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Various eco-friendly transportation projects are being planned in line with the 2050 carbon neutrality policy. 
These projects are mainly for pedestrians. It is difficult to evaluate these projects because the method for 
calculating transportation benefits mainly considers the travel time-saving effect of vehicles. The purpose of this 
study involves evaluating eco-friendly projects by reflecting on the pedestrians-friendly effect. Specifically, 
transportation benefits are evaluated by the contingent valuation method (CVM). It is based on willingness to 
pay (WTP) reflecting landscape effects. The target of this analysis is “The Generalization Project of the Gyeong-
in Expressway”. This project involves a plan to build an underground road with the same scale as that of the 
existing road and change the existing road to a pedestrian-friendly park. This project is ineffective in terms of 
timesaving. When reflecting CVM, Benefit-Cost (B/C) is 0.96 and when not reflecting CVM, B/C is -0.21, negative 
benefits are calculated. Benefits are generated due to a decrease in capacity. If the landscape effect is added, 
then the willingness to pay for constructing a park is 19,210 KRW/y, which corresponds to a benefit of 8,277 
billion KRW/y. This method, which reflects the landscape and walking connectivity effects for pedestrians, can 
calculate the characteristics of pedestrians for evaluating transportation projects. It can contribute to expanding 
eco-friendly transportation projects. 

1. Introduction  
The eco-friendly transportation business mainly contains pedestrian-friendly characteristics. Large cities around 
the world are also systematically reorganizing related laws and actively carrying out projects to improve the 
pedestrian environment (Lee et al., 2020). These are evaluated by benefits including vehicle operation costs, 
travel time costs, traffic accident costs, and environmental benefits (Shang et al., 2004). These benefits are 
focused on the saving of time and distance effects. The effects of pedestrian-friendly projects such as parks in 
the road project can be missed by existing evaluation. This means that an eco-friendly evaluation method such 
as CVM is needed (Kim et al., 2012). This study aims to present pedestrian-friendly indicators through the 
combination between existed evaluation model and CVM. This method is expected to overcome the limitations 
of the existing evaluation method. It is in line with the 2050 eco-friendly project. 
CVM is a concept widely adopted in the analysis of the value of public goods, such as reduced CO2 emissions 
(Adamanc et al., 2011). CVM is analyzed by WTP in a non-market system. It is the population subject to 
evaluation that plays an important role in calculating total benefits in CVM. CVM assessment target refers to the 
extent of the region in which the conditional goods are traded and live in The affected market area (Dong et al., 
2021). Furthermore, It is also conducted in consideration of the consumers contributing to traffic improvement 
and the quality of the residential environment (Park et al., 2017). CVM is being reviewed in a double-questioning 
fashion.  
The process of this study is as follows. Limitations of CVM and how to apply this concept in transportation 
projects are reviewed in the literature review. In the methodology part, a case study is introduced. The survey 
design and sample setting for calculating WTP are presented. In the result part, various results contributed to 
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this study are presented. These are included sample size, WTP, benefits using the CVM model, and B/C. In 
conclusion, a discussion of the results and limitations of this study are presented. 

