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Abstract
Korea government has pursued the urban stream restoration project “Cheonggyecheon Plus 20” aiming restore paved streams in
cities by the same manner as the Cheonggyecheon (or Cheonggye Stream) restoration project in Seoul. This study evaluated the
ultimate economic effect of the Cheonggyecheon restoration by applying an ex-post cost benefit analysis using actual data, such as
project expenses and maintenance costs. Comparing this ex-post analysis with the ex-ante analysis conducted before the project was
launched, it was found that the costs were larger than expected because the traffic congestion caused by the project had been
underestimated. The benefits were lower than anticipated because the restored Cheonggyecheon was not identical to the original
stream, contrary to the expectations of citizens who had based their willingness to pay for the project on the return of the stream to its
natural state. As a result, the benefit-cost ratio of the project at its completion was calculated to be 0.75, much lower than the 1.89
produced in the ex-ante analysis. This study suggests that other urban stream restoration projects should prepare more accurate plans
to minimize negative impacts on traffic and try to restore the streams to as natural a state as possible.
Keywords: stream restoration, ex-post cost-benefit analysis, Cheonggyechoen
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1. Introduction
Rivers and streams are environmental resources which supply
drinking water, provide recreation opportunities, and sustain life.
However, they often lose these functions in cities because
urbanization and industrialization can lead to a reduction in
water quality, major changes in land use along the banks of the
stream, and even the loss of water flow all together. The major
streams in Seoul, the largest city in South Korea, were paved
over to provide land for roads and buildings during the 1970s.
Recently, as environmental issues have taken on a greater
importance in Korean public consciousness, the desire for more
natural rivers and streams has increased. One of the first steps in
addressing this was the restoration of Cheonggyecheon in 2005,
and it has now become one of the most famous places for
sightseeing in Seoul. Following this, in 2009, the Ministry of
Environment (MoE) established the urban stream restoration
project Cheonggyecheon Plus 20 to uncover and rehabilitate
other paved streams in Seoul and other cities based on the
Cheonggyecheon template.
After the restoration, to identify how Cheonggyecheon has
been changed, many studies have been conducted in various
fields. Kim et al. (2006) investigated the change of water quality
and ecosystem in the restored Cheonggyecheon. To investigate a

more specific change in the ecosystem, Choi et al. (2008)
evaluated the change of fishery biomes, and Kim and Koo
(2010) researched how the vegetation has been changed. In other
environment fields, Jo et al. (2009) analyzed how the restored
Cheonggyecheon influenced the thermal environment. For the
impact of Cheonggyecheon on air quality, Jang et al. (2010)
examined the improvement of the atmospheric environment.
Besides these studies on environmental changes, some studies dealt
with the conflict among stakeholders during the Cheonggyecheon restoration construction (Han, 2005; Hwang, 2006; Lee,
2006; Kang, 2009). A few studies analyzed the benefits of the
restoration project; Lee et al. (2007) identified how the benefits are
different by social groups, and Cho (2009) estimated the benefits
after the project by the same method of the ex-ante Cost-Benefit
Analysis (CBA). Although many studies were conducted on
Cheonggyecheon, a study to evaluate whether it still holds the
economic feasibility after the restoration has not been done yet.
The Ministry of Environment has assumed that Cheonggyecheon
is a successful example for other urban streams without an
evaluation process. However, to reduce trial and errors in
implementing the urban stream restoration project, it is necessary
to evaluate the Cheonggyecheon restoration project in terms of
economic feasibility. Therefore, this study aimed to evaluate the
project by ex-post CBA and to suggest policy implications for
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as years of neglect and development had left the stream nearly
totally dry and dirty to maintain environmental flow and good
water quality. At that time, safety problems also occurred due to
the deteriorated concrete construction. Despite this, restoration of
Cheonggyecheon was deemed important as it fit in with the
movement to re-introduce nature to the city and to promote a
more eco-friendly urban design. Other goals of the project were
to restore the history and culture of the region, which had been
lost for 30 years, and to revitalize the economy of the metropolis,
Seoul. The total length of the stream restored was 5.84 km and
this project period was 27 months from July 2003 to September
2005. Although the project initially provoked considerable
opposition from displaced merchants and Non-Governmental
Organizations (NGOs), the area is now one of the most popular
places for both Seoul residents and tourists, with over 500,000
people walking alongside it each week.

