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Abstract 
 
This paper describes a model, implemented in an Excel spreadsheet, for evaluating a wide range 
of fiscal and regulatory instruments policymakers might consider for implementing their Paris 
mitigation pledges. Policies are evaluated against a range of metrics, including impacts on 
carbon dioxide (CO2) emissions, revenue, deaths from local air pollution, economic welfare 
benefits and costs, and incidence across household and industry groups. The model is applied to 
China, the world’s largest emitter, but could be readily transferred to most other countries. 
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I.   INTRODUCTION 

 

Over 190 countries made pledges to reduce carbon dioxide (CO2) and other greenhouse gas 

emissions for the landmark 2015 Paris Agreement on Climate Change.  The Agreement 

concluded that a typical large emitter’s goal is expected to reduce emissions by around 30 

percent by 2030 relative to emissions in some baseline scenario. The key practical issue is 

what specific policy actions are needed in different countries to move forward on these 

pledges.  

 

There is a wide array of alternative fiscal and regulatory CO2 mitigation instruments—a non-

exhaustive list includes carbon taxes; emissions trading systems (ETS); individual taxes on 

coal, road fuels, and electricity; renewables subsidies; measures to reduce the CO2 intensity 

of power generation; and policies to increase energy efficiency in different sectors. 

  

Although there is general agreement among economists, policymakers, and business leaders1 

that, ideally, comprehensive carbon pricing in line with environmental objectives would form 

the centerpiece of mitigation policy, there are practical reasons (e.g., opposition to large 

increases in energy prices) why policymakers may be under pressure to implement a more 

limited form of carbon pricing, perhaps in combination with other instruments. To make 

sound choices across instruments, to design the stringency of specific policies, and to 

communicate the case for policy actions to legislators and stakeholders, policymakers need 

an overarching quantitative framework for comparing options against a wide range of metrics 

including their effects on carbon dioxide (CO2) emissions, revenue, premature deaths from 

local air pollution, incidence across household and industry groups, as well as their overall 

domestic economic benefits and costs.  

 

While there has been plenty of valuable modelling of specific carbon mitigation policies in 

specific countries2, there has been little analysis comparing a broad range of policy options 

using a consistent modelling approach, and against a broad range of metrics. Probably the 

most comprehensive study in this regard is Krupnick et al. (2010) who examined the 

effectiveness and cost-effectiveness of over 30 policies and policy combinations to reduce 

US CO2 emissions and oil consumption using a variant of the National Energy Modelling 

System (NEMS). The NEMS model contains considerable detail on energy sectors, regions, 

and adoption of specific technologies, and its projections are widely used by other modelers, 

but conducting a simulation essentially requires hiring a specialist consultancy firm. In our 

view, a far more streamlined model—one that is easily run for different countries by non-

experts in a user-friendly spreadsheet—would be an especially useful tool, as it potentially 

                                                 
1 See, for example, www.carbonpricingleadership.org/carbon-pricing-panel. 

2 See, for example, Aldy et al. (2016) and, for a discussion of modelling results for the United States, Fawcett et 

al. (2015). 
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facilitates comparisons across instruments and countries, enables easy checks on the 

sensitivity of results to uncertain parameters, and regular updating for the latest energy data.    

 

This paper takes a first stab at developing such a spreadsheet model and applies it in the case 

of China, the world’s largest emitter, using each of the various mitigation instruments listed 

above.3 The tool, which distinguishes power generation, road transport and other energy use 

in industry and homes, begins with energy flow data for China from the International Energy 

Agency (IEA) website and projects this forward to 2030 using assumptions about GDP 

growth, income elasticities for energy products, future fuel prices, which vary based on 

policy action and stringency, and autonomous technological change. The responses to 

different policies hinge on behavioral response assumptions for fuel use, energy efficiency, 

and so on in different sectors, taken from the empirical literature.  

 

To give a flavor of the results for China, taxes on the carbon content of fossil fuels, or just 

coal (both of which are very straightforward administratively), greatly outperform other 

policies across a broad range of metrics. In the central case, charges rising progressively to 

$35 per ton4 of CO2 by 2030 reduce CO2 emissions by around a 20 percent relative to 

baseline levels (while meeting China’s main Paris pledge on CO2 intensity) and raise 

revenues well over 1 percent of GDP in 2030. Cumulated over 2017-2030, these policies also 

save close to 2 million air pollution deaths while generating discounted domestic welfare 

gains (excluding climate benefits) equivalent to over 30 percent of 2015 GDP. These are 

extremely large benefits. An equivalently scaled ETS has—roughly speaking—about half of 

the environmental and (with auctioned allowances) fiscal effectiveness of the carbon and coal 

tax policies, while other policies often have dramatically lower environmental, fiscal, and 

welfare benefits. The relative ranking of different mitigation instruments is generally robust 

to parameter uncertainty.  

 

Incidence analysis can be conducted by linking the policy-induced impacts on energy prices 

from the spreadsheet tool to an input-output model to trace through price impacts on different 

industries and consumer goods, and combining that with household survey data on spending 

                                                 
3 The paper is based on a larger working paper written for the 2016 Article IV consultation between the IMF 

and China. As regards prior analyses of carbon policies for China, a valuable contribution is Cao et al. (2013) 

who analyze a carbon tax by integrating a detailed treatment of air pollution damages into an economic-energy 

model incorporating capital dynamics and disaggregating 33 different industries. With similar assumptions 

about the price responsiveness of coal use, our results on the carbon and local health benefits of carbon taxes are 

similar in a broad sense. The present analysis differs from Cao et al. (2013) by considering a wider range of 

carbon mitigation instruments, evaluating them against a broader range of metrics, and using a highly 

streamlined modelling approach. For a review of other recent carbon policy modelling exercises for China, see 

Karplus et al. (2016). 

4 Monetary figures are expressed in 2015 US$ given the audience for the paper. To convert into Chinese Yen 

multiply by 6.5.  

(continued) 
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for energy and other products by different income groups. For China, carbon taxes are 

regressive but only moderately so—although the poor spend a greater share of their budget 

on electricity, natural gas, and heating than do wealthier households, the opposite applies for 

road fuels and other consumer products whose prices increase indirectly from higher energy 

costs. Recycling about 5 percent of the carbon tax revenues to lower social security 

contributions and stronger social safety nets—areas where China has been lagging5—could 

compensate the bottom two deciles. Carbon policies also complement broader efforts to re-

balance the Chinese economy away from energy-intensive activities.  Any transitory 

compensation for trade sensitive sectors should not involve large fiscal costs (around 10 

percent of carbon pricing revenues) as these sectors are not disproportionately impacted by 

carbon mitigation policies.  

 

The rest of the paper is organized as follows. Section 2 describes the model and policy 

scenarios. Section 3 presents the main policy comparisons. Section 4 discusses policy 

incidence. Section 5 concludes with some thoughts on the lessons for policymakers and 

future applications of the modelling toolkit.    

 

 

II.   ANALYTICAL FRAMEWORK 

 

A great deal about environmental, fiscal, and economic impacts of carbon mitigation policies 

can be learned from an aggregate-level (reduced form) model parameterized so baseline 

energy projections are consistent with those from more disaggregated (structural) models and 

the responsiveness of fuels to policies is consistent with empirical evidence. So long as the 

model contains the key features for distinguishing among the baseline scenario and 

alternative mitigation policies, additional disaggregation is not necessary for a first-pass 

policy assessment. These features include distinguishing the main energy sectors, fuel use 

within those sectors, and changes in energy efficiency from changes in the use of energy-

consuming products. This section describes such a model and the policies it can analyze.  

 

A.   Energy Sectors 

 

A discrete time period model is used where t = 0…𝑡̅ denotes a particular year. Fossil fuels are 

first discussed, followed by fuel use in the power, road transport, and ‘other energy’ sectors.6  

 

                                                 
5 Lam and Wingender (2015). 

6 Cross-price effects across the three sectors are not modelled as they are likely small for the time horizon due to 

products being poor substitutes for one another (e.g., higher prices for transport vehicles will have a minimal 

effect on the demand for space heating fuels).   
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(i) Fossil Fuels. Five fossil fuels are distinguished—coal, natural gas, gasoline, road diesel 

and an aggregate of non-road oil products (e.g., for domestic aviation, petrochemicals)—

where these fuels are denoted by i = COAL, NGAS, GAS, DIES, and OIL respectively. The 

consumer fuel price at time t, denoted 𝑝𝑡
𝑖, is: 

 

(1)  𝑝𝑡
𝑖 = 𝜏𝑡

𝑖 + 𝑝̂𝑡
𝑖 

 

𝜏𝑡
𝑖 is the tax on fuel i including any excise or carbon charge. 𝑝̂𝑡

𝑖 is the pre-tax fuel price or 

supply cost which is exogenous, meaning fuel supply curves are perfectly elastic (for the 

most part, a reasonable longer run approximation). For fuels used in multiple sectors pre-tax 

prices and taxes are taken to be the same for all fuel users. Full pass through of fuel prices 

into consumer prices for electricity and other energy products is assumed and may in time be 

a reasonable approximation, even for China, given ongoing de-regulation of the energy 

sector.7  

 

(ii) Power Sector 

Electricity demand. Residential, commercial, and industrial electricity uses are aggregated 

into one economy-wide demand for electricity in year t, denoted 𝑌𝑡
𝐸 , and determined by: 

 

