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ABSTRACT
Planning the infrastructure is now considered as opportunity and challenge for the
government’s green growth policy. Infrastructure plan should support balanced and
sustainable growth in the economy both economically and environmentally. It is the
trend for the green infrastructure plan to precede all prior infrastructure and
development plans. Water is an important natural capital in green growth policy and
has been dealt as a central subject regarding climate change response. Green
growth is not possible without properly addressing water management. In response
to climate change, the Korean government has been promoting green growth policy,
which aims to use green growth as a momentum for national development through
green conversion. Over the past ten years, Korean government has successfully
promoted two targets of climate change response and green growth through the
symbolic river restoration projects such as the Cheong-Gye Cheon restoration, the 4
Major river restoration, and the Gyeong-in multi-purpose waterway project. The
three river restoration projects have been developed and implemented as a part of
Korea grand green infrastructure plan.

1. INTRODUCTION
It is commonly said that current brown economy is energy, resource and carbon
intensive and cannot continue. The development pattern cannot cope with multiple
crises: economic, resource and ecological crisis. Resource and ecological crises can
have a large adverse effect on the world’s economy, becoming an obstacle to
economic growth demanding new policy considerations which have never existed
before. On a basis for virtuous cycle between ‘ecological sustainability’ and ‘economic
growth’, a strategy to turn looming resource and climate crisis, even economic crisis
into opportunities is needed. Green growth policy is an effort to overcome these
multiple crises through a new concept.

In view of economy the meaning of ‘green’ is composed of two very important
components, First is investing in ‘natural capital’, while the other is improving the
efficiency of the way we use ‘natural capital’ by changing the way we produce and
consume. Water is an important natural capital in green growth policy and has been
dealt as a central subject regarding climate change response. This paper describes the
future of infrastructure by analyzing the relations among climate change responses and
green growth, water management, and based on this; examine the paradigm and its
implementation of Green Infrastructure in South Korea.
Climate change. Over the past 100 years, the world’s average temperature
increased by 0.74°C (Fig 1), and is predicted to increase by a maximum of 6.4°C at the
end of this century, thus the effects of climate change has already emerged in forms of
drought, flood, heat wave and destruction of the ecosystem. Economic loss caused by
climate change every year is 5~20% of global GDP (Stern, 2006) and global warming is
now acting as a factor which threatens human survival. Global warming causes more
than simply rising temperatures. It triggers imbalances or shortages of water, which is
the most fundamental resource for human survival. Because rising temperatures
increase the amount of evapotranspiration, it will change the patterns of precipitation,
which is a major source of water resources.

Fig. 1 World temperature change
Water and green growth. Green growth is not possible without properly addressing
water management. 100% of agricultural production and 95% of energy generation
(thermal, hydro, tidal and nuclear power as well as even solar of which production
requires massive pure water) involves water at processing, production and/or disposal.
Climate change is felt through water in the severest form, e.g. sea level rise, drought
and flooding. Water management can preserve ecosystems and the watershed
services they deliver can save tremendous costs, for instance, in terms of flood
management or drought mitigation. However, failing to properly address water
management in the context of future growth paths can generate substantial costs and
hinder development prospects. Green growth loses the cleanliness if water involved is
not properly dealt with. Sustained economic development, population growth, and the
changing climate are increasing the stress on freshwater resources in many regions
(Fig 2). Both quantity of water and quality of water are not sustainable.

Fig. 2 Water stress in OECD countries
Green growth and infrastructure. According to the OECD’s ‘Infrastructure 2030',
the investment of approximately 70 million dollars for 20 years is needed for the proper
growth of the world economy (Fig 3). However, as global economic recession has
continued, investment on infrastructure is being pushed back on the priority list. For
example, complementary investment in degrading infrastructure is being delayed. It is
an increasing concern that the delay of investment on infrastructure can hinder the
growth of the economy and accelerate economic recession.

Fig. 3 Infrastructure investment needs (OECD, 2006, 2007)
The problems of infrastructure that almost every country is facing are from three
sectors of deterioration, insufficient capacity and lack of response to natural disaster
(flooding, drought), and most of them are facilities related with water. The problem of
infrastructure is not just to simply support the industry of the country, but also have
become an important policy issue regarding climate change which requires global
response. Planning the infrastructure is now considered as opportunity and challenge
for the government’s green growth policy. Infrastructure plan should support balanced
and sustainable growth in the economy both economically and environmentally. It is
clear the national infrastructure will be central to meeting our very ambitious climate
change targets. Achieving ambitious carbon emissions targets will require a new
generation of low-carbon infrastructure and a development of emerging technologies.
And as climate change takes effect the adaptation of our infrastructure networks so that
they are more resilient to extreme events becomes more important (Pierr-A., 2010).