Fig. 1. Location of Cheonggyecheon (Chung et al., 2012)

3. Methodology
the urban stream restoration project.

2. Study Area
The Cheonggyecheon was a naturally formed stream. However,
as Joseon Dynasty designated Seoul as its capital, the stream
began to be changed by human. As a result, many houses and
shops along the stream were located. Following the Japanese
colonial period, the liberation in 1945 and the Korean civil war
(1950-53), the area became a large slum filled with wastes, rising
sediments, and emitting a pervasive stench. After several decades,
as Seoul promoted its rapid industrialization, the stream was
paved over, and Cheonggye Elevated Highway was constructed
over the old streambed in 1968. In the 1980’s-90’s, the area
became a noisy and dusty commercial center of Seoul. Fig. 1
shows its location within Seoul.
In 2003, based on a policy to remodel Seoul as a more
environmental and sustainable city, the Cheonggyecheon stream
restoration project was initiated to remove the elevated highway
(the left picture of Fig. 2) and restore the stream. It was a major
undertaking as not only did the highway have to be removed, but

3.1 Cost-Benefit Analysis
To evaluate the Cheonggyecheon restoration project, this study
applied a Cost Benefit Analysis (CBA)(The reason that this
study applied ex-post CBA to evaluate the restoration project is
to maintain consistency between preliminary feasibility and
post-assessment. As it calculates the benefits and the costs after
the restoration project was completed, it can compare them with
the results of ex-ante CBA). Three different types of CBA can be
used to examine the economic feasibility of a public project
through the comparison of social losses and benefits (Rhee,
2000): ex-ante, in medias res, and ex-post (before, during, and
after the project, respectively). Table 1 summarizes the characteristics
of these CBA types. An ex-post CBA is used to discover the
actual value of a specific project; it utilizes the same process as
ex-ante and in medias res analyses, but with actual data collected
after a project is completed. Most research that adopts a CBA
applies ex-ante analysis to estimate economic feasibility in order
to determine whether a project should be given the green light.
As such, ex-post CBAs are less common, but remain a necessary
process in evaluating public projects and increasing the efficiency

Fig. 2. Before: (a) and After Picture, (b) of the Restoration Project
Source: Lee (2006)
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Table 1. Summary of Different Grades of CBA
Class of Analysis
Value

Ex Ante

Yes – helps to select best
Resource allocation deci- project or make “go” versus “no-go” decisions, if
sion for this project.
accurate.
Poor estimate – high
Learning about actual
uncertainty about future
value of specific project
benefits and costs.
Contributing to learning
about actual value of simi- Unlikely to add much
lar projects

In Medias Res

Ex Ante/Ex Post or Ex Ante/
In Medias Res Comparison

Ex Post

If low sunk costs, can still
shift resources. If high
Too late – the project is over.
sunk costs, usually recommends continuation.
Excellent – although some errors
Better – reduced uncertainty. may remain. May have to wait
long for study.
Very useful – although may be
Good – contribution
some errors and need to adjust for
increases as performed
uniqueness. May have to wait long
later. Need to adjust for
for project completion.
uniqueness.

Same as in medias res or ex
post analysis.
Same as in medias res or ex
post analysis
Same as in medias res or ex
post analysis
Yes – provides information
about these errors and about
the accuracy of CBA for similar projects.

Learning about omission,
forecasting, measurement
and evaluation errors in
CBA
Source: Boardman et al. (2011)

of similar projects in the future. For this reason, the present study
used an ex-post CBA.
3.2 Ex-post CBA for the Cheonggyecheon Project
The ex-post CBA starts by identifying alternatives, determining
whose benefits and costs count (as it is called, ‘standing’). In
order to allow a comparison with the results of the ex-ante CBA,
this study established the status quo (to keep the things the way
they presently are), which maintains the Cheonggye Elevated
Highway by repair works, and the alternative, which restores the
stream and removes the elevated highway, as the ex-ante CBA
did.
For the standing, this study decided the perspective of the
Seoul Metropolitan, therefore, it counted only the benefits and
costs that influenced to Seoul residents. Although the alternative
and the standing were identical to those of the ex-ante CBA,
measurement indicators were little changed. In an ex-post CBA,
the results of a project are directly observable; therefore, all cost
and benefit items related to the project should be concerned. It is
thus undesirable to simply apply the same indicators of an exante CBA in an ex-post CBA. The most important process in expost analysis is to review the results of a project and then
reconfigure the cost and benefit items accordingly. It is one of the
reasons why Japanese government operates a committee for
determining measurement indicators and methods for each type
of public construction project in the ex-post assessment (Park et
al., 2010).
Considering the necessity of reconfiguring costs and benefit
items in an ex-post CBA, Lee and Jung (2012), our former study,
suggested costs and benefit items for the ex-post CBA of Cheonggyecheon restoration project. In the study, the items were
selected by reflecting the standard guidelines for pre-feasibility
analysis on water resource project (KDI, 2008), which Korea
Development Institute (KDI)(Korea Development Institute (KDI)
is responsible for enhancing fiscal productivity through efficient
and transparent infrastructure investment management procured

