by APA
policies. The BTH SO2, NOX, VOCS, and primary PM2.5 emissions by
2020 can be reduced by 978, 1044, 706, and 483 thousand tons re-
spectively in the AP scenario, which corresponds to a decrease of
54.7%, 42.7%, 20.9%, and 44.8% respectively compared to the baseline
level. These emissions decrease by 1273, 1401, 1032, and 586 thousand
tons respectively in the EAP scenario, with a fall of 68.8%, 54.4%, 36%,
and 53.7% respectively compared to the baseline scenario. The policies
in the AP scenario focus more on reducing coal consumption – the main

Fig. 3. Sectoral output changes in the AP and EAP scenarios compared to
baseline scenarios.

9 www.meicmodel.org.
10 Generally, the economic growth rates used in the baseline scenario should

be ones not affected by the policies studied. Therefore, instead of real economic
growth rates, local government economic growth goals that are set before the
implementation of air pollution abatement policies are chosen in the baseline
scenario.
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source of SO2 emissions – so these policies generate a greater reduction
in SO2 emissions. Under the EAP scenario, with more policies focusing
on VOCS emission abatement, VOCS emissions can be reduced by an
additional 15.1% compared to the AP scenario, which is higher than the
additional reduction rate of other emissions. However, the overall re-
duction rate of VOCS emissions is still less than other emission reduc-
tions.

The mitigation contributions differ between different regions and
policies (Fig. 4). Within the emissions reduction of SO2 and primary
PM2.5, the contributions of structural adjustment and end-of-pipe con-
trol measures account for an equal amount in Hebei and the BTH entire,

whereas there is a greater contribution from structural adjustment in
Beijing and more contribution from end-of-pipe control in Tianjin. As
for NOX, the reduction from vehicles contributes over 50% of the
overall reduction of NOX emissions in Beijing because the transporta-
tion sector is the largest emission source - accounting for 38% of its
total NOX emissions in 2012. By contrast, Tianjin and Hebei are more
dependent on structural adjustment and end-of-pipe control measures
to reduce NOX emissions because their electricity and steam supply
sector is the largest emission source in these regions. The VOCS emis-
sion mitigation is the main contributor to the reduction of VOCS
emissions, but other policy measures (especially structural adjustment

Fig. 4. SO2, NOX, VOCS, and primary PM2.5 emission reductions compared to baseline scenarios.

Table 4
Reduction rates of pollutant emissions and their reduction targets to realize PM2.5 concentration targets compared to the 2012 level (%).

With(out) spatial transfer effect Year Emissions AP scenario EAP scenario Targets

Beijing Tianjin Hebei BTH Beijing Tianjin Hebei BTH

Without spatial transfer effect 2017 SO2 42.1 42.4 43.5 43.3 51.9 63.8 58.3 58.6 40
NOX 39.7 41.1 24.7 28.6 42.5 56.7 35.6 39.3 40
PM2.5 30.6 36.2 28.6 29.5 36.2 54.6 35.8 37.8 35
VOCS 16.4 16.6 6.7 10.1 34.8 36.8 11.4 20 30

2020 SO2 50.9 53.3 55.2 54.7 60.3 73.7 68.7 68.8 64
NOX 49.9 57 38.9 42.7 56.7 68.4 51.3 54.3 64
PM2.5 37.8 49.1 44.8 44.8 48.3 70.3 52 53.7 56
VOCS 23.9 23.9 19.3 20.9 53.4 53 26.7 36 48

With spatial transfer effect 2017 SO2 41.0 40.9 38.9 39.2 52.4 58.6 52.2 53.0 40
NOX 33.9 33.9 23.7 26.2 39.5 46.6 33.3 35.9 40
PM2.5 29.1 31.8 26.1 26.9 35.5 45.1 33.0 34.4 35
VOCS 13.0 12.6 7.0 9.0 26.7 26.8 12.7 17.6 30

2020 SO2 50.4 51.5 49.1 49.5 61.1 68.2 61.4 62.3 64
NOX 45.2 48.2 36.3 39.0 53.5 59.2 47.1 48.7 64
PM2.5 38.9 45.0 40.0 40.5 48.5 60.1 47.3 48.7 56
VOCS 21.7 21.3 17.8 19.1 43.6 42.1 26.6 32.2 48

Note: the reduction target data in the last column of 2017 refers to He et al.’s (2014) research based on an air quality model to realize the targets proposed in the “the
Air Pollution Prevention and Control Action Plan (2013–2017)”. Based on this, the 2020 data are calculated according to the concentration reduction target of 40% in
2020 proposed in “the Ecological Environmental Plan for Coordinated Development of Beijing-Tianjin-Hebei Area”.
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and reduction from vehicles) also provide additional abatement bene-
fits through reduced energy use and production of emission-intensive
sectors.