Considering the future prospects about infrastructure and the relations between
climate change response and green growth; infrastructure is expected to be the basis
for growth policy in the next century and as a main axis in the manufacturing industry.
In particular, infrastructure will be promoted as a core response to climate change and
as a concept of green infrastructure embodying green growth policy, which is a
dominant issue in life and industry. It is forecasted the expansion of water shortage
areas will demand for more water for life and industrial use. This analysis is in
accordance with the research findings by OECD that the demand for industry related to
water and infrastructure will increase. Fig 4 shows the prospect of water industry in the
world by 2025.

Fig. 4 Water industry in the world
Green infrastructure and river restoration. Green Infrastructure planning is
increasingly recognized as a valuable approach for spatial planning and is being
promoted as an effective and efficient response to projected climate change. It may
play critical role in helping to overcome the climate change issues such as risks of flood.
At the scale of a neighborhood or site, green infrastructure refers to storm water
management systems that mimic nature by soaking up and storing water. At the scale
of a city or county, green infrastructure refers to the patchwork of natural areas that
provides habitat, flood protection, and cleaner water. Green infrastructure concept can
be extended to national scale. Here we review the range of green infrastructure
elements that can be woven throughout a watershed, from the smaller scale elements
that can be integrated into sites to the larger scale elements that span entire
country(Fig 5). Green infrastructure and river restoration take place within a context.
They should form part of Integrated Water resource Management (IWRM), and that
restoration should work with natural processes and account for and acknowledge the
spatial and temporal complexity of river systems.

Fig. 5 Scale of green infrastructure

2. A PARADIGM FOR KOREAN GREEN INFRASTRUCTURE
Korea is under the direct influence of global warming. Increased rate of average
temperature highly exceeds the world average and average temperature increased by
1.7℃ over the past 100 years (1912~2008) (Fig 6). The effects of global warming on
the Korean Peninsula have been intensified (KNEMA, 2008).

Fig. 6 Temperature change in Korea (1910-2000)
In response to climate change, the Korean government has been promoting green
growth policy, which aims to use green growth as a momentum for national
development through green conversion (Fig 7). Green growth policy is a national
growth strategy simultaneously promoting economic growth and environmental
protection, gaining a competitive advantage by converting each industry value chain
into low-carbon and eco-friendly and thus creating a new market. The main contents of
Korea’s leading green growth policy are as follows:
- expansion of clean energy use
- development of green technology and using it as a growth engine/ construction of
resource recycling structure of economy and industry
- making a basis for green economy - vitalizing carbon markets and establishing green
finance infrastructure
- capacity building for climate change adaptation
- making green national land through resource-recycling development of the region.

Fig. 7 Green growth policy in Korea

The capacity to response to climate change and making green national land are
directly related to climate change response and infrastructure. In particular, the most
important infrastructure related to climate is water management. The core of water
management policy in Korea is the management of river water. Green growth policy
deploys resource recovery of river water and prepares measures for a flood and a
drought with the concept of green infrastructure.
Water and rivers in Korea. According to ESCAP (2000) and UNEP (2002, 2008
and 2010), South Korea is currently classified as a country of ‘water stress’ or ‘water
scarcity’ in terms of the recyclable water volume, which is less than 1400 m3 per
person (Gardner-Outlaw and Engelman, 1997). Since 65% of the nation’s territory is
covered with mountains, Korea has extremely vulnerable topographical conditions for
water resource management. This makes water management difficult. Moreover, thick
layers of sediment accumulated on riverbeds over time cause overflows into
neighboring lands even when a small amount of rainfall occurs. In addition, intensive
use of rivers by citizens is increasing, leading to greater pollution and degradation of
river ecosystems. Localized torrential downpours in the summer result in flood
damages. The damages caused by floods in the last decade are valued at approx. 12.5
billion USD (annual average of approx. 1.26 billion USD).

