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Abstract: The purpose of this study was to develop a low impact development-based district unit
planning (LID-DP) model and to verify the model by applying it to a test site. To develop the model,
we identified various barriers to the urban planning process and examined the advantages of various
LID-related techniques to determine where in the urban development process LID would provide
the greatest benefit. The resulting model provides (1) a set of district unit planning processes that
consider LID standards and (2) a set of evaluation methods that measure the benefits of the LID-DP
model over standard urban development practices. The developed LID-DP process is composed of
status analysis, comprehensive analysis, basic plan, and sectoral plans. To determine whether the
LID-DP model met the proposed LID targets, we applied the model to a test site in Cheongju City,
Chungcheongbuk-do Province, Republic of Korea. The test simulation showed that the LID-DP plan
reduced nonpoint source pollutants (total nitrogen, 113%; total phosphorous, 193%; and biological
oxygen demand, 199%); reduced rainfall runoff (infiltration volume, 102%; surface runoff, 101%); and
improved the conservation rate of the natural environment area (132%). The successful application of
this model also lent support for the greater importance of non-structural techniques over structural
techniques in urban planning when taking ecological factors into account.

Keywords: low impact development; urban planning; district unit planning; LID-based district unit
planning model; land-use planning

1. Introduction

1.1. Study Background and Objectives

Low Impact Development (LID) has recently garnered a growing interest in the field of
urban planning. LID is a management approach that facilitates recovery of pre-development
water cycle system conditions through various strategies and elements [1,2]. LID technologies
encompass non-structural techniques, which foster the protection and establishment of green space
(e.g., preserving natural flow pathways and patterns, cluster development, reducing impervious
surfaces, and protecting riparian buffer areas and sensitive areas), and structural techniques,
which require installation of facilities supporting the water cycle (e.g., infiltration trenches,
dry wells, green roofs, vegetation beds, water courses for vegetation, rain gardens, permeable paving,
and permeable blocks) [3,4]. Some studies report the indirect social and economic effects of LID,
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including improving public health [5–7], ecosystem diversity [6,8], and increasing land value [9,10]
as well as reducing rainfall runoff and nonpoint source pollution. The results of these studies offer
implications for the need to go beyond conventional water management systems and apply LID more
universally in urban planning.

There are certain difficulties in implementing LID in urban planning [11]. A study by
Earles, et al. [12] listed the major barriers to the incorporation of LID into urban planning as follows:
(1) LID is typically not integrated early in the planning process; (2) LID is recommended, not mandated;
and (3) there is no consensus about LID protocol between different governmental departments.
Jia, et al. [13] argued that the process of LID planning should consider not only land-use planning,
but also urban development planning, such as urban master plans, the cityscape, and water pollution
management. Additionally, Kang, et al. [14] argued that there is a need to revise the basic urban
planning guidelines to reflect the essential connection between urban planning, structural, and
non-structural techniques to effectively fulfill LID. Seo and Kim [15] pointed out that LID is applied in
urban planning mainly through structural techniques and that suitable standards for LID are missing.
A study by Lewinsohn [16] argued that even a well-formulated LID policy would face the challenge
of interpreting LID standards and that the process of planning must be considered. These studies
indicated that a reasonable model of LID-based urban planning must be developed and that the
various strategic barriers of LID should be considered in the planning process.

This study aims to (1) develop an LID-based urban planning model and (2) conduct applications
to examine the practicality and effects of the LID-based urban planning model.

1.2. Study Method

This study was conducted in three stages: (1) examining the strategic barriers that hinder the
integration of LID into urban planning and identifying principles; (2) analyzing the existing LID
and urban planning process, identifying the planning elements necessary for an LID-based urban
planning model, and developing an LID-based model; and (3) selecting a test site and conducting test
applications of the developed LID-DP model. The test site was selected based on criteria identified
for preferential application. The test application considered both structural and non-structural
techniques to estimate the benefits of the LID-based development at the site to and examine its
effects in comparison to the existing development approach.

2. Literature Review

Research integrating LID into urban planning began in Prince George’s County, Maryland, USA in
1999. The stages of land-use planning developed in Prince George’s County provided the foundation
for further research into the process of LID planning [4,17–20]. The LID planning process is similar to
the process of general land-use planning. However, it is distinguished by its consideration of elements
related to the water cycle. It also considers the suitability of development alternatives through
pre- and post-tests on the land application of LID.

Although the LID planning processes outlined in many studies consist of detailed stages,
they are limited to land-use planning and do not suggest approaches for use in urban planning [13].
Conversely, LID should be considered in different ways according to the hierarchy of urban planning.
In higher-level plans (Figure 1), which encompass a wide variety of planning space types, a plan
should include policy and strategy. Consideration of LID in a higher-level plan offers the direction of
LID standards and facilitates its application in a lower-level plan. However, it does not contribute to
establishing a detailed plan. On the contrary, a detailed plan can be established at a lower level that
covers a smaller range of planning space types. Both non-structural and structural techniques can be
applied to land-use planning and to higher-level plans. The implementation of lower-level plans is
legally binding, which is an important element in the universal application of LID. In Korea, district
unit planning, which is the lowest level of planning and is enforceable, must be implemented for every
urban development project (Figure 1).
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Figure 1. The Korean Urban Planning System. 
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Figure 1. The Korean Urban Planning System.

