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A Study on Establishing the Development Density Control Model for

Urban Growth Management
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ABSTRACT

A Study on Establishing the Development Density Control Model for Urban

Growth Management

Jeon, Yu Sin - Moon, Tae—-Hoon

# Keywords : Development Density, Facility, Urban Dynamics Model, Urban

Growth Management, System Dynamics, Carrying Capacity

The purpose of this paper was developing a development density control model
for urban growth management, using system dynamics modeling. The density
control model was developed to see how urban growth, transition, and decay occur
depending on the interaction among population, houses, industry structure, land
and urban infrastructure such as road, water supply, and sewage treatment
facilities. Suggesting adequate level of development density control using the
model was another purpose of this paper. The model was applied to An'yang city
to estimate the maximum number of population, industry structures, houses, and
cars that can be adequately sustained with the current An'yang city’s
infrastructure capacity. The computer simulation results shows that the city is
overpopulated by some 90,000 people. To reduce the population to the adequate
level that the current urban infrastructure can sustain, the current city regulation

on floor area ratio are needed to be strengthened at least 20 to 35%.

_21_



0 Q733

pop(t) = pop(t — dt) + (in_migration + birth — out migration - death) x dt
INIT pop = 583,240

In_migration = pop X attractiveness_of housing_multi % in_migration_normal X
attractiveness_of_job_multi

birth = pop x birth_normal

out migration = pop X out migration_normal

death = pop X death_normal

birth_normal = 0.03

death_normal = 0.015

in_migration_normal = 0.1

out migration_normal = 0.07

percent_pop_growth = PCT((birth + in_migration — death - out migration) / pop

0 A3 A 5=

business_structure(t) = business_structure(t - dt) + (business_construction -

business_demolition) x dt

INIT business_structure = 32,976

business_demolition_normal = 0.025

jobs = business_structure x job_per_business_structure

job_per_business_structure = 4.78

business_construction = business_structure * business_construction_normal X

business_const_multi

business_demolition = business_structure x business_demolition_normal

business_construction_normal = 0.07

business_const_multi = business_labor_force_multi x business_land_multiplier x
RCM x SSCM x WSCM

labor_force = pop X labor_participation_fraction

labor_force_to_job_ratio = labor_force / jobs

labor_participation_fraction = 0.27

land_per_business_structure = LPBSCM x LPBSN

LPBSCM = RLPM x SSLPM x WSLPM

LPBSN = 0.0002
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attractiveness_of_job_multi = GRAPH(labor_force_to_job_ratio) (0.00, 2.00), (0.2,
1.95), (0.4, 1.80), (0.6, 1.60), (0.8, 1.35), (1.00, 1.00),
(1.20, 0.5), (1.40, 0.3), (1.60, 0.2), (1.80, 0.15), (2.00,
0.1)
business_labor_force_multi = GRAPH(labor_force_to_job_ratio) (0.00, 0.2), (0.2,
0.25), (0.4, 0.35), (0.6, 0.5), (0.8, 0.7), (1.00, 1.00),
(1.20, 1.35), (1.40, 1.60), (1.60, 1.80), (1.80, 1.95),
(2.00, 2.00)
business_land_multiplier = GRAPH(land_fraction_occupied) (0.00, 1.00), (0.1, 1.15),
(0.2, 1.30), (0.3, 1.40), (0.4, 1.45), (0.5, 1.40), (0.6, 1.30),
(0.7, 0.9), (0.8, 0.5), (0.9, 0.25), (1, 0.00)

[0 FeF8

houses(t) = houses(t - dt) + (house_construction - house_demolition) x dt

INIT houses = 130,560

house_construction= houses X house_construction_normal x housing_constructior_rmulti

house_demolition = houses x house_demolition_normal

area = 08.52

household_size = 3.1

household_to_house_ratio = (pop/household_size) / houses

house_construction_normal = 0.07

house_demolition_normal = 0.015

housing_construction_multi = housing_availability_multi * housing_land_multiplier

x RCM  x S5CM x WSHCM
land_fraction_occupied = (business_structure x land_per_business_structure -+
housesx land_per_house) / area