(2)  𝑌𝑡
𝐸 = (

𝑈𝑡
𝐸

𝑈0
𝐸 ∙

ℎ𝑡
𝐸

ℎ0
𝐸) ∙ 𝑌0

𝐸 ,  
𝑈𝑡

𝐸

𝑈0
𝐸 = (

𝐺𝐷𝑃𝑡

𝐺𝐷𝑃0
)

𝜐𝐸

∙ (
ℎ𝑡

𝐸𝑝𝑡
𝐸

ℎ𝑡
𝐸𝑝0

𝐸)
𝜂𝑈𝐸

,  
ℎ𝑡

𝐸

ℎ0
𝐸 = (1 + 𝛼𝐸)−𝑡 ∙ (

𝑝𝑡
𝐸

𝑝0
𝐸)

𝜂ℎ𝐸

 

 

𝑈𝑡
𝐸 is usage of electricity-consuming products or capital, implicitly the stock of electricity-

using capital times its average intensity of use. ℎ𝑡
𝐸 is the electricity consumption rate (e.g., 

kWh per unit of capital usage), or the inverse of energy efficiency. Product usage increases 

with gross domestic product (𝐺𝐷𝑃𝑡) and 𝜐𝐸 is the (constant) income elasticity of demand for 

electricity-using products. Product usage also varies inversely with proportionate changes in 

unit electricity costs, or the user electricity price 𝑝𝑡
𝐸 times the electricity consumption rate. 

𝜂𝑈𝐸 < 0 is the (constant) elasticity of demand for use of electricity-consuming products with 

respect to energy costs—a policy to increase energy efficiency without affecting the 

electricity price will therefore increase usage of electricity-consuming products through the 

‘rebound effect’ (e.g., Gillingham et al. 2016). The electricity consumption rate declines 

(given other factors) at a fixed annual rate of 𝛼𝐸 ≥ 0, reflecting autonomous energy 

efficiency improvements. Higher electricity prices increase energy efficiency, implicitly 

through adoption of more efficient technologies: 𝜂ℎ𝐸  is the elasticity of the energy 

consumption rate with respect to energy prices.8  

                                                 
7 In markets with regulated prices it can be very difficult to gauge what fraction of a new tax is absorbed in 

losses for state owned enterprises. Alternatively, the new taxes here might be interpreted as the nominal tax 

times the (presumably large) fraction that is passed forward.  

8 Note that data on 𝑈𝑡
𝐸 and ℎ𝑡

𝐸  is not needed to implement the model. 

(continued) 
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The assumption that price elasticities are constant over time is more reasonable if policies are 

fully anticipated and introduced gradually, providing households and firms with time to 

adjust, though the implications of gradual turnover of capital can be explored in the 

spreadsheet by using smaller nearer-term fuel price elasticities.   

 

Mix of power generation fuels. Power generation fuels used in China include coal, natural 

gas, oil, nuclear, hydro, and (non-hydro) renewables (wind, solar, biofuels), where the latter 

are denoted by i = NUC, HYD, and REN. To accommodate flexible assumptions for the 

degree of substitution among fuels, the share of fuel i in generation, denoted 𝜃𝑡
𝐸𝑖, is defined: 

 

(3)  𝜃𝑡
𝐸𝑖 = 𝜃0

𝐸𝑖 {(
𝑔𝑡

𝑖

𝑔0
𝑖 )

𝜀̃𝐸𝑖

+ ∑ 𝜃0
𝐸𝑗

[1 − (
𝑔𝑡

𝑗

𝑔0
𝑗)

𝜀̃𝐸𝑗

] ∑ 𝜃0
𝐸𝑙

𝑙≠𝑗⁄𝑗≠𝑖 }  

 

where i, j, l = COAL, NGAS, OIL, NUC, HYD, REN. 𝑔𝑡
𝑖 is the cost of generating a unit of 

electricity using fuel i at time t and 𝜀̃𝐸𝑖 < 0 is the conditional own-price elasticity of 

generation from fuel i with respect to generation cost. Conditional here (indicated by the ~) 

means the elasticity reflects the percent reduction in use of fuel i due to switching from that 

fuel to other generation fuels, per one-percent increase in generation cost for fuel i, 

conditional on a given amount of electricity.9 Generation cost elasticities are larger than (but 

easily inferred from) corresponding fuel price elasticities as an increase in all (fuel and non-

fuel) generation costs has a bigger impact than an increase in fuel costs alone. 

  

From (3) fuel i’s generation share decreases in own generation cost and increases in the 

generation cost of other fuels, where the increase in fuel i’s generation share is the reduced 

share for fuel j≠i times the (initial) share of i in generation from all fuel alternatives to j. 

 

Use of fossil fuel i in power generation at time t, denoted 𝐹𝑡
𝐸𝑖, is given by: 

 

(4)  𝐹𝑡
𝐸𝑖 =

𝜃𝑡
𝐸𝑖∙𝑌𝑡

𝐸

𝜌𝑡
𝐸𝑖  

 

Fuel use equals the generation share times total electricity output and divided by 𝜌𝑡
𝐸𝑖, the 

productivity of fuel use or electricity generated per unit of 𝐹𝑡
𝐸𝑖. The total supply of power 

generation in each period is assumed equal to total electricity demand. 

 

                                                 
 

9 The size of the conditional generation cost elasticity is moderately smaller than that of the full generation cost 

elasticity—the latter would also incorporate reduced demand for all generation fuels as higher electricity prices 

lower electricity demand. 
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Prices and costs. Unit generation costs are given by  

 

(5) 𝑔𝑡
𝐸𝑖 =

𝑝𝑡
𝑖+𝑘𝑡

𝐸𝑖

𝜌𝑡
𝐸𝑖 , i=COAL, NGAS, OIL;    𝑔𝑡

𝐸𝑖 =
𝑘𝑡

𝐸𝑖

𝜌𝑡
𝐸𝑖 − 𝑠𝑡

𝐸𝑖, i=NUC, HYD, REN; 

 𝑠𝑡
𝑖 = 0 for i≠ NUC, HYD;  𝜌𝑡

𝐸𝑖 = (1 + 𝛼𝜌𝑖)𝑡𝜌0
𝐸𝑖 

 

𝑘𝑡
𝐸𝑖 denotes capital, labor and other non-fossil fuel costs. Unit generation costs for fossil fuels 

decline with productivity improvements (assumed to reduce fuel and non-fuel costs by the 

same proportion). Similarly productivity improvements lower generation costs for non-fossil 

fuels and renewables receive a unit subsidy of 𝑠𝑡
𝐸𝑅𝐸𝑁 . Productivity of generation by fuel i 

increases at rate 𝛼𝜌𝑖 ≥ 0 per year implicitly from better production technologies and 

retirement of older, less efficient plants. Finally: 

  

(6)  𝑝𝑡
𝐸 = ∑ 𝑞𝑡

𝐸𝑖𝜃𝑡
𝐸𝑖

𝑖 + 𝑘𝑡
𝐸𝑇 + 𝜏𝑡

𝐸   

 

The consumer price of electricity is the product of the generation shares and unit generation 

costs summed over fuels, plus unit transmission costs, 𝑘𝑡
𝐸𝑇, and any excise tax on electricity 

consumption, 𝜏𝑡
𝐸  (zero in the baseline). Upstream fuel taxes are therefore fully passed 

forward in higher electricity prices, implying an equivalency between taxing the carbon 

content of power generation fuels and taxing emissions at the point of combustion.   

 

(ii) Road Transport Sector. In the road transport sector, two vehicle classes are distinguished 

according to fuel type, gasoline or diesel, denoted i = GAS, DIES respectively—the former 

(for China) represents cars and motorbikes while the latter trucks and buses. Analogous to 

(1), gasoline and diesel fuel demand at time t, denoted 𝐹𝑡
𝑇𝑖 is:    

 

(7)  𝐹𝑡
𝑇𝑖 = (

𝑈𝑡
𝑇𝑖

𝑈0
𝑇𝑖 ∙

ℎ𝑡
𝑇𝑖

ℎ0
𝑇𝑖) 𝐹0

𝑇𝑖;  
𝑈𝑡

𝑇𝑖

𝑈0
𝑇𝑖 = (

𝐺𝐷𝑃𝑡

𝐺𝐷𝑃0
)

𝜐𝑇𝑖

∙ (
ℎ𝑡

𝑇𝑖𝑝𝑡
𝑖

ℎ0
𝑇𝑖𝑝0

𝑖 )
𝜂𝑈𝑇𝑖

;       
ℎ𝑡

𝑇𝑖

ℎ0
𝑇𝑖 = (1 + 𝛼ℎ𝑇𝑖)−𝑡 ∙ (

𝑝𝑡
𝑖

𝑝0
𝑖 )

𝜂ℎ𝑇𝑖

 

 

𝑈𝑡
𝑇𝑖 is kilometers (km) driven by vehicles with fuel type i  and ℎ𝑡

𝑇𝑖 is fuel use per vehicle km 

(the inverse of fuel economy).  Km driven in vehicle type i increases with real GDP, 

according to the income elasticity of demand 𝜐𝑇𝑖 and inversely with proportionate changes in 

fuel costs per km ℎ𝑡
𝑇𝑖𝑝𝑡

𝑖, where 𝜂𝑈𝑇𝑖 < 0 is the km driven elasticity with respect to per km 

fuel costs.10  𝛼𝑇𝑖 ≥ 0 is an annual reduction in the fuel consumption rate due to autonomous 

fuel economy improvements. Higher fuel prices also reduce fuel consumption rates (e.g., 

                                                 
10 The model abstracts from substitution between use of gasoline and diesel vehicles given the very different 

vehicle types and that the policy scenarios increase gasoline and diesel prices increase in roughly the same 

proportion as they emit similar amounts of carbon.  