2. Literature Review 
The social overhead capital (SOC) business should be evaluated with quantitative benefits. Various benefits are 
reviewed including benefits that can be additionally considered such as CVM. Here SOC projects are all or part 
of construction resources from the private sector for the efficient construction of public facilities. The 
environmental benefits of existing SOC project evaluations have focused on the amount of carbon emitted (Choi 
et al., 2021). It means that eon-friendly projects are evaluated only by the effect based on speed and distance 
(Ku et al., 2021).  
CVM has strengths to evaluate eco-friendly projects. First, it can reflect the effect of landscape and connectivity 
for pedestrians. It means that it is possible to calculate the characteristics of pedestrians in transportation 
projects. Fein (2012) used CVM to evaluate Boston’s Big Dig, which is represented by an eco-friendly project. 
Second, it can describe a virtual market system. Kumar et al. (2021) used a virtual market system to extract 
acceptance intent for WTP or environmental effects. Perni et al. (2021) showed how the conditional valuation 
(CV) method is used in the market CVM. It is the development of research methodologies to overcome the 
unobservable parts of respondents' choices with changes in supply levels that are included (Zhang et al., 2022). 
According to the double boundary dichotomy CVM method, WTP and related specific payments were derived 
to obtain necessary data (Ikeuchi et al., 2013). The minimum condition for using this proposed probability utility 
model is the respondent.  
In a previous study appeared limitations. First, the minimum conditions were not met. This means that citizens 
were not willing to pay it. It corresponds to the fact that it detects changes in the level of public goods based on 
monetary income and individual characteristics given as an indirect utility function (Palanca et al., 2020). The 
problem of selecting the number of samples also appeared. Sample sizes are not subdivided by region showing 
a large range of errors or do not indicate WTP. It is calculated to determine the advantages of the same layer. 
This may cause statistical bias in respondents' willingness to pay (Vaughan and Darling, 2000). Another 
limitation in previous studies, there is no existing benefit with CVM. It is applied incidentally. (Lipinska et al., 
2019).  
In this study, the existing benefits were calculated using the results of CVM. This result can be directly applied 
to the actual SOC business. Respondents' influence rights were subdivided in the questionnaire survey. In the 
survey, respondents' sphere of influence was subdivided. The price adjustment factor was calculated and 
corrected as a sample setting for direct and indirect users. This result can minimize the statistical bias of CVM 
results. It was confirmed that the landscape effect and the pedestrian-friendly effect were converted to WTP and 
were items of the same hierarchy (Park et al., 2017). Indirect benefits such as CVM methodology should be 
activated in the evaluation items of transportation projects. In addition, it is necessary to develop a methodology 
that can accurately estimate the environmental benefits of transportation projects.  

3. Methodology 
This study’s purpose is to evaluate the feasibility of eco-friendly projects that have not been reflected in existing 
benefits. It was calculated by adding CVM to the existing profit. Economic analysis uses B/C, Internal Rate of 
Return (IRR), and Net Present Value (NPV) methods. The benefits are calculated through Bureau of Public 
Road (BPR) and WTP. CVM reflects the effect of accessibility and walkability corresponding to indirect benefits. 
Although it is expected that there is no economic feasibility when calculating existing benefits, economic 
feasibility is expected to be secured via CVM. Figure 1 shows the framework and case study for analyzing CVM 
results. The analysis target is the Gyeong-in Expressway project. This project has the same speed, extension, 
and lanes. There is only an increase in travel time due to capacity reduction. In reality, it is almost impossible to 
estimate the WTP of individuals in the target population CVM is apply non-market valuation techniques. The 
non-market evaluation technique was calculated as shown in Eq (1). 

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑎𝑎𝑖𝑖𝑔𝑔𝑖𝑖𝑖𝑖 𝑔𝑔𝑎𝑎 𝑏𝑏𝑖𝑖𝑎𝑎𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑔𝑔 = 𝑁𝑁 ∙ 𝑇𝑇𝑇𝑇 = 𝑁𝑁 ∙ 𝑊𝑊𝑇𝑇𝑊𝑊������� (1) 

where 𝑊𝑊𝑇𝑇𝑊𝑊(= (� 𝑊𝑊𝑇𝑇𝑊𝑊𝑖𝑖)/𝑎𝑎)𝑛𝑛
𝑖𝑖=1  denotes the sample average (or median) of willingness to pay per household (or 

per person) In this study, the household on was calculated and investigated. 
In the CVM survey design, first, the area of the virtual market and target population are set, and then the target 
goods are selected, and scenarios are prepared. Virtual market CV questions were presented so that 
respondents could understand trading products well and reveal preferences through surveys. A payment 
method is selected based on the presented questions. Respondents asked questions to make it easier to 
understand trading products and virtual market CV questions. Questionnaires are pre-survey, analysis, and 
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result format. To estimate the benefits, Mitchell and Carson (1989) suggested the willingness to pay function 
presented by (bid function). The calculation formula is used for estimating the function and benefit because it is 
simple (Hanemann et al., 1991). 

 

Figure 1: Framework of the study and Explanation of Project of the Gyeongin Expressway 

The probability utility models presented in this study are based on the neoclassical economic theory of 
maximizing utility under budget constraints. It was assumed that survey respondents knew the level of utility 
when creating green spaces and cultural facilities. It was used to represent theoretical politics. Based on their 
monetary income and personal characteristics, the following Indirect utility function can be 
postulated: (𝑣𝑣(𝑗𝑗,𝑖𝑖; 𝑆𝑆)). Analysts cannot observe all the factors that influence the view on the creation of green 
spaces and cultural facilities in the central part of the Gyeongin expressway. Hence, it is reasonable to assume 
that this model followed the probability utility function as Eq (2) and Eq (3): 