land_per_house = LPHCM x LPHN

LPHCM = RLPM x SSLPM x WSLPM

LPHN = 0.000

attractiveness_of_housing_multi = GRAPH(household_to_house_ratio) (0.00, 1.40),
0.2, 1.40), (0.4, 1.35), (0.6, 1.30), (0.8, 1.15),
(1.00, 1.00), (1.20, 0.8), (1.40, 0.65), (1.60, 0.5),
(1.80, 0.45), (2.00, 0.4)
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housing_availability_multi = GRAPH(household_to_house_ratio) (0.00, 0.1), (0.2,
0.2), (0.4, 0.35), (0.6, 0.5), (0.8, 0.7), (1.00, 1.00), (1.20,
1.35), (1.40, 1.60), (1.60, 1.80), (1.80, 1.95), (2.00, 2.00)
housing_land_multiplier = GRAPH(land_fraction_occupied) (0.00, 0.4), (0.1, 0.7), (0.2,
1.00), (0.3, 1.25), (0.4, 1.45), (0.5, 1.50), (0.6, 1.50), (0.7,

1.40), (0.8, 1.00), (0.9, 0.5), (1, 0.00)

water_service(t) = water_service(t — dt) + (water_capacity - leakage_water) x dt

INIT water_service = 267,000,000 x 365

water_capacity = water_service X water_capacity_normal

leakage_water = water_service x leakage_rate

leakage_rate = 0.0

operation_rate = 0.8

waterer_supply_rate_index = water_supply_rate / water_service_social_index

water_capacity_normal = 0.0

water_demand = pop x water_demand_amount_per_person_a_day x 365

water_demand_amount_per_person_a_day = 313

water_service_social_index = 100

water_supply = water_service x operation_rate

water_supply_rate = (water_supply / water_demand) x 100

WSCM = GRAPH(waterer_supply_rate_index) (0.00, 0.00), (0.2, 0.05), (0.4, 0.14),
(0.6, 0.31), (0.8, 0.56), (1.00, 1.00), (1.20, 1.21), (1.40, 1.32), (1.60, 1.36),
(1.80, 1.39), (2.00, 1.40)

WSLPM = GRAPH(waterer_supply_rate_index) (0.00, 1.81), (0.2, 1.67), (0.4, 1.53),
(0.6, 1.32), (0.8, 1.15), (1.00, 1.00), (1.20, 0.8), (1.40, 0.62), (1.60, 0.46),
(1.80, 0.32), (2.00, 0.19)

[ sk mii

sewage_service(t) = sewage_service(t — dt) + (sewage_capacity) x dt
INIT sewage_service = 300,000,000 x 365

sewage_capacity_normal = 0.000

sewage_demand = pop x sewage_demand_amount_per_person_a_day X 365
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sewage_demand_amount_per_person_a_day = 276

sewage_operation_rate = 0.8

sewage_service_social_index = 100

sewage_supply = sewage_service X sewage_operation_rate

sewage_supply_rate = (sewage_supply / sewage_demand) x 100

sewage_supply_rate_index = sewage_supply_rate / sewage_service_social_index

SSCM = GRAPH(sewage_supply_rate_index) (0.00, 0.00), (0.2, 0.05), (0.4, 0.14),
(0.6, 0.31), (0.8, 0.56), (1.00, 1.00), (1.20, 1.21), (1.40, 1.32), (1.60, 1.36),
(1.80, 1.39), (2.00, 1.40)

SSLPM = GRAPH(sewage_supply_rate_index) (0.00, 1.80), (0.2, 1.65), (0.4, 1.49),
(0.6, 1.30), (0.8, 1.14), (1.00, 1.00), (1.20, 0.86), (1.40, 0.68), (1.60, 0.52),
(1.80, 0.35), (2.00, 0.21)

0 =254
road_area(t) = road_arealt — dt) + (road_capacity) x dt
INIT road_area = 4.896
road_capacity = road_area x road_capacity_normal
road_demand = cars X road_demand_amount_per_car
road_demand_amount_per_car = 0.00002932
road_supply_rate = (road_area / road_demand) x 100
standard_rate = 16
RCM = GRAPH(road_area_rate_index) (0.00, 0.00), (0.2, 0.05), (0.4, 0.14), (0.6, 0.31),
(0.8, 0.56), (1.00, 1.00), (1.20, 1.21), (1.40, 1.32), (1.60, 1.36), (1.80, 1.39),
(2.00, 1.40)
RLPM = GRAPH(road_area_rate_index) (0.00, 1.80), (0.2, 1.65), (0.4, 1.49), (0.6,
1.30), (0.8, 1.14), (1.00, 1.00), (1.20, 0.88), (1.40, 0.66), (1.60, 0.52), (1.80,
0.35), (2.00, 0.21)
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