(continued) 
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through promoting engine efficiency increases or lighter weight materials) according to 

𝜂ℎ𝑇𝑖 ≤ 0, the elasticity of the fuel consumption rate. 

 

(iii) Other Energy Sector The other energy sector reflects an aggregation of all other energy 

use and includes industry (steel, cement, refining, chemicals, construction, etc.), non-road 

transport, and residences. In China, this sector uses coal, natural gas, (non-hydro) 

renewables, and (non-road) oil products.11 

 

To distinguish policies affecting emissions from large industrial sources, the other energy 

sector is decomposed into large and small energy users, the latter representing households 

and small firms with emissions below a threshold12, denoted by q = LARGE, SMALL, 

respectively. Use of fuel i in the other energy sector, by group q, at time t, denoted 𝐹𝑡
𝑂𝑞𝑖

, is: 

 

(9) 𝐹𝑡
𝑂𝑞𝑖 = (

𝑈𝑡
𝑂𝑞𝑖

𝑈0
𝑂𝑞𝑖 ∙

ℎ𝑡
𝑂𝑞𝑖

ℎ0
𝑂𝑞𝑖) 𝐹0

𝑂𝑞𝑖
;  

𝑈𝑡
𝑂𝑞𝑖

𝑈0
𝑂𝑞𝑖 = (

𝐺𝐷𝑃𝑡

𝐺𝐷𝑃0
)

𝜐𝑂𝑖

∙ (
ℎ𝑡

𝑂𝑞𝑖
𝑝𝑡

𝑖

ℎ0
𝑂𝑞𝑖

𝑝0
𝑖
)

𝜂𝑈𝑂𝑖

;  
ℎ𝑡

𝑂𝑞𝑖

ℎ0
𝑂𝑞𝑖 = (1 + 𝛼𝑂𝑖)−𝑡 ∙ (

𝑝𝑡
𝑖

𝑝0
𝑖 )

𝜂ℎ𝑂𝑖

 

 

where i = COAL, NGAS, OIL, and REN. The interpretation for (9) is analogous to that for (2) 

and (7) with 𝑈𝑡
𝑂𝑞𝑖

 and ℎ𝑡
𝑂𝑞𝑖

 denoting respectively, usage of products requiring fuel i at time t 

by group q and its fuel consumption rate. Parameters 𝜐𝑂𝑖, 𝜂𝑈𝑂𝑖, 𝜂ℎ𝑂𝑖, and 𝛼𝑂𝑖 have 

analogous interpretations to previous notation and are taken to be the same across large and 

small users. Given the limited scope for substituting among different fuels used for very 

different products (compared with fuels producing a homogeneous product in the power 

sector), fuel switching possibilities are not modelled in the other energy sector. 

 

(iv) Initial metrics for comparing policies and model solution CO2 emissions. CO2 emissions 

from fossil fuel use at time t are:   

 

(10) ∑ 𝐹𝑡
𝑗𝑖

∙ 𝜇𝐶𝑂2𝑖
𝑗𝑖  

 

where j = E, T, O denotes a sector and 𝜇𝐶𝑂2𝑖 is fuel i’s CO2 emissions factor (zero for non-

hydro renewables, hydro, and nuclear). There is significant variation in CO2 emissions 

factors among different coal types, but this is not really the case when (as here) emission 

rates are defined per unit of energy. The CO2 emissions factors for fuels are fixed, that is, the 

model does not allow for the possibility of reducing them through carbon capture and storage 

technologies (given the high CO2 prices needed for these technologies to be viable). 

                                                 
11 Given the focus on policies to reduce fossil fuels, the model does not capture (non-combustion) CO2 

emissions released, for example, during the cement-making process. 

12 A threshold of 26,000 tons of CO2 has been suggested for participation in the China ETS, though this has yet 

to be confirmed. 
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Revenue. Revenue from fuel and electricity taxes, less renewables subsidies, is: 

 

(11) ∑ 𝐹𝑡
𝑗𝑖

𝑗𝑖 ∙ 𝜏𝑡
𝑖 + 𝑌𝑡

𝐸 ∙ 𝜏𝑡
𝐸 − 𝑠𝑡

𝐸𝑅𝐸𝑁 ∙ 𝜃𝑡
𝐸𝑅𝐸𝑁 ∙ 𝑌𝑡

𝐸  

 

Air pollution mortality. Deaths from fossil fuel air pollution, at time t, is: 

 

(12) ∑ 𝐹𝑡
𝑗𝑖

𝑖𝑗 ∙ 𝑚𝑡
𝑗𝑖

 

 

𝑚𝑡
𝑗𝑖

 is mortality per unit of (fossil) fuel i used in sector j, which may differ by sector due to 

differing use of control technologies and local population exposure to emissions.13 

 

Economic welfare gains. Formulas for measuring the domestic welfare gains of policies are 

described in Parry et al. (2016), Appendix C. These are based on well-established second-

order approximations (reflecting various triangles, rectangles, and trapezoids in fuel markets) 

from the literature (e.g., Harberger 1964) and capture domestic environmental benefits 

(principally reduced local air pollution and, far less importantly, reductions in congestion and 

other external costs of road vehicle use) less economic welfare costs (distortions in fuel 

markets created by, or exacerbated by, new policies). Climate benefits are excluded from the 

calculations given their global nature and dispute over their value.   

 

Model parameterization and solution. The International Energy Agency’s Extended World 

Energy Balances is used to aggregate fuel use by sector in China, the latest available year 

being 2013 (this data is available for around 160 countries). Current and future GDP data14 

are from IMF sources while future fuel and commodity prices are calculated using an average 

of IEA and IMF projections, and behavioral response parameters are based on summaries of 

empirical evidence (with adjustment for China, in some cases, based on judgment). Details 

are provided in the Appendix.  

 

The model is solved by first developing a baseline projecting fuel use by sector going 

forward to 2030 using equations of the model and projections of energy prices and GDP. The 

impacts of policies are then calculated by computing policy-induced changes in fuel prices 

from any new explicit or implicit charges. The generation shares in the power sector are then 

calculated and the resulting electricity price. Electricity and fuel prices are then used in 

                                                 
13 Local air pollution causes a range of other damages beyond mortality (morbidity, impaired visibility, building 

corrosion, crop damage, lake acidification, etc.) but previous studies suggest their combined damages are 

modest relative to mortality damages (e.g., NRC 2009, WB/SEPAC 2007).  

14 The World Economic Outlook (WEO) data is used for real GDP from 2013 to 2021, which is the end of 

WEO’s forecast.  From 2020 to 2030, real GDP growth decreases linearly from 6 percent to 5 percent.  
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determining proportionate changes in energy efficiency, use of energy products, fuel demand 

across the three sectors, and hence the environmental, fiscal, and economic impacts.  

 

III.   POLICIES 

 

This subsection discusses the different policy instruments under ‘moderate’ and ‘aggressive’ 

stringency scenarios. 

 

Carbon tax. A comprehensive tax on fossil fuel CO2 emissions promotes the full range of 

emissions mitigation opportunities (switching to cleaner fuels, improving energy efficiency, 

conserving on usage of energy-consuming products) across all sectors.  

 

The best way to administer the tax would be to levy it upstream at the point of entry in the 

economy, for example, at the mine mouth for coal building off existing administrative 

structures for China’s Resource tax15 and for petroleum products at the refinery or gas 

processing plants, while imported fuel would be taxed at the border. There are currently in 

China about 11,000 coal mines (though restructuring will likely close around 4,000 of them 

over the next few years) and far fewer petroleum refineries and gas processing plants. This 

would contrast, by orders of magnitude, with the number of transactions the tax 

administration would have to monitor to collect a carbon tax downstream. Alternatively, the 

tax could be levied on large emitters though, besides missing a substantial portion of 

emissions, measuring emissions is technically more challenging than measuring carbon 

content of fuel combustion, requiring a high level of technical expertise typically not found 

in tax administrations (Calder 2015). 

 

Two carbon tax scenarios are considered, including a moderate case with the tax rate 

increasing in equal yearly increments of $2.5 per ton from 2017 to reach $35 per ton by 2030 

and an aggressive case with yearly tax rates twice as high.  

 

Coal excise. This policy (and its stringency) is the same as for the carbon tax, with charges 

just applied to coal use.   

 

ETS. This policy, building on regional pilot schemes, has been announced for China starting 

in 2017 (though the caps are yet to be determined) and, to contain monitoring costs, is limited 

to emissions from power generators, large industrial sources,16 and domestic aviation, which 

amounts to about 50 percent of current economy-wide CO2 emissions. To facilitate policy 

                                                 
15 That is, adding a specific component to the ad valorem structure recently introduced. Alternatively, the tax 

could be set on coal processing plants which are far fewer in number than coal plants. 

16 Including petro and other chemicals, building materials, iron and steel, non-ferrous metals, and paper (see 

http://carbon-pulse.com/14353). 
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comparisons, the ETS is modelled by its implicit tax, that is, the emissions price that would 

be established by the cap and (given equivalency between charges on carbon content and on 

emissions) with charges applying to fuels used in power generation and large industry for the 

same price trajectories as under the carbon tax.   

