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Abstract：This paper proffers a tiered gasoline pricing (TGP) method from a personal 

carbon trading (PCT) perspective. An optimization model of personal carbon trading 

is proposed, and then, an equilibrium carbon price is derived according to the market 

clearing condition. Based on the derived equilibrium carbon price, this paper proposes 

a calculation method of tiered gasoline pricing. Then, sensitivity analyses and 

consumers’ surplus analyses are conducted. It can be shown that a rise in gasoline 

price or a more generous allowance allocation would incur a decrease in the 

equilibrium carbon price, making the first tiered price higher, but the second tiered 

price lower. It is further verified that the proposed tiered pricing method is progressive 

because it would relieve the pressure of the low-income groups who consume less 

gasoline while imposing a greater burden on the high-income groups who consume 

more gasoline. Based on these results, implications, limitations and future studies are 

provided.  

 

Keywords: Tiered gasoline pricing; Optimization model; Personal carbon trading; 

Sensitivity analysis; Progressivity
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1. Introduction 

Carbon emissions in the Chinese transportation sector contributed to 12% of the 

total emissions in 2012 (NBSC, 2013). More than half of these transportation carbon 

emissions are related to private vehicles. From 2004 to 2014, motor vehicle ownership 

rose by approximately 1.5 times, as the Traffic Management Bureau of Ministry of 

Public Security of China announced1. Private vehicles are always labeled for safety, 

comfort, reliability and flexibility. However, these vehicles may have other 

unfavorable consequences, such as noise, congestion, accidents and air pollution 

(Verhoef, 1994; Santos et al., 2010). 

Therefore, several regulation policies have been proposed to alleviate 

environmental impacts and achieve transportation sustainability. In the transportation 

sector, most environmental problems result from the heavy dependence on fossil fuel, 

such as gasoline and diesel (Yin et al., 2015). Currently, the policies mainly cover 

travel demand management, which focuses either on quantity or price instruments 

(Yang and Wang, 2011). There is currently a trial implementation of restrictions on 

auto purchases or uses in certain pilot cities in China. For example, in Shanghai, new 

private vehicle license plates have been restricted to certain numbers and have been 

issued by public auction since 2000 (People’s Congress of Shanghai, 2000). In 

addition, several other cities, such as Beijing, Shenzhen and Hangzhou, issued 

license-plate lottery policies in succession to inhibit the explosive growth of private 

vehicles2.  

                                                             
1 See http://www.mps.gov.cn/n16/n85753/n4449431/4473813.html. 
2 See http://epaper.chinadailyasia.com/asia-weekly/article-3962.html. 

http://www.sciencedirect.com/science/article/pii/S0301421510008633#bib14
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These measures alleviate the transportation problems to an extent. However, 

such quantity-based policies may lead to a sharp increase of old, cheap and 

high-polluting second-hand car consumption in the long term (Mahendra, 2008). This 

possibility is also consistent with the conclusion of Davis (2008) that drivers in 

Mexico tended to buy more polluting cars to circumvent the number plate restriction. 

Moreover, a carbon or fuel tax is a type of price instrument that regulates vehicle fuel 

demand. However, the tax policy is regressive among consumers and is difficult for 

the public to accept (Callan et al., 2009; Fan et al., 2015b). 

    To promote a sustainable and green consumption mode, a tiered gasoline pricing 

mechanism was proffered in the Clean Air Act of 2013 to 2017 that was released by 

Chinese government on February 14th, 2014. Similar to the tiered water or electricity 

pricing policy, tiered gasoline pricing is a multi-step pricing mechanism in which the 

gasoline price will be low for consumption until a certain threshold value is reached, 

whereas any consumption exceeding this value will be charged a higher price (Lin 

and Jiang, 2012). In the non-target subsidies mechanism, the vehicle owners who 

over-consume gasoline would enjoy subsidies from those who under-consume, which 

would eventually lead to aggregate welfare losses (Lin et al., 2009; Sun and Lin, 

2013). Therefore, the current non-target subsidy mechanism is not consistent with 

social equity and energy sustainability. The target subsidy mechanism, for instance, 

tiered pricing, is expected to be a solution to address these concerns.  

In this paper, we propose a tiered gasoline pricing mechanism from a personal 

carbon trading (PCT) perspective and investigate its distributional effect. A PCT 



3 
 

scheme is defined as a mixed quantity and price instrument to begin translating the 

consumption perspective to carbon abatement practice (Fleming, 1996). The scheme 

is a downstream “cap-and-trade” mechanism that strives to reduce carbon emissions 

from the household sector, which is extended from the upstream emissions trading 

scheme in the industrial sector (Fleming, 1996; Fawcett, 2010; Xu et al., 2015). Under 

a PCT scheme, consumers would be allocated fixed carbon allowances, which are 

consistent with the reduction goal. These carbon allowances are used to cover the 

emissions associated with the consumption of energy commodities, such as gasoline 

and electricity (Howell, 2012; Raux et al., 2015). The over-emitters who emit more 

than their allowance allocation must buy allowances for surrender from the market, 

whereas the under-emitters who emit less than their allowance allocation could sell 

the extra allowances (Cohen, 2011). Consumers under a PCT scheme would be 

burdened with the additional cost of carbon emissions, which may lay the basis for the 

calculation of tiered pricing. 