either from public or private financing in Korea. Its mission
includes conducting project evaluations such as Preliminary
Feasibility Studies and Re-assessment Studies of Feasibility on
public investments). published, CBA theory, and the principles
and concepts of stream restoration from literatures. The benefit
items were identical to the ex-ante CBA: benefits from saving the
maintenance costs of the elevated highway and the environmental
improvement. In the ex-ante CBA, there were minor opinions
that the benefits from the reputation improvement of Seoul and
the property value increase were should be included, however,
these benefits from the secondary impact are not included in
general for CBA analysis (Boardman et al., 2011). For the cost
items, comparing to the ex-ante analysis, land acquisition,
conflict-resolution, and research/PR (public relations) costs were
added newly. Therefore, this study applied the cost and benefit
items proposed by Lee and Jung (2012) to implement the ex-post
CBA (Table 2), with the addition of water charges for channel
flow, currently exempted, to the social cost.
For cost items, actual expenditure was calculated by collecting
materials about how much budget the project spent in total and
how the traffic condition in around area was changed actually.
For benefit items, this study applied both qualitative and quantitative approaches. In the qualitative approach, based on objective
materials, this study confirmed if the restored stream attained the
attributions in terms of water quality, history and culture, and
stream type, which were proposed for measuring Willingness To
Pay (WTP) in the ex-ante analysis, or not. Then, in the quantitative approach, we estimated the benefits the environmental
improvement after the restoration by using the benefit transfer
(Benefit transfer is a method of estimating the benefits of
environmental improvement or the costs of environmental
impairment based on past environmental economics research
(Downing and Ozuna Jr, 1996). It reduces the time and money
spent during the research stages of new projects or policies,
especially if the environmental benefits or costs are likely to be
similar to other policies, or if an identical policy is being applied

− 154 −

KSCE Journal of Civil Engineering

Assessment of an Urban Stream Restoration Project by Cost-Benefit Analysis: the Case of Cheonggyecheon Stream in Seoul, South Korea

Table 2. Comparison of Ex-ante and Ex-post CBA
Ex-ante CBA

Item

Ex-post CBA

Design expenses
O
O
Construction expenses (facility costs)
O
O
Costs of historical/cultural restoration
O
O
Incidental expenses for facilities
O
O
Project Costs
Supervising expenses
O
O
Costs
Compensation expenses (land acquisition cost)
X
O
Conflict resolution costs
X
O
Research & PR project costs
X
O
Maintenance costs*
O
Costs of traffic congestion
O
O
Benefits from saving maintenance costs of the elevated highway
O
O
Benefits of environmental improvement
O
O
Benefits
Benefits from the secondary market
X
X
(e.g. the reputation improvement of Seoul, the value increase of real-estate)
*In the maintenance cost, as water charge for the environmental flow in Cheonggyecheon stream was exempted, SMG (Seoul Metropolitan Government) doesn’t pay the charge to K-water.
Source: Lee and Jung (2012)

in another context) method.
The standard guideline of KDI for water resource area
recommends the discount rate of 5.5% for the first 30 years and
then 4.5% for a following 20 years. If the CBA period is set at 50
years, it becomes difficult to compare the restoration alternative
with the status quo because the durability period of an elevated
highway is 25-30 years in general. Therefore, this study applied
an ex-post CBA duration of 25 years, identical to that of the exante CBA. In the ex-ante CBA, a discount rate of 7% was
applied, but in the ex-post CBA, a rate of 5.5% was applied as
specified in the standard guideline.

4. Results and Discussion
4.1 Costs
4.1.1 Project Cost
In the ex-ante CBA, land acquisition costs excluded from
compensation expenses, however, it was generated actually during
the project. Although there had been controversy surrounding the

loss of business for companies located around Cheonggyecheon,
compensation expenses for this had been excluded from the exante CBA based on the reasoning that the compensation expenses
would simply be transferred from the SMG (Seoul Metropolitan
Government) to Seoul residents. However, this study would like
to suggest a more rational reason for excluding the compensation
expenses for business loss as they would be incurred identically
for the status-quo during the repairing construction of the
Cheonggye Elevated Highway. Therefore, this study decided to
include the land acquisition and to exclude the business loss.
Other expenses were also included in the project cost, such as
the 0.5 million USD (United States Dollar) spent on citizens’
committees and handling civil complaints to persuade dissenters
and resolve conflict, the 4.28 million USD spent on research,
including the operations of the restoration headquarters, and the
1.53 million USD spent on public relations, including public
hearings and promotional materials. Although the inclusion of
expenses related to conflict resolution, research and PR is not
covered in the standard guideline, it is reasonable to regard these
as cost items, since in the status quo (i.e., when maintaining the