Previous studies [5–10] have shown that LID generates a range of social and economic benefits;
however, since LID is a technique for minimizing the environmental impacts of development in
cities [2], studies have focused mainly on analyzing its environmental benefits. These benefits
include the reduction of rainfall runoff [1,21,22], reduction of nonpoint source pollution [1,6,23],
and conservation of natural environments [19,24]. These environmental benefits enable improvement
of the water cycle and maintenance of a post-development hydrological environment in a state similar
to its pre-development condition. Lowe [25] employed a SWMM-LID (Storm Water Management
Model—LID) to simulate change in rainfall runoff in Raymore Town, Missouri, USA after a hypothetical
application of porous pavement to parking lots in residential and commercial zones. Jia, Yao, Tang,
Shaw, Field and Tafuri [13] proposed a SUSTAIN (System for Urban Stormwater Treatment and
Analysis Integration) model as a comprehensive decision making support tool in designing a LID
facility layout that is optimal for reducing rainfall runoff and nonpoint source pollution. Bedan and
Clausen [26] and Dietz and Clausen [27] mentioned the effect of the non-structural technique in
reducing rainwater runoff and nonpoint source pollution, however they were limited to a declarative
alternative. ASLA (American Society of Landscape Architects), provides information regarding 479
LID application case studies in the USA and Canada, including measurements of reduced rainfall
runoff, the economic contribution to local communities, and the aesthetic impact for a wide range
of development sizes, from building unit to city unit scale [15]. Many of the peer-reviewed LID
studies were limited to structural techniques. Furthermore, studies that evaluated the benefits of
LID prioritized environmental factors over urban planning principles and processes. With little
information on the benefits of LID to urban development, implementing LID solely for an excessive
environmental zed, an excessive environmental goal could necessitate an unnecessary application of
LID at achievement goal should be avoided. This is because in projects where development benefits
are prioritized at the expense of practicality. Accordingly, it is better to apply an integrated process
that considers the relationship between LID and urban planning rather than planning solely for LID.

Regarding the above limitations of previous LID studies and the barriers to LID applications,
the following principles should be considered in the integration of LID into urban planning.
First, LID should be considered throughout the entire process of land-use planning and urban planning.
This will contribute to establishing mutually complementary plans that consider the institutions related
to LID, and will enable the formulation of consistent plans. Second, the environmental benefits of
structural and non-structural techniques (reduction of rainfall runoff, reduction of nonpoint source
pollutants, and conservation of the natural environment) should be quantitatively analyzed. In this
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way, the benefits will be reflected in the planning process, allowing for suitable LID arrangements and
volumes. Third, the quantitative analysis of barriers and benefits should be considered in district unit
planning. District unit planning is the level of the urban planning hierarchy that establishes detailed
spatial plans and therefore both non-structural and structural techniques should be considered in
this process. Further, at this stage higher-level plans and LID-related plans can be considered as they
should be legally enforceable.

3. LID-Based District Unit Planning Model

In this study, to create a blueprint, planning elements were identified based on the Guidelines
for District Unit Planning (Ministry of Land, Infrastructure, and Transport of Korea) and studies that
discuss the process of LID planning [4,17–20]. An LID-based district unit plan (LID-DP hereinafter)
was established based on the principles stated in Section 2.

‚ LID should be considered throughout the entire process of urban planning.
‚ The environmental benefits should be quantitatively analyzed.
‚ LID-DP should be developed at the level of district unit planning.

A model was then developed and its application was tested (Figure 2). The planning process of
the LID-DP model was divided into four categories: (1) status analysis; (2) comprehensive analysis;
(3) basic plan; and (4) plans for each sector. Each of these categories possessed sub-level planning
elements which are described in detail in the following sections. Each planning element was assessed
and analyzed with a focus on achieving the three LID objectives: rainfall runoff reduction, nonpoint
source pollution reduction, and conservation of natural areas.

3.1. Status Analysis

The status analysis stage is conducted as follows:

(1) LID-related laws, institutions, and municipal ordinances are investigated together with
topography, hydraulics and hydrology, water quality, and ecological status (Table 1).

(2) Available legal provisions or official data previously produced by public organizations can be
utilized in the analyses.

(3) Based on the preliminary surveys, past and present trends and future outlook are analyzed
and organized.

Table 1. Items for preliminary survey, based on Korean Planning System.