Fig. 8 Examples of river problems in Korea
In contrast, severe droughts occur in the dry seasons of autumn and winter and
have recently resulted in drinking water shortages that threaten people’s lives. Severe
droughts hitting the nation every seven years since the 1990s are leading to chronic
damage. The problems of urban rivers are more serious. With urbanization, many
urban rivers were maintained or covered losing their naturalness. Most of the urban
rivers have depleted, changed into sewage ways, and were covered with concrete or
run as a combined system where water and sewage flow together causing urban rivers
to become ecologically dead (Fig 8).
Paradigm for Korea Grand Green-infrastructure Plan (KGGIP). Composed of 15
mountain ranges around Baekdu grand mountain, the axis connecting Mountain
Baekdu with Mountain Jiri and 10 rivers flowing through the valleys between mountain
ranges, the Korean peninsula is harmoniously organized (Fig 9). While Baekdu grand
mountain axis is one axis in green infrastructure on the Korean Peninsula, main rivers
are the other axis.

South Korea started the Green Mountain project in 1973, resulting in around 10
billion trees being planted over the past 30 years. The project has also been beneficial
to the main rivers by reducing soil erosion from mountains significantly, from 1.8 billion
m3 in the 1970s to 0.11 billion m3 in the 2000s. However, awareness about the
importance of preserving rivers, which make the basis for national land together with
Baekdu grand mountain axis, was relatively low. Due to urban expansion, river areas
have been covered and constantly reduced to easily expand the city. Thus, in order to
complete a green infrastructure system on national land, measures to restore river
areas into their original condition should be planned. The plan, named as Korea Grandinfrastructure Plan (KGGIP) in this paper, is considered based on this situation.

Fig. 9 Baekdu grand mountain and major river axes in the Korean Peninsula

The paradigm of the Korean Grand Green-infrastructure Plan is to configure a
comprehensive plan to enjoy an improved life in a healthy environment. The plan is to
expand the site level green infrastructure plan to a regional and nationwide level. Fig 10
shows the conceptualization of this plan. Green infrastructure at the site level barely
reveals a factor of gray infrastructure, however, as the scale is expanded, it is
unavoidable to include a relatively larger scale of gray infrastructure, however the plane
of gray-infrastructure is still much less than the portion of green infrastructure. The
reason is that there are many cases in which constructing basic infrastructure are
inevitable to prevent massive flood, etc. Thus, establishing a pure green infrastructure
has its limitations.

Fig. 10 The Korea Green-infrastructure Plan

Fig. 11 Implementation of green infrastructure in the green growth scheme

Green infrastructure plan is an effort to response climate change and a part of the
green growth policy. The Korea Grand Green-infrastructure Plan aims at building a
green Infrastructure nationwide by connecting already completed green mountains axis
with main rivers, and expanding its abundance. Figure 11 shows how green
infrastructure is embodied in climate response and green growth policy in Korea.

3. IMPLEMENTATION OF THE PARADIGHM
3.1 Introduction

Main rivers in Korea have been left unmanaged due to negligence, so the height of
sediment deposit reached several meters. This reduced water storage and increased
flood risks. An urgent issue is to improve the capacity of the mainstream flow of the
river. Master plan to block pollutants to improve the water quality of rivers was also
included. The pollution load of rivers tremendously increases as the river passes
through the urban areas. Restoration of the urban river areas requires a more special
consideration. Accordingly, it is needed to draw sufficient public interest through the
symbolic restoration of urban rivers, which receives high attention. Then expanding the
project to the national level by restoring main rivers of the countries based on the
success of the urban river restoration project and finally complete the green
infrastructure axis (Fig 12).
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Fig. 12 Strategy for the Korea Grand Green-infrastructure Plan

This strategy aims to draw national attention to the environment by promoting
symbolic river restoration projects, making this a national water and river problem to
establish a basis for promoting green infrastructure nationwide. In addition, it also aims
to expand the efforts for the green infrastructure in the Korean Peninsula by embodying
the rivers as green growth. Fig 13 conceptualizes this strategy. The three river
restoration projects have been implemented for about 10 years since 2002.

