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ABSTRACT

This study analyzed the effectiveness of China’s policy to reduce of sulfur dioxide. China’s 12" Five-year plan
on national economic and social development emphasized environmental protection and low-carbon economic
development. Sulfur dioxide was one of the major gases to affect air pollution and climate change and its control
became a key policy agenda in the environment and energy sector. As the absolute amount of sulfur dioxide
emissions in China came from the industrial sector, the control of the coal-based energy was especially urgent. This
study analyzed the factors that influenced the sulfur dioxide emissions and the policy effects to reduce sulfur
dioxide in China from 2003 to 2012 based on regional data. The air pollution treatment investments showed the
biggest impact together with energy conservation policy in reducing sulfur dioxide emissions. However, pollutant
emissions charge did not show a relevant policy effectiveness in all regions as the amount of charge would be
smaller than economic benefit from non-compliance. Rationalizing pollutant emissions charge is, therefore, a key
policy task for further reduction of sulfur dioxide emissions.
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Table 1. Sulfur dioxide reduction target and total emissions in five-year plan period

Division “11.5 five-year plan period”

“12.5 five-year plan period”

Reduction target

10% reduction by 2010 compared to 2005

8% reduction by 2015 compared to 2010

Total emissions

Thermal power generation 800

(10,000ton) 2,295 2,086.4 Steel industry 180
Others 1,866
Source: Ministry of Environmental Protection in China (2006, 2011).
3) 53 <127 S AE Abele F2 AU EFE ISl BE 2L A i
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Table 2. Sulfur dioxide emissions in 2012 by region (unit: 10* ton)
Region Emissions Region Emissions Region Emissions
Shandong 1,748,807 Xinjiang 796,128 Ningxia 406,633
Neimenggu 1,384,928 Yunnan 672,216 Jilin 403,482
Hebei 1,341,201 Hunan 644,959 Fujian 371,251
Shanxi 1,301,755 Zhejiang 625,766 Shanghai 228,218
Henan 1,275,909 Hubei 622,367 Tianjin 224,521
Liaoning 1,058,712 Gansu 572,489 Qinghai 153,853
Guizhou 1,041,087 Jiangxi 567,687 Beijing 93,849
Jiangsu 991,967 Chongqing 564,777 Hainan 34,137
Sichuan 864,440 Anhui 519,589 Xizang 4,185
Shaanxi 843,755 Heilongjiang 514,300
Guangdong 799,223 Guangxi 504,123

Source: Ministry of Environmental Protection in China (2013).
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Table 4. Atmospheric sulfur dioxide concentrations in environmental quality standards

Atmospheric environmental quality standards

Sulfur dioxide GB3095-1996

Atmospheric environmental quality standards
GB3095-2012

(ug/m’)
Level 1 Level 2 Level 3 Level 1 Level 2
Annually 20 60 100 20 60
24-Hour average 50 150 250 50 150
1-Hour average 150 500 700 150 500
Source: Ministry of Environmental Protection in China (2012).
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Table 5. Statistics