Study Item Related Plan Related Institution

[Topography]

‚ Slope, impervious surface rate;
land-use status; and land cover map

[Hydraulics and hydrology]

‚ Precipitation; locations of retarding basins,
reservoirs, and sewer pipes; inundation
trace map; and records of wind and flood
damages (flood risk factors)

[Water quality]

‚ Status of domestic and industrial waste
waters; location of waste and waste
materials facilities; and river water quality
(total nitrogen, TN; total phosphorous, TP;
and biological oxygen demand, BOD)

[Ecology and green belt]

‚ Ecology, vegetation, green belt, sensitive
areas, protected plants, and biotope

[Higher-level urban planning]

‚ Metropolitan city plan; city master plan;
and urban management plan

‚ Review of LID-related elements
(land-use plan, park, infrastructure, and
environmental conservation)

[Related plans]

‚ Rainwater management master plan,
comprehensive wind and flood reduction
plan, disaster prevention plan,
comprehensive water resources plan,
waterfront construction plan, and
sustainable new town plan

[Other elements]

‚ Open space survey plan, mapping plan for
sensitive areas, road width plan,
infrastructure plan, and materials plan

‚ Total Water
Pollution Program

‚ Environmental Impact
Assessment Program

‚ Land Suitability
Assessment Program

‚ Disaster Vulnerability
Assessment Program
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Figure 2. Low impact development based district unit planning model.

3.2. Comprehensive Analysis

The comprehensive analysis stage is conducted as follows:

‚ Use a new approach for the application of LID in targeting development areas; conduct an analysis
from a perspective that links necessary elements to LID techniques.

‚ Identify opportunities and constraints in target areas for the application of LID and assess the
development potential.

‚ Assess various techniques available for the comprehensive analysis.
‚ Analyze the validity and legal hierarchy of the procedures suggested in LID-related plans

and programs.
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3.3. Basic Plan

The basic plan stage is conducted as follows:

‚ Set directions for development based on the data drawn from the comprehensive analysis.
‚ Set targets for the benefits that should be yielded by the development.
‚ If target standards provided by LID-related plans are available, targets shall be set according to

the hierarchy of corresponding laws.

3.4. Sectoral Plans

The sectoral plans stage is conducted as follows:

‚ Design a plan that embraces the project objectives and basic directions of the LID application.
‚ Design a plan that details zoning and land-use schemes. The plans should be designed in

consideration of non-structural techniques to meet desired targets.
‚ Apply structural techniques. Types and the quantity of LID facilities should be selected in

consideration of targets.
‚ Complete the draft of the site plan. Measure the benefits (B in Figure 2) generated by the site plan

draft. The benefits should be compared to the targets (A in Figure 2) of LID-DP, which were set in
the basic plan stage (Section 3.3). This is the stage to assess whether the targets have been met.

‚ Based on the assessment results, complement the non-structural and structural techniques
corresponding to the targets. If necessary, modify the development plan to change the land-use
scheme and zoning districts.

3.5. Assessment of Benefits of the LID-DP Model

The following indicators were selected for assessment of the benefits of the LID-DP model:
(1) reduction of rainfall runoff; (2) reduction of nonpoint source pollutants; and (3) conservation of the
natural environment. In this study, the basic unit (generation load per unit area) was used. The basic
unit is used to estimate the volume depending on the land use type and is universally used at in Korea
and abroad [28].

3.5.1. Reduction of Rainfall Runoff

Infiltration volume (mm/year) and surface runoff volume (mm/year) were selected as indicators
for measuring rainfall runoff in accordance with Zielinski [29]. Rainfall runoff, which is the excess
water flowing over the surface after a rainfall event, can be determined as the sum of these two
variables. Both non-structural and structural techniques generate rainfall. The runoff generated via
non-structural techniques is calculated as the basic unit generated per land-use while that generated
via structural techniques is calculated as the basic unit generated per facility.

Infiltration and surface runoff volumes generated by nonstructural techniques were calculated
using the SCS effective rainfall estimation method. This method calculates an effective rainfall by
subtracting the loss of rainfall due to infiltration from the total rainfall in basins for which there
are no runoff observation data. The 30-year (1981–2010) mean rainfall for South Korea, which was
1307.7 mm, was used for the total rainfall quantity. A runoff curve was adopted for each land use type
in accordance with the document, Calculation Method of Design Flood [30]. The correlation equation
that was applied in the SCS effective rainfall estimation method is as follows:

Q “
pP´ Iaq

2

pP´ Iaq ` S
, Ia “ 0.2S, S “

25400
CN

´ 254, (1)

where P is the total rainfall (mm); Ia is the initial loss (mm) due to surface detention storage and
infiltration; S is the potential maximum retention within the basin (mm); Q is the direct runoff (mm);
and CN is the runoff curve index.
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Infiltration and surface runoff volumes generated by non-structural techniques were calculated
using the LID monitoring results reported by the Water Environment Management Bureau
(Source: http://keco.or.kr/kr). The Water Environment Management Bureau is affiliated with the
Korean Ministry of Environment, which monitored the rainfall, rainfall runoff, and rainfall inflow
related to LID facilities over the period of 2006 to 2008.