Fig. 13 Symbolic implementation of the Korean green infrastructure plan

3.2 Cheong-Gye Cheon Restoration Project
Background to the Project. Six centuries ago, when Seoul became the national
capital, Cheong-Gye Cheon was literally a ‘alley of clean water’(Fig 14). However, as
urbanization and industrial development gathered pace, the watercourse gradually
became a large sewer. In the 1960s, following the Korean War, thousands of shanties
were built on both banks, leading to further pollution. A scheme to cover the river was
thus proposed and, in the period 1967–1976, the 6 km upper reach was gradually built
over with a concrete deck supporting a 10-lane highway (Fig 15). An elevated four-lane
road was subsequently built on top to meet the ever-increasing transport demands of
the heavily industrialized city center. However, in the 1980s, the industries started to
relocate to the outskirts of the city, leading to economic decline of the central areas.
There were also increasing concerns about health risks from the unsanitary conditions
under the covered road, the air pollution caused by traffic on the vast but increasingly
unnecessary highway and the decreasing stability of the ageing structures.

Fig. 14 Location of Cheon Gye Cheon and its adjacent area

Fig. 15 Cheong Gye Cheon covering in 1967, 1976 and 2002
Green Infrastructure Planning and Implementation. A master plan for the project
encompassed the restoration of the river and development of adjacent areas (Fig 16).
The main works included in the project were as follows (Shin and Lee, 2006)
- demolition of covering and elevated road structures: 5.4 km (Shin et al., 2005)
- formation of new watercourse and river bed: 5.7 km
- water supply: 120 000 m3/day through a 10.9 km long pipeline
- green landscaping: 5.8 km.

Fig. 16 An aerial view after restoration in the upstream
Demolition and recycling. The structures demolished or part-demolished were a 5.4
km long, ten-lane road deck and a 5.7 km long, four-lane elevated road (Fig 17). Total
weight of the demolished structures was 907 000 t, including 79 000 t concrete, 82 000
t asphalt concrete and 35 000 t steel. Around 96% (839 000 t) of concrete and asphalt
concrete was recycled, mostly as sub-base material for road construction. All
reinforcing steel was sent to mills for recycling (Shin and Lee, 2003).

Fig. 17 Dismantling the elevated roads and the covered structures
Flood control and sewer separation Hydrological analysis and small-scale model
tests for the Cheong-Gye Cheon basin indicated that the existing flow section could not
be reduced for the 200-year design flood. Therefore the original width of the stream
was kept but the bed was lowered. The outer parts of the existing road deck were also
retained to carry the new two-lane side roads and to allow space for flood flows
underneath. The final river cross-section varies from 20 m wide upstream to 100 m
downstream. Low-level terraces have been built along both sides of the river to provide
people and wildlife with easy access to the water. The Cheong-Gye Cheon area has a
combined sewage system such that there is a risk of waste-water and polluted initial
rainwater run-off overflowing into the river during storms, destroying its newly
established ecological system. Large box-section sewers have thus been built
alongside the river to provide additional retention for storm intensities of up to 2 mm/h
(Fig 18). The sewers are generally divided into two parts to maintain flows in dry
seasons, thus preventing sedimentation.

Fig. 18 A measure of contamination initial rainfall and combined sewer system
Water supply. It was one of the most controversial issues, especially over how to
secure a sufficient amount to ensure water quality throughout the river. It was finally
decided to provide a daily supply of 120,000 m3, which would maintain an average
depth of 0.4 m and average current velocity of 0.25 m/s. The water supply consists of
100000m3 (83%) abstracted from the Han River some 15 km away and 20000 m3
(17%) of groundwater infiltration into existing subway tunnels. To limit water losses to
3% and protect the embankment walls from scour, clay mats were laid over the more
permeable upstream river bed and 10 m deep, 0.5 m thick cut-off grout walls were
installed along each side (Fig 19).

Fig.19 Concept preventing stream bed (upstream) from losing water
Landscaping. Landscaping focused on providing a balance between public access
and ecology. The northern side of the river provides a promenade for people and the
southern terrace is primarily for plants and wildlife (Fig 20). Small squares, works of art
and waterfront decks have been provided at regular intervals along the river together
with habitats for fish and birds. The sloping embankment walls have been clad in
granite to resemble a historic masonry wall.

Fig. 20 View of restored Cheong Gye Cheon in the downstream

Achievements. Cheong-Gye Cheon has gone from being a small natural river to a
large sewer, a 14-lane highway and finally back to a river again. It cost 96 million USD.
Its restoration was initiated by the local community’ wishes to improve their quality of
life. The project was influenced by other restoration projects such as the Bievre
restoration in Paris (Boulon, 2006), and the waterfront restoration at Providence in New
York and San Antonio in Texas. The number and range of birds, insects and fish now
living in and around the river are on the rise (Fig 21).