a7t - olxis

basic of energy reduction

Region Average Standard deviation Minimum Maximum
Beijing —338.70000 2,115.9210 —5,521.940 931.1995
Tianjin —153.65900 1,627.8610 —4,084.570 984.9012
Hebei —544.39000 7,981.5540 —19,836.000 4,419.5030
Shanxi —158.81000 5,446.4450 —12,749.800 3,809.7410
Neimenggu 650.94310 4,278.0740 —9,666.110 3,718.4860
Liaoning 45.51126 5,644.7000 —13,610.700 3,703.2770
Jilin 199.80500 2,258.2090 —5,315.400 1,604.7800
Heilongjiang —694.47800 3,133.1970 —8,050.000 1,826.7170
Shanghai —689.58600 3,103.9870 —8,225.050 1,327.3400
Jiangsu —888.77600 6,614.1410 —17,167.400 2,199.6090
Zhejiang —523.10300 4,697.2830 —12,031.700 1,868.1540
Anhui 307.68860 2,811.2900 —6,505.980 2,127.8420
Fujian —142.89800 2,453.3280 —6,141.600 1,362.7820
Jiangxi 135.91040 1,839.1340 —4,286.010 1,440.0500
Shandong —1,355.77000 9,299.5200 —24,161.900 4,341.9930
Henan —168.93600 5,901.1220 —14,624.600 3,184.9260
Hubei 270.06560 4,232.6620 —10,082.000 2,650.1550
Hunan 402.66060 4,162.5700 —9,709.270 3,008.8400
Guangdong —912.64600 6,928.4500 —17,921.000 2,423.4550
Guangxi 146.25330 2,098.7100 —4,868.570 1,618.0860
Hainan —42.93780 332.3507 —822.198 220.7743
Chongging 44.52996 2,062.4360 —4,942.890 1,262.4200
Sichuan 459.31380 5,036.2040 —11,816.100 3,469.4140
Guizhou —94.27100 2,284.3020 —5,641.250 1,219.2460
Yunnan —184.33200 2,415.9190 —6,023.970 1,342.2800
Shaanxi 157.02560 2,383.2490 —5,571.340 1,652.0510
Gansu —76.40050 1,794.8050 —4,367.670 1,376.2750
Qinghai 23.15012 719.0005 —1,670.360 570.3989
Ningxia 30.20892 1,081.1050 —2,536.080 912.1533
Xinjiang —381.19000 2,389.2460 —5,506.490 2,164.3860
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Table 6. Analysis variables
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Variables Meaning Source
Dependent . . . .. . .
ariable In(SO») SO, emissions Log capita of sulfur dioxide emissions Environment Statistical Yearbook
A%
. . Energy savings during the year compared .
B, Energy savings ratio &y . & g Y p' Energy Statistics Yearbook
to the previous year energy consumptions
3 Pollutant emissions Previous year pollutant emissions charges Ministry of Environmental Protection in
Explanatory 2 charges rate rate in the industrial sector China Statistics
variables Air pollut L o of i N )
ir pollution og capita of investment m industry air . ..
B p. g . P Y Environment Statistical Yearbook
treatment investments pollution treatment
By Coal usage Log capita of coal usage National Statistics

Table 7. Statistics basic of variables

Variables Unit Average Standard deviation Minimum Maximum
Emissions ton/capita 498 0.60 3.19 6.41
Energy savings ratio tce/tce —0.03 0.38 —1.38 0.30
Pollutant emissions charges rate yuan/capita 2.56 0.59 0.06 4.51
Air pollution treatment investments yuan/capita 2.70 0.90 —1.01 5.08
Coal usage yuan/capita 0.73 0.66 —1.00 2.21
Table 8. Parameter estimation results
Panel random Regression analysis
Division
effects North North east East Middle south West south  West north
By —0.0591" —0.0514 —0.163" —0.0706 —0.0397 —0.0335 —0.0937
(energy savings ratio) (0.0287) (0.107) (0.0701) (0.0752) (0.170) (0.165) (0.0670)
ut tﬁ S —0.544" —1.345™ 0.651" —0.705™" —1.039" —0.645 —0.335
(pollutant emissions (0.105) (0.336) (0.348) (0.237) (0.504) (0.600) (0.220)
charges rate)
) A fl i 0.0381" —0.226™ —0.0278 0.0405 0.240™ —0.0656 —0.0340
(air pollution (0.0172) (0.0577) (0.0476) (0.0391) (0.0704) (0.108) (0.0387)
treatment investments)
By 0.390"" 1.816™ 0.140 0.342"" 0.373" 0.664™" 0.734™"
(coal usage) (0.0656) (0.144) (0.360) (0.0980) (0.173) (0.202) (0.0524)
R 0.574 0.923 0.923 0.434 0.502 0.270 0.860
Obs. 270 45 27 63 54 36 45
) Y Significance © p<0.1,  p<0.05, ™ p<0.01.

? Standard errors in parentheses.

3 Using the year dummy, regional dummy in the analysis.
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