The total rainfall runoff generated by an LID application can be expressed via the
following equation:

Basic unit o f rain f all runo f f “ P
ÿ

i

pLAi ˆUijq `Q
N

ÿ

n“1

pns ˆU1
skq, (2)

where P
ř

is the runoff volume generated through non-structural techniques; LA is the area of
impacted land cover (Land cover map was used for classification (Ministry of Environment) (Source:
https://egis.me.go.kr)).; U is the basic unit of land cover (per m2); i is the land cover type; j is the
infiltration and runoff volume, Q

ř

is the runoff volume generated through structural techniques;
n is the number of LID facilities installed; U’ is the basic unit of the LID facility (per m2); s is the LID
facility type; and k is the infiltration and runoff volume.

3.5.2. Reduction of Nonpoint Source Pollutants

To measure the volume of nonpoint source pollutants generated by LID and standard
development, total nitrogen (T-N, kg/year), total phosphorus (T-P, kg/year), and biological oxygen
demand (BOD, kg/year) were selected in accordance with the Total Water Pollution Program.
The total measured nonpoint source pollutant volume was split into volumes generated via
non-structural and structural techniques. The runoff generated via non-structural techniques was
measured using the basic unit generated per land-use, and the runoff generated through structural
techniques was measured using the basic unit per facility.

The T-N, T-P, and BOD quantities generated by non-structural techniques were determined in
accordance with the criteria proposed by Kwon [31]. Kwon [31] classified nonpoint source pollution
runoff measurements acquired during rainfall events from 2007 to 2009 according to the land cover.
For each rainfall event, a runoff flow measurement was conducted at least 10 times per 15-min
interval until event completion. The total runoff volume was then determined via Hydrologic
Simulation Program Fortran (HSPF) modeling and was tested and adjusted via a trial and error method.
The infiltration and surface runoff volumes generated by non-structural techniques were determined as
described in the Section 3.5.1, via monitoring results from the Water Environment Management Bureau.
The total volume of nonpoint source pollution generated by a LID application can be expressed via the
following equation:

Basic unit o f nonpoint source pollutants “ NS
ÿ

i

pLAi ˆUijq ` SA
N

ÿ

n“1

pns ˆU1
skq, (3)

where NS
ř

is the volume of nonpoint source pollution generated via non-structural techniques; LA is
the area of land cover; U is the basic unit of land cover (per m2); i is the land cover type; j is the T-N,
T-P, and BOD volume; SA

ř

is the volume of nonpoint source pollution generated through structural
techniques; n is the number of LID facilities installed; U’ is the basic unit of the LID facility (per m2);
s is the LID facility type; and k is the T-N, T-P, and BOD volume.

3.5.3. Conservation of the Natural Environment

The Korean Environmental Conservation Value Assessment Map (ECVAM) (Fifty-seven legislative
evaluation items and eight ecological environment evaluation items were used to evaluate the
country in five grades (Ministry of Environment) (Source: http://ecvam.kei.re.kr)) and land drainage

http://keco.or.kr/kr
https://egis.me.go.kr
http://ecvam.kei.re.kr
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ratings (It is classified into six drainage ratings according to soil characteristics (Rural Development
Administration) (Source: http://rda.go.kr)) were selected as indicators for measuring the degree of
conservation of the natural environment. These indicators demonstrate natural areas that should be
conserved and those that can be developed. The division of areas was employed by using the land-use
matrix. This matrix is an assessment method that classifies the indicators by rating on horizontal and
vertical axes, and then overlaying them for a comprehensive assessment. Higher ratings of ECVAM on
the horizontal axis and higher ratings of land drainage on the vertical axis indicate a greater degree
of environmental conservation. Considering the relationship between development pressure and
conservation, the rating system was categorized into four areas: Active conservation area (rating 1);
optional conservation area (rating 2); optional development area (rating 3); and active development
area (rating 4). In the ECVAM, an active conservation area (rating 1) indicates no development (Table 2).

Table 2. The division of areas by land drainage and environmental conservation value using the
land-use matrix.

Category
Korean Environmental Conservation Value Assessment Map (ECVAM) Score

Very High High Moderate Low Very Low

Land
drainage rate

Very good 1 1 1 3 4
Good 1 1 2 3 4

Moderate 1 1 2 3 4
Not moderate 1 2 3 4 4

Bad 1 2 3 4 4
Very bad 1 2 4 4 4

4. Application of the LID-DP Model

4.1. Study Test Site

To select suitable test sites for our model, the regions requiring LID were identified among
244 local governments in Korea. The following elements, which were identified in previous studies as
influencing LID policy, were set as selection criteria:

(1) Local governments chosen for projects concerning flooding through public competitions in the
last 10 years were selected because the will of local governments for environmental protection is
crucial for bringing success to governmental policies [32];

(2) Areas with a history of flood damage, water quality management districts, higher impermeable
surface rates, and conserved green space were selected.

Spatial analysis was conducted through ArcGIS to select a test site that satisfied both conditions.
The Uncheon district of Uncheon-dong in Cheongju City of Chungcheongbuk-do Province, Republic
of Korea was selected as the final study site. The area of the district is 968,661 m2. A forest is located to
the west of the study site and the Musimcheon River runs from the northwest to the southeast of the
site. Between the forest and the river lies the built-up urban area (Figure 3).

