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Equity Issues on Transportation Infrastructure Investment and Model Amelioration 
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Abstract: Current evaluation methods for transportation investment mainly focus on efficiency while equity issues are often ignored or not well dealt with. However, the sustainable development of transportation requires fairness among different traffic participants and equity of benefit distribution among different social groups. Especially the interests of the vulnerable groups must not be sacrificed. Based on a summary of current understanding about transportation equity and an analysis of transportation investment status in China, an improved evaluation model based on the Wilson entropy theory is proposed. Benefit compensation for vulnerable groups and regional difference such as price level, housing expenditure and average income are considered, which reflects well the equity definition that we made.
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Introduction
Transportation infrastructure construction is an important task of central and local governments. Generally a transportation project needs a large quantity of investment, either from revenue or from private capital. For private capital investors, of course they aim to obtain the maximum profit by using the minimum cost. Therefore, the financial analysis is implemented. While for government investment, the Cost-Benefit Analysis (CBA) method is frequently used for judging the investment efficiency. In fact, in the field of transportation projects evaluation, the CBA method has a very long history which can date back to the 1950s~1960s. However, as to the government, whether to implement the project or not should not only lie on the economic profits. The increase of social welfare and improvement of transport service are also important factors. So when evaluating an investment project, the question should be reconsidered whether or not the investors’ profit is superior to  passengers’ comfort as well as environment protection. However, the CBA method only takes efficiency into account and equity issues are not involved in this method. Hence the Multi-Criteria Analysis (MCA) is employed more and more in the evaluation process. But the frequent use gradually shifted to extensive use, and the aggregation of each separate criterion was not appropriately done. The weight of each criterion was often given neither without enough investigation nor based on reasonable analysis, which led to arbitrary decisions (E. Quinet 2000). The decision maker may change the weight to meet his or her preference. So an evaluation method of a unique criterion is needed to supplement the MCA or even dominate the evaluation. What is widely used now comes around to the CBA method.
The traditional CBA method focuses on only the efficiency of the investment, and social impacts are vaguely considered. In recent years, environment impacts such as noise, emissions and shaking are considered in the evaluation process. And equity concerns are also gradually integrated into CBA. However, it is still vague in practice. (D.E. LEE Jr. 2000). In current CBA method, the benefit is intensively concerned, but how the benefit distributes is not paid enough attention. The construction of new roads and highways will certainly increase the convenience of car users, and bring profits to the constructors and operators, if it is feasible under CBA. Nevertheless the residents along the road, especially those who have no private cars, may severely suffer from noise, pollution and the inconvenience of crossing roads due to the implement of the new road. As is known, the benefit of the project usually comes from the save of time, for example 50%-70% in Japan (H. Morisugi 2000), though maybe a little less in developing countries (Talvitie A. 2000). And this  favors the car users most. Bus users may also take advantage of the time savings, but relatively small compared to that of car users. For other issues hard to be quantified, such as environmental impacts, the Willing-To-Pay (WTP) method is usually used for monetization. However, this will probably lead to the decision which favors the higher incomers who are willing to pay more for their own interests. Thus the decision will of course benefit the higher incomers more, which is not fair for the lower incomers. 
In China, the CBA method has also been introduced into the process of transportation project evaluation. And the same problems mentioned above also exist, which may be even more serious because the relationship between economic benefits and social impacts is not properly dealt with. To accelerate the urbanization, road construction is a main task of transportation infrastructure investment in China. However, the benefit from road construction is not fairly distributed among the groups influenced by the very project. As is known to all, this kind of construction project requires large amount of investment, but local government usually do not have enough budget for that fast and broad construction. So the government may have to bear a burden. However, after the completion of the project, the benefit from the increase of land-value is largely taken by the real estate corporations, while the original residents along the road suffer from negative environmental impacts. Unfairness also exists when comparing the convenience increase of motorists and the pressure on the non-motorists. 
In China, the rapid increase of private cars makes the traffic problems more severe. To solve the problem, government and planning agencies focused on the road improvement for private cars. Though public transportation has also been paid attention to, like the BRT project in Beijing, the bicycles and pedestrians are not well considered. As is known, there are lots of bicycles and pedestrians in China, but now the space for them is being compressed without good public transportation system as a substitute mode. Another serious problem in China now is the widening gap of economical development level between the east and the west. Due to some historical reasons the east part of China has taken advantage of some privilege policies, and it develops much faster than the west part. When transportation infrastructure project applications are submitted to national government by local government, unlike some western countries such as America, usually no direct fund will be supplied to the local government in China, instead some policies will be put forward to favor the projects and all the feasible projects will be listed in sequence according to its priority. Thus the key point is the deciding process of priority, where CBA or MCA is commonly used. The projects of the east part usually get a higher benefit-cost ratio than the west and the total investment is also much larger, so these projects usually enjoy high priority, which makes the gap wider. In fact, according to the principle of marginal utility declination the same amount of benefit means more social welfare increase for the west. So the problem can be treated as nationwide unfairness of developing opportunities.
Equity on Transportation Projects
The term of equity itself contains the meaning of a reasonable allocation of profits among different groups that are involved in the process of profit making. With the development of society and civilization, more attention has been paid to the vulnerable groups. Compensation for those who are unfairly treated has been stated and emphasized. As to the equity on transportation projects, two major categories are proposed by Litman. T (2005), which are horizontal equity and vertical equity.
Horizontal equity requires that individuals and groups of equivalent properties should share the resource and bare the costs equally, and in other ways they also should be treated the same. Of course the exactly same individuals and groups do not exist, the equity here can be interpreted as that each individual or group should get the benefit and bare the cost equivalent to his or its level of involvement to the project, for example, the amount of investment, the quantity of construction activities and the degree of negative influences. 
Vertical equity requires the compensation for the vulnerable groups. The sustainable development of transportation indicates that individuals and groups should not make benefit at the cost of other individuals or groups, especially the vulnerable individuals and groups. (Sanchez T et.al. 2003) Thus the transportation vulnerable groups such as pedestrians and bicyclists, should be concerned more in the transport system which favors vehicles but suffers the problems caused by vehicles.
Model Formulation
A previous evaluation model for transportation projects combing efficiency and equity impacts was proposed by YANG et al (2005). In traditional evaluation method, the optimal object is usually the maximum of total benefit or the average distribution of the benefit. But in YANG’s model, the optimal state is the entropy max state in which the compensation for the vulnerable groups and balance among different regions are considered. However, there are also some obvious defects in this model. First, every item in the entropy expression only represents the net benefit of each group. However, the benefit cost ratio is lack of regard. Second, the net benefit value may sometimes be negative, for example when we consider the impacts on the residents near the project, the noise, shaking and risk of safety usually dominate the whole influence. This will lead to the unfeasibility of the model. So based on the analysis above, an improved model is proposed as follows.
First, all the individuals and groups influenced by the project are divided into n benefit groups according to their properties. Based on the current CBA method, all impacts are transformed into generalized price so the total benefit and cost of each group are expressed in monetary value. If we take into account the life-time influences, the social discount rate should be used. Here we only use Ci, Bi to represent the cost and benefit of group i. In YANG’s previous work, the items evaluated are simply expressed as Bi-Ci, which means the net benefit of each group. However, BCR (benefit-cost ratio) is mainly considered here, because the total amount of Bi, Ci may differs greatly between different groups and what we concern is not just the quantity of the benefit but also the quality. 
As transportation infrastructure project usually lasts a long time, the life cycle cost and benefit are used more commonly in practical project. Thus Ci and Bi can be presented as:


[image: image1.wmf](

)

1

1

T

ij

i

j

j

c

C

q

=

=

+

å

                           (1)


[image: image2.wmf](

)

1

1

T

ij

i

j

j

b

B

q

=

=

+

å

                           (2)

Where j is a single year in the evaluation period of length T; q is the social discount rate; cij and bij are the cost and benefit of group i in the year j respectively. In order to distinguish different regions, a subscript k is introduced to note Ci and Bi as Ci,k and Bi,k.
In order to take into account the regional differences, a regional property related coefficient βk is introduced, which is also used in YANG’s previous work. 
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Where Pk, Rk, Yk are the Price Index, average housing expense and average personal income of region k; Ps, Rs, Ys are the relevant parameters of a standard region s; Bk is the proportion of housing expense to the total family expenditure. εk is a parameter that reflects the social recognition of equity which ranges from 0 to 1. βk represents the development level of region k, and for the same region, different groups share the sameβk. From the expression it is easy to see that the more developed region k is the lower the value ofβk will be. 
In order to compensate for the vulnerable groups and groups that suffer more than benefit from the projects, a series of coefficients αi,k (≥1) are employed to adjust the BCR. For the disadvantaged group i of region k,αi,k is given a value large than 1, while for the othersαi,k=1.
According to the Wilson entropy theory, the entropy of a system that contains n possible states can be expressed as:
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Where Pi is the probability of the ith possible state. The max value of the entropy H is 
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 when Pi=1/n. (i =1,2,…, n) Based on these facts, the evaluation item of group i in region k is proposed as follows:
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Which satisfies the constraint (5). An index Ek ranging from 0 to 1, is introduced to measure the extent of equity of region k:
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When E equals 1, it means the benefit distribution is most unequal while Ek equals 0 means the optimal status is reached.
Parameter Analysis
When the optimal status is reached, all Pi equals 1/n, that is:
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Where 
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It is obvious that Pi increases when ui increases. So whenαi for the disadvantaged groups are given a value large than that for common groups, in order to reach the optimal status, a relatively larger BCR is required, which, to some extent, makes compensation. 
Another property of the entropy formulation is that the value of H approaches Hmax with the increase ofβ, which can be explained as follows:
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Let 
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Substituting (10) and (11) into (9), we can derive
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Here, 
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. In order to explain this method of mathematical induction is employed. 
When n=1, 
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Suppose when n=k the assumption is true, that means 
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When n=k+1 because uj,k , lnuj,k are all increasing functions of βk, so
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Thus the conclusion 
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 can be made, which means H is an increasing function ofβ. When βk increases, Hk is approaching Hmax, and Ek approaches 0. This means it is relatively more fair to carry out the project in the less developed region.
Conclusion

Equity is an important ingredient of sustainable transportation. Through the comprehension of equity and based on the previous studies, an improved evaluation model for transportation projects consideration equity of benefit distribution is proposed. The two key factors: differences between groups and regions are regarded. And the parameter analysis shows that this model is able to reflect the concept of equity, and demand for compensation.
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