(a) before and after restoration

(b) temperature reduction by about 3o C (comparing with an adjacent street)
Fig. 21 The Cheong-Gye Cheon effects
Although the project was initiated as a river restoration, it is now seen as benchmark
for urban regeneration as it dramatically stimulated redevelopment in adjacent urban
areas. Buildings adjacent to the river are becoming restaurants and cafés. In addition,
large-scale reconstruction and redevelopment projects are now being undertaken along
the whole corridor. The problem of urban river left unmanaged was reminded and
discussion on ecological restoration of the river was triggered by the effects of CheongGye Cheon restoration project. The restoration of urban river had a limitation on
ecological restoration, but it was supported because it provided recreational space for
people to enjoy. Cheong-Gye Cheon restoration project was able to draw attention from
almost every city in Korea introducing urban green Infrastructure, and contributed to the
new understanding of the river. In particular, it became the basis for the 4 Major rivers
restoration project started in 2008.

3.3 The 4 Major Rivers Project
Background to the Project. The four major rivers in South Korea are the Han River,
the Nakdong River, the Yeongsan River and the Geum River (Fig 22). For the past 10
years, Korea’s average losses due to flood damage have been about 720 million USD
a year in the areas surrounding the major rivers. Water quality in some parts of the
rivers is also not potable due to run-off from adjacent agricultural and industrial
activities. The ecosystem in the rivers have also been neglected for a long time, with
poor management and preservation of flora and fauna in and around the rivers. In
summary, the problems with the four major rivers are (Shin and Chung, 2011)
- blocked waterways due to long-term sedimentation
- water contamination due to untreated agricultural and industrial run-off
- insufficient water volume, which may cause drought
- lack of flood-control capacity due to reduced flow section and low safety margin in
embankments
- a poorly managed river ecosystem.
In addition to the above, the effects of global climate change are likely to make the
situation more critical. There was thus a growing national demand to improve quality of
life through river restoration, including reducing the risk of floods and droughts,
improving water quality, enriching the river ecosystem and enhancing local economies.

Table 1. Details of river characteristics
River

Catchment
2
Area(km )

Han
Nakdong
Geum
Yeongsan

35,770
23,384
9,912
3,468

Length(km)
(project
range)

494
510
398
137

(114.3)
(334.2)
(130.0)
(111.6)

Average
width of
the
basin(km
)
72.4
46.2
25.1
24.9

Fig. 22 Location map
Green Infrastructure Planning and Implementation. The restoration project
covers nearly 700 km of the main river channels as well as some of their major
tributaries. The project includes a broad range of river restoration works, including
enlargement of the flow sections to store more water within the rivers and the
preservation and/or enrichment of the river ecosystems. The project is intended to
solve the river problems outlined above (Fig 23). The key details of the master plan can
be summarized as follows (MLTMA, 2009)

- securing sufficient water volume by creating additional stored water volume of 1.3
billion m3
- preparing coordinated measures for flood control by providing additional flood-control
capacity of 0.92 billion m3
- improving the water quality, such as by reducing biological oxygen demand (BOD)
from 4.8–0.2 to 3 mg/l
- restoring a healthy and diverse river ecosystem
- creating leisure and recreation spaces for residents
- promoting regional development.

Fig. 23 Concept of river restoration
Water security and flood control. The project aims to secure an additional volume of
1.3 billion m3 in the four rivers, providing a total storage volume of 19.2 billion m3. All
rivers were dredged and 16 small multi-purpose dams were built to control flows. A total
of 520 million m3 of fill was planned to be dredged from the riverbeds. This will be used
for construction aggregate, for enlarging and strengthening 630 km of embankments
and for raising adjacent agricultural land (Fig 24).

