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An Application of System Dynamics Modeling to the
Measurement of the effectiveness of Local/Regional

Sustainable Development Strategies: A Case of the

Revival of Bamboo Industry in Damyang, JeollaNamdo
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— Abstract |

With the purpose of long-range planning toward local/regional sustainable
development, it is desired to avoid unconditional industrialization and expansion and
to build an eco-oriented development strategy considering site-specific character-
istics of the environment. This paper thus aims at the elaboration of a system
dynamics model of a locality/region so as to understand inherent dynamics of
sustainable development and to assess the effectiveness of such an eco-oriented
strategy. The model thus consists of several positive and negative feedback loops
that accelerate or restrict local/regional economic growth within a system boundary
incorporating the environment, economy, and society. The model is moreover applied
to the assessment of the effectiveness of the development plan recently established
in Damyang in JeollaNamdo, Korea. It is regarded in this case to be effective for
population immigration and economic prosperity to give priority to restore the
bamboo ecosystem and nourish a series of eco-friendly industries based on the
bamboo items developed recently. It is also to be positive to sustainable development
since it enables to maintain high quality of the environment from the outset of their
development steps.
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F-E: System Equations

Agricultural Land(t) = Agricultural Land(t - dt) + (Flow_AL) * dt

INIT Agricultural Land = 10833

Flow AL = -0.1*Land Required+0.2*(EcoFarm_Biz-SMTH1(EcoFarm_Biz,1))

Bamboo_Biomass(t) = Bamboo Biomass(t - dt) + (Flow_BA) * dt

INIT Bamboo_Biomass = 7*Bamboo_Biotope

Flow_BA = 0.5*Bamboo_Biomass*(1-Bamboo_Biomass/(7*Bamboo_Biotope))

Bamboo_Biotope(t) = Bamboo_Biotope(t - dt) + (Flow_BB) * dt

INIT Bamboo_Biotope = 800

Flow_BB =
-0.05*%Land_Required +0.1*(NewBamboo_Biz-SMTH1(NewBamboo_Biz,1))+Policy_Bamboo
Bio

Capital_Stock(t) = Capital Stock(t - dt) + (Flow_K) * dt

INIT Capital Stock = 1

Flow K = 1*Capital Inv-0.0500*Capital_Stock

EcoCulture Level(t) = EcoCulture Level(t - dt) + (Flow_EC) * dt

INIT EcoCulture Level = 1

Flow EC o=
0.1*((Bamboo_Biomass/INIT(Bamboo_Biomass)-1)*(Env_Qulaity-1)y*(1-EcoCulture_Level/3)

Land_Occupied(t) = Land_Occupied(t - dt) + (Flow_LO) * dt

INIT Land_Occupied = 2479

Flow LO = 0.4*Land Required
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Per_Capita_GDP(t) = Per_Capita GDP(t - dr) + (Flow_PCGRDP) * dt

INIT Per_Capita GDP = 1

Flow PCGRDP = Per_Capita_GDP*Per_Capita GDP_Growth_Rate

Population(t) = Population(t - dt) + (Flow_P) * dt

INIT Population = 55459

Flow P = -0.0112*Population+Migrants

Preference_Product(t) = Preference Product(t - dt) + (Flow_PP) * dt

INIT Preference Product = 1

Flow_PP =
0.1*((Preference_Region/INIT(Preference_Region)-1)*(Env_Qulaity-1))*(1-Preference_Product/
3)

Preference_Region(t) = Preference_Region(t - dt) + (Flow_PR) * dt

INIT Preference_Region = 0.6

Flow PR =
0.3*((GRDP*INIT(Population)/Population/Per_Capita GDP-1)+(EcoCulture Level-1))*(1-Pre
ference Region/3)

Tech_Stock(t) = Tech_Stock(t - dt) + (Flow_A) * dt

INIT Tech_Stock = 1

Flow A = 0.7500¥Tech_Inv*(1-Tech_Stock/3)

Capital_Inv =
(GRDP*(0.15+Policy_Capitallnv))*(0.8+0.2*Preference_Region/INIT(Preference_Region))
EcoFarm_Biz =
0.43*Preference_Product*(Tech_Stock ™ 0.2)*(Capital_Stock ™ 0.2)*(Labor ™ 0.3)*((Agricultura

| Land/INIT(Agricultural Land)) ~0.3)

EcoTour_Biz =
0.42*Preference_Product*(Tech_Stock ™ 0.25)*(Capital_Stock ™ 0.25)*(Labor ™ 0.25)*((Bambo
o_Biomass/INIT(Bamboo_Biomass)) ™ 0.25)

Env_Capacity =
(Bamboo_Biomass/INIT(Bamboo_Biomass))*(INIT(Land_Occupied)/Land_Occupied)

Env_Qulaity = ((11.71*%55459*Env_Capacity)/Pollutant_Emission)/Land_Area

GRDP = EcoFarm Biz+EcoTour Biz+NewBamboo Biz+Trad Biz
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Labor = Population/INIT(Population)
Land Area =1
Land Requited = 0.0455*Population-Land_Occupied
Migrants = -985.1+1094.6*Preference_Region
NewBamboo Biz =

0.025*Preference_Product®(Tech_Stock ™ 0.3)*(Capital_Stock ™ 0.3)*(Labor ™ 0.1)*((Bamboo

Biomass/INIT(Bamboo_Biomass)) ™ 0.3)
PCGDP_GR_after 2030 = 0.0250
PCGDP_GR_until 2010 = 0.0450
PCGDP_GR_until_2020 = 0.0350
PCGDP_GR_until_2030 = 0.0300
Per_Capita_GDP_Growth_Rate = IF(TIME<2011)THEN(PCGDP_GR until 2010)ELSE(

IF(TIME<2021)THEN(PCGDP_GR _until_2020)ELSE(
IF(TIME <2031)THEN(PCGDP_GR _after_2030)ELSE
PCGDP_GR_until_2030)))

Policy BambooBio = IF(TIME>2002)AND(TIME <2014))THEN(200)ELSE(0)
Policy_Capitallnv = IF(TIME>2002)&(TIME <2014))THEN(Policy Capitallnv_Value)ELSE(0)
Policy_Capitallnv_Value = 0.01
Policy_Techlnv = IF(TIME>2002)&(TIME<2014))THEN(Policy Techlnv_Value)ELSE(0)
Policy_Techlnv_Value = 0.01
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