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ABSTRACT

Busan Eco-Delta city is being developed under the paradigm of eco-friendly waterfront cities with goals such as sustainable
development, ecosystem service improvement, and climate change response, etc. To do this, it is necessary to analyze the
key variables that appear in common in recognition of the planting base environment and introduction of green infrastructure
and to analyze the integrated system. Therefore, the purpose of this study is to analyze the causal loop structure to construct
planting base and introduce green infrastructure in realizing a sustainable waterfront city. First, the causal loop structure of
the planting base environment according to tidal-flat soil, mountain soil, and dredged sediment was analyzed using system
thinking in system dynamics methodology. As a result of integrating individual causal loop structures, key variables of the
planting base environment were soil hardness, organic matter in soil, soil pH, soil salinity, and plants growth variables.
Second, when introducing green infrastructure (urban forests, wetlands, grasslands) to the planting base, constraints were
derived and presented as a causal loop structure. In urban forests, the values of soil hardness, slope, soil pH, soil salinity,
soil drainage, and plant growth should be taken into consideration. In wetlands, variables of soil hardness, soil permeability,
soil moisture, wetland water level fluctuation, and wetland water depth should be taken into consideration. In grasslands,
consideration of the variables of soil hardness, soil drainage and permeability, soil pH, and plant growth needed. The green
infrastructure introduced in this study is important in that it can respond to climate change as well as environmental pollution.
It is expected that the results of this study can be used as the basis for a green infrastructure plan in the process of developing

Busan Eco-Delta city.
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Fig. 2. Causal loop diagram of environmental
changes with tidal-flat soil reclamation
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Table 1. Causal relationship of environment with tidal-flat soil reclamation

Relationship

Polarity

Contents Reference

Banking amount —
Tidal-flat soil reclamation

+

Choi &
Hwang (2000)

There are tidal-flat soil, santo, and dredged soil as landfill materials for the coastal
landfill.

Tidal-flat soil reclamation —

When reclaimed with tidal-flat soil, the groundwater level is high and the soil

+
Groundwater level structure does not develop. LH (2013)
Tidal-flat soil reclamation — The tidal-flat soil is composed of silt and clay, and its shape changes like a sponge LH (2013)
Soil particle size depending on external pressure.
Soil hardness — Poor drainage and ventilation due to high soil hardness, making it vulnerable as LH (2013)
Drainage and permeability a basis for plant growth.
Drainage and permeability — If the permeation speed is slow and the drainage is poor, the capillary water LH (2013)
Capillary Phenomenon increases.
Drainage and permeability — . . . . . .
. . - If the water permeability of the soil is high, the soil moisture is insufficient. LH (2013)
Soil moisture
hen th i f plants i ill h h
Soil moisture — Plants growth N When the water a.bsorptlon of plants increases due to capillary phenomenon, the LH (2013)
growth of plants increases.
The groundwater level is high and the soil structure is not developed, so the
Groundwater level — . . . . .
. + permeation speed is slow, the drainage is poor, and the surface layer is salted due LH (2013)
Capillary Phenomenon . .
to the rise of the capillary tube.
illary Ph —
Capi ary. el?o.menon + A salinity layer is formed on the surface due to the increase of the capillary water. LH (2013)
Soil salinity
Soil salinity — Plants growth ) When salinity rises, growth is not smooth due to insufficient moisture of plants due LH (2013)

to the difference in osmotic pressure in the soil.
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Table 2. Causal relationship of environment with mountain soil reclamation