    The remainder of this paper is organized as follows. Section 2 introduces the 

tiered pricing mechanism and justifies the personal carbon trading perspective. 

Section 3 constructs a basic optimization model of personal carbon trading and 

derives a formula for tiered gasoline pricing. Section 4 describes the parameter values 

and presents the calculation results of a specific tiered pricing mechanism on the 

selected samples collected from 4s shops in China. Section 5 provides an extensive 

discussion of sensitivity analyses and consumers’ welfare analyses. Section 6 

concludes with findings, limitations and future studies. 



4 
 

2. Tiered pricing and PCT 

In China, there has been widespread focus on tiered pricing in the electricity and 

water sectors. The tiered pricing mechanism divides consumption into several blocks, 

and a certain price is applied to a defined block (Lin and Liu, 2013). Previous 

research studies indicate that a tiered pricing mechanism has several advantages over 

a traditional flat pricing mechanism (Sun and Lin, 2013; Schoengold and Zilberman, 

2014). The implementation of a tiered pricing regime would reduce electricity 

consumption (Du et al., 2015). Moreover, a reasonable tariff structure in the electricity 

sector would promote consumers to reduce carbon emissions and seek 

energy-efficient products (Haney et al., 2009). Most importantly, tiered pricing for 

household electricity (TPHE) would contribute to the achievement of the twin 

objectives of efficiency and equity (Sun, 2015). In addition, advances in electronic 

metering technology and the experiences of a tiered pricing regime in the electricity 

and water sectors in some of China’s pilot provinces have raised prospects for the 

implementation of tiered gasoline pricing in the transportation sector. 

    Many researches on tiered pricing mechanisms focus on the public acceptance, 

equity analysis and impacts on energy saving (Wang et al., 2012; He et al., 2014; 

Schoengold and Zilberman, 2014). Additionally, scholars undertake these analyses 

based on a given tiered pricing policy. For instance, Monteiro (2011) conducted an 

efficiency analysis under a presetting increasing block tariff structure. Du et al. (2015) 

investigated the feedback of household electricity consumption to the new tiered 

pricing policy based on micro-level household data. Hung and Huang (2015) 
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estimated the dynamic demand for residential electricity in Taiwan under a given 

increasing block pricing policy. However, these studies ignore the specific calculation 

of tiered pricing, such as how to divide consumption into several blocks and how to 

determine the price to apply to each defined block. Others develop their research on 

the Ramsey pricing rule. For instance, Boiteux (1956) applied the Ramsey-Botieux 

inverse elasticity pricing rule to price the products of public utilities, such as power 

and water. Furthermore, Kim (1995) formulated a tiered pricing mechanism based on 

the marginal cost pricing and inverse elasticity pricing rules in the water sector. Sun 

and Lin (2013) proffered three proposals of Chinese residential electricity tariffs 

according to the coverage of different consumption groups and conducted a sensitivity 

test using empirical data to check the robustness.   

These researches applied the Ramsey pricing rule to determine the tiered price at 

which the price markup is inverse to the price elasticity in each income group 

(Chattopadhyay, 2004). It is indicated that income growth actually has a direct impact 

on vehicle ownership, whereas income variation has not played a significant role in 

greatly influencing the exact gasoline demand (Newman and Kenworthy, 1989; 

Dargay et al., 2007). Thus, gasoline demand is not as sensitive to income, making the 

adoption of the Ramsey pricing rule for gasoline pricing not justifiable. More 

attention has been attracted to the severity of carbon emissions in the gasoline 

consumption of cars, which necessitates a new perspective of considering the 

environmental externalities. Generally, for gasoline-fueled vehicle types, there is a 

linear relation between gasoline consumption and the associated carbon emissions 

http://en.wikipedia.org/wiki/Price_elasticity_of_demand
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(Hoen et al., 2013); this means that the more one drives, the more emissions one will 

generate. According to the Polluter Pays Principle (OECD, 1972), vehicle owners who 

emit more should pay more. Therefore, to be consistent with the goal of carbon 

abatement, it is vital to design a policy instrument to internalize carbon externalities in 

the formulation of the tiered pricing.  

A PCT scheme offers a potentially powerful and innovative instrument with 

which to deliver demanding reductions in carbon emissions (Bristow et al., 2010).  