𝑣𝑣𝑖𝑖(𝑖𝑖,𝑖𝑖; 𝑆𝑆) = 𝑎𝑎𝑖𝑖(𝑗𝑗,𝑖𝑖; 𝑆𝑆) + 𝜖𝜖𝑖𝑖  (2) 

𝐻𝐻𝑖𝑖𝑔𝑔𝑖𝑖, 𝜖𝜖𝑖𝑖~𝑖𝑖. 𝑖𝑖.𝑑𝑑.𝑎𝑎𝑔𝑔𝑖𝑖𝑎𝑎𝑎𝑎 𝑑𝑑𝑖𝑖𝑔𝑔𝑏𝑏𝑔𝑔𝑖𝑖𝑏𝑏𝑎𝑎𝑏𝑏𝑖𝑖𝑔𝑔𝑎𝑎𝑖𝑖 = 1, … . .𝑎𝑎.  (3) 

If a respondent answered yes to the question of whether he/she is willing to pay amount A, then the utility 
function of the individual is 𝑎𝑎(1,𝑖𝑖, 𝑆𝑆) ≥ 𝑎𝑎(0,𝑖𝑖; 𝑆𝑆). Specifically, the 𝑖𝑖 = 1 is represents a situation in which the 
Gyeongin Expressway generalization project is completed, and various services can be implemented, and 𝑖𝑖 = 0 
represents a situation in which it has not been implemented. 
This implies that with respect to presentation amount A, it can be expressed as 𝑎𝑎𝑖𝑖(1, m − A; S) + 𝜖𝜖𝑖𝑖 >
(𝑈𝑈𝐼𝐼(0, m; S) + 𝜖𝜖𝑖𝑖). This can be represented by the following linear utility difference function: Eq (4) (linear utility 
difference function). 
∆𝑣𝑣 = 𝑎𝑎𝑖𝑖(1, m − A; S) − 𝑎𝑎𝑖𝑖(0, m; S) > 𝜖𝜖𝑖𝑖,0, − 𝜖𝜖𝑖𝑖,1 = ϵ    
= 𝛼𝛼 + 𝛽𝛽𝐴𝐴 + 𝛾𝛾𝑆𝑆 > 𝜖𝜖 

(4) 

The probability that the respondent will say yes to the given offer amount A is as Eq (5): 

Pr(𝑦𝑦𝑖𝑖𝑔𝑔) = Pr(∆𝑣𝑣 > 𝜖𝜖) = 1 − ∅(𝐴𝐴, 𝑆𝑆)  (5) 

This can be expressed as ∈𝑖𝑖= 𝑎𝑎𝑖𝑖/𝜎𝜎𝑝𝑝~N(0,1) ∅(∙), which denotes the cumulative standard normal distribution. 
To indicate respondents' preference for a given CVM question as a quantitative choice, the utility difference 
function presented as Eq (4) or Eq (5) can be estimated using the maximum likelihood estimation method. 
First, (single-bounded dichotomous choice) respondents responded with a 'yes/no to a given scenario and the 
amount presented in the question. The logwood function for these response patterns of respondents can be 
expressed as Eq (6):  

𝑎𝑎𝑎𝑎 𝐿𝐿 = ∑ [𝑁𝑁
𝑖𝑖=1 𝐼𝐼𝑖𝑖 ∙ 𝑎𝑎𝑎𝑎 ∅(𝑎𝑎𝑎𝑎 𝐴𝐴, 𝑆𝑆) + (1 − 𝐼𝐼𝑖𝑖)∙ 𝑎𝑎𝑎𝑎(1 − ∅(𝑎𝑎𝑎𝑎 𝐴𝐴, 𝑆𝑆))]   (6) 

Where ∅(∙) denotes the standard normal cumulative probability function, ln𝐴𝐴 is the log form of the suggested 
amount presented to each respondent, and S represents high-variable variables and includes a constant term. 
Given that the economic benefits of the affected population are measured according to the purpose of this CVM 
survey, the probability utility function is estimated using the logwood function in Eq (6), and the sample WTP is 
measured using estimates. Although the sample means have the disadvantage of being influenced by outliers, 
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it is a necessary statistic if the sample WTP measure is used as part of the cost-benefit analysis of public works 
projects. For example, if the presented amount in the probability utility function (2) is included in a linear form, 
then the sample WTP sample mean and median are of the same order as that in Eq (7): 