Table 3. Spending Details of the Cheonggyecheon Restoration Project (million USD)
Ex-ante
2003
2004
2005
Total
315.03
90.74
183.23
66.94
Design expenses
10.66
1.76
Construction expenses
292.63
78.20
174.50
62.15
(facility costs)
Costs of historical/cultural restoration
2.94
1.95
5.27
2.88
Compensation expenses
1.04
(land acquisition costs)
Supervising expenses
8.31
2.35
2.25
1.73
Incidental expenses for facilities
0.50
0.17
0.17
0.17
Conflict resolution costs
0.50
Research & PR project costs
5.81
Source: Recompiled from the White Paper on the Cheonggyecheon Restoration Project (Seoul Metropolitan Government, 2006).
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Finalized
340.91
1.76
314.86
10.11
1.04
6.33
0.50
0.50
5.81
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Table 4. Spending Details for Maintenance after the Cheonggyecheon Restoration Project (2005-2010) (million USD)
Item
2005
2006
2007
2008
2009
Personnel expenses
1.36
2.07
2.33
2.27
2.10
Direct maintenance expenses
1.61
3.33
3.37
3.94
3.84
Indirect maintenance cost
0.22
0.28
0.36
0.28
0.29
Cost of removing algal blooms
0.02
0.02
0.02
0.02
Water charge for channel flow (Exempted)
0.43
1.76
1.65
1.63
1.69
Total Maintenance Cost
3.62
7.46
7.73
8.13
7.94
Source: Seoul Metropolitan Government (2006) and K-Water’s materials explaining that SMG didn’t pay the water charges.

elevated highway) they would not be incurred. Accordingly, in
this study, conflict resolution, research and PR costs were included.
Table 3 summarizes the actual spending on the Cheonggyecheon restoration project. The final cost of the project was 340.9
million USD, approximately 25.9 million USD more than expectations.
4.1.2 Maintenance Expenses after Restoration
In the ex-ante CBA, the maintenance of water quality, water
flow and other related activities was estimated to cost 8.39 million
USD per year. The actual maintenance cost was calculated by
collecting materials from October 2005 to 2010 obtained from
the Seoul Metropolitan Facilities Management Corporation. These
materials covered most of maintenance costs on personnel, repair
& maintenance, electricity, indirect maintenance and algal bloom
removal, however, the cost of the water used to maintain channel
flow was excluded.
Currently (in 2015), around 120,000 tons of water flows
through Cheonggyecheon daily, some of which is drawn from
the Han River and purified at the Ttukdo Water Purification
Plant, and the rest consisting of underground water drawn from
subway sections with electric pumps. Soon after the completion
of the restoration project, conflict arose between the K-water (Kwater is a public corporation, which is responsible for managing
and maintaining a clean and safe tap water supply in Korea) and
the SMG concerning the cost of the water used to maintain
Cheonggyecheon flow. In September 2005, the Central River
Management Commission defended the SMG for the public
benefit, so the SMG exempted from water charges imposed by
K-Water. Accordingly, no records were kept at the Seoul
Metropolitan Facilities Management Corporation of the costs
incurred to keep water flowing into the stream. However, even
though the SMG does not pay for the water actually, the cost is
not zero, but our social cost. Water charges are paid for with the

2010
2.30
3.93
0.30
0.02
1.58
8.13

taxes of Korean citizens, including those of Seoulites, so it is
reasonable to include them as a cost item. Table 4 displays the
maintenance expenses including water charge for channel flow.
4.1.3 Costs of Traffic Congestion
It is necessary to review the extent of traffic congestion due to
the Cheonggyecheon restoration project based on actual data.
Table 5 and Fig. 3 show the average traffic speed before and
during the restoration project, as reported in the White Paper on
the Cheonggyecheon Restoration Project published in 2006 by
the SMG. The average speed in the central business district at
morning peak time in July 2003, when the project started, was
0.1 km/h lower than the corresponding time in June, and had
dropped further by November to a difference of 0.7 km/h.
During the evening peak time, average speed fell by up to 3.5
km/h once the project started. The ex-ante CBA had estimated
that the average speed across all of Seoul would decrease by 0.1
km/h; however, though the average speed actually improved by
0.3 km/h just after the launch of the project in June 2003, it
eventually fell by up to 1 km/h. In conclusion, the average
vehicle speed dropped much more than had been estimated in the

Fig. 3. Change of Average Vehicle Speed Before and during the
Restoration Project (unit: km/h)

Table 5. Average Vehicle Speed in Seoul Before and during the Restoration Project (year: 2003, unit: km/h)
June (Before work)
Central business district
20.3
(Morning peak)
Central business district
15.2
(Evening peak)
Seoul, overall
22.5
Source: Seoul Metropolitan Government (2006).