Can these emission reductions realize the government's PM2.5 con-
centration targets? He et al.’s (2014) simulation of an air quality

model11 shows that, if the targets proposed in the “the Air Pollution
Prevention and Control Action Plan (2013–2017)” of a reduction of
25% of BTH PM2.5 concentration compared to the 2012 level and not
more than 60 μg/m3 by 2017 in Beijing can be realized, SO2, NOX,
VOCS, and primary PM2.5 need to be reduced by 40%, 40%, 30%, and
35% respectively by 2017. According to this, if the PM2.5 concentration
reduction target of 40% by 2020 proposed in “the Ecological Environ-
mental Plan for Coordinated Development of BTH Area” can be rea-
lized, it can be estimated that SO2, NOX, VOCS, and primary PM2.5 need
to be reduced by 64%, 64%, 48%, and 56% respectively by 2020.
Comparing the reduction rates of pollutant emissions caused by the
policies (considering only local emissions reduction and not emission
spatial transfer) and their reduction targets (as shown in Table 4), in-
dicates that under the AP scenario, only the 2017 SO2 BTH emissions
reduction target can be realized, while the primary 2017PM2.5 BTH
emissions reduction target can be further realized under the EAP sce-
nario. The reduction rates of NOX and VOCS emissions in Hebei are
much lower, even in the EAP scenario, which means the entire BTH
reduction targets of NOX and VOCS emissions cannot be reached. In
2020, under the AP scenario, none of the 2020 BTH four emissions
reduction targets can be realized, and only the 2020 BTH SO2 emissions
reduction target the can be reached under the EAP scenario because of
the insufficient reduction in NOX, VOCS, and primary PM2.5 emissions
in Hebei, and NOX and primary PM2.5 emissions in Beijing.

Most of the emission reduction rates with a spatial transfer effect are
much lower than those without spatial transfer effect (as shown in
Table 4). In 2017, only the BTH SO2 emission reduction target the can
be realized under the EAP scenario, while in 2020, none of the reduc-
tion targets of four BTH emissions can be realized even in the EAP
scenario. Therefore, considering the interregional emission transfer ef-
fect, it is harder for BTH to reach its related reduction targets if the
reduction rates in surrounding area are small. However, the inter-
regional emission transfer effect does not change the structure of BTH's

Table 6
Effect of changes in parameter values on the change in GRP and emissions in the
2020 EAP scenario (%).

Changes in
parameter values

Regions Change in
GRP

Change in emissions

SO2 NOX VOCS PM2.5

TFP growth increase
by 20%

Beijing 2.82 0.07 1.04 1.02 0.03

Tianjin 2.38 0.39 1.16 1.67 0.31
Hebei 1.88 0.30 0.37 1.34 0.49
BTH 2.19 0.30 0.52 1.35 0.43

TFP growth decrease
by 20%

Beijing − 3.43 − 0.37 −0.89 − 1.04 − 0.09

Tianjin − 2.80 − 0.47 −0.75 − 1.34 − 1.11
Hebei − 1.91 − 0.46 −1.07 − 1.56 − 0.78
BTH −2.43 − 0.45 −1.02 − 1.44 − 0.75

AEEI increase by
20%

Beijing 0.06 − 0.62 −0.80 − 1.01 − 0.98

Tianjin 0.18 − 0.58 −0.61 − 1.70 − 0.82
Hebei 0.38 − 0.07 −0.40 − 0.85 − 0.91
BTH 0.29 − 0.20 −0.52 − 0.93 − 0.78

AEEI decrease by
20%

Beijing − 0.32 0.55 0.61 1.29 1.67

Tianjin − 0.22 0.70 0.62 1.36 0.17
Hebei − 0.57 0.11 0.49 0.65 1.03
BTH −0.44 0.22 0.58 0.88 1.05