𝑊𝑊𝑇𝑇𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝛼𝛼+𝛾𝛾𝛾𝛾
𝛽𝛽

= 𝑊𝑊𝑇𝑇𝑊𝑊𝑚𝑚𝑎𝑎𝑚𝑚𝑖𝑖𝑎𝑎𝑛𝑛 𝑎𝑎𝑎𝑎𝑣𝑣𝑣𝑣𝑎𝑎     (7) 

4. Results
It presents an evaluation of the feasibility of undergrounding the “The Generalization Project of the Gyeong-in 
Expressway” Project. The existing benefits and benefits including CVM were compared with the existing 
benefits. The existing benefit is -0.21B/C, and the benefit including CVM is 0.96B/C. Therefore, economic 
analysis was possible. Based on the results, it can be judged that there is business feasibility only when the 
environmental benefits of CVM are reflected. This business can be considered suitable for eco-friendly 
businesses. 

4.1 CVM result 

The survey covered 1,000 people. Standard sample sizes are recommended from 200 to 2,500. The sample 
size was calculated according to Eq (8) as below.  

𝑁𝑁 = [𝑍𝑍𝛼𝛼/2 𝜎𝜎/𝐸𝐸]2    (8) 

In Eq (8) 𝑁𝑁 is desired sample size. 𝑍𝑍 is the 95% confidence interval statistic (1.96) at significance level 𝛼𝛼 = 5%, 
2-sided test. 𝜎𝜎 i s t he s tandard deviation o f i ncome. 𝐸𝐸 is  an  acceptable er ror in  th e sa mple es timate of  the 
population mean WTP obtained as one-tenth of the census estimate of average household income (i.e. a 10%
error). Vaughan and Darling (2000) suggested an acceptable error within 10%. This can be confirmed by 
applying the mean and standard deviation for income. In Korea, the average income is 49.36 million KRW/m, 
and the standard deviation is 47.79 million KRW/m (Kim et al., 2021). The sample size is calculated at 466 
within a 10% acceptable error. WTP is the most important factor in this study. To improve reliability, the sample 
size was calculated as 1,000. This is an acceptable error of 7%. The ratio of men to women in the sample is 
5:5. Various estimations of probability utility Models for this project are shown in Table 1.

Table 1: Estimation of Probability Utility Models for The Generalization Project of the Gyeong-in Expressway 

Variable identifier Probability utility function 
Model (1) Model (2) 

intercept 0.348 (3.59)** 0.246 (2.39)*** 
Presented amount -0.0264 (-4.73)*** -0.0272 (-4.84)***

a pile of Incheon residents 0.290 (3.07)***
N 757 757 

X2 statistic 22.3*** 32.2*** 

Intent to pay per 
sample individual 

Total Sample WTP Average 13,197 KRW - 
Incheon City residents - 19,728 KRW

Residents of Seoul and Gyeonggi Province - 9,043 KRW
1) ( ) is the t statistic, meaning, *** p<0.001.

The results of the survey showed that 243 individuals did not intend to pay taxes for this project. The 
respondent’s answers are the same, but the sampling area is different because it is divided into three areas: 
Incheon, Seoul, and Gyeonggi. This response was interpreted as resistance to taxes, lack of information, or 
distrust of collection methods, excluding the 757 respondents. Excluding the respondents analyzed to estimate 
the linear utility gap function using a single bisected probit model, the average WTP was measured using an 
estimate. 
Model (1) was estimated as a simple linear model using only the constant term and the suggested amount as 
explanatory variables. Model (2) included dummy variables including residents of Incheon to distinguish the 
affected area, which is an important sample design variable. In  results of Table 1, represents a 95 % confidence 
interval calculated from the sample mean WTP, where the standard error is calculated using the delta method 
Oehlert (1992).  
The following are the results of the survey. Individuals aged 20 or older were selected for recruitment. The 
question of the survey is whether you are willing to pay taxes. The model used for the Gyeongin Expressway 
generalization project is a probability utility model.757 people, excluding those who responded to CV item 
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resistance, were used as analysis data included in the estimation of the intention to pay the sample. The 
potential population for calculating the annual benefit of this project was calculated by considering the CV 
question-answer participation rate as the ratio of the target population willing to pay taxes for the general project. 
The CV question response rates were 74 % for Incheon residents and 77 % for Seoul and Gyeonggi residents. 
The base year for the case study is 2016. The response consumer price index is 2018. The consumer price 
index has been adjusted again as of 2016. It also adjusted the WTP. The adjusted consumer price index is 
0.974. The adjusted annual WTP households are estimated to be 19,210 KRW/p for Incheon residents and 
8,805 won/p for Seoul and Gyeonggi residents. Overall results are shown in Table 2. 