July

August

September

October

November

20.2

19.7

19.3

19.8

19.6

-

-

11.9

12.1

11.7

22.8

23.6

21.5

22.1

22.2
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Table 6. Change in Transit Time after Restoration

Before restoration (a)
After restoration (b)
Difference (b-a)

Total Transit Time
Bus
(# of Persons × Hour)
3,120,757
3,120,506
251

Passenger Car
(Vehicle × Hour)
3,779,726
3,910,826
131,100

Subway
(# of Persons × Hour)
3,313,383
3,317,961
4,578

Total Driving Distance
(Vehicle × km)
76,728,438
77,121,486
393,048

Table 7. Change of Cost for Transit Time
Total cost
(million USD)
Per day
Per year

0.93
340.48

Passenger Car
0.92
336.53

Cost for Transit Time (hour)
Bus
-0.00057
-0.20733

ex-ante CBA.
In this study, the cost of traffic congestion was estimated based
on the impact on the central business district, rather than wider
Seoul, the same method as that used in the ex-ante CBA. The
central business district directly experienced the effects of the
Cheonggyecheon restoration project, while other areas were
generally influenced only indirectly, apart from those areas
where new roads were built or existing roads widened or
repaired. Therefore, in the ex-post CBA, the reduction in speed
in the central business district was used to re-compute traffic
congestion costs.
Before the start of the restoration project, the average speed in
the central business district at morning peak was 20.3 km/h,
while the average speed for the five months from July, when the
project started, to November was 19.7 km/h. Time and vehicleoperating costs were applied as per the ex-ante CBA, though real
data was able to be used to re-compute traffic congestion costs
(Tables 6 and 7). It was assumed that the reduced speed applied
only to passenger cars. Accordingly, the costs of transit time and
bus/subway operation were the same as those used in the ex-ante
CBA. As a result, the traffic congestion cost caused by the
restoration project was re-estimated to be 340.48 million USD
per year.
4.2 Benefits
In the ex-ante CBA, two main benefits were identified: savings
of 83.9 million USD on maintenance costs for the Cheonggye
Elevated Highway (the status quo option), and environmental
improvement following stream restoration. In the ex-post CBA,
83.9 million USD was also the figure used to estimate main-

Subway
0.01037
3.78460

Vehicle Operating Costs
(million USD)
0.00102
0.37056

tenance costs for the Cheonggye Elevated Highway, and the
benefits of environmental improvement from stream restoration
were examined by both qualitative and quantitative approaches.
4.2.1 Qualitative Approach to Estimating Environmental
Improvement
In the ex-ante CBA, the benefits of environmental improvement
were estimated by surveying WTP of Seoulites for “Natural
stream + Grade II water quality + Waterfront space (historical and
cultural restoration)” after a choice experiment. Table 8 summarizes the environmental attributes and their states presented
for asking WTP of Seoul residents.
In the ex-ante CBA, the WTP of Seoulites for these environment attributes was 86.68 USD per household per year as shown
in Table 9, and benefits of 274.77 million USD per year were
calculated.
The present study reviewed whether the actual results of the
restoration matched those proposed attributions in the ex-ante
Table 9. Estimated Benefits of Environmental Improvement from
the Ex-Ante CBA
Attribute
Stream Type
Water Quality
Waterfront Space
Cost

Coefficient (p-value)

Monetary value
(USD/household/year)
19.59
55.76
11.33

0.7898 (0.0000)***
0.7491 (0.0000)***
0.1522 (0.0000)***
-0.000033816 (0.05)**
19.59 + 55.76 +11.33 = 86.68
Total Economic Value
USD/household/year
***Significance level 1%, **Significance level 5%
Source: Seoul Development Institute (2003)

Table 8. Environment Attributes and Status of Cheonggyecheon Proposed in the Choice Experiment
Attribute
Stream Type
Water Quality
Waterfront Space

Level by Attribute
Artificial
(concrete covered straightened stream)
Grade V or less
Grade IV or V
(with malodor)
Waterfront

Vol. 20, No. 1 / January 2016

Walk

Natural
(Diverse vegetation, ecological restoration)
Grade III
Grade II
(water sports except swimming)
(all water sports)
Walk + Rest facilities +
Walk + Rest facilities
Historical/cultural restoration
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Table 10. Maintenance Expenses of Major Streams in Seoul (2005-2007) (million USD)
Cheonggyecheon
Total Cost
11.55
Source: Data from Congressman N.Y. Lee