Substitution
elasticities
increase by 20%

Beijing 0.01 0.21 0.27 0.34 0.33

Tianjin 0.04 0.19 0.20 0.57 0.27
Hebei 0.08 0.02 0.13 0.28 0.30
BTH 0.06 0.07 0.17 0.31 0.26

Substitution
elasticities
decrease by 20%

Beijing − 0.06 − 0.18 −0.20 − 0.43 − 0.56

Tianjin − 0.04 − 0.23 −0.21 − 0.45 − 0.06
Hebei − 0.11 − 0.04 −0.16 − 0.22 − 0.34
BTH −0.09 − 0.07 −0.19 − 0.29 − 0.35

Table 5
Average economy-wide costs of different policies per ton of reduced emissions (CNY 10,000).

Region Policy AP scenario EAP scenario

SO2 NOX VOCS PM2.5 SO2 NOX VOCS PM2.5

Beijing Total 355.8 145.7 179.8 1266.1 538.2 232.4 167.3 1489.6
Struct adjust 378.7 413.8 331.0 1511.4 567.3 666.3 453.7 1652.2
End of pipe 0.2 0.1 368.3 1.3 40.7 7.2 511.4 217.4
Vehicles 8.1 88.2 288.2 9.7 106.4 344.8
VOC 2.0 1.3

Tianjin Total 99.6 58.4 80.2 231.9 115.6 78.7 76.5 261.7
Struct adjust 286.0 116.1 1021.1 655.0 452.2 232.0 285.4 1792.0
End of pipe 7.2 6.5 867.3 16.9 4.8 4.2 875.9 9.6
Vehicles 11.2 26.6 407.8 11.4 27.0 411.8
VOC 2.4 1.8

Hebei Total 77.2 88.3 138.8 148.8 87.3 91.2 163.9 185.7
Struct adjust 133.7 244.5 264.5 264.7 165.8 323.4 327.9 394.7
End of pipe 6.9 6.7 1016.6 13.4 5.4 4.3 1012.4 10.5
Vehicles 7.2 44.3 100.4 7.2 44.2 99.9
VOC 3.1 2.4

BTH Total 95.3 89.3 131.9 192.9 114.6 104.2 141.4 249.0
Struct adjust 168.1 230.9 356.0 353.0 225.0 348.1 344.1 561.5
End of pipe 6.9 6.4 993.0 13.9 5.5 4.4 934.6 10.9
Vehicles 8.0 49.7 164.6 8.7 54.3 179.3
VOC 2.6 2.0

Note: ‘Struct adjust’ denotes Structural adjustment.

11 This is called CMAQ (Community Multiscale Air Quality), a powerful
computational tool used for air quality management, developed by EPA (US
Environmental Protection Agency). The CMAQ modeling system links meteor-
ological models, emissions models, and an air chemistry-transport model, al-
lowing users to use it for predicting the fate and transport of multiple air pol-
lutants (including ozone, particulate matter, and a variety of air toxics) and for
generating air quality estimates for communities, states, and regions.
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emission reductions. Hebei's emission reduction rate is still the lowest
and Tianjin's is still the highest.

4.3. The economy-wide cost of different kinds of emission reduction policies

The cost of different kinds of emission reduction policies analyzed in
this section is the economy-wide cost. This includes both direct ex-
penditure cost in abatement industries and the resulting indirect eco-
nomic cost for other industries and households. For the costs of dif-
ferent policies for various emission reduction to be comparable, the
average economy-wide costs of the unit-reduced emissions of different
policies are calculated in Table 5.

Cost-effective policies are defined here as those with lower
economy-wide cost of unit emission reduction. For each pollutant (ex-
cept VOCS), the structural adjustment policy's average economy-wide
cost per ton of reduced emissions is much higher than the end-of-pipe
control policy in both policy scenarios; hence, the current structural
adjustment policy is not cost-effective. Although the end-of-pipe control
policy involves the increased investment expenditure of abatement
sectors, it also increases direct demand for the products of some in-
dustries (including machinery and electronics manufacture, and con-
struction), with the resulting indirect demand for the products of other
industries leading to a relatively small final economy-wide cost of
abatement. End-of-pipe control is therefore a more preferable, cost-ef-
fective policy; a structural adjustment policy – especially involving a
substantial reduction in the manufacture of non-metallic mineral pro-
ducts, and smelting and pressing metals – has a very high direct and
indirect cost, while indirect demand/benefit for other sectors is rare,
resulting in higher average economy-wide costs.

