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Computable General Equilibrium Model
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Rational economic agents:
1) Minimizing production
costs of firms

2) Maximizing welfare of
consumers

Equilibrium conditions:

1) Product market clear

2) Labor market clear

3) Capital market clear

4) The investment decided
by saving



Data

® Regional Input-output Tables
® Regional Social Accounting Matrix (SAM)
® Emission Inventory

® Regional Energy Balance Tables
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Economic Data
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Energy and Emission Data

PKU-Inventory (2007): BC, CO, CO,,
NH;, NOy, PM,,, PM, s, TSP, OC,
S0O,. VOC(Shaodong Xie, et al, 2016)

Table 2 Detailed source/fuel categories

30 Regions’ Energy
Balanced Tables (2008)

Energy Balanced Tables for Beijing (10%on)

No |Source category | Fuel/activity | Sector | Quality | co:| co| pm| BC| oc| so:| No| NE;| PAH :
1 anthracite energy production fuel consumption v v v v v v v Vv YV Coal Coke Gasolin Kerose Diesel Fuel oil LPG Nature
2 coking coal energy production fuel consumption v v v v v v Vv ¥V Y gas
3 bituminous coal energy production fuel consumption v Vv v v v v Vv ¥V Y Ag riculture
4 lignite energy production fuel consumption v Y Y v v v vV ¥ Y ’ 50.9 0.0 49 0.0 8.3 0.0 0.1 0.0
5 peat energy production fuel consumption v v v v v v Vv Vv V¥ Forestry, etc
21 anthracite industry fuel consumption v v v v v v v vV Y Mining and
2 coking coal industry fuel consumption vV Y VY A A A A A Wa S?] ing 9.0 3.2 0.3 0.0 4.1 0.0 0.0 0.0
23 bituminous coal industry fuel consumption v v v v Vv Vv Vv vV Y . )
24 Coal lignite industry fuel consumption v v v v v v Vv Vv ¥ L|ght |ndUStry 116.1 0.0 57 0.0 34 0.9 0.5 0.5
25 pea industry ful consumption A AR AR Chemisty 1451 00 26 01 25 168 72 28
35 anthracite residential/commercial ~fuel consumption v v Vv v v v v ¥V Y
36 coking coal residential/commercial  fuel consumption v v v v v v v vV VY Nonmetal 248.0 47 1.3 0.0 11.4 7.4 0.3 0.8
37 bituminous coal residential/commercial fuel consumption v v v v v Vv v ¥V ¥ manufacturin g ’ ) ’ ’ ’ ) ) ’
38 lignite residential/commercial ~fuel consumption v v Vv v Vv v Vv ¥V Y Metal
39 peat residential/commercial fuel consumption v Vv v v v Vv Vv vV VY . 4005 226.0 20 0.0 4.8 04 0.5 0.6
81 patent fuel residential/commercial fuel consumption v Vv v v v Vv Vv v Y manufacturin g
80 honeycomb/coal briquettes residential/commercial _fuel consumption v v v v v v v v v Machine
6 gas/diesel energy production fuel consumption v v v v v v v v Y manufacturin g 27.5 3.8 2.3 0.0 1.5 0.1 0.1 0.2
7 residue fuel oil energy production fuel consumption v v v v v v v vV Y
13 natural gas liquid energy production fuel consumption v v Vv v v v v v VY Other ind ustry 49.7 04 3.9 0.1 2.6 0.1 0.2 1.0
19 gas/diesel agriculture fuel consumption v Vv v v Vv Vv Vv ¥V Y Electric Power,
20 gas/diesel industry fuel consumption v v v v v v v v VY
26 residue fuel oil industr:v fuel consumgtion v Vv Vv Vv Vv Vv Vv ¥V ¥ Heat, Gas and 1292.7 0.0 1.6 0.0 1.4 17.2 0.0 8.0
31 crude oil industry fuel consumption v v v Water
33 natural gas liquid industry fuel consumption v v v v Vv v Vv vV Y ;
42 natural gas liquid residential/commercial ~fuel consumption v v v v v v vV Y Con StrU'CtI on 16.0 0.0 8.7 0.0 18.7 0.0 0.7 0.4
43 kerosene residential/commercial fuel consumption v Vv Y Y Y Y Y Yy Traffic,
82 gas/diesel residential/commercial ~ fuel consumption v v v v Vv Vv Vv Vv V¥ Tran SpOl't and 51.2 0.0 82.1 2766 1104 0.0 23 6.2
83 il fuel oil residential/commercial ~fuel consumption v v v v v v Vv vV Y s
12 vahinla masalina teanonnctatinn final Anncumntinn VA A A A A A A torage
Other Services 3066 0.0 462 03 230 00 280 17.2




SIAP Validation
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Environmental Protection Tax

Environmental Protection Tax Law Description

All enterprise except emissions from agriculture and moto
vehicle/vessel/aircraft

The first three items of pollutants ranked in descending order of pollution
equivalents. SO,, NOx and CO are considered in this paper.

