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ABSTRACT

This study aims to analyze the effect of urban ecosystem restoration projects by evaluating the
short-term restoration performance of the project sites, from both qualitative and quantitative
evaluations. In this study, for the qualitative evaluation, we derived the evaluation frame from previous
studies and literature. For the quantitative evaluation, the changes in ecological connectivity after the
restoration project were described using landscape permeability and network analysis. In addition,
changes in habitat quality after the restoration project were evaluated by using InVEST Habitat Quality

Model. These evaluations were applied to the three natural madang (ecological restoration) projects and
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two ecosystem conservation cooperation projects.

As a result, three categories, 10 indicators, and 13 sub-indicators were derived from literature as

the evaluation frame for this study. In the case of quantitative evaluation of restoration performance,

habitat quality increased by 45% and ecological connectivity by 37% in natural-madang, and habitat

quality by about 12% and ecological connectivity by about 19% in ecosystem conservation cooperation

projects. This implies that the ecological restoration project can increase the ecological connectivity

and the habitat quality of degraded sites even in a short period of time by improving the land-cover

and land use. The results by applying the evaluation frame indicated that ecological and environmental

factors and the ecological functions were improved by the restoration works, even though the magni-

tude of performances were diverse depending on the specific evaluation items, project type, and site

characteristics. This study clarified that the success of ecological restoration project should be assessed

by both of the short-term and long-term goals, which can be achieved by the maintenance and sustain-

able management, respectively.

Key Words : Ecological restoration, Ecological connectivity, Network analysis, InVEST, Habitat qual-

ity, Urban ecology
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Table 2. Derived indicators for evaluating the restoration project sites in this study (Ministry of Environment, 2018)

Cate; Indicator Contents
oy o | 1 [ 2 [ 3 | a
. . Total site area, Location, Climate, Land use/land cover
1. Cause and Site characteristics &
Status of surrounding environment Land use of surrounding, Pollution facility, Target species
Degradation
(qL%;litative Ecosystem type Natural area(forestry, wetland, stream, grassland,_ coast), Mixed natural area (urban, farm village,
delineation) artificial aquatic, barren land)
Degraded condition Cause of degradation, degrading period, range, restoration
Degraded area (%)(loss of natural 50< 25<
environment, landform transformation, - 275 <7_5 < 5_0 <25
loss of top-soil surface)
Degradation scale green arca(Im) R <800 52830 <5(1)88§0 210000
Fragmentation
number of green R >4 3 P 1
patches
- \% IV Il L 1l
pH - 6.0-8.5 6.0-8.5 6.0-8.5 6.0-8.5
WatEr %tl/ali[y COD(mg/¢) - <100 <8 <6 <3
(Lake Water SS(mgje - | Nolitt <15 <15 <5
Quality Standards, o( 9/0 °>2‘ er = = =
Ministry of DO(mg/0) - 2 2 2 2
Environment) MPN/100M¢ - - - <5000 <1000
Aquatic environment Total-P(mg/6) - <0.15 <0.1 <0.05 <0.03
Total-N(mg/0) - <15 <1.0 <0.6 <04
possible to keep the
flow rate in the water
. R Continuous| supply period, but it .
Open water area ratio flow rate | is opaque keep the Cf(l)ntmlLrlotus
is opaque | flow rate in the low ow rate
season period
2. Ecological and . . 1.725< 4.350<
envigomnemal Organic content ratio (%) - <1.725 <4.350 <10.815 10.815<
actors
. . 16.000< | 25.500<
Effective soil depth(cm) - <16.000 95500 | <37.500 37.500<
2.000< 4.000<
<2000 | 000 | <6000
Soil acidity (pH) - 8 00(())r < < or or 238006
10000 | 10.000< 8.000< -
Soil : <12.000 | <10.000
. 24< 21<
Soil hardness(mm) - 227 <27 <24 <21
0.6<
K+ - <0.6 <30 230
I . . 2.5<
norganic cation content(cmol/kg) Ca2+ - <2.5 <50 250
0.6<
Mg2+ - <0.6 <30 23.0
Community type / condition
Vegetation _ : Vegetation structure
Similarity to the surrounding natural <25 25< 50= 575
environment ( % ) <50 <75 B
Presence of important species (keystone
Fauna species, flagship species, endangered none 1 species more than 2 species
species, indicator species)
not not not Connect
connected | connected | connected | Partially | through
and no but but connected | ecological
Ecological connectivity greenery | greenery | greenery fo vegetated pathways
Effect with di exists exists exists | space and and
e eX\iirorflurggtun e within within within | waterfront | ecological
500m 500m 300m axis
3. Ecological Evaluate the number of items that for micro-climate
function Climate control and disaster reduction control and climate change adaptation
0 1 2 3 4
Degraded area (unhealthy tree area, R 250 25< 10< <10
Vegetation succession mortality) - <50 <25
it 1
(community scale) Invasive species, disturbed species - 250 isss() iozss <10
Wildlife habitat Habitat conditions for each target ; Absence | poor fair good
taxonomic group
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Table 1. References and evaluation items for the ecological restoration project