4.2. Status Analysis

The study site had an region with a mild slope of about 0–2.0 degrees, which accounted for
76.8% of the entire area, and the forested region contained slopes of steeper grades (27.9–30 degrees).
Land-use units consisted of forests (34.67%), residences (35.62%), roads (20.55%), river (3.97%),
and other (5.19%). According to the Korean Water Environment Information System, the water
quality of the site was seriously degraded in 1994 (Korean Water Environment Information System
(Source: http://water.nier.go.kr)) but the pollution level has been gradually decreasing since then.
In 2015, BOD was measured at 1.6 mg/L, chemical oxygen demand (COD) at 3.4 mg/L, and suspended
solids at 5 mg/L. Drainage gates were installed at final water discharge points. The catchment area

http://rda.go.kr
http://water.nier.go.kr
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was 0.47 km2 and the invert of the drainage gate elevation level (EL) was 39.09 m. The built-up urban
area was lowland and the residential and commercial areas were concentrated. The buildings were
mainly low-rise structures of four or less floors and there was no open space. The roads and streets
were covered mainly with impermeable paving materials such as asphalt and sidewalk blocks.Sustainability 2017, 9, 145  9 of 18 
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Figure 3. Study test site, the Uncheon district of Uncheon-dong in Cheongju City of Chungcheongbuk-do
Province, Republic of Korea.

LID-related proposals in the study area included comprehensive plans for storm and flood damage
and an open space plan. LID-related policies included an environmental impact assessment program,
a land suitability assessment program, a total water pollution program, and a disaster vulnerability
assessment program. A rainwater management master plan and a disaster prevention plan were yet
to be designed at the time of this study. Because the site had been designated as a water pollution
management area, the total pollution caused by urban development was limited to a certain degree.
A LID-related municipal ordinance was not in place. According to the 2012 Storm and Flood Damage
Reduction Plan of Cheongju City, the site and its vicinity have been designated as a flood risk area.

4.3. Comprehensive Analysis

The study site was located within a project district where construction took place along a river
levee (Musimcheon) and the area was considered a flood plain consisting of alluvium. The urban
development in the lowlands fell under a large-scale disaster risk in the event of a levee breach or
river flooding. Areas with a high risk of flood damage should not be developed but if they are
already developed, then the infrastructure should be strengthened. The study site was restricted for
development as it had been designated as the water quality management area by the Ministry of
Environment. Therefore, it was deemed that a plan should be established to maximize the reduction
of nonpoint source pollutants in case of development. It is possible for nonpoint source pollution
to increase with increased precipitation in areas with poorly distributed green space and vegetation
within built-up urban areas. Lands with a high level of forest fragmentation are often adjacent to
existing development areas, thus they might be used for development if necessary. The green networks
of the lands with a low level of forest fragmentation in the study area were maintained relatively well
(Table 3).
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Table 3. Development issues and potential of the study area.

Category Reduction of Rainfall Runoff Reduction of Nonpoint
Source Pollutants

Conservation of Natural
Environment Areas

Issue

‚ Poor inner basin drainage
‚ Cross-sectional area of good

pipes insufficient
‚ Drainage basin houses

residential and
commercial areas

‚ Large impervious surface
in the built-up area

‚ Flood level EL of
Musimcheon River
in every 100 years is 42.20 m

‚ Areas controlled by total
water pollution program

‚ Many nonpoint source
pollutants are generated
in the urban area

‚ The level of forest
fragmentation in the
built-up urban area is high

‚ The level of impermeable
paving in the built-up
urban area is high (A 100%
impermeable surface accounts
for 57.7% of the total area).

Development
potential

‚ Possible to integrate to
comprehensive plans for
storm and flood damage

‚ 71% of the area contains
good quality soil

‚ Good water
quality (Level 2)

‚ Plan for open space and
possible to link to land
suitability assessment.

‚ Distribution of development in
the built-up urban area is small
thus little environmental
damage to date

4.4. Basic Plan

Based on the comprehensive analysis, the development directions and targets of the LID-DP
were set as presented in Table 4. The targets were set to maintain pre-development levels of each
target variable to reduce the rainfall runoff and nonpoint source pollution impact of development.
To meet the objective of conserving the natural environment, the law enforcement regulation standard
of securing 12% of the development area as green space was adopted. This regulation maintains the
green space within a city and protects healthy green zones. The protection of top-level green spaces
holding great ecological value was set as an objective.

Table 4. Development direction targets of the LID-DP.