Several studies prove that a PCT scheme is technically and institutionally feasible 

(Starkey, 2012; Raux et al., 2015; Fan et al., 2015a). Moreover, the PCT scheme is a 

progressive system that would help to achieve income redistribution between the 

under-emitters and over-emitters (Parag and Eyre, 2010; Li et al., 2014). Allowances 

would transfer from the under-emitters to the over-emitters, and wealth would, in turn, 

transfer from the over-emitters to the under-emitters. Therefore, the PCT scheme 

could not only internalize the environmental externalities but could be capable of 

providing abatement certainty and redistributing income between the rich and the 

poor (Fan et al., 2015b). Thus, this paper attempts to propose the calculation method 

of tiered gasoline pricing from a PCT perspective.  

 

3. Model formulation 

In this section, the tiered pricing method will be developed on the basis of the 

equilibrium carbon price under a PCT scheme. An optimization model is proposed, 

and then, an equilibrium carbon price is derived from the market clearing condition. 
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Subsequently, the specific tiered price could be determined. 

 

3.1. Optimization model 

The optimization model is based on the utility theory of consumer choice that a 

consumer would make decisions upon consumption bundles to achieve utility 

maximization (Houthakker, 1950). With the rapid process of urbanization in China, 

vehicle consumption is playing a significant role in daily life. In most households, 

consumers would make a trade-off between expenditures on vehicles and other 

consumption goods (Greening et al., 2000). For simplicity, this paper considers that a 

consumer would be confronted with consumption decisions on vehicle miles traveled 

and the other consumption goods. The PCT scheme is proposed to regulate the 

personal carbon emissions aroused from the household sector, such as electricity 

consumption, and personal travel (Fawcett, 2004; Aziz et al., 2015). Among the 

energy carriers, the demand elasticity of fuel is relatively larger than that of electricity 

(Ramanathan, 1999). Thus the PCT scheme is more capable of providing abatement 

certainties in the transportation sector. Therefore, we begin by considering the 

transport-generated carbon emissions that are first to be capped and regulated by the 

PCT scheme. Here, transport consumptions exclusively refer to private motorized car 

mileages because public transportation or transit and non-motorized transportation 

produce less carbon emissions, which are excluded from the PCT scheme (Bottrill, 

2006; Vespermann and Wald, 2011). Because carbon emissions are measurable with a 

certain degree of accuracy (Stephen, 1992), we only consider the externality of carbon 
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emissions in gasoline consumption, ignoring other externalities in vehicle travel, such 

as noise and traffic accidents, which can be observed in Parry and Small (2005) and 

Parry (2009).  

It is natural to assume that consumers who drive private motorized vehicles 

should participate in the PCT scheme. This paper assumes that there are m 

over-emitters and n under-emitters distinguished by their gasoline consumption in 

driving. Under such a scheme, consumers are not only subject to a money budget but 

also carbon allocation when they drive cars. The rationale for an allowance allocation 

is critical in the PCT scheme. Most authors focused on the egalitarian principle of 

equity, which is inspired by the international carbon reduction proposal “contraction 

and convergence”, that is, everyone has an equal right to emit greenhouse gases 

(Meyer, 2000; Fawcett, 2004; Wadud, 2011). Thus, an equal per capital allowance 

allocation is assumed as the starting point. 

Under the PCT scheme, each over-emitter i who emits more than allowance 

allocation ω  must purchase allowances iψ  for surrender from carbon market, and 

vice versa, each under-emitter j who emits less could sell allowances jψ . Consumers 

are assumed to be price-takers, and they maximize their utility function U  defined 

over the vehicle miles traveled x  and other consumption goods y . x  would emit 

carbon emissions directly. As previously noted, other consumption goods y  will not 

cost allowances because most researchers suggest that the PCT scheme should first 

cover the transport-generated carbon emissions (Wadud, 2011; Raux et al., 2015). 

Moreover, the indirect carbon emissions from goods y  are difficult to track and 
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measure and are excluded from the PCT scheme (Eyre, 2010). Assuming that the 

utility function u takes the form of Cobb-Douglas function 1x yα α− , given that the 

consumer choice models with the Cobb-Douglas utility function are simple and 

tractable, it generates clear and testable empirical predictions (Rosenzweig and 

Schultz, 1983; Heffetz, 2007). The parameters α  and 1 α− represent the 

expenditure share of vehicle miles traveled and other consumption goods, respectively 

(Mankiw, 1998). Symbolically, 
1

1

2

( , )
( )

. .
( )

x y c

U x y x y
p x p y p I shadow price

s t
e x shadow price

α α

ψ φ

λ ψ ω φ

−=

+ + ≤   


− ≤                                    (1) 

where xp  denotes the mileage price; x yp x p y+  denotes the expenditure on the 

vehicle miles traveled and the other consumption goods; and cp ψ denotes the 

expenditure or gain of allowance trading. The budget requires that the total 

expenditure should be less than the income I . e xλ ψ− denotes the final carbon 

emissions through carbon trading, which should be less than the allowance budget ω . 