Anyangcheon
2.31

Yangjaecheon
0.61

Tancheon
0.15

CBA in terms of stream type, water quality, and waterfront space
(historical and cultural restoration).
4.2.1.1 Stream Type
From April 9 to 24, 2007, the MoE interviewed 500 people
across the country and 500 residents in the project area on the
level of awareness of natural stream restoration. Around 90% of
the respondents, who answered that Cheonggyecheon was the
most representative case of natural stream restoration, responded
that Cheonggyecheon was an artificial stream. That is, many people
knew Cheonggyecheon as SMG promoted Cheonggyecheon
restoration project extensively, however, they did not accept that the
restored Cheonggyecheon is a naturally restored stream.
The characteristics of Cheonggyecheon were determined by
comparing its maintenance expenses with other major streams in
Seoul. Table 10 shows the money spent on maintenance in
Cheonggyecheon, Anyangcheon, Yangjaecheon, and Tancheon
over a two-year period from October 2005 to September 2007.
The maintenance expenses for Cheonggyecheon were 19.4 times
larger than those for Yangjaecheon, a successful case of natural
stream restoration. It means that the stream attributes of Cheonggyecheon have a number of artificial characteristics.
An artificial stream has an artificially straightened section by
concrete materials, however, the restored Cheonggyecheon does
not have this feature in semblance. In fact, the original Cheonggyecheon was a seasonal stream that flowed only when it rains as
the riverbed consisted of highly permeable soils. Because of this,
in the restored Cheonggyechoen, cut-off walls were installed on
the revetments on both sides and horizontal geomembranes were
placed on the streambed to prevent the water flowing through the
channel infiltrating the soil below (Fig. 4). Although the Cheonggyecheon streambed does not have a concrete covering typical of
artificial streams, internally there is no real difference between it
and an artificial stream. Some people described Cheonggyecheon
as a “fountain lying down” and a “fishbowl,” reflecting its
inherently artificial nature.
Based on the survey of the level of awareness, a comparison of

Fig. 4. Detailed Drawing of Floor and Revetment of Cheonggyecheon
(Seoul Metropolitan Government, 2006)

maintenance expenses, the waterproof riverbed, and the shape of
its revetments, it is clear that Cheonggyecheon is not a natural
stream. Accordingly, the benefits of environmental improvement
in terms of stream attributes were overestimated in the ex-ante
CBA.
4.2.1.2. Water Quality
The water quality of Cheonggyecheon seriously polluted (nonrated) before the restoration maintained a Grade III water quality
after the project is finished (Fig. 5). However, it regularly suffers
serious algal blooms, so maintenance is required to remove
these. As well as this additional cost, algal blooms also adversely
affect the scenery and prevent other beneficial organisms from
colonizing the stream.
Thus, the target water quality (Grade II) suggested in the exante CBA for Cheonggyecheon once the restoration had been
completed was not attained. Accordingly, the benefit of improved
water quality was over-estimated in the ex-ante CBA.
4.2.1.3 Waterfront Space
The third proposed environmental improvement from the
Cheonggyecheon restoration was the creation of waterfront
space. The restoration project presented “Walk + Rest facilities +

Fig. 5. Issues of Water Quality and Algal Blooms after Restoration (Kim and Kim, 2008)
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Fig. 6. Damage of Cultural Artifacts in the Cheonggyecheon Restoration Project
(Source: http://www.ohmynews.com/)

Historical and cultural restoration” as an attribute that distinguished Cheonggyecheon from other stream restoration projects and
this was estimated by surveying WTP of Seoul residents. Thus, it
is necessary to investigate the historical and cultural restoration
process during the project and to evaluate the final results.
During the restoration, there were efforts at historical and
cultural restoration including the establishment of a committee
composed of history and culture experts and civic groups. However, many cultural properties were damaged because SMG
intended to finish the project within the term of Mayor. As a
result, many scholars and civic groups left the committee. The
historical and cultural damage can easily be observed at Cheonggyecheon. The photo on the left in Fig. 6 shows new granite
blocks fitted into stonework, which is a cultural property. The
photo on the right shows that the cultural stoneworks, which
were kept temporary in Jungnang-gu sewage treatment plant for
applying to the restoration process, became useless stones as
their identification tags had corroded owing to improper management.
Considering the review results on waterfront space after the
project is finished, the study concluded that there were also many
other discrepancies between the estimated value of the waterfront space in the ex-ante CBA and the value of the waterfront
space in the finished project. Accordingly, the benefits resulting
from the waterfront space at Cheonggyecheon can be considered
to have been overestimated.
4.2.2 Quantitative Approach to the Benefits of Environmental Improvement
After the above qualitative review on the restored Cheonggyecheon, this study concluded that the benefits of environmental
improvement presented in the ex-ante CBA had been overestimated. In addition to this qualitative review, the ex-post CBA
should estimate the benefits of environmental improvement
quantitatively by the same procedures of the ex-ante CBA. For
taking the same procedure, the study needs to implement a
survey asking WTP for the restored Cheonggyecheon, however,
it applied ‘benefit transfer (The benefit transfer method is used to
estimate economic values for ecosystem services by transferring
available information from studies already completed in another
Vol. 20, No. 1 / January 2016