 

Electricity excise. Excises on (mostly residential) electricity are applied in many countries (in 

part rationalized on environmental grounds), though their environmental effectiveness is 

limited as they do not promote switching to cleaner generation fuels or reductions beyond the 

power sector. Electricity taxes (applied to all uses) are considered, with the rates matched to 

the increase in electricity prices under the modest and aggressive carbon tax scenarios 

respectively.  

 

Increased renewable generation subsidies. Here the focus is on renewables in power 

generation, given their greater potential for use in that sector (though intermittency and the 

geographic mismatch between sites and population centers limit scaling up). Renewable 

subsidies have limited effects on reducing CO2 emissions as they do not promote some fuel 

switching possibilities (e.g., from coal to gas and from these fuels to nuclear), nor do they 

reduce electricity demand, or emissions beyond power. Subsidies for renewable power 

generation in China amounted to $0.03 per kWh in 2013 and moderate and aggressive 

scenarios are considered increasing the subsidy by 50 and 150 percent respectively above this 

level (higher subsidies than this start to imply negative generation costs).17  

 

Reducing CO2/kWh in power generation. Another policy to reduce power sector CO2 is to 

impose a CO2/kWh standard.18 One fiscal analog of this policy is a tax/subsidy scheme 

involving taxes on relatively dirty generators—in proportion to the difference between the 

average CO2 per kWh across their plants and a pivot point emission rate—and subsidies for 

relatively clean generators—in proportion to the difference between their CO2 per kWh and 

the pivot point. A second fiscal analog is a carbon tax applied to the emissions content of 

power generation fuels with all the revenues recycled in a subsidy per unit of power 

generation (e.g., Bernard et al. 2007), which is how the policy is modelled here, with the 

carbon tax rates chosen to mimic those in the modest and aggressive carbon tax scenarios. 

All of these policies promote all opportunities for fuel switching to reduce power sector 

                                                 
17 In principle, there is an economic rationale for combining carbon pricing with renewables incentives if this 

addresses additional market failures (e.g., the inability of firms developing, or pioneering use of, technologies to 

capture spillover benefits to other firms from their own ‘learning-by-doing’ experiences) though whether they 

warrant substantial renewable deployment incentives is not entirely clear (e.g., Dechezleprêtre and Popp 2016, 

Löschel and Schenker 2016).  

18 Credit trading would be required for the policy to be cost effective in a model (unlike the present one) with 

differences in abatement cost schedules across power generators. 

(continued) 
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emissions, rather than just shifting to renewables (e.g., Krupnick et al. 2010), though they 

have a much weaker impact on electricity prices.   

 

Increasing the efficiency of electricity-using capital. Regulations are commonly used to raise 

the efficiency of electricity-using capital.19 The policy scenario considered here provides an 

upper bound on effectiveness and cost-effectiveness in the sense that it implicitly improves 

the efficiency of all electricity-using capital (appliances, lighting, buildings, heating and 

cooling equipment, etc.), and with equalized incremental costs per ton of CO2 reduced across 

all products.20 The policy is modelled by applying an implicit tax (with rates equal to those in 

the electricity tax scenarios) to reduce the electricity consumption rate, but not applying it to 

the demand for electricity-using capital, hence usage increases slightly from the rebound 

effect. 

 

Higher road fuel taxes. Road fuel taxes in China were $0.16 and $0.13 per liter for gasoline 

and diesel respectively in 2013. These taxes are the most effective policies for reducing road 

fuel use as they promote higher fuel economy and less driving. A modest scenario is 

considered where gasoline and diesel taxes are increased by the same amount as in the 

aggressive carbon tax and these tax increases are doubled for the aggressive scenario.    

 

Fuel economy policies. Passenger vehicles have been regulated in China since 2005, the 

latest standards targeting new vehicle fuel consumption of 5 liters per 100 km (48 miles per 

gallon) by 2020 (UNEP 2015). Heavy-duty vehicles (trucks and buses), which consume 

diesel, are  not subject to regulation.21 As the model does not distinguish vehicles of different 

vintages, an implicit policy raising average on road fuel economy progressively over time is 

considered. In the moderate scenario, the increase in fuel economy in each period matches 

that in the aggressive road fuel tax and in the aggressive fuel scenario, the increase in fuel 

economy in each period is twice that in the moderate fuel economy scenario. 

 

Increasing efficiency in the other energy sector. The final policy increases the energy 

efficiency of fossil fuel-using capital for large users in the other energy sector (but not small 

                                                 
19 Besides their environmental benefits, it is sometimes suggested that these policies address an additional 

market failure due to the private sector undervaluing the discounted energy savings from higher energy 

efficiency, though the evidence on this is mixed (e.g., Allcott and Wozny 2013, Helfand and Wolverton 2011). 

Allowing for this market failure could imply that, up to a point, policies to increase energy efficiency could 

have net economic benefits (before counting environmental benefits), though these benefits appear to be small 

relative to those from directly pricing emissions (e.g., Parry, Evans and Oates 2014).  

20 In reality, some capital is difficult to regulate (e.g. smaller appliances, audio and entertainment equipment, 

industrial processes such as assembly lines) and without extensive credit trading incremental costs may differ 

substantially across different efficiency programs. 

21 Implementing regulations for heavy trucks, for example, is complicated given that fuel economy is very 

sensitive to the weight of freight (see Harrington 2012). 
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users who are more difficult to regulate). As above, the policy is modelled by applying an 

implicit tax to reduce the consumption rate of coal, natural gas, and oil products but not 

applying it to the price in the demand for use of energy products. The implicit tax is chosen 

to mimic the increase in fuel price under the modest and aggressive carbon tax scenarios. 

 

 

IV.   RESULTS 

 

This section discusses the baseline scenario, policy comparisons, sensitivity analyses, and a 

fully efficient pricing policy.   

 

A.   Baseline Projections 

 

The baseline projections assume no new (or tightening of existing) policies beyond those 

implicit in observed data for 2013, aside from regulations resulting in a progressive reduction 

of local air pollution mortality rates and policies are then considered relative to this baseline. 

Inevitably, these projections are sensitive to different parameter assumptions, though this is 

less applicable to the relative policy comparisons which are the main focus of this paper. 

 

Figure 1 shows baseline and CO2 emissions trends. GDP expands 131 percent between 2015 

and 2030 (from IMF projections), while total energy consumption increases by 27 percent, 

implying a 45 percent decline in the energy to GDP ratio. CO2 per unit of energy remains 

about constant however, implying a similar decline in the CO2 to GDP ratio—although the 

productivity of zero-carbon fuels grows faster than for coal, this has little effect on reducing 

coal use per unit of energy, given lower future coal prices (see below) and limited 

substitution between fuels. The CO2 to GDP intensity in 2015 is 87 percent of the 2005 

level22 and declines to 45 percent of it by 2030, still substantially short of China’s pledge for 

Paris to lower it by 60-65 percent below the 2005 level. Overall CO2 emissions are 21 

percent higher in 2030 compared with 2015.23  

 

                                                 
22 Emissions intensity is 77 percent of the 2005 level in 2013 but then rises initially with the sharp decline in 

coal prices (and the immediate adjustment of the fuel mix in the model) to reach 87 percent by 2015 before 

declining. 

23 These energy demand and CO2 projections are broadly consistent with those from the range of energy models 

for China summarized in Mischke and Karlsson (2014), Figures 2 and 3—GDP growth is moderately larger in 

the present model, though this is offset by a faster decline in the energy intensity of GDP. The projected decline 

in the energy intensity of GDP is about a third smaller than in Green and Stern (2016), with part of the 

difference due to the counteracting effect (in the current model) of lower future energy prices. In addition, the 

CO2 intensity of energy is projected to fall by about 20 percent in Green and Stern (2016).    
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There is little change in the composition of primary energy out to 2030—the share of non-

fossil fuel energy rises from 9 to 13 percent, while that for coal share falls from 66 to 63 

percent. Given its high carbon intensity coal accounts for a disproportionately larger share, 

82 percent in 2015, of CO2 than for primary energy, while natural gas accounts for 3 percent 

and (road and non-road) oil products 14 percent. In terms of sectors, electricity accounts for 

40 percent of CO2 emissions in 2015, the transportation sector 7 percent, and the other 

energy sector 53 percent, and there is little change in these shares in the baseline.  

 

 

 

 
Source. Parry, Shang, Wingender, Vernon, and Narasimham (2016).   

Note. The CO2 intensity of energy changes very little in the baseline, implying almost identical trends in energy 

and CO2, and in energy and CO2 intensities, relative to GDP. 

 

 

Figure 2 indicates (real) energy price trends assumed in the baseline. All fossil fuel prices 

decline sharply between 2013 and 2016—by 62 percent for crude oil, about 31 percent for 

coal, 48 percent for natural gas, 45 percent for road fuels, and 12 percent for electricity—and 

thereafter rise slowly (or remain flat for electricity) but are still well below 2013 levels in 

2030. Renewables prices, as proxied by power generation costs, fall by over 50 percent 

during the period (based on an assumed annual productivity growth rate of 4.5 percent).   
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Finally, estimated annual deaths from fossil fuel air pollution are 1.12 million in 201524 and 

rise to 1.3 million by 2030, with about half of the increase due to increased coal use and the 

other half rising population exposure to projected urban migration (Parry et al. 2016). 