Fig. 24 Dredging and remodeling of cultivation land using dredged fills
The 16 dams are 300–600 m long and 4–10 m in height, and are being installed in
the dredged river sections: four in the Han River, eight in the Nakdong River, two in the
Yeongsan River and two in the Geum River (see Table 2). Each consists of a fixed
concrete weir section and moveable steel sluice gate section (Fig 25). Sluice types
include rising sector gates, flap gates and lift gates. The dams are essential to store
water and control flood flows. In addition, all dams include small hydro-power plants
with a total installed capacity of 278 GW. The dams will also generally include
pedestrian bridges, fish passes and leisure facilities (Fig 25). The dredging and dams

combined will reduce flood water levels by 0.4–3.9 m and extend flood-control capacity
from the current level of 2.79 billion m3 to 3.71 billion m3.
Table 2. Details of submersible dams
River

Han

Nakdong

Geum
Yeongsan

Ipo
Yeoju
Gangcheon
Haman
Hapcheon
Dalseong
Gangjeong
Chilgok
Gumi
Nakdan
Sangju
Buyeo
Geumgang
Geumnam
Seungchon
juksan

Length of
dam(m)
591(296+295)*
480(0+480)
440(090+350)
567(421+146)
322(104+218)
579(459+120)
953(833+120)
400(168+232)
640(537+103)
286(144+142)
335(230+105)
620(500+120)
260(39+221)
360(180+180)
607(423+184)
512(336+179)

Dam height(m)

Sluice type

6.0
8.0
8.0
10.7
11.4
10.5
11.5
12.0
11.0
11.5
11.0
7.0
7.0
4.0
8.9
9.0

lift(shell)
lift(plate)
rising sector
rising sector
lift(truss) + flap
rising sector
rising sector
lift(plate) + flap
lift(shell) + flap
lift(plate)
lift(plate) + flap
lift(multi-shell)
lift(truss)+flap
flap
lift(plate)
lift(truss)

* : (fixed part +movable part)

(a) a fixed part (submersible)

(b) a movable part (sluice)

(c) fish way (ice harbor type)

Fig. 25 Multi-purpose small dams
Water quality and ecosystems. Water quality is one of the most critical aspects of
the project. In the master plan, the project is aimed at improving the water quality from
the current level of class 3–6 (average BOD 4.8–10.2 mg/l) to class 2 (average BOD 3
mg/l). Dam construction has been controversial in view of water quality, with
environmental activists claiming the dams may reduce the velocity of running water,
which causes sedimentation and reduces quality. However, it is considered by the
project team that dam construction will enhance the self-cleaning capacity by
increasing water storage, and that the sedimentation problem can be solved by
installing sluices at riverbed level.
Various types of wastewater improvement measures have been adopted, including
619 wastewater-treatment plants, 241 phosphorous-treatment processes in existing

wastewater-treatment plants, 65 industrial wastewater-treatment facilities, 18 non-pointpollution-source treatment facilities and 17 livestock-excreta-treatment facilities. One of
the most significant restoration measures is to prevent improper cultivation of river
terraces, which has been identified as one of the key sources of river pollution due to
insecticides, fertilizers and composts. According to the master plan, 8100 vinyl
greenhouses on the river terraces are to be removed and a total cultivated area of 106
km2 will be converted to protect wetlands (see Fig 26).

(a) before restoration (cultivating land)
(b) after restoration (wetland)
Fig.26 Ecological restoration (NakdongRiver)
The 71 new ecological buffer zones, such as a wetland, are being introduced. Some
of the river banks close to urban areas will be developed into leisure and tourism sites,
and bicycle trails with a total length of 1728 km are planned along the restored
waterfronts. As the dams block the passage of fish and other underwater organisms,
each dam includes more than two fish passes to cover various ranges of fish size and
water level. Both pool and channel types are being adopted (see Fig 25c).
Achievements. Much of the impetus for restoration of the four major rivers
originates from the success of the Cheong-Gye Cheon restoration. The four major
rivers restoration project is a grand scale river restoration project and a national scale
green infrastructure plan. The total project budget is 19.7 billion USD of which 3.5
billion USD has been invested in improvement of water quality. The entire program
started in 2008 and was completed June 2012.

Fig. 27 Restored rivers (Ipo small dam)

The major rivers in Korea have suffered from chronic problems of sedimentation,
water pollution, water scarcity and poor ecosystems for many years. The project is
designed to
- improve water quality by installing over 1000 water quality improvement facilities and
removing in-river cultivation
- secure an additional 1.3 Gt of water by dredging and construction of small dams
- fully control flood and drought by improving waterways, enlarging embankments and
constructing reservoirs
- enrich river ecosystems by transforming river terraces into wetlands
- stimulate local economies by developing and restoring cultural and historic places.
As the catchments area of the four rivers is about 63% of the entire South Korean
peninsula, it is expected that the benefits of the project will be shared with most Korean
people.