Table 11. Estimation of Willingness-to-Pay after the Cheonggyecheon Restoration Project
Attribute
Stream Type
Water Quality
Waterfront Space
Cost

Coefficient (p-value)

Monetary value
(USD/household/year)
31.65
53.81
-5.78

0.4715 (0.000)***
0.2672 (0.000)***
-0.0286 (0.027)**
-0.001517 (0.000)***
31.65 + 53.81 − 5.78 = 79.68
Total Economic Value
USD/household/year
***Significance level 1%, **Significance level 5% (Cho, 2009)

location and/or context. For example, values for recreational
fishing in a particular state may be estimated by applying
measures of recreational fishing values from a study conducted
in another state)’ due to the restrictions in terms of time and cost.
Cho (2009) was the study estimated WTP in 2008, about three
years after the project is finished, by survey with the same
questions to the ex-ante CBA. Table 11 presents the reestimation of WTP conducted by Cho (2009) in 2008 indicating
that the value of both water quality and waterfront space had
fallen.
According to Cho (2009), the WTP for stream type increased
from 19.59 to 31.65 USD, which means that after experiencing
the restored Cheonggyechoen with artificial features, Seoul
residents placed a higher economic value on natural streams than
before the restoration. This could be interpreted as Seoulites
preferring a naturally restored stream to an artificially restored
stream. Conversely, WTP for waterfront space decreased from
11.33 to –5.78 USD (In the area of social sciences, a controversy
on negative WTP exists. In the early of WTP studies, people
thought that WTP could not have a negative value because of
non-rivalry and non-excludability of public goods. According to
Bohara et al. (2001), they summarized three cases that show a
negative WTP. First, the sign of WTP can be opposed if a project
has a big controversy. Second, if a project has a multidimensional attributions and it can reduce the supply of public
goods that some of respondents consider more importantly, the
WTP can show a negative sign. Finally, WTP can have a
negative sign when respondents hate a survey itself or the
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intervention of government. For the case of Cho (2009) study,
the respondents seem to give more WTP on other attributions
such as river shape and water quality than riverside space like the
second case of Bohara et al. (2001)). It means that the preference
for a waterfront space that combines walking and rest facilities
along with historical and cultural restoration shifted to a
preference for waterfront space made up of waterside only. This
may be because the present waterfront space at Cheonggyecheon
is too small, so residents prefer a simple waterfront space. Overall,
the value of the environmental improvement of Cheonggyecheon
reduced from 86.68 USD per household per year to 79.68 USD.
4.3 Benefit-Cost Ratio
Net benefit and Benefit-Cost Ratio (BCR) were obtained by
applying the standard guidelines of KDI, re-estimated costs, reestimated benefits, and actual expenditure (project cost and
maintenance expenses after the restoration). The period of expost analysis was 25 years, and a discount rate of 5.5% was
applied.
In both ex-ante and ex-post CBA, the cost of traffic congestion
showed the largest share in the total cost. The cost of traffic
congestion recorded 80% share as about 1,374 million USD in
the ex-ante CBA, however, it reached 90% share as about 3,638
million USD in the ex-post CBA because the actual average
speed declined more than predicted after the project. The benefits from environmental improvement decreased from 3,202
million USD in ex-ante to 2.944 million USD in ex-post CBA,
however, its share of total benefits kept 97% in both CBAs. After
all, the results of ex-post CBA imposed that the cost of traffic
congestion was larger than expected and the benefits from
environmental improvement was smaller than expected in exante CBA.
The ex-ante CBA found the net benefit of 1543.29 million
USD and the BCR of 1.89, which suggested that the project was
feasible. However, the ex-post CBA came to a different conclusion:
the net benefit of −1.023 million USD and the BCR of 0.75, suggesting that the project was not economically feasible (Table 12).
4.4 Sensitivity Analysis