Category Reduction of Rainfall Runoff Reduction of Nonpoint
Source Pollutants

Conservation of Natural
Environment Areas

Development
direction

‚ Maintain the
pre-development
rainfall runoff level

‚ Maintain the
pre-development
nonpoint source
pollutant level

‚ Actively protect
ecologically excellent
green space

‚ Prioritize the
development
of areas with low
conservation value

Achievement target
through LID

‚ Target volume of permeation:
13,869,620 mm/year

‚ Target volume of surface
runoff: 278,518,841 mm/year

‚ TN: 2019 kg/year
‚ TP: 145 kg/year
‚ BOD: 3900 kg/year

‚ Conservation of natural
environment areas of
over 150,000 m2

4.5. Plans for Each Sector

The non-structural techniques applied in the site plan are summarized as follows:

‚ The plan was to construct a common residential area in the northern part of the land area allotted
for residential use. The area at the address 618-1 was 14,673 m2 and could house nine dongs
(districts) and 400 households. The area at the address 577 was 19,166 m2 and could house four
dongs and 400 households. The area of land allotted for multi-family houses of four or fewer
stories at the address 1223 was 17,219 m2 was switched to a common residential area and then
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a highly-concentrated development plan was designed. Buildings constructed in the common
residential area should have a building coverage ratio of 35% or less, a floor-area ratio of 250% or
less, and have 15 floors or less. The high flood risk area was not developed.

‚ Considering of the role of business service functions in the biotope and highly concentrated
development, 5.8% of the total project area of 56,079 m2 was assigned as semi-residential use.

‚ In the entire green project area of 248,332 m2, it was decided that a total of 206,105 m2 was not to
be developed. Rather, it was classified as a sensitive area with broadleaf forest, coniferous forest,
mixed forest, and marsh. It was decided that a greenway would be installed along the edge of the
common residence area and riverside to prevent the influx of nonpoint source pollutants into the
river and to connect the space.

‚ Parking lots and off-street parking spots were set to be planned. The required allotment of 0.6%
of total area (61,183 m2 in this case) as set by the parking lot law was added to the plans. Because
of the designed green buffer, the area of the main road was reduced.

‚ According to the existing open space plan, 29,506 m2 of park area was set to be designed for
the area.

Table 5 presents the land-use planning indicators that apply to the non-structural techniques.
Figure 4 presents the land cover map of the initially planned and the plan.

Table 5. Land use planning indicators relevant to the study area that apply to non-structural techniques.

Category
Area (m2) Percentage (%)

Comments
Initially Plan Initially Plan

Total 968,661 968,661 100.0 100.0 -

Site for
residences

Subtotal 338,602 335,586 35.0 34.6 -

Single-family house 245,263 191,187 25.3 19.7

Additional plan for one management
office (260 m2), one seniors center
(260 m2), and fitness facilities for
residents (750 m2)

Multi-family house 37,260 88,320 3.8 9.1
35% or less building coverage ratio,
250% or less floor area ratio,
and 15 or fewer floors in height

Semi-residence 56,078 56,078 5.8 5.8 Renovate the infrastructure
in the commercial district

Site for
public

facilities

Subtotal 563,761 566,777 58.2 58.5 -

Roads 143,665 137,693 14.8 14.2 Newly constructed

Parking lot 58,119 61,183 6.0 6.3 Additional plan for
off-street parking areas

Government office 21,236 21,236 2.2 2.2 -

Open space 63,987 93,493 6.6 9.7 Additional construction
of a park of 29,506 m2

Green space 248,332 253,170 25.6 26.1 Integrate the green buffer plan which
had been previously designed.

Other
Farmland 28,420 0 2.9 0.0 -

River 66,297 66,297 6.8 6.8 -

The structural techniques applied to the site plan are as follows:

‚ All the parking lots inside the site had permeable paving and beds of vegetation. Permeable
paving was not applied to the main roads with considerable traffic.

‚ Infiltration trenches and dry wells were installed along the roads and were arranged in a linear
form based on the river bearing the flood risk and the forest as a possible water catchment.

‚ Considering the site area, rain retention facilities were installed at a commercial arcade where
sufficient amounts of rain could be amassed.

‚ Green roofs were applied to the buildings that had a sufficient load capacity without the risk of
urban flooding.
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‚ Parks were designed to include vegetation beds, water courses, and permeable paving.
‚ Roadway noise prevention facilities and green networks were formed around the roadsides

of the south-north arterial roads, which reflected the previously designed green buffer plan
(5 m in width).
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Table 6. Quantified area of planned LID facilities and basis of the calculation.

Structural Technique Area of Application (m2) Basis of Calculation (References: [33,34])

Permeable paving and permeable blocks 109,498 Area of paved section ˆ 90%
Infiltration trench 26,710 Course of installation section
Dry well and infiltration gutter 66,700 One per 20 m of infiltration trench
Rain water storage and filtering system 6441 Area ˆ 0.05
Green roof 78,780 60% of the area of roof top floor ˆ 0.05
Vegetated ditch 10,000 Area of installation section
Rain garden (bioslope) 28,000 Area of installation section
Vegetation bed 35,000 Area of installation section
Green buffer 4832 Area of installation section

After completing the draft of the site plan, it was assessed for its capacity to meet the benefit
targets generated in the initial phases of the plan. The assessment results are summarized in Table 7.
In the case of reducing nonpoint source pollution, the volume of nonpoint source pollutant generated
in the site (Table 7) after application of LID-DP was found to be T-N 1435 kg/year, T-P 70 kg/year,
and BOD 1496 kg/year. These figures indicate that the reduction was greater than the planned target
(Table 7), with an additional T-N, T-P, and BOD reduction of 584 kg/year, 75 kg/year, and 2404 kg/year,
respectively. Compared with the conventional urban development method (Table 7), the volume of
nonpoint source pollutant generated in the site after LID-DP (Table 7) showed a maximum (f-100%)
reduction of T-N, T-P, and BOD at 37%, 56%, and 72%, respectively (Table 7).