3.4 Gyeong-in Waterway Project
Background to the Project. The Han river has long played an important maritime
transport role with sea-going vessels able to reach ports in the capital city. However, as
overland transport developed, use of the river for maritime transport declined,
eventually stopping in 1953 when the estuary was divided by the military demarcation
line between North and South Korea following the Korean War(Fig 28).
The estuary also has a complicated morphology and was never easy to navigate.
From as early as the thirteenth century, there were calls to construct a navigational
waterway to provide easier access to Seoul from the sea. Two attempts were made - in
the thirteenth and sixteenth centuries - to construct a canal, but both were stopped due
to problems with rock excavation midway through the route.

Fig. 28 Location map and catchment area of Gulpo-cheon
Gulpo-cheon is small tributary of the Han River which flows through the area where
canal construction was attempted. Around 40% of the tributary’s 132 km2 basin is lower
than the flood water level of the Han River, making the area highly prone to flooding.
The area suffered particularly serious flood damage in September 1987 following 4

days of rain with an average daily rainfall of 343 mm. It resulted in 16 people dead, 15
people wounded and 5427 people displaced as a result of 3767 ha of land being
flooded and 53 buildings damaged. The disaster strengthened the argument for a
diversion channel to carry storm water from the tributary directly to the sea.
In 1992 it was decided that a diversion channel would be built, with a length of 14
km and width of 20 m (Fig 29). Work started in August 2001 and was completed in
March 2003. However, it was later realized that the channel width was not sufficient for
permanent flood control and this became a controversial issue. In 1994, a plan to
enlarge the channel width from 20 m to 80 m was approved, and this was implemented
as a phase 2 project from January 2004 to June 2009 (Shin et al., 2012).

Fig. 29 Cross section of Gulpo-cheon
Green Infrastructure Planning and Implementation. The results of a feasibility
study showed that the benefit–cost ratio of a multi-purpose waterway would be in the
range 1.28–1.52. At that time, the Han River renaissance project was being proposed
by the Seoul metropolitan government, covering a 15 km stretch of the river in the city.
This similarly proposed connecting Seoul with the Yellow Sea through a waterway to
develop sea–river transport and a tourist route (SMG, 2009), and further added to the
momentum of the multi-purpose waterway plan. The final approved plan for what
became known as the Gyeong-in Waterway project was for an 18 km waterway
between Gimpo on the Han River on the north-west border of Seoul and Incheon on
the Yellow Sea, serving both as a flood-diversion channel and a navigational canal (Fig
30). A port and logistics complex would be built at each end, totaling 4·16 million m2,
together with a waterfront park of 560 000 m2 along the waterway.
Multi-functional waterway. The project master plan specified that 14 km of the 18 km
waterway will serve as a navigational canal that doubles as a flood-diversion channel.
The specification for the vessels and the waterway were thus established as follows.
- maximum vessel draught: 4.5 m (full load) / 2.8 m (empty)
- maximum vessel size: length 135 m, width 16 m
- minimum water depth : 6.3 m, and width: 73 m

Fig. 30 Design criteria for the Gyeong-in Waterway(PIANC, 2006)

Flood control plan. The key to controlling floods using the waterway is to process
the planned flood discharge while keeping the navigable water level between +2.7 and
+4.4 m elevation. Water flows in the tributary will be discharged to the river in normal
use and diverted to the sea via the waterway during flood conditions. However,
discharge to the tidal sea can only occur when the water level in the waterway is higher
than the tide height. If the tide is higher, the sea sluices need to be closed to prevent
inflow and the waterway then acts as a storage reservoir. Storage takes place in the
volume between the managed water level and the flood water level of the waterway,
and in reservoirs near the junction with the tributary. Fig 31 shows the arrangement of
hydraulic facilities in the waterway and tributary.

Fig. 31 Flood control system of the Gyeong-in Waterway
Waterfront park. The Gyeong-in Waterway is adjacent and parallel to the access
road to Incheon International airport and belongs to the metropolitan area of Seoul. The
surrounding areas of the waterway have been left undeveloped due to their proximity to
the military demarcation line and vulnerability to flooding. However, there has been
persistent demand for development of the area and many petitions have been made by
residents demanding environmental improvement near the waterway. The masterplan
therefore includes a development plan for the region, with community spaces such as
waterfront parks, cycle paths and walking trails along the waterway (Fig 32).