Table 12. Comparison of Ex-Ante and Ex-post CBA Results
Ex-ante CBA
Costs
Benefits
77.08
78.42
108.20
88.71
110.26
241.25
104.51
228.67
99.06
216.75
93.90
205.45
89.00
194.74
84.36
184.59
79.97
174.96
75.80
165.84
71.85
157.20
68.10
149.00
64.55
141.23
61.19
133.87
58.00
126.89
54.97
120.28
52.11
114.01
49.39
108.06
46.81
102.43
44.37
97.09
42.06
92.03
39.87
87.23
37.79
82.68
35.82
78.37

2003 (launched)
2004
2005 (completed)
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
Total Present Value
1,737.74 3,281.03
(based on 2003 year)
B/C Ratio
1.89
Net benefit
1,543
(million USD)

Ex-post CBA
Costs
Benefits
86.01
78.42
164.63
60.08
280.86
221.80
266.43
210.24
252.83
199.28
239.52
188.89
227.15
179.04
215.35
169.71
204.12
160.86
193.48
152.47
183.39
144.52
173.83
136.99
164.77
129.85
156.18
123.08
148.04
116.66
140.32
110.58
133.01
104.82
126.07
99.35
119.50
94.17
113.27
89.26
107.36
84.61
101.77
80.20
96.46
76.02
91.43
72.05
4,045.87

3,022.87

0.75
-1,023

A sensitivity analysis estimates the degree to which potential
fluctuations in the future may affect a project. In this study, a
sensitivity analysis was conducted to determine how project
feasibility would change dependent on the discount rate.
In this analysis, BASE refers to the results of the ex-post CBA

Fig. 7. Sensitivity Analysis for the Cheonggyecheon Restoration Project
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(5.5% discount rate), CASE I uses the same discount rate and
target period as for the ex-ante CBA (7% discount rate), and
CASE II applies 4.5% discount rate.
As shown in Fig. 7, when the discount rate and target period
was adjusted, the negative net benefit remained, and BCR stayed
below 1.0. It was subsequently confirmed that the Cheonggyecheon restoration project was not economically feasible.

5. Conclusions
The ex-post CBA found that the cost of traffic congestion
caused by the Cheonggyecheon restoration was larger than
expected due to traffic speeds lower than those forecast in the exante CBA. In addition, the willingness-to-pay of Seoul residents
was lower than expected as a result of the artificial nature, the
Grade III water quality, and the insufficient historical and cultural
restoration of the restored stream. Thus, the benefits derived
from the environmental improvement of the area did not meet
expectations.
The period of analysis was 25 years and the discount rate of
5.5% was applied to compute the net benefit and CBA ratio. The
net benefit was calculated to be −1.023 million USD, with a
BCR of 0.75, which meant that the project was not economically
feasible. A sensitivity analysis confirmed this conclusion.
This study has several implications. The WTP for natural
stream type increased after people experienced the artificiality of
the restored Cheonggyecheon. In other words, the value ascribed
to natural streams increased. However, the Cheonggyecheon
Plus 20 project currently undertaken by the MoE aims to produce
artificial streams similar to Cheonggyecheon. As many streams
in Korea run dry at certain periods throughout the year, it is
difficult to maintain a natural stream with a great volume of
water year round. However, it is socially undesirable to construct
artificial streams with waterproof streambeds and revetments
because these streams require a great deal of expense in order to
maintain a sufficient water flow. Even if this cost is waived for
“public benefit” like the Cheonggyecheon project, it remains a
social cost paid for by taxes. Accordingly, the aim of these
projects in the future should be to restore natural streams, which
will generate more social benefits while reducing social cost.
In terms of costs, an effort will be required to minimize the
impact of stream restoration projects on traffic as the cost of
traffic congestion showed 90% of total cost in the ex-post CBA
results. As shown in the ex-post CBA for the Cheonggyecheon
restoration project, average vehicle speed in the central business
district may be slower than typically forecast, which may lead to
a considerable increase in social cost. Besides, the estimated cost
of traffic congestion is thought the minimum cost because it was
estimated by considering only the central business district of
Seoul. In fact, this study couldn’t measure the pure effect of
Cheonggyecheon restoration project to the traffic condition of
the whole area in Seoul due to the limit of resources and financial
support, however, a future study is expected to be able to calculate the pure effect. If it does that, a cost of traffic congestion
Vol. 20, No. 1 / January 2016

will be larger than this study’s results. Accordingly, detailed
plans are required to minimize traffic issues and curtail the social
cost of stream restoration projects in urban areas, especially
those affecting the central business district.
Although this study has the above policy implications, its
conclusions need to be treated with caution because this paper
analyzed only a single case study, the Cheonggyecheon restoration
project. Therefore, if ex-post CBAs for other completed stream
restoration projects are conducted, then more efficient plans for
future projects are expected to be developed based on the body
of knowledge accumulated, which can in turn ensure economic
feasibility by reducing costs and increasing the benefits to society.
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