cabili Soil salinit

Appropriate
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Fig. 3. Causal loop diagram of environmental
changes with mountain soil reclamation
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Relationship Polarity Contents Reference
Banl.qng gmount - + There are tidal-flat soil, santo, and dredged soil as landfill materials for Choi & Hwang (2000)
Mountain soil reclamation the coastal landfill.
Mountain soil reclamation — Insufficient organic matter in soil due to strong acidic soil (pH 4.5 ~5.0)
. . . - . . . LH (2013)
Organic matter in soil weathered with granite base material.
Mountain soil reclamation — + In case of reclamation of general soil (mountain soil, etc.), compaction LH (2013)
Heavy equipment use work by heavy equipment is required.
Heavy equipment use — High soil density (4.5 kg/ar’ or more) due to soil compaction by heavy
. + . LH (2013)
Soil hardness equipment.
Soil hardness — Poor drainage and ventilation due to high soil hardness, making it
. » - . LH (2013)
Drainage and permeability vulnerable as a basis for plant growth.
Drainage and permeability — If the permeation speed is slow and the drainage is poor, the capillary
. - . LH (2013)
Capillary Phenomenon water increases.
Drainage and permeability — If the water permeability of the soil is high, the soil moisture is
. . - . . LH (2013)
Soil moisture insufficient.
Soil moisture — Plants growth . When the water absorption of Plants increases due to capillary LH (2013)
phenomenon, the growth of plants increases.
Capillary Phenomenon — . A salinity layer is formed on the surface due to the increase of the LH (2013)
Soil salinity capillary water.
Soil salinity — Plants growth ) When salinity nses,. growth 1§ not sm9oth due to .1nsufﬁc1e.nt moisture  of LH (2013)
plants due to the difference in osmotic pressure in the soil.
Oreanic matter degree — The amount of organic matter in the soil is preferably 5% or more and not
& Plants rowti + less than 3%. If the amount of organic matter increases, the acidity of the Kim (2003)
£ soil decreases and there is a risk of inhibiting the growth of plants.
There is an appropriate ratio of organic matter in the soil for vegetation
Organic matter in Soil — to grow, but if the amount of organic matter in the soil continues to .
. . . - . o . . . Kim (2003)
Appropriate organic matter ratio increase, it will deviate from the appropriate organic matter range and
negatively affect the growth of vegetation.
Organic matter in Soil — ) Decomposed organic matter in the soil produces organic acids and LH (2013)
Soil pH carbon dioxide, which lowers the soil pH.
The proper soil pH for planting landscape trees is 5.6 ~6.8, and
Soil pH — Appropriate pH ratio + salt-resistant tree species can be planted when the soil pH is less than LH (2013)
7.8 at the coastal landfill.
Soil pH — Soil buffer capacity - The higher the alkalinity of the soil, the less the soil buffering capacity is. LH (2013)
Appropriate pH ratio — The most suitable soil acidity for the growth of plants is pH 5.6 ~ 6.8,
pprop P + and when the soil acidity is less than pH 4.5 or more than pH 8.0, the Kim (2003)

Plants growth

growth of plants is poor or dies.
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Table 3. Causal relationship of environment with dredged sediments reclamation