If 0ψ < , the consumer is an under-emitter; otherwise, the consumer is an over-emitter. 

The shadow prices, 1φ  and 2φ , are defined as the marginal changes in the objective 

function with respect to an increase in the right-side of the constraint conditions. All 

of the parameters and variables are expressed in per-capita-per-year term, and the 

notations are provided in Table 1. 

 

<Table 1 is here> 
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According to the Karush-Kuhn-Tucker (KKT), the problem (1) is a linear 

program whose optimality condition is  

1 1
1 2

1

1

2

1 2

0 0

0 (1 ) 0

0 0

0 0
0 0

x i

y

x y c i

i c

x x y p e
y x y p

p x p y p I
e x

p

α α

α α

α φ φ λ

α φ

φ ψ

φ λ ψ ω
ψ φ φ

− −

−

≤ ⊥ − − ≥

≤ ⊥ − − ≥

≤ ⊥ + + − ≥

≤ ⊥ − − ≥
≤ ⊥ − + ≥

                                      (2) 

where ⊥  indicates orthogonality between two vectors, which, in this case, express 

the complementary slackness condition in linear programming (Zhao et al., 2010; 

Chen et al., 2011). 

According to equations (1) and (2), the allowances traded by the under-emitter 

and the over-emitter are as follows, 

(1 )i i x c i
i

i c x

e I p p e
e p p

α λ ω ω α λψ
λ

− − −
=

+
                                       (3) 

(1 )x c j i j
j

j c x

p p e e I
e p p

ω ω α λ α λ
ψ

λ
+ − −

=
+

                                      (4) 

where iψ and jψ  represent the supply function and the demand function in the 

allowance market.  

 

3.2. Market clearing condition 

For a market with numerous sellers and buyers, the total supply and demand 

function is approximately a continuous curve and could be derived from the 

individual supply and demand function (Mas-Colell et al., 1995; Jiang, 2006). This 

paper assumes that the aggregate consumers would choose a mix of different car types 

with an average mileage price xp  and gasoline consumption per mile λ . Therefore, 
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according to equations (3) and (4), the total supply and demand functions of multiple 

consumers can be summarized as follows: 

1

m

i c
i

c x

e I m e p
D m

e p p

λ α ωα λ
ω

λ
=

+
= −

+

∑

                                        (5) 

' '

1
'

n

c j
j

c x

n e p e I
S nw

e p p

ωα λ λ α

λ
=

+
= −

+

∑
                                        (6)  

where D and S are the total demand curve and the total supply curve, respectively. 

According to the market clearing condition ( D S= ), the equilibrium price is  

1 1
( )

( )
(1 )

m n

i j x
i i

c

e I I p
n mp

e

λ α ω

ω λ α
= =

+ −
+=

−

∑ ∑
                                       (7) 

 

3.3. Formula of tiered pricing 

In the PCT scheme, consumers must pay a price of cp for carbon emissions. The 

under-emitters would be subsidized due to the extra allowances sold in the market, 

whereas the over-emitters must buy allowances for surrender, resulting in a 

discriminated actual gasoline cost among consumers. This finding agrees with the 

principle of a tiered pricing mechanism in which a price will be lower for 

consumption until reaching a certain threshold, whereas any consumption exceeding 

this threshold will be charged a higher price. For simplicity, this paper considers a 

two-tiered structure of gasoline pricing. The total expenditure under a tiered pricing 

mechanism can be formulated as follows: 
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*
1

* * *
1 2

( )
( )

p Q Q Q
C Q

p Q p Q Q Q Q

 ≤= 
+ − ≥

                                   (8) 

where ( )C Q is the expenditure on gasoline consumption; *Q is the threshold of 

gasoline consumption, which distinguishes whether a consumer is an over-emitter or 

an under-emitter; and ip is the actual gasoline price on the i th block. In the zero-profit 

equilibrium, the first tiered price 1p in equation (8) is determined by the average cost 

of under-emitters. The second tiered price 2p in equation (8) denotes the actual cost of 

gasoline consumption, which exceeds the *Q of over-emitters. This price is 

determined by the ratio of the total expenditure on gasoline consumption that exceeds 

the threshold relative to the corresponding consumption amount of the over-emitters. 