The policy of reduction of emissions from vehicles is also relatively
cost-effective for NOX emission mitigation; the average economy-wide
costs for this reduction in all regions are a little higher than end-of-pipe
control but much lower than structural adjustment in both policy sce-
narios. Therefore, more measures of end-of-pipe control and reduction
from vehicles could be adopted in the future to reduce emissions to
realize the PM2.5 concentration targets. For VOCS emission reduction,
the policy of VOC emission mitigation is the most cost-effective (al-
though other policies can reduce VOCS emissions to some extent) and
its average economy-wide cost is very low, which offers a greater
possibility of reducing VOCS emissions in the future.

5. Sensitivity analysis

Three key parameters/assumptions are manipulated to test the
sensitivity of the simulation results. First, is a higher and a lower
(± 20%) TFP growth change in the EAP scenario, the policy scenario
with largest shock, since GRP growth is an important driver of energy
consumption and pollutant emissions. Second, since energy efficiency
improvements contribute substantially to reducing pollutant emissions,
a higher and a lower change (± 20%) in energy efficiency (AEEIs) is
also considered. Finally, the substitution elasticities between capital
and energy and among fossil fuels are varied (± 20%) as their em-
pirical estimates vary substantially.

Table 6 displays the effect of changes in key assumptions on GRP
and pollutant emissions in the 2020 EAP scenario. Unsurprisingly, the
TFP growths change has a significant effect on GRP and consequently
impacts pollutant emissions. The change in AEEIs also has an influence
on pollutant emissions, but the impact on GRP is smaller from AEEIs
than from TFP growth. The elasticities of substitution between capital
and energy and between fossil fuels have a smaller impact on GRP and
pollutant emissions. The sensitivity results further indicate that these
key parameter changes only alter the GRP and pollutant emissions a
little in the EAP scenario, suggesting the simulation results in Section 4

are relatively robust.

6. Conclusions and policy implications

This study assesses the impact of China's current APA policies on
both the regional economy and environment in the BTH area by 2020,
using a multi-regional energy-environment-economy CGE model in-
corporating the direct abatement expenditure of the policies. A sensi-
tivity analysis indicates the results to be reasonably robust.

The simulation results demonstrate that the current APA policies in
the BTH area could generate a large negative influence on economic
growth, with an average annual GRP growth loss of 1.4% in the AP
scenario and 2.3% in the EAP scenario in the entire BTH area. The
decline in Beijing and Hebei's GRP growth rates are larger than Tianjin.
There are also obvious decreases in the production of energy- and
emission-intensive sectors, which are offset to some extent by industrial
structural transformation and upgrading. These policies illustrate the
commitment of Chinese government to change the economic develop-
ment mode in a way that will reduce air pollution.

It is inevitable that the current APA policies play an important role
in environmental improvement in the BTH area, with a reduction of
more than 50% and 60% in 2017 and 2020 respectively in SO2, NOX,
and primary PM2.5 emissions, and a fall of more than 20% and 30% in
2017 and 2020 in VOCS emissions respectively in the EAP scenario.
However, there is still a gap between the reduced emissions and the
requirements for the related PM2.5 concentration targets proposed by
the government in this area. Considering the interregional emission
transfer effect, the gap will be even larger if the reduction rates in the
BTH surrounding area are small. The PM2.5 concentration reduction of
BTH is mainly dependent on the reduction in local emissions. According
to the simulation results, in order to realize the PM2.5 concentration
targets and improve air quality, VOCS emission mitigation needs to be
enhanced, especially in Hebei. In addition, more determination and
policies are needed to reduce NOX and primary PM2.5 emissions in
Hebei and Beijing.

