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Abstract

This study aims to predict the land use demand of Seongnam-city using system dynamics and to simulate the
effect of changes in family structure and land use density adjustment policy on land use demand. This study
attempted to construct causal loop diagrams and an analysis model. The changes in land use demand over time
were predicted through simulation results. As a result of the analysis, as of 2035, an additional supply of 2.08
ki* for residential land and 1.36 ki’ for commercial land is required. Additionally, the current supply area of
industrial land can meet the demand. Three policy experiments were conducted by changing the variable values
in the basic model. In the first policy experiment, it was found that when the number of household members
decreased sharply compared to the basic model, up to 7.99 kit of additional residential land were required. In
the second policy experiment, if the apartment floor area ratio was raised from 200% to 300%, it was possible
to meet the demand for residential land with the current supply area of Seongnam-city. In the third policy
experiment, it was found that even if the average number of floors in the commercial area was raised from
four to five and the building-to-land ratio in the commercial area was raised from 80% to 85%, the demand for
commercial land exceeded the supply area of the commercial area in Seongnam-city. This study is meaningful in
that it proposes a new analytical model for land use demand prediction using system dynamics, and empirically
analyzes the model by applying the actual urban planning status and statistics of Seongnam-city.
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Step 1
Prediction of population and

economic activity in the target year

Population, the scale of economic
activity and spatial distribution

Determination of land use density

Space demand for urban activities by
function (housing, factory, commercial *
business building, green area, etc.)

Step 2
Calculation of Land Use

Demand (=a + b)

for the target year

Land demand area by
use

Fig. 1. The process of estimating land use demand (Korea Planning Association, 2015)
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Table 1. The equations of population model and residential land model

Model name

Equations

Population
model

Number of population Seongnam = 996,524

Population growth = Number of moving in + Number of births

Population decline = Number of deaths + Number of moving out

Number of births=INIT(Number of population_Seongnam)*Birth rate

Number of deaths=INIT(Number of population Seongnam)*Death rate

Number of moving in=Number of population Seongnam * By year move in rate

Number of moving out=Number of population _Seongnam * By year_move out rate

By year move in rate = IF(TIME>2020, 0, 1) * Move in rate 2010[INDEX(
INTEGER(NUMBER(TIME)))]

By year move out rate = IF(TIME>2020, 0, 1) * Move out rate 2010[INDEX(
INTEGER(NUMBER(TIME)))]

Move in coefficient = -0.2912795971253

Move out coefficient = -0.2512168050668

Birth rate coefficient = -0.04418633069157

Death rate coefficient = 0.02067721236596

Residential land
model

APT area = Number of APT house * APT area per house

Number of households by house type = Change in the number of households * House type ratio
Detached area = Number of detached house * Detached house area by house

Tenement area = Number of tenement house * Tenement house area by house

Number of households_house = Number of population house adjustment factor * Number of
population_Seongnam / Number of household members

Residential loss rate = 0.58%

Floor land ratio_adjustment factor = 0.62215%((-0.5¥*LN((NUMBER(TIME)-2009))*{0.0002,
0.001, 0.001}))+0.82215

Number of population house adjustment factor = 0.98531

Detached rate = 15%

Ratio of tenement =25%

APT rate = 60%

Residential area = ARRSUM(Residential by use area)

Residential_mixed ratio = { 10, 10, 10 } %

Residential floor area ratio = { 200, 150, 100 } %

Residential public land ratio = { 30, 30,30 } %

Residential area_floor area ratio = {APT area, Tenement area, Detached area} / Residential floor
area ratio * Floor land ratio_adjustment factor

Number of APT house = Number of households house * APT rate

Number of detached house = Number of households_house * Detached rate

Number of tenement house = Number of households house * Ratio of tenement

Residential area_public land = Residential area_floor area ratio * ( Residential public land ratio)
Residential area_mixed ratio = Residential area_floor area ratio * ( Residential mixed ratio)
Residential by use area = Residential area floor area ratio + Residential area public land +
Residential area_mixed ratio

APT area per house = 85

Tenement house area by house = 85

Detached house area by house = 165
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Table 2. The equations of commercial land model, industrial land model, and land use demand model

Model name Equations

+ Previous commercial area = Tertiary area * Change of use of commercial land

« Tertiary area = Number of employees by commercial classification INDEX(INTEGER(NUMB
ER(TIME))),3] * Tertiary Area occupied by person

« Tertiary area change = Number of employees by commercial classification[INDEX(INTEGE
R(NUMBER(TIME)+1)),3] * Tertiary Area occupied by person*Change of use of commercial
land*Area coefficient per person_commercial

« By year commercial area by number of employees = (Tertiary area * (I+Public land rate
commercial)) * Coefficient of commercial area versus number of employees + ( 4972650-1487754)

Commercial land + Public land rate_commercial = 0.35
model « Tertiary area occupied by person = 14/(Average number of floors * Average building coverage
ratio)

+ Average number of floors =4

+ Average building coverage ratio = 80%

« Commercial area = IF(  TIME>2020, 0, 1) * Tertiary commercial area[INDEX(
INTEGER(NUMBER(TIME)))]

+ Change of use of commercial land =1

+ Area coefficient per person =1

+ Coefficient of commercial area versus number of employees = 1

+ Previous industrial area = Secondary_industrial area * Change of use of industrial land

+ Secondary_industrial area = Number of employees by industry[INDEX(INTEGER(NUMBER(
TIME))),2] * Second_area occupied by person

+ Secondary_industrial area change = Number of employees by industry[INDEX(INTEGER(NU
MBER(TIME)+1)),2] * Second_area occupied by person * Change of use of industrial land

+ Industrial area = (Secondary_industrial area * (1+Public land rate_industry)) * Coefficient of

Industrial land industrial area by number of employees + 187951

model + Coefficient of industrial area by number of employees = 0.069505546
+ Public land rate_industry = 0.4
+ Second area occupied by person = 226.6
+ By year industrial area = [F(TIME>2020, 0, 1) * Secondary _industrial area[INDEX(INTEGER
(NUMBER(TIME)))]
+ Change of use of industrial land = 1
+ Seongnam city land use by use = {Development restricted area, Development restricted area +
Green area, Development restricted area + Green area + Industrial area, Development restricted
Land use demand area + Green area + Industrial area + Commercial area, Development restricted area + Green area
model + Industrial area + Commercial area + Residential area}

+ Green area per person =6
+ Green area = Number of population_Seongnam * Green area per person® 106662895/5979144
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Fig. 6. Simulation results of Seongnam-city land use model
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