Initially 53 percent of deaths are from coal combustion in the power sector and 42 percent 

from coal use in the other energy sector, however the share of power sector coal in total 

deaths drops to 28 percent by 2030 due to greater deployment of control technologies at coal 

plants which roughly halves the industry average air pollution emission rate by 2030.  

 

  

  
Source. IMF (2015) and authors assumptions.    

Note. Gasoline and diesel prices follow identical trends. Renewables prices are renewable power generation 

costs. China recently introduced a domestic oil price floor of RMB 260 ($40) per barrel of oil but this is non-

binding in our scenarios and is not reached in the baseline. 

 

 

                                                 
24 This is significantly less than the estimate of outdoor air pollution deaths in the Global Burden of Disease 

project (Brauer et al. 2012), one potential explanation being that the latter also includes pollution from non-

fossil sources (e.g., agriculture, plastics, refrigerants, landfills, mining). 
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B.   Policy Comparison 

 

This subsection compares the impact of different policies on CO2, revenue, air pollution 

deaths, and economic welfare, relative to the baseline outcome.  

 

(i) CO2 emissions. Figure 3 indicates the percent reduction (relative to the baseline level) in 

CO2 emissions in 2020 and 2030 under each policy and stringency scenario. The carbon tax 

is the most effective policy, reducing CO2 by 13 percent and 30 percent below baseline levels 

in 2020 and 2030 in the aggressive case, and by 7 percent and 19 percent in those years (both 

modest and aggressive taxes meet China’s emissions intensity target) in the moderate case.  

 

 

  
Source. Parry et al. (2016).  

Notes. Bars indicate percent reductions in fossil fuel CO2 emissions relative to baseline emissions in that year.   
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These results are driven by reductions in coal use, which account for 97 percent of the CO2 

reductions.25 Doubling the carbon tax has a less than proportionate impact on CO2 reductions, 

given the standard assumption that fuel demand curves are convex. The coal tax reduces CO2 

by 95-96 percent of the reductions under the carbon tax across years and stringencies, this 

small difference reflecting the relatively small emissions reductions forgone from failing to 

charge for CO2 from natural gas and oil. 

 

The ETS has intermediate effectiveness, reducing emissions by about 57 percent of the 

reductions under the carbon tax across years and stringency scenarios. The ETS produces the 

same CO2 reductions from the power sector as under the carbon tax, but only a quarter of 

those from the other energy sector, as it does not cover small users, and none from road 

transportation. The power sector CO2/kWh intensity standard has about 30-40 percent of the 

effectiveness of the carbon tax cross years and scenarios. The electricity excise has about 12 

percent of the effectiveness of the carbon tax, that is, about 12 percent of the emissions 

reductions under the carbon tax comes from reductions in electricity demand. This reduction 

is split about equally between improvements in energy efficiency and less usage of 

electricity-using capital—hence the policy to increase the efficiency of electricity-consuming 

products has about 5 percent of the effectiveness of the carbon tax.26 The road transportation 

policies have very limited effectiveness, and the same applies for the enhanced renewable 

generation subsidy (as this builds off a small base) and the efficiency policy for the other 

energy sector (which applies only to large firms).  

 

Although combinations of policies are not explicitly modelled, in many cases they are 

essentially additive. For example, a regulatory combination to reduce the CO2 intensity of 

power generation and improve energy efficiency across all three sectors has less than half of 

the effectiveness of the carbon tax. 

 

 

                                                 
25 The moderate tax in 2020 raises coal prices by 23 percent and reduces coal use by 9 percent. In contrast, road 

fuel prices increase by only about 3 percent, and in any case these fuels only accounted for 7 percent of 

economy-wide emissions in the baseline for 2020. 

26 The rebound effect offsets about 10 percent of the energy savings from higher efficiency in the power sector, 

and similarly in the transport and other energy sectors. 
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Source. Parry et al. (2016).  

 

 

(ii) Revenue. As indicated in Figure 4, the carbon tax also has the greatest fiscal benefit, 

raising revenues of 1.7 percent and 3.0 percent of GDP in 2030 in the modest and aggressive 

scenarios. Although carbon tax rates are 3.5 times as high in 2030 compared with 2020, 

revenues are only about a third higher relative to GDP because the baseline CO2 to GDP ratio 

is 50 percent lower in 2030 and the higher carbon taxes have a bigger impact on eroding the 

tax base. Again the coal tax is not far behind, raising revenues of 74-79 of those under the 

carbon tax across years and stringency scenarios. The ETS—if allowances are auctioned—

and the electricity tax are intermediate cases, raising revenues of about 45 and 30 percent 

respectively as under the carbon tax. Road fuel taxes raise about 18 percent of the revenue 

from the carbon tax. Policies to reduce the CO2 intensity of power generation and to improve 

energy efficiency in the power and other energy sectors have no revenue impacts. The 

renewable generation subsidy loses revenue, as does the vehicle fuel economy policy (which 

erodes the tax base of prior fuel taxes) but the losses are relatively small (less than 0.25 

percent of GDP). 
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Source. Parry et al. (2016).  

 

 

 

(iii) Local air pollution deaths. The percentage reduction in air pollution deaths in 2020 and 

2030 for the major CO2 mitigation policies are fairly similar to the percentage CO2 

reductions. For example, the modest carbon tax and coal tax both reduce deaths by about 9 

percent in 2020 and 22 percent in 2030, while the aggressive versions of these taxes reduce 

deaths by 33 percent in 2030. The ETS reduces deaths between 5 and 20 percent across years 

and scenarios. More interesting perhaps is Figure 5 showing the time profile of air pollution 

deaths under selected policies in the aggressive scenarios. Lives saved (the difference 

between deaths in the baseline and under different policies) progressively increases over time 

as policies become more stringent. Cumulated over the 2017 to 2030 period, the carbon and 

coal taxes save about 3.7 million lives and the ETS about 1.9 million. 
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Source. Parry et al. (2016).  

 

 

(iv) Domestic welfare benefits and costs. Figure 6 indicates the economic welfare costs, 

monetized domestic environmental benefits (essentially local air pollution benefits, excluding 

global climate benefits), and net welfare benefits (environmental benefits less economic 

costs) focusing on the aggressive policies for 2030. The carbon and coal tax perform far 

better than other policies, causing costs of about 0.7 percent of GDP, domestic environmental 

benefits approaching 6 percent of GDP, leaving a net welfare gain approaching 5 percent of 

GDP—a huge number.27 Net welfare gains are 2.2 percent of GDP under the ETS, 1.2 

percent under the policy to reduce the CO2 intensity of power generation, and 0.5 percent of 

GDP or less under all other policies.  

 

(v) Sensitivity analysis. Table 1 presents sensitivity analyses for the carbon and coal tax, 

ETS, and CO2/kWh policy for the moderate scenarios (see Parry et al. 2016 for details).  

 

                                                 
27 For comparison, Robert Lucas once estimated that replacing capital taxes with (less distortionary) labor taxes 

in the United States would generate an annual welfare gain approaching one percent of GDP which he called 

“the largest genuinely free lunch I have seen in 25 years” (Lucas 1990, pp 314). 
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The percent reduction in CO2 emissions under different policies is obviously sensitive to fuel 

price elasticities—for example, if the magnitude of fuel price elasticities is 50 percent larger, 

the percent CO2 reductions under different polices are increased by about 30-40 percent. 

Fossil fuel prices also matter—with IEA (2015) price projections, the percent CO2 reductions 

under different policies are about a third (in part because carbon charges have a smaller 

proportional impact on fuel prices). Changing income elasticities for energy products affects 

baseline CO2 emissions but has essentially no effect on the policy-induced percent reductions 

in CO2.  

 

 

 
Source. Parry et al. (2016).  

 

 

Revenue gains from fiscal policies as a percent of GDP are moderately sensitive to income 

and elasticities and productivity trends (which affect future tax bases relative to GDP).  

 

Cumulative lives saved over the 2017-2030 are sensitive to parameter variations as they 

affect either baseline deaths and/or policy responsiveness. For example, with higher fuel 

price elasticities the carbon and coal taxes save 3.4 million lives, while lives saved from the 

ETS drops to just under 1 million under a lower scenario for baseline air pollution deaths. 

Welfare gains (discounted over the 2017-2030 period and expressed as a percent of 2015 

GDP) vary significantly in absolute terms but the relative welfare gains from policies are 

fairly robust—in all cases the ETS achieves about half of the welfare gains from the carbon 

and coal tax, and the CO2/kWh policy achieves about 25-35 percent of these gains.  
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(vi) Comparison with a fully efficient policy. Parry et al. (2016) consider a fully efficient 

policy comprehensively charging fossil fuels for global and domestic environmental costs. 

This policy imposes much higher coal taxes (to reflect domestic air pollution costs) than the 

aggressive carbon tax. It reduces CO2 emissions in 2030 by 58 percent, reduces air pollution 

deaths by 63 percent, raises revenue of 8.5 percent of GDP, and generates a net domestic 

welfare gain (again, excluding global climate benefits) of 6.2 percent of GDP.28 Nonetheless, 

the aggressive carbon tax still performs reasonably well achieving 52 percent of the CO2 

reductions as under the fully efficient policy, 52 percent of the air pollution deaths, and 79 

percent of the domestic welfare gains in 2030, though the shortfall in fiscal benefits is more 

pronounced at 35 percent of those under the fully efficient policy.  