Price 1.2 RMB to 12 RMB per pollutant equivalent value
S1: 1.2 RMB per pollution equivalent in all regions

Scenarios S2: The current EPT tax rates
S3: 12 RMB per pollution equivalent in all regions

Sectors

Pollutants

SO2
yuan/Kg

NOx CO

yuan/Kg yuan/Kg

[ ].0 Lo [ 1o
12 [ J1-12 [ J1-12
[ 114-24 [113-24 [113-1.8
35-6.0 P 25-6.0 1.9-39
Bl 6.7-12.0 Blo61-120 Bl 40-120

Regional pollutants price in current environmental protection tax
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Impact of EPT on Emissions and GDP

SO, NO, TSP PM, PM, . CO VOC OC NH, BC GDP

Emissions and GDP changes(%)

v v

vV VvV VY

v VY

v v VvV =

v EPT-1.2
EPT-current
EPT-12

» The tax leads to the largest
declines in SO, and NOy
under all scenarios

> A more ambitious
environmental policy is a
necessary condition for air
pollution mitigation in China

> This tax ultimately has a
slightly negative effect on
GDP

Hu, et al., ERL,2019
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Impact of EPT on Sectoral Emissions

The significant effects
only happen in sectors
with high emission
intensity (i.e., the
electric power sector
and nonmetal
manufacturing sectors)
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(b) Sectoral emissions reductions under EPT-current scenario

(a) Sectoral emissions under BAU scenario
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Hu, et al., ERL,2019



&ERF Impact of EPT on Regional Emissions
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EPT-1.2 EPT-current EPT-12
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Substantial air pollutants
reductions occur In:

MO, € (1) provinces with large economy
> scales(Guangdong, Shandong,

Zhejiang and Hebei)

co RS (2) provinces with SO,-intensive
and NOy-intensive industry
(Xinjiang, Guangxi, Jiangxi and
Yunnan)

PM, s

Hu, et al., ERL,2019



Environmental Protection Tax Reforms

® Tax Reform: recycling the tax revenues to reduce other distortionary
taxes or transferring the revenues to other agents

® Double Dividend: tax benefits to both the environment and economy

Scenario Description

Baseline No EPT tax

EPT _Cur Current EPT without returning

EPT_Gov All provinces apply the highest 12 RMB tax rate without returning

EPT Int The tax revenues from EPT_Gov are all used to reduce household income tax

EPT_Ent The tax revenues from EPT_Gov are all used to reduce enterprise income tax
EPT _Sol The tax revenues from EPT_Gov are all invested in solar PV installation

Half of the tax revenues from EPT_Gov are used to reduce household income

EPT _I&S _ _
- tax and half are used to support solar PV installation

Hu, et al., Earth Future, 2020
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» EPT Intis an efficient

way to achieve the double
dividend

> There is no double
dividend under EPT _Ent or
EPT Sol scenario

» EPT |&S could be a
better approach to reduce
more air pollution
emissions

Hu, et al., Earth Future, 2020



ERF Regional Impacts of EPT Reforms
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Hu, et al., Earth Future, 2020



Conclusion

» At the national level, the overall effect of the current policy on air pollution
mitigation is relatively small, less than 2% compared to a BAU scenario. A more
ambitious environmental policy is a necessary condition for air pollution mitigation.

» Significant effects from EPT only happen in regions with large economic scale
(i.e., Guangdong, Shandong and Zhejiang provinces) and in sectors with high
emission intensity (i.e., the electric power and nonmetal manufacturing sectors).

» Strengthening the current EPT and returning tax revenues to reduce household
income tax is the most efficient way to reduce air pollution from high emission
Intensity regions.

» To reduce more air pollutant emissions, returning half of the tax revenues to
Invest in solar power is the second best option, which substantially reduces both
CO, and air pollution emissions with almost no impact on household welfare.
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