The first and second tiered prices can be expressed as follows, 

1

[ ( ) ]
m

f Li Li c
i

m

Li
i

p Q Q e p
p

Q

ω− −
=

∑

∑
, for each *

LiQ Q<                          (9) 

*
1

2
*

[ ( ) ]

( )

n

f Hj Hj c
j

n

Hj
j

p Q Q p Q e p
p

Q Q

ω− + −
=

−

∑

∑
, for each *

HjQ Q>                    (10) 

where LiQ  and HjQ  represent the gasoline consumption of under-emitter i and 

over-emitter j, respectively. In equation (9), the total cost for an under-emitter i equals 

the expenditure on gasoline consumption f Lip Q  minus the gain from selling the extra 

allowances ( )Li cQ e pω − . In equation (10), the actual cost of the gasoline consumption, 

which exceeds the *Q of an over-emitter j, equals the expenditure on gasoline 

consumption ( f Hjp Q ) minus the expenditure on the consumption below *Q paid at a 

price of 1p ( *
1Q p ) and plus the expenditure of buying allowances for surrender 
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( ( )Hj cQ e pω− ).  

 

4. Data and results  

This section uses sampled data as an example to illustrate the calculation of the 

specific tiered pricing. We collected approximately 3,620 items of vehicle owners’ 

travel information from 2008 to 2013 from 4s shops in China, which include different 

vehicle parameters (vehicle brand, vehicle model, official guiding price, and 

displacement), vehicle miles traveled each year, maintenance costs, and household 

income ranges. Additionally, the data of gasoline consumption per mile are sourced 

from the Ministry of Industry and Information Technology (MIIT) of the People’s 

Republic China to calculate the exact vehicle emissions3. Other data are from China 

Statistical Yearbook 2008-20134.  

In the zero-profit equilibrium, vehicle mileage costs are obtained by summing 

the gasoline cost (FC), maintenance cost (MC) and levelized cost (LC, vehicle 

purchasing cost shared by year). According to İşlegen (2011), 
1

T
t

t
C γ

=
∑  is the 

levelized cost of the vehicle during its service life T  and 1/ (1 )rγ ≡ + . Let C  

denote the vehicle purchase cost and r  is the current interest rate of 3%5. As 

regulated by Standard of Automobile Scrapping, the standard retirement life of private 

vehicles (including sedan and cross-country type) with 9 seats or less is 15 years6. 

Thus, T is assumed to be 15 years. Then, the detailed formula to estimate the average 
                                                             
3 See http://chinaafc.miit.gov.cn/. 
4 See http://www.stats.gov.cn/tjsj/ndsj/. 
5 See http://data.bank.hexun.com/ll/ckll.aspx. 
6 See http://www.zhb.gov.cn/gkml/hbb/gwy/201301/t20130115_245171.htm. 
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mileage price is as follows, 

1 m n
i i i

x
i

MC FC LCp
m n x

+ + +
=

+ ∑                                         (11) 

where iMC , iFC and iLC  denote the maintenance cost, gasoline cost and levelized 

cost of vehicle owner i, respectively. From the survey data, the average maintenance 

cost is $573.83 per year. The gasoline cost can be calculated by multiplying the 

mileage consumption and the gasoline consumption per mile and the gasoline price. 

The current price of gasoline is approximately 4.62$/gallon in China7. According to 

equation (11), the average mileage price is 1.42xp = $/gallon. 

According to Mankiw (1998), α  in the above utility function represents the 

expenditure share of vehicle miles traveled. The average expenditure share of the 

3,620 items is adopted given that the aggregate data would satisfy the Generalized 

Axiom of Revealed Preference (Varian, 1990). As indicated by the survey data, the 

vehicle owners belong to middle-income groups or above with a household average 

annual disposable income of $14,607.2. The average expenditure on total vehicle 

miles traveled is approximately $7,947.14. The data calculation implies 

that 0.544α = . 

In the proposed tiered pricing, the threshold value would be influenced by 

allowance allocation and the gasoline emission rate. The allowance allocation is 

determined by political and institutional decisions on the overall cap stringency, 

which relates to the emission abatement goal. As is proposed in Energy Saving and 

Emission Reduction for Highway and Waterway Transportation in the 12th Five Year 

                                                             
7 See http://www.cngold.org/crude/qiyou.html. 
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Plan, China committed to reach a 40%-45% emission reduction goal by 20208. Thus, 

the allowance allocation is set to be 2,200 kg, which is consistent with the carbon 

abatement goal; furthermore, it satisfies the condition that , 0i jψ ψ > . Then, we 

have * / 237.57Q eω= = gallon as the threshold in the tiered pricing. According to the 

parameter settings and equation (7), we obtain 0.16cp =  $/kg. Based on the survey 

data, the overall samples are classified into two groups, under-emitters and 

over-emitters, according to the threshold *Q . In each group, the consumers’ actual 

gasoline cost is calculated using equations (9) and (10); therefore, 1 3.89p = $/gallon 

and 2 6.44p = $/gallon, respectively. Then, the expenditure under the benchmark 

parameters is formulated as follows, 

* *

3.89 223.57
( )

3.89 6.44( ) 223.57
Q Q

C Q
Q Q Q Q

≤
= 

+ − ≥
                            (12) 

where * 237.57Q = gallon.  