Relationship Polarity Contents Reference
Soil hardness — Poor drainage and ventilation due to high soil hardness, making it LH (2013)
Drainage and permeability vulnerable as a basis for plant growth.
Drainage and permeability If the permeation speed is slow and the drainage is poor, the capillary LH (2013)
— Capillary Phenomenon water increases.
Drainage and permeability If the water permeability of the soil is high, the soil moisture is Cho (2000),
— Soil moisture ) insufficient. LH (2013)
K t al.(1
Soil moisture — N When the water absorption of plants increases due to capillary Oghz (2()(03)9 9,
Plants growth phenomenon, the growth of plants increases. LH (201 3)’
Capillary Phenomenon— N A salinity layer is formed on the surface due to the increase of the LH (2013)
Soil salinity capillary water.
Soil salinity — When salinity rises, growth is not smooth due to insufficient moisture
- . . . . . LH (2013)
Plants growth of plants due to the difference in osmotic pressure in the soil.
Banking amount — In general, santo, dredged soil, construction debris, etc. are used, and
; . + e T A LH (2013)
Dredged sediment reclamation recently, dredged soil, which is easy to secure materials, is mainly used.
Dredged sediment
reclamation — + Dredged soil has higher organic matter content than mountain soil. LH (2013)
Organic matter in Soil
Dredged sediment
reclamation — + Dredged soil is sandy and has a low density of soil (2.2~5.25 kg/ar’). LH (2013)
Soil particle size
Soil particle size It is preferable that the soil hardness is less than 20 mm, and if it is more
' p “ - than 20 mm, soil improvement is required If it is more than 30 mm, it Kim (2003)
Soil hardness L
is difficult to grow plants.
The amount of organic matter in the soil is preferably 5% or more and
Organic matter degree — 4 not less than 3%. If the amount of organic matter increases, the acidity Kim (2003)
Plants growth of the soil decreases and there is a risk of inhibiting the growth of
plants.
Organic matter in Soil — There is an appropnate ratio of organ%c matter 1.n the 5011. for ve.getatlon
. . to grow, but if the amount of organic matter in the soil continues to .
Appropriate organic matter - . L . . . Kim (2003)
ratio increase, it will deviate from the appropriate organic matter range and
negatively affect the growth of vegetation.
Organic matter in Soil — Decomposed organic matter in the soil produces organic acids and LH (2013)
Soil pH carbon dioxide, which lowers the soil pH.
Soil pH — The proper soil pH for planting landscape trees is 5.6 ~6.8, and
Appro riatz H ratio + salt-resistant tree species can be planted when the soil pH is less than LH (2013)
ppropriate 7.8 at the coastal landfill.
Soil pH — The higher the alkalinity of the soil, the less the soil buffering capacity
‘ ' ; i LH (2013)
Soil buffer capacity is.
. . The most suitable soil acidity for the growth of plants is pH 5.6 ~ 6.8,
Appropriate pH ratio — . S .
+ and when the soil acidity is less than pH 4.5 or more than pH 8.0, the Kim (2003)

Plants growth

growth of plants is poor or dies.
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Table 4. Causal relationship according to forest application strategies

Relationship Polarity Contents Reference
. Only soil (18 ~20 mm) with proper soil hardness ensures smooth root Korea Forest
Soil hardness — Forest - . . . .
elongation and stable growth of trees, enabling forest formation. Service (2000)
Stable forest can be created only when forests are formed in the terrain Korea Forest
Slope — Forest - . .
with a slope of 5° or less. Service (2000)
Soil salinity — Forest ) High 5011.sa11n1ty cguses dehydration of trees "clnd hinders the growth of Choi et al.(2014)
trees, so it cannot induce stable forest formation.
It is necessary to secure the minimum effective depth of soil required for
. . . .. . . Korea Forest
Available soil depth — Forest + stable survival of the forest (minimum survival depth in case of .
Service (2007)
arboretum: 90 cm).
The more vigorous the growth of plants, the faster the forest proceeds to
. . . Korea Forest
Plants growth — Forest + a stable state, so the growth of plants is the most important variable for .
. Service (2000)
forest formation.
Plants growth — The active growth of plants pr.omotes the growth of the above-grour}d part Korea Forest
. + of the tree, and the root establishment and growth proceed by securing the .
Root graft-taking and growth . . Service (2000)
support function of the underground part to support it.
Root ft-taki th —
oot gra a'mg ar'1d grow - Rapid rooting and growth can prevent soil erosion or slope collapse. Kim et al.(2011)
Soil erosion
Slope — Soil erosion + The h%gher.the s19pe, the more the slope erosion is promoted, resulting Kim et al(2011)
in rapid soil erosion.
Soil erosion — Topsoil is lost due to soil erosion, and the effective soil depth of trees .
Available soil depth ) gradually decreases. Kim et al.2011)
Available soil depth — N Securing the minimum growth depth of the root elongation for tree Korea Forest
Plants growth growth. Service (2007)
Most of the plant roots form a symbiotic relationship with soil
Plants growth — Metabolism of microorganisms, and the more active plant growth, the better the soil
. . + . . . . . Jung et al.(2002)
roots and microorganism environment is created, thereby promoting the metabolism of soil
microorganisms.
Metaboli f root: . . o
etabofism OF Tools and The metabolism of roots and microbes promotes the decomposition of
microorganism — + Jung et al.(2002)

Organic matter decomposition

organic matter in the soil.