Table2: WTP after adjusting the consumer price index 

Sortation 2018 WTP Price adjustment factor WTP as of 2016 
A resident of Incheon 19,728 KRW 

0.974* 
19,210 KRW 

Seoul City, Gyeonggi 
Province Residents 9,043 KRW 8,805 KRW 

Note*: The consumer price adjustment was calculated using the CPI in April 2018 and CPI in December 2016. 

4.2 Comparison of results (with or without CVM benefit) 

The adjusted WTP estimate is multiplied by the number of target populations and the CV response participation 
rate. This is used to calculate the annual benefit of the Gyeongin Expressway generalization project as shown 
in Table 2. The annual benefit was estimated at 32.81 billion KRW for Incheon residents and 54.32 billion KRW 
for Seoul and Gyeonggi residents. The combined annual benefit of the two groups was 87.13 billion KRW. 
Specifically, the results of the population by group and annual benefit are listed in Table 3. It is classified 
according to whether the CVM result is included.  
When calculating WTP benefits, the social discount rates for present value were 4.5 % of the total benefit from 
2018–2022 (five years), which occurs for 30 y from 2025. As shown in Table 3, the total salary of -64.8 billion 
KRW was specifically calculated at -7.8 billion KRW every year from 2018 to 2021, and the effect of total discount 
benefits gradually decreased since 2021, and the total discount benefit of -64.8 billion KRW (Calculated by 
summing up 30 years in economic analysis) is generated every year In the case of the convenience calculation 
result and transportation convenience, when calculating the existing benefits excluding CVM, the total benefit 
was -130.9 billion KRW, the total cost was 3,688, the total discount benefit was -64.8 billion KRW, the total cost 
of B/C was -0.21 billion KRW, and NPV was -3774.14. When the CVM effect is reflected, the WTP value 
calculated via the CVM survey was 13,197 KRW, which was calculated as 301.2 billion KRW /y when converted 
into benefits. The total benefit was 8,277 billion KRW, the total cost was 3,688, the total discount benefit was 
3,012 billion KRW, and the total cost of B/C was 0.96 billion KRW, and NPV was -114.20. When comparing the 
difference between the results, the result including CVM increased by 9586, the total discount benefit increased 
by 3,660, B/C increased by 1.17, and NPV decreased by -3,659.94. This application of CVM showed the 
necessity of conducting the transportation business in the case study. It was concluded that the CVM 
methodology can lead to eco-friendly business with the feasibility of the road business. 

Table 3: Comparison of results (with or without CVM benefit) 

Gross benefit Total cost Total discount benefit Total Discount Cost B/C NPV 
Without CVM -1,309 3,688 -648 3,126 -0.21 -3,774.14
With CVM 8,277 3,688 3,012 3,126 0.96 -114.20
Results +9,586 0 +3,660 0 +1.17 -3,659.94

5. Conclusion
Many eco-friendly transportation projects have pedestrian-friendly characteristics. These projects are difficult to 
evaluate with existing traffic evaluation methods that mainly focus on timesaving. This study presented the 
existing time-saving benefit and pedestrian-friendly benefits through CVM. This is the effect of improving the 
landscape from transportation projects. The WTP for landscape effects was calculated through the case study. 
This result is fused with the existing time-saving effect. It presents a direction to overcome the limitations of 
existing evaluation methods for transportation projects. 
This study has several limitations. First, eco and pedestrian-friendly benefits can be evaluated in various ways, 
but this result suggested only landscape effects. This case study includes the development of a park, so the 
walk disconnection disappears. these effects can be improved by developing an urban network analysis index 
for finding the effect of walking disconnection. Second, the minimum number of samples was calculated and 
analyzed. This WTP is the result of at least 1,000 samples. For the evaluation of existing transportation projects, 
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large-scale data surveyed at the national level were used. This means that the number of samples varies 
depending on whether the CVM effect is reflected. This can be improved when a budget for evaluating eco-
friendly transportation projects is secured. The main contribution of this study is to present quantification of the 
eco-friendly effect that was suggested as a limitation of the evaluation of the transportation project. It is expected 
that this will help the 2050 carbon neutrality policy. 
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