Therefore, a consumer would be charged a price of 3.89$/gallon when he 

consumes less than 223.57 gallons, and any consumption exceeding this threshold 

would be charged at a higher price of 6.44$/gallon. As determined, this threshold 

value, equivalent to 14.9 miles of car driving every day, is reasonable, which 

approximately guarantees a commuter’s daily driving in China. In the current pricing 

mechanism of the Chinese power sector, the gap between each tiered price is so small 

that consumers are insensitive to the price change, which significantly affects the 

effectiveness of this mechanism (Lin and Jiang, 2012). Furthermore, Agthe and 

                                                             
8 See 
http://www.moc.gov.cn/zhuzhan/zhengcejiedu/guihuajiedu/shierwuguihuaJD/xiangguanzhengcefagui/2
01110/t20111010_1064457.html. 
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Billings (1987) suggested that it is better to widen the gaps in the tiered pricing 

because the equity will be improved. In this pricing mechanism, the gap between each 

tiered price achieves as much as $2.55 per gallon.  

 

5. Discussion 

This section conducts sensitivity analyses to discuss how this tiered pricing 

mechanism would respond to different parameter values. Then, welfare changes under 

the proposed pricing mechanism are analyzed to examine the progressivity. 

 

5.1. Sensitivity analyses 

The gasoline price in China decreased dramatically by 30% in the past year9. 

Previous studies argued that the introduction of PCT is capable of stabilizing 

consumers’ actual gasoline cost (Wadud, 2011; Fan et al., 2015b). Thus, it is vital to 

investigate how the first and the second tiered price in the proposed pricing method 

would respond to the original gasoline price. Moreover, allowance allocation is a 

critical factor in the policy design of a PCT scheme, which would affect the perceived 

fairness and carbon abatement effect (Bristow et al, 2010). The allowance allocation 

indicates the emission cap stringency (Starkey, 2012). The tiered pricing policy should 

be aligned with the emission target each year. Therefore, it is essential to conduct 

sensitivity analysis to examine how the two tiered pricing would respond to the 

allowance allocation changes. These two critical parameters are listed as follows: 

                                                             
9 See http://www.tradingeconomics.com/china/gasoline-prices. 
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(1) fp , original gasoline price, which indicates the price trend of energy market, and 

(2)ω , allowance allocation, indicating the emission target. When a relatively stringent 

(generous) emission target is chosen, the regulatory department must issue fewer 

(more) carbon allowances.  

First, as shown in Table 2, when the original gasoline price increases, ceteris 

paribus, the first tiered price will increase, whereas the second tiered price will 

decrease. Table 2 indicates upward adjustments in the gasoline price of 5.0% to 15.0%, 

resulting in a rise in the first tiered price from 11.8% to 35.5% and a fall in the second 

tiered price from -5.3% to -15.7%; consequently, there is a sharp decrease in the price 

gap from -31.4% to -100.0%. Conversely, downward adjustments in the gasoline price 

from -5% to -15% lead to a fall in the first tiered price of -11.8% to -35.2% and a rise 

in the second tiered price from 5.3% to 16.0%. Furthermore, the price gap would 

become more obvious, a rise from 31.4% to 94.1%.  

When the gasoline price rises (falls), the equilibrium carbon price would be 

lower (higher). Therefore, the under-emitters would reduce the (more) subsidies, and 

the over-emitters would pay fewer (more) dollars, resulting in a higher (lower) first 

tiered price but a lower (higher) second tiered price. The implication is that the 

regulatory department should raise (lower) the first tiered price and reduce (raise) the 

second tiered price when the gasoline price goes up (goes down). Moreover, more 

attention should focus on the price gap between the first and the second tiered price, 

which would affect the public perceived equity towards the policy design, as indicated 

by Whittington (1992).  
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<Table 2 is here> 

Second, the tiered prices would be susceptible to the allowance allocation. As is 

shown in Table 3, a small change in the allowance allocation would arouse great 

changes in the first and second tiered prices and particularly the price gap. Downward 

adjustments in the allowance allocation from -2.5% to 10.0% lead to a sharp decrease 

in the first tiered price from -23.7% to -99.7% and a large rise in the second tiered 

price from 44.4% to 146.3%. Additionally, the price gap would be five times as wide 

as that of the baseline scenario.  

Equation (7) indicates that with a lower carbon allowance allocation, the carbon 

price would increase. Therefore, the under-emitters would be subsidized for selling 

extra allowances, leading to a lower first tiered price, whereas the over-emitters would 

be confronted with a higher gasoline price. Consumers would be confronted with a 

more obvious price gap with a more stringent carbon abatement goal and vice versa. 