Organic matter decomposition —
Soil nourishlment (inorganic matter)

When soil organic decomposition is promoted,
inorganic matter, which functions as a soil nutrient that plants can use.

it i rted  int
it is converted into Jung et al.(2002)

Soil nourishlment (inorganic matter)
— Plants growth

Soil nutrients are absorbed by plant roots in water dissolved state, and
are used as nutrients in the plant body to help the growth of plants.

Korea Forest
Service (2000)

Organic matter in Soil — Soil pH

The decomposed organic matter in the soil produces organic acids and
carbon dioxide, which acts to lower the soil pH.

LH (2013)

Soil pH — Metabolism of roots
and microorganism

Soil acidification (pH 4.5 or less) negatively affects the mechanisms
associated with the metabolism of soil microbes.

Jung et al.(2002)

Journal of Climate Change Research 2021, Vol. 12, No. 6
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Table 5. Causal relationship according to wetland application strategies

653

Relationship

Contents

Reference

Soil hardness — Wetland

Soil hardness is preferably less than 20 mm and soil improvement is required if it
is more than 20 mm. In case of being over 30 mm, it is not suitable for use in the
wetland composition because the growth of plant difficults.

Kim (2003)

Drainage and permeability
— Wetland

The saturated permeability coefficient is 10 cm/s suitable, and the healthy growth
of plants is possible even in 10> ~ 10" cm/s, but it is necessary to increase the
permeability because it interferes with healthy growth under 10 cm/s. In case of
10% cm/s or less, it is not suitable for the wetland composition because the rearing
of plant is bad.

Kim (2003)

Soil moisture — Wetland

The moisture condition of the plant is about 1.5~ 1.8 pF when it is indicated as
moisture potential. The amount of effective moisture is good if 120 I/m® with volume
ratio, and it is appropriate if 120 ~ 80 I/m’. If 80 ~ 40 I/m® requires improvement, and
if it is 40 /m’, it is not suitable for the composition of wetland because it interferes
with the growth of plants.

Kim (2003)

Wetland —
Surface water

The seawater or the fresh water surface water can be used in the swale composition.

Kim (2003)

Surface water —
Nutritive salts

In case of using surface water, nutrient salts can increase because nonpoint pollution
sources such as inflow of precipitation can flow in.

Kim &Jeong
(2006)

Surface water — Pollutant

If you use freshwater surface water, you can bring pollutants along with nutrients
needed for wetlands.If necessary, a method of removing pollutants or suspended
materials is needed, such as installing sewage treatment plants or sedimentation basins
in the inlet, or lengthening the distance of the inlet, and creating multi-purpose ponds.

Kim (2003)

Wetland — Groundwater

The subsurface water can be used in case of creating freshwater or the base resin.

Kim (2003)

Groundwater —
Nutritive salts

Groundwater has the disadvantage that it may be lacking in nutrients compared to
surface water.

Ministry of
Oceans and
Fisheries (2003)

Groundwater —
Water temperature

Groundwater has the advantage of lowering water temperature in summer because it
has lower water temperature than surface water. High water temperature limits the
growth of aquatic organisms.

Ministry of
Oceans and
Fisheries (2003)

Groundwater — Pollutant

Groundwater is less pollutant than surface water, so it can maintain water quality
well.

Ministry of
Oceans and
Fisheries (2003)

Wetland — Aquatic plant

When wetlands are created, aquatic plants will flourish, but if the depth is 6 m (based
on Ramsa) or 2 m (based on US NWI), aquatic plants in wetlands will not live.

Kim (2003)

Benthic algae —
Nutritive salts

Hypoalgae with high basic productivity absorb nutrients such as nitrogen and
phosphorus during the proliferation process.

Ministry of
Oceans and
Fisheries (2003)

Salinity increase —
Salinity tolerance emerged
plant

The plants, reeds, sea bream, and turmeric herbs are highly salt resistant and can
withstand even if they are covered with seawater.