 

 

V.   INCIDENCE ANALYSIS 

 

Having a sense of the distributional incidence of carbon pricing across household and 

industry groups is critical to informing policy dialogue and aiding in the design of 

accompanying measures (e.g., compensation schemes). Policies perceived as broadly fair in 

this regard are not only desirable for their own sake but also may stand a better chance of 

being enacted and sustained. Household and industry incidence are discussed in turn below, 

again using China to illustrate the application of analytical tools.   

 

 

A.   Household Incidence 

(i) Methodology. A first pass estimate of the incidence on household groups from higher 

prices of consumer products caused by carbon pricing can be obtained by calculating first-

order consumer surplus losses using:  

 

(13) ∑ 𝜋𝑡
ℎ𝑔

∙ 𝜌𝑡
ℎ𝑔

𝑔  

 

Here h denotes a household income group, g = 1…G denotes major categories of consumer 

goods whose prices rise in response to carbon pricing, 𝜋𝑡
ℎ𝑔

 is the share of household h’s 

budget spent on good g at time t and 𝜌𝑡
ℎ𝑔

 is the percent increase in the price of good g. 

According to this formula, if the budget share for a product is, say, 5 percent, a 10 percent 

increase in its price will decrease the household group’s real income by the equivalent of 

0.5 percent. 

 

                                                 
28 A cautionary note here is that the uncertainties surrounding the effects of such dramatic policy changes are 

especially large.   

(continued) 
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The budget shares for energy and non-energy products needed to implement (13) is available 

from household expenditure surveys, which are becoming increasingly common.29 The direct 

price impacts on energy products are an output of the previously described spreadsheet tool 

or can be inferred from CO2 emissions factors.30 Indirect impacts on the prices of other 

consumer goods can be estimated, assuming full pass through, from input/output tables31—

dividing fuel and electricity purchases by fuel prices, and applying CO2 emissions factors, 

gives the embodied CO2 per $ for each intermediate, and ultimately each consumer product, 

and multiplying by the CO2 price gives the product price increase. Input/output tables are 

also becoming more widely available (e.g., Trimmer et al. 2015).    

 

There are a number of caveats to using formula (13) as the basis for incidence analysis. 

 

For one thing, the CO2 emissions factor for power generation, and the embodied carbon in 

various energy products, will decline in response to carbon pricing, hence use of input/output 

tables leads to an overstatement of the consumer price increases from carbon pricing, though 

this overstatement is relatively modest for the level of carbon pricing envisioned for the near 

to medium term. Similarly, the formula in (13) overstates the loss of consumer surplus by 

ignoring reductions in demand for energy-intensive products in response to carbon pricing, 

though again the difference is relatively modest for non-dramatic carbon prices.32 

 

Another caveat is that some (likely minor) fraction of the burden of carbon taxes may be 

passed backwards in lower producer prices, if fuel supply curves are upward sloping in the 

medium to longer term. To the extent this reduces the net of tax return to capital, some of the 

incidence of carbon pricing is borne by owners of capital, though if net of tax returns are 

largely determined in world markets the burden of lower producer prices is mainly borne by 

workers in the form of lower wages. The resulting incidence effects become difficult to 

estimate as they depend on whether energy-intensive firms disproportionately hire high- or 

                                                 
29 These surveys are routinely conducted for many advanced countries and the World Bank’s Living Standards 

Measurement Study compiles them for approximately 40 developing countries. 

30 Fuel price increases are the carbon price times the fuel’s CO2 emissions factor and the latter are well 

established and vary very little (per unit of energy for coal and natural gas and per liter for petroleum products) 

across countries. Approximate impacts on electricity prices can be inferred from the CO2 emissions per unit of 

electricity, which are available by country from the International Energy Agency. Baseline fuel prices (needed 

to convert absolute increases into percent increases) are available from an IMF database 

(www.imf.org/external/np/fad/subsidies/data/subsidiestemplate.xlsx). 

31 See for example Coady and Newhouse (2006). 

32 For example, the first-order approximation (a rectangle) overstates the loss of consumer surplus (a trapezoid) 

by only about 5 percent when demand for a fuel product falls by 10 percent. Substantial carbon prices may be 

implemented over a longer time horizon, but incidence analyses can be periodically updated with new 

household survey data to account for the impact of previous carbon price increases on budget shares.  

(continued) 



24 

 

 

low-wage workers, substitution elasticities between energy and other inputs, etc. (e.g., 

Fullerton and Heutel 2011), though some studies suggest these incidence effects are not that 

large and may lower the regressivity of carbon pricing.33 

 

Furthermore, household survey and input/output data is backward looking. Incidence effects 

could be projected forward based on assumptions about how household consumption patterns 

and the energy intensity of different industries might change over time, though these trends 

are likely gradual—below we assume household spending patterns and industry structure in 

2020 are the same as in 2012, the last year of available survey and input/output data.34  

 

The appropriate definition of income against which carbon pricing burdens should be measured 

is also somewhat unsettled. Annual income is problematic given that many people with low 

annual income (e.g., students, people temporarily laid off or on maternity leave) are not poor 

in a life-cycle context, yet they contribute greatly to disparities in annual income across 

households.35 This problem is partly (though, because of constraints on consumption 

smoothing across the lifecycle, not fully) alleviated by measuring incidence against annual 

consumption expenditure rather than annual income.36 

 

Yet another caveat is that here (as in other studies) the distributional incidence of the 

domestic environmental benefits of carbon pricing—principally the air pollution benefits—

are not considered. Supposing (based on OECD 2012) that the valuation of health risks is 

roughly proportional to income, then these benefits may be skewed to lower income 

households if these households are more likely to reside in severely polluted areas. Again, the 

effects become complex however, if they raise property values in areas with improving air 

quality with adverse effects for low-income renters.  

 

Finally, the overall incidence effects of carbon pricing will critically hinge on how revenues 

are used. Regressive impacts from energy price increases might be offset through cuts in 

social security contributions or increases in welfare and social spending targeted at the 

                                                 
33 For example, Rausch et al. (2011).  

34 As long as any trends reduce energy budget shares for all household groups in roughly the same proportion, 

the relative incidence of carbon pricing across households should be largely unaffected. One exception might be 

the prospects for rising budget shares for gasoline among middle and lower income households with potential 

for growth in vehicle ownership rates among these groups.   

35 Up to one-half of the inequalities in annual income across households might be attributed to variations in income 

over their life cycle rather than differences between life-cycle income (Lillard 1977). 

36 See for example Poterba (1991), Hassett et al. (2009).  

(continued) 
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poorest households37 while the incidence implications of using revenues for cutting personal 

income, payroll, consumption, and corporate income taxes will depend on the specific 

parameters of a country’s fiscal system and the degree of income inequality.38 

 

(ii) Application to China. For China, household budget shares were obtained from the China 

Family Panel Studies (CFPS) data which provides household expenditures for 25 aggregated 

categories of goods and services. The latest year available for the survey is 2012 and includes 

information from a nationally representative sample of more than 13,000 households.39 

Households were first separated into income deciles using consumption as a proxy for 

permanent income and budget shares were calculated by dividing expenditure on individual 

goods and services by total household consumption.  

 

As illustrated in Figure 7, the fraction of total expenditure spent on energy declines sharply 

with income from about 10 percent for the bottom income decile to about 4 percent for the 

top decile. The large reductions in the budget shares between the 1st and 2nd deciles, and 

between the 9th and 10th deciles, reflect the high degree of income inequality at the bottom 

and top end of the income distribution in China (the poor being especially poor and the rich 

being especially rich). Lower-income groups also allocate a relatively higher share of energy 

expenditure to coal, electricity, heating, and natural gas while higher-income groups spend 

disproportionately more on gasoline.40  

 

 

 

 

 

 

 

 

 

                                                 
37 See Dinan (2015) for an extensive discussion of options in the United States. 

38 Another noteworthy point is that if allowances in an ETS are given away for free to polluting firms, as 

happened for several pilot programs in China (OECD 2015), this transfers windfall gains to owners of capital in 

these firms (predominantly higher income households) which can greatly compound the regressive effects of 

carbon pricing (Parry 2004). 

39 The CFPS is conducted by the Institute of Social Science Survey at Peking University and covers about 95 

percent of the Chinese population in 25 provinces. Income distribution and poverty studies have found the 

CFPS to be consistent with other large-scale nationally representative household surveys in China, while Xi et 

al. (2014) find the sex–age structure of the 2010 CFPS survey closely tracks the 2010 Census. 

40 The declining budget share for electricity is often observed for advanced economies (e.g., Morris and Mathur 

2015), though not for low-income countries where the poor lack access to the power grid (e.g., Arze del 

Granado et al. 2012). 
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Figure 7. Composition of Household Energy Expenditure by Income Group, 2012 

(in percentages of total household expenditure) 

 
 
Source. IMF Staff estimates based on the CFPS 2012. 

 

 

We also used China’s national input-output table for 2012, the latest version published by the 

National Bureau of Statistics, which disaggregates 139 sectors. We look at the incidence of a 

$10 per ton carbon tax for 2020 assuming the budget share and input/output data for 2010 is 

still applicable, and from the spreadsheet model this carbon price increases the price of coal 

by 23 percent, natural gas by 6 percent, and gasoline by 3 percent. The products most 

impacted by these energy price increases include water, furniture, transport and 

communications, and cars, however the impacts on food, medical expenses, clothing, and 

cigarettes and alcohol turn out to be more significant given the larger budget shares for these 

products.  