Accordingly, the price gap would be set in accordance with the emission target in the 

policy design. Thus, the regulatory government should reduce (raise) the first tiered 

price and raise (lower) the second tiered price when a relatively (less) stringent carbon 

abatement goal is required.    

 

<Table 3 is here> 

 

5.2. Consumers’ welfare change analyses 

This section will investigate the welfare changes under this two-tiered pricing 
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mechanism and examine the progressivity of this mechanism. The consumer surplus 

is used to measure the welfare changes by calculating the difference between what a 

consumer is willing to pay and what he actually pays (Quartey and Yarney et al., 

2013). The change in consumer surplus ( CS∆ ) can be calculated based on the price 

changes due to tiered pricing as follows:  

0

'
( )

p

p
CS Q p dp∆ = ∫                                            (13) 

where  is the Marshallian demand function, 'p is the actual gasoline price 

and  is the original gasoline price. According to equations (A7), (A11), (A12) 

and (A13), we have the Marshallian demand function of an under-emitter ( ) as 

follows by substituting xλ  with fx and ( )f cp ep+ with p ,  

                                                (15) 

Similarly, the Marshallian demand function of an over-emitter ( ) is 

                                               (16) 

Based on equation (13), the welfare change of the under-emitter ( ) and 

the over-emitter ( ) are as follows,  

1
1

( ) ln ( )f
i i f

p
CS I I p p

p e
ωα∆ = − + −                                       (17) 

2

1

* * 2
1( ) ( ) ( ) lnf

f

p p

j j f jp p
f

pCS Q dp Q Q dp p p I I
e p
ω α∆ = − − = − − −∫ ∫            (18)

 
The under-emitter i would gain welfare change  for the price reduction. 

However, the over-emitter j’s welfare change would depend on the absolute value of 

the welfare gain due to the price decrease from fp to 1p for consumption below *Q  
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and the welfare loss due to the price increase from fp to 2p for consumption 

above *Q . According to the China Statistical Yearbook 2014, the per capita disposable 

income in the urban setting is divided into 5 groups. Thus, the under-emitters and 

over-emitters could be discriminated based on the boundary condition * $2,312.75I =  

derived from equations (A12) and (A13); their consumer surplus changes are 

presented as follows in Table 4. 

 

<Table 4 is here> 

 

Consumers in the first twenty percent income group, with an average income of 

$1,871.31, would garner a welfare change of 437.03 due to the gasoline price 

decrease from 4.62$/gallon to 3.89$/gallon. The over-emitters are charged for a lower 

price for consumption below *Q  and a higher price for consumption above *Q ; 

therefore, they do not always suffer from welfare loss. As indicated in Fig. 4, 

consumers in the second, third, and fourth twenty percent would gain a positive 

welfare change because the welfare gain would dominate the welfare loss. Although 

the consumers whose income falls in the last twenty percent would suffer a total 

welfare loss as the welfare loss dominates the welfare gain. The welfare loss would 

increase when the average income increases. Table 4 indicates that there is a 

“subsidies leakage” (Lin and Jiang, 2012) in the second, third and fourth income 

groups, which deserves attention in the policy design.  

Figs. 1 and 2 are presented to gain intuitive insight into the consumers’ surplus 
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changes. We choose the average income level of the first twenty percent and the last 

twenty percent income group as the baseline income of the under-emitters and the 

over-emitters, respectively. Then, we investigate how the consumer surplus change 

responds to an income increase or decrease of ten percent.  

 

<Fig. 1 is here> 

<Fig. 2 is here> 

 

Fig. 1 indicates that the under-emitters would always be better off. When the 

under-emitters are poorer, they would be subsidized more in this pricing mechanism, 

which would intensify their perception of fairness. For the over-emitters, the higher 

income group would suffer more welfare loss (Fig. 2). Therefore, the tiered pricing 

mechanism is progressive by redistributing income between the poor and the rich 

(Parag and Eyre, 2010). This finding is consistent with the studies of Hajispyrou et al. 

(2002) and Porcher (2014) on the tiered pricing mechanism in the water sector. 

Generally, high income groups would consume more gasoline than low income 

groups. The welfare analysis implies that a tiered gasoline pricing policy would be a 

feasible policy option to achieve equity and gain public acceptance.   

 

6. Conclusions 

This paper attempts to propose a tiered gasoline pricing method from a PCT 

perspective. We calculate the specific tiered gasoline pricing based on survey data 
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from the Chinese transportation sector. Sensitivity analyses are conducted to 

investigate the impacts of the original gasoline prices and initial allowance allocation 

on the tiered pricing. Then, consumers’ welfare changes are analyzed to investigate 

the progressivity of this pricing method. 