Fig. 32 Waterfront park plan
Achievements. Gyeong-in Waterway puts Seoul back on the maritime map. The
total project budget was 2.6 billion USD. Work started on the Gyeong-in Waterway
project in June 2009. The waterway was opened to the public in September 2011.
Official navigational operations were started in May 2012 (Fig 33). The Gyeong-in
Waterway has evolved from a small diversion channel for flood control to a multi-

purpose navigational route. It achieved economic feasibility and public and political
approval by introducing multiple functions into a single infrastructure development. The
benefits obtained from the Gyeong-in Waterway project can be summarized as follows
- securing safety against flooding
- supporting economic activities by introducing low-cost sea transport and reducing
logistics cost in the metropolitan area
- improving the environment by reducing carbon dioxide emissions through switching
land transport to sea transport
- improving the quality of life by providing community spaces and water sports facilities
for local resident

Fig. 33 Completed Gyeong-in waterway
4. CONCLUSIONS
Over the past ten years, Korean government has successfully promoted two targets of
climate change response and green growth through the symbolic river restoration
projects.
Table 3 summarizes the scales of green infrastructure plans for the three river
restoration projects and their achievements. Cheong-Gye Cheon restoration project
introduced green infrastructure at the urban or regional scale, aiming at restoring the
naturalness of the urban river. The Four Major river restoration project is green
infrastructure expanded to the Korean Peninsula as a part of climate response and
green growth. Gyeong-in waterway project which restored the river’s function of
transportation and history, is the symbolic declaration of green growth to the world. The
multi-purpose waterway project which restored river’s positive roles of preventing
disaster was planned to function as the Korean Peninsula green infrastructure
connecting the Green mountains and rivers with the world.
These projects not only oriented sustainability by naturalization, disaster response,
water resources securing improvement of water quality, but also have significance in
that these are the implementation plans which accord with climate response and green
growth policy of the Korean government. With the strategy which allows the positive
effects of the previous project to be used as a motive for the next project, which is to
promote a system building green infrastructure in all areas of the Korean peninsula.

Table 3 Green achievements
Project

Cheong gye Cheon
Restoration
96 million USD
(July, 2002-Oct 2005)

Scale
(paradigm)

Green Achievements

Regional scale
(urban)

·restoration of urban ecosystem(5.8 km of green
landscaping)
·flood control(5.7 km of watercourse and river bed)
·CO2 reduction by removing road systems demolition of
5.4km road structures
·temperature reduction

The 4 Major Rivers
Restoration
19.7 billion USD
(Nov, 2008-Jun 2012)

National scale

Gyeong-in Waterway
2.6 billion USD
(Jun, 2009-May, 2012)

Symbolic
international scale

·securing water volme of 1.3 billion m3
·increasing flood control capacity of 0.9 billion m3
·improving the water quality
·generating clean energy: 16 hydro power plants
·recovery of ecosystem
·CO2 reduction by introducing sea transport
·flood control: 14 km of flood-diversion channel
·recover ecosystem: water front parks
·40Km of cycling road

Fig 34 summarizes the mechanism in which three river restoration projects
contributed climate response and green growth, and ultimately helped establish green
area infrastructure.
Green Growth

Water
Managemnet
Project

reducing CO2 by reducing no. of cars(*)
reducing CO2 by introducing sea transport(**)
generating clean energy(***)

Green
Infrastructure

Measures
Climate Change
Controlling flood and drought(all)
Reducing temperature(all)
Introducing green land scape(all)
(*: Cheong Gye Cheon, **: Gyeong-in, ***: 4 Rivers)

Fig. 34 Water management-measures for climate change-green growth
In fact, it is difficult to complete green infrastructure of the whole nation by a few
river restoration projects. Korea is realizing this by gradually and strategically
implementing the symbolic river restoration projects. Green infrastructure scale varies
according to areas. While the preceding of green infrastructure in the Korean Peninsula
was the Green Mountain Project, Cheong-Gye Cheon restoration project triggered the
issue of river restoration. The 4 Major rivers projects are powered by Cheong Gye
Cheon restoration project and provided green axes of rivers in the Korean Peninsula
forming the framework of the Korea Grand Green-infrastructure Plan. Gyeong-in
waterway, as a multipurpose waterfront symbolically suggested green growth policy
focusing on rivers that aims at the utilization of the river and future-oriented policy
towards the world.
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