 

Overall, the carbon tax increases consumer prices on average by around 1.1 percent in 2020, 

with the total effect regressive (Figure 8), though only mildly so—the burden for the bottom 

income decile is 1.4 percent of income and that for the top income decile is 0.9 percent. This 

mainly reflects burdens from the indirect price effects which are substantial and increase 

moderately (as a share of income) for higher income households. The incidence analysis of 

the other policies discussed above (the results are not presented here) reveal broadly similar 

patterns of relative incidence across the income distribution, though the degree of 

regressivity is even less pronounced for the regulatory measures. 
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Figure 8. Impact of a Carbon Tax in China, 2020 

(in percent of total household consumption) 

 
Source: IMF Staff estimates based on the 2012 CFPS and NBS 2012 input-output table. 

 

 

Figure 9 compares distributional incidence when (as previously, and in line with many 

economists’ recommendations) households are grouped by consumption, with incidence 

when households are grouped by annual income. Previous studies (mainly for advanced 

countries) find that carbon pricing is less regressive in the former case41 but we find the 

opposite in the Chinese data—the burden of carbon pricing is approximately constant (1.1 to 

1.3 percent of income) across different income groups. The difference in the degree of 

progressivity operates almost entirely through the direct impact of energy prices and is not 

due to any single source such as electricity or gasoline, but operates similarly for all energy 

sources.  

 

 

 

 

 

 

 

 

 

                                                 
41 See, for example, Morris and Mathur (2015). 
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Figure 9. Distributional Impact of a Carbon Tax: Consumption vs. Income 

(in percent of total household consumption) 

 
 
Source: IMF Staff estimates based on the 2012 CFPS and NBS 2012 Input-output table. 

 

 

A potentially important implication of this finding is that is that if the government wishes to 

use fiscal transfers to compensate the poorest—which would require using less than 5 percent 

of the carbon pricing revenues—care should be given in the identification of the neediest 

households. In particular, using income as the basis for compensation might transfer more 

resources to income-poor households that in fact do not face such a large loss in purchasing 

power. On the other hand, identifying households based on aggregate consumption is quite 

data intensive and challenging. It might therefore be important to complement eligibility 

requirements for targeted compensation programs with other indicators of financial 

deprivation. 

 

B.   Industry Incidence 

Carbon pricing increases production costs across all industries, a particular concern being 

impacts on energy-intensive and trade-exposed sectors. Besides reducing competitiveness, 

these impacts can lead to emissions leakage, though estimated leakage rates are not that 

dramatic42, and some of the estimate reflects reductions in international fuel prices raising 

fuel demand in non-mitigating countries rather than migration of capital to these countries. 

                                                 
42 Typically between about 5 and 20 percent, depending on the size and composition of the coalition of 

countries pricing carbon (e.g., Böehringer et al. 2012). 
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Competitiveness and leakage are ameliorated to the extent there is global action on 

mitigation, which is the idea underpinning the 2015 Paris Agreement. 

 

Measuring the incidence of carbon pricing on different sectors using input-output tables is 

less contentious than incidence analysis for households, the main issues being whether there 

is full pass through of carbon pricing in energy prices, significant reductions in emissions or 

energy intensity in vulnerable sectors in response to carbon pricing, and possible changes in 

relative input prices from general equilibrium effects.  

 

Figure 10 provides a preliminary sense of how the moderate carbon tax would increase costs 

across industries in China, by plotting the estimated increase in sectors’ costs against their 

respective contribution to the country’s total exports. While there is no clear pattern 

emerging, the sectors that contribute most to total exports are also among those that would 

face the smallest cost increase from higher energy prices—most of the hardest hit sectors are 

in fact those with small export shares. 

 

Figure 10. Cost Increases from Carbon Tax and Exports 

 
 
Source: IMF Staff estimates based on the NBS 2012 Input-output table. 

 

 

Table 2 lists the 10 sectors most and least impacted by the introduction of a carbon tax based 

on energy intensity of production estimated from the input-output coefficient matrix. All the 

sectors listed in the top panel are heavy industries associated with China’s ‘old growth’ 

model. In contrast, sectors that would experience the smallest cost increase are 

overwhelmingly in the service sector or in the consumer goods sectors such as tobacco and 
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fishery. These results suggest that a carbon tax would also promote the rebalancing of the 

Chinese economy from heavy manufacturing, investment and real estate to services and 

consumption-led growth.  

 

 

Table 2. Estimated Cost Increase from Moderate Carbon Tax, 2020 

Sectors Most Affected Cost Increase 

Basic Chemical Raw Materials 3.9 

Cement, Lime And Gypsum 3.6 

Brick, Stone And Other Construction Materials 3.5 

Fertilizer 3.5 

Steel Flat-Rolled Products 3.3 

Steel, Iron And Cast 3.3 

Graphite And Other Non-Metallic Mineral Products 3.2 

Chemical Fiber Products 2.7 

Composites 2.6 

Ferroalloy Products 2.6 

  

Sectors Least Affected  

Real Estate 0.19 

Capital Market Services 0.21 

Social Security 0.23 

Wholesale And Retail 0.27 

Insurance 0.27 

Monetary And Financial And Other Financial Services 0.29 

Education 0.30 

Tobacco Products 0.32 

Entertainment 0.33 

Fishery Products 0.34 

Source: IMF Staff estimates based on the NBS 2012 Input-output table. 

 

  

Similar results can also be easily estimated for sectors’ share of value added and labor 

intensity. Panel a) in Figure 11 displays a strongly negative correlation between cost 

increases from a moderate carbon tax and the degree of value added by sector. This again 

suggest that a carbon tax would promote rebalancing by affecting relatively less the cost 

structure of sectors with high value added. We find a similar pattern for labor share of total 

output by sector in panel b). This suggests that labor intensive sectors would benefit more in 

relative terms, thereby promoting a rising share of labor and household income. 

 

The bottom line is that competitiveness impacts of carbon pricing in China are not overly 

severe—in fact, even if China moves forward unilaterally with carbon pricing, trade-exposed 
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firms could be fully compensated for higher energy costs using about 10 percent of the 

carbon pricing revenues.   

 

Figure 11. Sectoral Cost Increase and Rebalancing Indicators 

a) Value Added Ratio b) Labor Intensity 

  
 

 Source: IMF Staff estimates based on the NBS 2012 Input-output table. 

 

 

 

VI.   CONCLUSION 

This paper describes a flexible model, implementable in a spreadsheet, for providing a first-

pass comparison of a wide range of CO2 mitigation policies across key metrics of concern to 

policymakers and applied it to China, though the tool can be readily applied to most other 

countries with publicly available data. While many of the qualitative insights from the above 

analysis might have been anticipated—for example, applying the same charge to a wider 

range of emissions is obviously more effective at reducing emissions—it is still critical to 

understand the quantitative impacts of policies and the key factors determining them. This 

informs policymakers of the trade-offs in instrument choice, the specific actions needed to 

make headway on emissions commitments, and the broader (e.g., fiscal, public health, 

incidence) implications of these measures. More generally, future use of these sorts of tools 

for cross-country comparisons (based on consistent methodology and data) may be useful as 

countries revise their Paris mitigation commitments, taking into account the actions of others.  

  

For China, the results underscore the drawbacks of a downstream ETS missing about half of 

coal use, and therefore forgoing roughly half of the emissions reductions, half of the lives 

saved, and half of the fiscal benefits of upstream charging systems covering all coal use. 

Upstream charges, moreover, could easily build off existing resource tax administration 

levied at the mine mouth. Although the government is committed to introducing an ETS in 

2017, this should not preclude the simultaneous introduction of an upstream carbon or coal 

tax (perhaps, if tax rates are sufficiently aggressive, with some tax rebates for firms required 

to obtain emissions allowances).  
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We would expect some of the results, such as the relatively limited environmental and fiscal 

effectiveness of road fuel and electricity taxes and incentives for renewable generation and 

energy efficiency, to carry over, in a broad sense, to other countries. Other results however, 

such as the strong environmental and fiscal advantages of carbon/coal taxes over ETS, will 

be less pronounced for other countries where coal is a minor share of CO2 emissions or 

where (as in the United States) coal use is confined to the power and large industrial sectors.  

 

There are multiple dimensions for refining the spreadsheet tool by incorporating additional 

policies (e.g., for biofuels) and country-specific factors (e.g., cross-border mobility of fuels), 

so long as transparency and accessibility to the non-specialist is preserved. One 

complementary direction for future research might be to develop a computable general 

equilibrium analogue with greater sophistication (e.g., capital dynamics, endogenous 

technological change) that can be collapsed to replicate the spreadsheet model, thereby 

informing on how additional modelling detail improves the accuracy of the policy results and 

providing guidance on possible ‘offline’ adjustments to the spreadsheet tool.  

 

 

 

 

I.   APPENDIX A. PARAMETERIZATION 

 

Here we discuss data to parameterize the model (mostly for 2013 to be projected forward).43 

 

Fuel prices and taxes. Pre-tax prices for coal, natural gas, gasoline, diesel, and oil products 

for 2013 are from an IMF database on international prices. These prices are then projected 

forward to 2030 based on splitting the difference between IMF and IEA (2015) projections of 

international commodity price indices for coal, natural gas, and crude oil. Also from IMF 

sources, pre-tax excises for gasoline and diesel are $0.16 and $0.13 per liter and zero for 

other fossil fuels.  