It is shown that the under-emitters and over-emitters under a PCT scheme would 

be burdened with a different unit cost of gasoline, which is consistent with the 

principle of tiered pricing (Lin and Jiang, 2012). According to the estimations, the 

threshold of the tiered pricing is 223.57 gallon and the first and the second tiered 

prices are 3.89$/gallon and 6.44$/gallon, respectively. That is, when one consumes 

below this threshold, one would be charged a price of 3.89$/gallon, whereas 

consumption exceeding this threshold would be charged 6.44$/gallon. Different 

parameter settings indicate that gasoline prices and allowance allocation have a large 

bearing on tiered pricing, but with different directions. A rise in gasoline prices would 

incur a decrease in the equilibrium carbon price, making the first tiered price higher 

but the second tiered price lower. With a more stringent (generous) allowance 

allocation, the carbon price would increase (decrease); thus, the first tiered price will 

decrease (increase). However, the second tiered price will increase (decrease). 

Furthermore, although a “subsidy leakage” exists, the proposed tiered pricing 

mechanism would relieve the pressure of the low-income groups who consume less 

gasoline while imposing a greater burden on the high-income groups who consume 

more. Therefore, this pricing mechanism is progressive in general. 

These findings have several policy implications. First, the proposed tiered 
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gasoline pricing mechanism also holds the assumption that low income groups are 

also low gasoline consumers (Filipovic´ and Tanic´, 2009). Although there is an 

exception that several low income groups live on shipping-related jobs would easily 

fall into the higher tier, thus being burdened with high expenditures on gasoline. 

Certain preferential treatment could be practiced by the regulatory department, such 

as subsidies (Fawcett, 2010). Currently, in China, the per capital gasoline 

consumption is relatively low; however, it is rapidly growing. The tiered pricing 

policy should be a dynamic adjustment mechanism that  incorporates several 

elements, such as the crude oil price, overall emission cap stringency and per capital 

gasoline consumption. Policy makers should vary the tiered prices with the original 

gasoline price and emission target. When the original gasoline price rises, the first 

tiered price should be adjusted upward, whereas the second one should be adjusted 

downward. Additionally, when the carbon reduction goal becomes more stringent, the 

second tiered price should be adjusted sharply upward, whereas the first could be 

adjusted slightly downward. Moreover, consistent with other studies in the tiered 

pricing mechanism (Diakité et al., 2009; Lin and Jiang, 2012), the implementation of 

the proposed tiered pricing policy is capable of distributing wealth between the rich 

and the poor, which is in accordance with the initial objective of energy price reform. 

The policy strengthens public perceived equity and heightens public acceptance. This 

policy mechanism is of vital significance to advance energy pricing reform in China.  

However, this study is only an initial study on the rising pricing reform from a 

PCT perspective. Many further research studies for comprehensive considerations are 
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needed. For instance, we consider a two-tiered structure as a preliminary solution in 

the tariff design, which can be extended to a multi-tiered one, given the basic, average 

and extravagant needs of gasoline consumption. These considerations would help this 

pricing design to step closer to reality.  

 

Appendix  

This appendix provides a formal derivation of the allowance trading amount. The 

process of derivation is expressed as follows: 

1 1
1 20 0x ix x y p eα αα φ λφ− −≤ ⊥ − − ≥                                     (A.1) 

10 (1 ) 0yy x y pα αα φ−≤ ⊥ − − ≥                                        (A.2) 

1 20 0i cpψ φ φ≤ ⊥ − + ≥                                               (A.3) 

10 0x y c ip x p y p Iφ ψ≤ ⊥ + + − ≥                                       (A.4) 

20 0e xφ λ ψ ω≤ ⊥ − − ≥                                              (A.5) 

According to the Karush-Kuhn-Tucker (KKT) optimality conditions (A.1) and 

(A.2), we obtain 

(1 )( )x c i

y

p p ey
x p

α λ
α

− +
=                                              (A.6) 

From equations (A.4) and (A.5), we obtain 

i

x
e

ψ ω
λ
+

=
                                                        (A.7) 

x c

y

p x p Iy
p

ψ− − +
=

                                                (A.8) 

Substituting equations (A.8) into (A.6), we obtain 
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+ −                                                (A.9) 

From equation (A.3), we obtain 

1 2 0cp φ φ− + =                                                     (A.10) 

Substituting equations (A.7), (A.8) and (A.9) into equation (A.6), we have 

(1 )i i x c i
i

i c x

e I p p e
e p p

α λ ω ω α λψ
λ

− − −
=

+                                     (A.11) 

If 0ψ > , the quantity of allowance purchased by over-emitter is  

(1 )i i x c i
i

i c x

e I p p e
e p p

α λ ω ω α λψ
λ

− − −
=

+
                                    (A.12) 

If 0ψ < , the quantity of allowance sold by under-emitter is 

(1 )x c i i j
j

i c x

p p e e I
e p p

ω ω α λ α λ
ψ

λ
+ − −

=
+

                                   (A.13) 
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