Reference

Derived Indicators

Korea National Park Research
Institute, 2016

Development of Technic and Foundation
Construction for Ecosystem Conservation

Ministry of Environment, 2017

Monitoring Techniques and Adaptive
Management Guidelines for Ecological
Restoration Sites

contents for the whole frame
of assessment and the
indicators

National Institute of Ecology,
2017

Diagnostic Assessment of Damaged
Ecosystem and Restoration Areas and Practice
of Resilience

Ministry of Environment, 2017

Ecological Restoration Methods Development
Using Native Species in DMZ Vicinities

degraded area

Korea National Park Research
Institute, 2016

Evaluation of the Restoration Projects in
National Park

degraded area, green area,
patch area, tree stem size,
number of important species
(native, rare-endemic,
invasive plants), stratified
number of vertical vegetation
structure, similarity on the
vegetation succession

National Institute of Forest
Science, 2016

Forest Health Monitoring Report

physical and chemical
properties of soil, organic
content ratio, effective soil
depth, soil acidity

Seoul, 2016

Seoul Biodiversity Strategies and Action
Plan(2017-2021)

fauna, habitat diversity,
invasive species

Ministry of Environment, 2014

Manual of Survey Evaluation and Diagnosis
for Ecological River Restoration

water quality, aquatic
environment

JBIB Institute, 2013

Japan Business Initiative for Biodiversity

vegetation structure, green
area, patch size, target species

National Institute of
Environmental Research, 2009

A Study on the Efficient Management of
Artificially Created Ecosystem II

open water area ratio

National Institute of
Environmental Research, 2015

Manual of Survey and Evaluation of Aquatic
Ecosystem Health

aquatic environment

Ministry of Land,
Infrastructure and Transport,
2016

Landscape Design Standards Manual

soil hardness, substituted
cationic content, physical and
chemical properties of soil
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Table 3. Landscape permeability by land cover type
(Kang et al., 2018)

Land-cover type Permeability
Forest 100
Wetland 30
Grassland 30
Bare land 20
Water 20
Agricultural area 10
Built-up area 1
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d,, :the line distance between grid cells x and y

d, o (the mazimum effective distance of reat r's reach across space

w, : threat weight that relates destructiveness of a degradation source to all

B, level of accessibility in grid cell

S, + sensitivity of land use type j
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Table 4. Study sites

Natural madang (ecological restoration) project

Ecosystem conservation cooperation project

Type Paddy field City

Daejeon-government Yangpyeong wetland o
Incheon-yeonhee park| ] bl dgpark Iksan sora-san park gpy_ pagk Yangjimal park
Near mountain Marsh Mountain

Site
map 8

129, Yeonhui-dong,

930, Dunsan-dong, 276, Yeongdeung-dong,

325, Yongdam-ri,

Yangseo-myeon, 1-8, Gung-dong,

location g’ o Incheon Seo-gu, Daejeon Tksan, Jeonbuk Yangpyeong-gun, Guro-gu, Seoul
Gyeonggi-do
’é;‘%;‘ 69,442 56,860 55,000 9,950 1,980
Constru
ction 2013- 2015 2014- 2016 2013- 2015 2016 2015
period
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Table S. Evaluation result of the study sites

Natural madang (ecological Ecosys;tem
Evaluation restoration) project conservation
Category item Detailed evaluation item cooperation project
Incheon | Daejeon Iksan Yanfg yeo Yangjimal
Degradation Degraded area (loss of natural
. 4 4 3 4 4
scale environment)
Fragmentatio Largest single green area 3 3 4 3 2
Ecological n Number of fragmented patches 4 1 3 3 2
.& Aquatic Water quality 3 3 3
environme .
ntal | SMvironment Open water area ratio, flow rate 4 3 4 1
factors Soil Physical-chemical properties of soil 3 2
Vegetation Similarity to th<? surrounding natural 1 2 2 2 2
environment
Fauna Presence of important species 4 4 4 0 2
Surrounding Ecological connectivity 2 2 4 3 3
environment | Climate control and disaster reduction 2 2 4 3 2
Ecological ) Degraded area
fcu(;gt%oc;l chiit:stilgtlll (unhealthy tree area, mortality) 3 2 3 3 4
Invasive species, disturbed species 3 2 3 4 4
Wildlife Habitat conditions for each target
. . 1 3 1 3 2
habitat taxonomic group
Ecological and Environmental factor Ecological Function
_____ Ecosystem conseration cooperation project  ——— Natural madang project Ecosystem consernvation coo t =====Natural madang project
Degradation sca
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Figure 2. Average value of ecological connectivity analysis and habitat quality analysis
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Table 6. Natural madang project quantitative evaluation - Ecological connectivity analysis, Habitat quality analysis
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Table 7. Ecosystem conservation cooperation project quantitative evaluation - Ecological connectivity analysis,

Habitat quality analysis
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