Within the four types of the APA policies in the BTH area, end-of-
pipe control is the most cost-effective for the reduction of most pollu-
tant emissions. The policies of reduction from vehicles and VOC emis-
sion mitigation are cost-effective for NOX and VOCS emissions respec-
tively. The current proposed structural adjustment policy contributes
significantly to a reduction of all of four emissions but with a high cost.
Hence, if APA policies could be better designed and more targeted, it
would be helpful for APA but at a smaller future social price.

Some implications for policy-making and industry development can
be identified from the analysis. First, stronger policies are needed, as
current APA strategies are insufficiently effective for meeting related
PM2.5 concentration targets. According to the results of the emission
reduction and economy-wide cost of policies, more measures that ad-
dress end-of-pipe control and reductions from vehicles for NOX and
primary PM2.5 emissions in Beijing and Hebei, and more measures of
VOC mitigation for VOCs emissions in Hebei should be adopted in the
future to reduce PM2.5 concentration. In addition, joint prevention and
control in inner BTH and its surrounding area is also needed to reduce
the negative effect of interregional emission transfer.

Second, such command and control approaches as mandatory output
reduction should not be implemented for a long period as the high
economy-wide cost of industrial structural adjustment may harm cor-
porate emission reduction initiatives. Considering the great contribu-
tion of structural adjustment to reducing emissions, the incentives to
accelerate structural adjustment therefore need to be increased.
According to many experiences that have occurred in the developed
countries, the early introduction of such market-based approaches as
environmental tax or emission trading could be beneficial because they

N. Li et al. Energy Policy 127 (2019) 213–227

221



can realize industrial and energy structure improvement at a low cost.
This means that air pollution reduction actions and enterprises-led
emission reduction behaviors should play a leading role in the future,
while direct intervention by the government should be gradually re-
duced. On the other hand, enterprises should strengthen their emission
reduction actions through effective policy guidance and incentives. In
addition, subsidies and rewards need to be increased for abating sectors
and households. For example, end-of-pipe control measures require
sectors to buy abating equipment, and the policy of reduction from
vehicles encourages households to eliminate older vehicles or buy new
clean-energy vehicles; at present, however, these are relatively ex-
pensive and current subsidies are relatively low. Therefore, the gov-
ernment needs to increase subsidies to reduce the financial burden on
industries and households. More rewards can be offered for private
enterprises as incentives to improve energy efficiency as well as tech-
nological innovation to increase abatement potential. In terms of en-
ergy structure adjustment, in order to reduce the economy-wide cost of
policies and make it easier to substitute cleaner energy for coal, the
government could guide reasonable energy prices and make gas and
renewable energy more economical and competitive than coal. One of
the most important roles of the government in the future emission re-
duction of air pollution could be to design an institutional framework
for subsidies and incentives, play a reasonable guiding role, and avoid
false emission reduction behaviors that may result from policy loop-
holes, and thus truly encourage incentives to reduce emissions. Finally,

it is also necessary to expand the development of environmentally
friendly industry. The cost of upgrading the economic structure gen-
erated by the APA policies is very large, while the negative policy im-
pact on service and other environmentally friendly industry sectors is
very small. Thus, the development of environmentally friendly in-
dustries with little or zero emission and/or high added value needs to
be accelerated to upgrade industrial structure and encourage economic
growth to compensate for the economic loss of air pollution abatement.

A limitation of this study is that the health impact of APA policies is
not assessed. Nevertheless, the analysis can provide important inputs
for the evaluation of the impact on health. For further research, it will
be important to link health damage and air pollution, and to evaluate
the health impact of APA policies to make it possible to incorporate
health feedback costs and benefits into the economy to assess the
comprehensive effect of APA policies using CBA analysis.
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Appendix A

See Tables A.1–A.5.

Table A.1
Division of sectors.

Codes Sectors

1 AGR Agriculture
2 COA Coal mining
3 OGA Oil and natural gas extraction
4 OMI Other mining and quarrying
5 FTC Food and textile, clothes industry
6 TFP Timber, furniture and paper manufacturing
7 PET Petroleum processing and coking
8 CHE Chemical industry
9 NOM Non-metallic mineral products manufacturing
10 SPM Smelting, pressing of metals
11 MEM Machinery and electronics manufacturing
12 OMA Other manufacturing
13 ELS Electricity and steam supply
14 GAS Gas supply
15 CON Construction
16 TRA Transportation
17 SER Services
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