Table 7. The results of nonpoint source pollutants reduction for LID and conventional urban development.

Category T-N T-P BOD

Target (a) 1620 135 2986
Volume generated through the application of non-structural techniques (b) 1636 122 3132
Volume generated through the application of structural techniques (c) 201 192 1636
Non-structural and structural techniques (b) + (c) = (d) 1435 70 1496
Development of additional 30% of the developable area (f-30%) 1848 129 3721
Development of additional 60% of the developable area (f-60%) 2035 142 4385
Development of additional 90% of the developable area (f-90%) 2222 155 5048
Development of additional 100% of the developable area (f-100%) 2284 159 5269

In the case of rainfall runoff reduction, the rainfall runoff generated in the site following the
establishment of LID-DP was 14,072,800 mm/year of infiltration and 275,898,290 mm/year of surface
runoff. In other words, the infiltration increased by 203,180 mm/year (1.4%) compared to target
(Table 8) and the surface runoff decreased by 2,620,551 mm/year (0.9%). Additionally, LID-DP
created a maximum 289% increase of infiltration and 40% decrease of surface runoff compared to the
conventional urban development method (Table 8).

Table 8. The results of rainfall runoff reduction for LID and conventional urban development.

Category Infiltration Surface Runoff

Target (a1) 13,869,620 278,518,841
Volume generated through the application of non-structural techniques (b1) 13,996,330 276,018,933
Volume generated through the application of structural techniques (c1) 76,470 120,643
Non-structural and structural techniques (b1) + (c1) = (d1) 14,072,800 275,898,290
Development of additional 30% of the developable area (f1-30%) 10,435,181 341,452,638
Development of additional 60% of the developable area (f1-60%) 7,514,474 391,313,152
Development of additional 90% of the developable area (f1-90%) 4,593,767 441,173,667
Development of additional 100% of the developable area (f1-100%) 3,620,198 457,793,839

For conservation of the natural environment, the degree of target success was obtained by carrying
out spatial overlapping (matching) of the planned land cover map (Figure 4) and land use matrix
(Figure 6). According to the LID-DP, the area conserved was 363,373 m2 with an active conservation
area of 198,717 m2. This area covered 150,000 m2 of protected green space with high ecological quality
and 48,717 m2 of additional conservation area. The optional conservation area also had secured
green space at a ratio of 0.94. This is a reduced figure as part of the green space was developed into
multi-family housing. Additionally, the ratio of the area for active development was 0.79 and that



Sustainability 2017, 9, 145 14 of 18

for the optional development 0.41. This is because the areas set for active development and optional
development were not entirely developed, but were instead changed into parks and conservation areas.
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In this study, LID-DP has shown that LID in the study area would provide a benefit of reduced
T-N, T-P and BOD (113%, 193%, and 199%, respectively), reduced effects of infiltration volume (102%)
and surface runoff (101%) and a 132% conservation rate of the natural environment.

Several non-structural techniques were applied in the planning process and it was demonstrated
that no target required the implementation of structural techniques. Regarding the nonpoint source
pollution, the target to be met through structural techniques (b ´ a, Table 7) after the application of
non-structural techniques was T-N 16 (kg/year), T-P –13 (kg/year), and BOD 146 (kg/year). Regarding
the rainfall runoff, (b1 ´ a1, Table 8), the infiltration was 126,710 (mm/year) and surface runoff
was ´2,499,908 (mm/year). These figures are quite insignificant considering the basic unit of the LID.

Further, if the entire developable area was developed, the volume of the nonpoint source pollution
generated compared to the target, [(f-100%)/(a), Table 7], increased by 140%, 117%, and 176% for
T-N, T-P, and BOD, respectively. The volume of rainfall runoff generated compared to the target,
[(f1-100%)/(a1), Table 8], increased the surface runoff by 164% and decreased infiltration by 26%.

The land-use matrix, which assesses the conservation of natural environment, not only identified
areas for conservation and development, but also offered development directions and standards for
the LID depending on the land characteristics in the redesign stage of the site plan draft. This study
prioritized active conservation in the areas classified as first-grade for their high ecological value. Here,
the water cycle function was maintained for the non-structural techniques. The second-grade areas
were set to either be conserved or developed depending on the plans and development objectives.
The third- and fourth-grade areas were set to be developed first if necessary. Here, the decline of water
cycle function could be minimized or improved with structural and non-structural techniques.