 

Power sector. From IEA (2016), electricity consumption for China in 2013 was 386,971 

kilotons of oil equivalent (ktoe).44 Empirical studies for various countries suggest a range for 

                                                 
43 For a more in-depth discussion and ranges for sensitivity analyses, see Parry et al. (2016). 

44 Generation, rather than consumption, is what matters for fuel use and emissions, though the difference 

between them (reflecting electricity exports and imports) is less than 1 percent. 

(continued) 
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the income elasticity of electricity-using products of around 0.5-1.5.45 However, China is 

undergoing a structural rebalancing46 that is lowering the energy intensity of GDP and a 

smaller value (0.5) is used so trends are in line with other projections (see text). Based on 

empirical evidence for a range of countries (see Parry et al. 2016), the price elasticities for 

usage of electricity products and the electricity consumption rate are both taken to be -0.25. 

The annual rate of efficiency improvement for electricity-using products (which is of modest 

importance for the results) is taken from Cao et al. (2013) to be 0.01.  

 

Generation shares are obtained from IEA (2016) by electricity produced from a fuel divided 

by total electricity production. The price responsiveness of coal (in the power and other 

energy sector) is the most critical parameter determining the effectiveness of major CO2 

mitigation policies in China. A value of -0.35 is used based on empirical evidence for China 

and other counties (Parry et al. 2016), which—dividing by the share of fuel costs in coal 

generation costs—implies a generation cost elasticity of -0.6. Evidence to parameterize other 

generation cost elasticities is less solid and the same generation cost elasticity is used for 

other fuels, though the results (for China) are not especially sensitive to different values.  

 

Fossil fuel inputs into the power sector for 2013 are from IEA (2016) and fuel productivity is 

electricity produced by that fuel divided by fuel input. For coal plants annual average 

productivity growth during 2003 to 2013 was 2 percent, though IEA (2015) Figure 2.16 

projects lower future growth of around 0.5 percent (as assumed here), not least because 

average coal plant efficiency in China has surpassed that in advanced countries. For natural 

gas, nuclear and hydro, there is likely more room for productivity improvements and a 

growth rate of 2 percent is assumed. For non-hydro renewables, annual productivity growth 

from 2003 to 2013 was the most striking at 6 percent, though this seems unlikely to be 

sustainable out to 2030—a productivity growth rate of 4.5 percent is used, and, lastly, for 

hydro, annual productivity growth of 0.005 percent is assumed. 

 

For coal plants, non-fuel generation costs are taken to be two-thirds as large as 2013 fuel 

costs,47 or $0.03 per kWh. For natural gas plants (which have low fixed and high variable 

costs), non-fuel generation costs are taken to be one quarter of those for coal plants. The 

power transmission cost is taken to be 60 percent of the electricity generation cost in 2013, or 

$0.05 per kWh.48 The renewables subsidy is taken to be $0.03 per kWh (Parry et al. 2016). 

                                                 
45 For example, Jamil and Ahmad (2011), Table 1, report 26 estimates of long-run income elasticities for 

electricity from 17 studies, almost all of them lying within the above range. 

46 See, for example, GCEC (2014), Green and Stern (2016), Grubb et al. (2015), and IMF (2015). 

47 From Cao et al. (2013), pp 341 (after accounting for differences in coal prices).   

48 This is approximately consistent with Cao et al. (2013), pp. 343. 

(continued) 
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Road transport. In the road transport sector, consumption of gasoline and diesel was 96,471 

ktoe and 170,729 ktoe respectively in 2013 (IEA 2016). Estimates of the income elasticity for 

km driven are typically between about 0.35 and 0.8, although a few estimates exceed unity 

(Parry and Small 2005) and a central value of 0.6 is used. Numerous studies have estimated 

motor fuel (especially gasoline) price elasticities for different countries and some studies 

decompose the contribution of reduced vehicle km from improvements in average fleet fuel 

efficiencies. Based on this literature, a value of -0.25 is used for each of these elasticities and 

for both gasoline and diesel—the total fuel price elasticities are therefore -0.5.49 The annual 

rate of decline in vehicle fuel consumption rates (from technological improvements) are set 

at 1 percent (e.g., Cao et al. 2013). 

 

Other Energy Sector. We assume 50 percent of fuel consumption (from IEA 2016) for 

mining and quarrying, iron and steel, chemical and petrochemical, non-ferrous metals, paper, 

pulp and print, and non-metallic minerals is by large firms and potentially covered by the 

ETS and regulation. Fuel consumption by small energy users is total fuel consumption less 

fuel use in power generation, road transport, and large other energy users. Evidence on 

income and price elasticities for fuels used in the industrial and residential sectors is more 

limited. Based on judgement, the same income elasticities for coal and oil products are used 

as for electricity, while a value of 1.0 is assumed for natural gas and renewables products. 

Values for the usage and efficiency price elasticities for all fuels are taken to be the same as 

those for road fuels and electricity. The annual rate of productivity improvement follows 

those for the same fuel as used in the power sector. 

 

GDP growth. Projected GDP out to 2021 is from the IMF’s World Energy Outlook. From 

2022 onwards, real GDP growth is assumed to decrease linearly from 6 to 5 percent in 2030. 

 

Mortality rates from fuel combustion. Coal accounts for the vast majority of air pollution 

deaths from fossil fuel combustion in China, primarily from fine particulates produced 

directly and formed indirectly (and in greater quantities) from sulfur dioxide (SO2) and 

nitrogen oxide (NOx). China requires new coal plants are fitted with flue-gas desulfurization 

(FGD) equipment, is closing small-scale (high polluting) plants, and is requiring other 

existing plants to retrofit with FGD. As of 2010, FGD equipment had been installed on 

around 80 percent of electric coal plants (Cao et al. 2013, pp. 343), though even with these 

technologies plants still emit some SO2, in addition to NOx and direct particulates.  

                                                 
49 There is, however, significant variation among studies: for example, Sterner (2007) reports globally averaged 

(long-run) gasoline price elasticities of around –0.7 while individual country estimates in Dahl (2012) are closer 

to about –0.25 on average (see Charap, da Silva and Rodriguez 2013 for further discussion). For a summary of 

evidence on the decomposition of the fuel price elasticities into the vehicle mileage and fuel efficiency 

responses see Parry and Small (2005). The responsiveness of fuel efficiency to taxation will be dampened in the 

presence of binding fuel economy regulations, though this issue is not so relevant for the present analysis which 

compares policies in isolation (rather than jointly).  
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Air pollution mortality is taken from Parry et al. (2014), with some adjustments. Parry et al. 

(2014) estimate that the average coal plant in China caused 10.4 air pollution deaths per 

petajoule (PJ), or 0.435 deaths per ktoe, and the average coal plant with control technologies 

caused 5.3 deaths per PJ. In the absence of other factors, we assume the mortality rate from 

coal combusted at power plants and large industrial sources would converge linearly from 

10.4 to 5.3 deaths per PJ between 2010 and 2030. However, the share of the Chinese 

population residing in urban areas is projected to increase by about 25 percent between 2010 

and 2030 (Cao et al. 2013) and it is the urban population that is mostly exposed to air 

pollution. We therefore make a linear upward adjustment in the mortality rate each year to 

account for this, where the upward adjustment reaches 25 percent by 2030. For small-scale 

coal emissions, we assume the mortality rate is 10.4 deaths per PJ in 2010, rising in 

proportion to the rising share of the urban population.  

 

Also based on Parry et al. (2014), 2010 the mortality rates for natural gas, gasoline, diesel, 

and oil products are taken to be 1.1 per PJ, 36 per billion liters, 124 per billion liters, and 20 

per million barrels of other oil products respectively, and again these are scaled up for the 

rising urban population (though these fuels contribute only a small share to total mortality). 

 

One caveat is that some evidence suggests people’s channels for absorbing air pollution 

become saturated at very high outdoor pollution concentrations implying, paradoxically, that 

the health benefits from incremental reductions in fuel combustion are smaller at high 

pollution concentrations than at more moderate concentrations.50 In this regard, our analysis 

may overstate the domestic health benefits of carbon mitigation policies as it assumes 

incremental benefits are the same, regardless of pollution concentrations.  

 

To value premature mortality, Parry et al. (2014) use a value of $1.13 million per mortality 

for year 2010 based on extrapolating empirical evidence under an assumption that the income 

elasticity for this valuation is 0.8. This figure is first increased by 15 percent to update it to 

year 2015$ based on the average increase in consumer prices between 2010 and 2015 (see 

IMF 2016). And the 2010 figure is updated to future periods using future per capita income 

relative to 2010 raised to the power 0.8.  

 

Other externalities. Parry et al. (2014) estimate congestion, accident, and road damage 

externalities for gasoline and diesel vehicles at $0.86 and $0.56 per liter respectively for year 

2010. This figure is updated to future periods in the same way as for the value of mortality. 

The additional parameter needed to compute fully efficient pricing policy is the social cost of 

carbon. For this we use US IAWG (2013)’ value of $60 for emissions in 2030 (expressed in 

year $2015). 

                                                 
50 That is, the relationship between mortality and pollution concentrations may be concave rather than linear 

(e.g., Burnett et al. 2013). 
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