Kim (2003)

Salinity tolerance emerged
plant — Microorganism

When water quality is improved in artificially constructed wetlands by planting
salt-resistant water purification plants such as reeds and bushes, organic matter and
nutrients in the water are contacted and precipitated by aquatic plants, and dissolved
matter is absorbed into plants or decomposed by microorganisms after being absorbed
into the soil.

Ministry of
Oceans and
Fisheries (2003)

Microorganism —
Organic matter in Soil

Sedimentation, deposition or filtered organic matter is decomposed by microorganisms
and mineralized.

Ministry of
Oceans and
Fisheries (2003)

http://www.ekscc.re.kr
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B8 X27ts3 AHTAS J21 QT2 9 Y ARP IR A2
Reference
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A
Kim (2003)

HI

Qa1
to grassland application strategies
Contents

Soil hardness is preferably 20 mm or less, and soil improvement is required if it is 20 mm

Table 6. Causal relationship according
but it is necessary to increase the

Polarity
or more. Plant growth is difficult if it is 30 mm or more.
The saturated permeability coefficient is 10~ cm/s suitable, and the healthy growth of
it i Kim (2003)
-4

10™ cr/s,
Kim (1969)

Relationship
Soil hardness —
in 107 ~
permeability because it interferes with healthy growth under 10™ cm/s

Seo (1985)

Grassland
plants is possible even in
When the grassland is formed, the soil condition that is considered to be the most

Drainage and permeability
Seo (1985)

— Grassland
Seo (1985),

Lee et al.(2001)

suitable for vegetation growth is generally pH 6.5~ 7.5
When the soil is directly exposed to direct sunlight, the earth temperature rises. The
temperature that can cause haze can be seen as 24 ~ 25T, but the temperature that can

Soil pH — Grassland

withstand is different for each species
Lee et al.(2001)

Direct light

Soil temperature
Under direct sunlight, the earth temperature rises and the evaporation of moisture is

promoted.
Ministry of
Environment

(2011)
Seo (1985)

When the amount of transpiration of the plant is greater than the amount of water
absorbed by the soil, the drought phenomenon occurs, which inhibits the growth of th

Soil temperature —
Soil moisture

plant.
The growth of grassland vegetation decreases due to ups and downs caused by drying

and ups and downs due to high temperature and humidity in July and August, and in

Vegetation transpiration
— Plants growth

Plants growth — 4
severe cases dies
Seo (1985)

Native herb species .
Easy to invade woody plants such as shrubs and trees at the plant transition stage

moisture, and rays from native

In the summer, the growth of grassland vegetation is inhibited due to high temperature
Seo (1985)

Plants growth —
and drought, and at this time, foreign species dominate

Seo (1985)

Woody plants
Plants growth — +
Dominant invasive species compete for nutrients
herbaceous plants and cause disturbances in grassland ecosystems

Kim (1969)

Exotic species —
Grassland ecosystem
disturbance
Grassland ecosystem
disturbance —
Native herb species

Woody plants —
Native herb species )
- +

Organic matter in Soil
Native herb species

Exotic species
+
Disturbed grassland ecosystems hinder the growth of herbaceous plants

171t 72

i

Woody plants invading at the plant transition stage interfere with the growth of

E
S =
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oilg ug
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Table 7. Integrated green infrastructure planning
Green Infrastructure Components Conditions
Soil hardness 18 ~ 20 mm
Slope < 5°
Urban Forest Soil pH Ave pH 5.5~6.5
Soil salinity < 0.05%
Soil drainage & plants growth Plant species suitable for the soil
Soil hardness < 20 mm

Soil permeability

Saturation permeability coefficientl0™ cm/s (Appropriate),
10° ~ 10* cm/s (Viable)

Wetland Soil moisture 120 /m® (Good), 120 ~80 I/m* (Appropriate)
Wetland water level fluctuation 30 cm/day
Wetland water depth Maximum water depth > 1m
Soil hardness < 20 mm
. . .- Saturation permeability coefficientl0™ cm/s (Appropriate),
1d d bilit
Grassland Soil drainage and permeability 10° ~ 10* cm/s (Viable)

Soil pH

Ave pH 6.5~7.5

Plants growth

0~30cm
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