The overall analysis of the study site results showed that the LID-DP in this study sufficiently
met set objectives and targets, and the plan was rational based on the direction of development.
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There is great development pressure on the green space of the study site because the area available for
development covers 248,332 m2 (25.6% of the total area), except for the river. Nonetheless, a plan was
designed through LID-DP that minimizes pollution and environmental impact following development.

5. Discussion

The LID-DP model was developed and applied in this study and the implications of the results are
discussed in this section. The LID-DP model is a flexible technique that mitigates the conflict between
development interests and environmental conservation. The results of the application of the LID-DO
model demonstrated that the site for this study was capable of meeting environmental standards
despite being under pressure for development. It is possible to design or modify a plan according to
set objectives that considers ecological aspects of the site. This is because a quantitative analysis of the
benefits afforded by structural and non-structural applications was possible and the plan was designed
based on the results of the analysis. However, the basic units of LID used in this study were developed
for Korea and they may not be equally applicable to other countries. Nonetheless, the simulation of
the integrated LID planning process is significant for urban planning because precedent studies have
not addressed this.

The application results highlight the importance of non-structural techniques over structural
techniques. Many of the established targets were met exclusively or nearly entirely by non-structural
techniques applied in the planning process of this study. It was demonstrated that there were few
targets to be met through structural techniques. It was also shown that the targets concerning rainfall
runoff and nonpoint source pollutants could not be addressed solely through structural techniques in
the case of additional development. This indicates that non-structural techniques generate many more
environmental benefits than structural techniques. It also indicates that the non-structural techniques
preliminarily applied in land-use planning determine the number of structural techniques required.
These results are supported by the precedent studies of Blick, Kelly and Skupien [3] Blick, Kelly and
Skupien [3] and SEMCOG [4], which showed the importance of non-structural techniques, including
the cluster development method and green space conservation. Effective application of non-structural
techniques can minimize the need for structural techniques, enhance environmental quality, and
increase the feasibility of projects.

The LID-DP model developed in this study is a tool for the application of LID in urban planning.
The problem with the existing LID planning process is that it ignores the mechanism of establishing
urban plans. For example, it is possible to apply LID in the planning process of pilot projects or
certain urban development projects led by public entities. However, development projects directed
by private enterprises do not perceive LID as a procedure integrated into the planning process.
Related-LID regulations are reviewed only after development plans are completed at the final stage of
approval. Project leaders are not held accountable for the environmental problems associated with the
development; they are mostly concerned about passing the environmental regulation standards out of
business interests. The claim to enhance the incentives for LID is not valid in the circumstances where
there is no model established for LID application. If the incentive has already been secured or is not
needed, funds cannot be invested for obtaining more incentives through LID applications. Raising
the cap on the incentive is not feasible because it would affect the concept of the entire city and its
urban planning.

Another reason for the development of an integrated model is the need to link LID with
other planning processes and institutions such as the Environmental Impact Assessment Program,
Total Water Pollution Program, Rainwater Management Program, and Flood Management Plan.
The relationship between these elements is not very strong because the range of their range of
procedures in application to urban planning are largely different, and thus, confusion is created
between governmental institutions. In the LID-DP model established throughout this study,
LID-related plans can be classified for assessment according to the chosen principles and objectives,
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and the content of LID-related plans can be materialized for application through target setting. Once a
series of standardized processes is set, conflicts between the government ministries will be minimized.

6. Conclusions

The objective of this study was to develop and apply an LID-based district unit planning model
(LID-DP). The study results can be summarized as follows: (1) The developed LID-DP model reduced
the amount of post-development nonpoint source pollutants and rainfall runoff. The model could
also minimize the environmental impact of the development. Additionally, it is possible to carry out
systematic planning according to development direction and targets whole considering ecological
aspects; (2) The importance of non-structural techniques was tested in this study. Non-structural
techniques, which are usually applied in preliminary terms in land-use planning, were shown to
achieve environmental benefits more effectively than structural techniques do. They also allowed for
the enhancement of project economic feasibility by minimizing the required application of structural
techniques; (3) Our LID-DP model minimizes the procedural conflicts between government institutions
and prevents the vested interest of businesses through enforceable laws.

The LID-DP model supports public policies in determining the direction of community growth
and environmental outcomes. Environmental regulations are policies that proactively manage
the environmental pollution caused by development. Residents in regions where environmental
regulations are enforced sometimes express strong opposition to the environmental regulation because
it can limit regional development.

For this reason, the government has introduced several incentives for developing communities
under environmental regulations; however this contrarily reduced the effectiveness of environmental
policies. LID holds a special implication to communities exposed to tough environmental regulations.
The application of LID assists communities in meeting environmental standards and at the same
time contributes to economic and social urban regeneration. Previous studies also suggest
that LID application generated economic and social benefits as well as environmental benefits.
In future studies, development of methodologies for ecosystem service analysis are recommended
to explore the social and economic benefits of LID. This research will help urban development meet
environmental standards and create a decision-making tool that guarantees the continued development
of communities.
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