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An Analysis of the Effects of Fine Dust Reduction Policies
on PM,, Concentration and Health Using System Dynamics
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Abstract: This study utilizes system dynamics to examine the effects of fine dust reduction policies
on PM10 concentration and health. System dynamics has the advantage of modeling the dynamic
and circular relationship between PM,, emission sources, reduction policies, PM,, concentration, and
health effect. The study created policy scenarios for Korea's representative fine dust reduction
policies — industrial PM;, emission control, diesel vehicle regulation, expansion of electric vehicles,
and expansion of parks and green areas — and compared the results with the 2030 baseline if the
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current trend is maintained. The analysis showed that the policy of supporting electric vehicles

reduced PM,, concentration by 0.21 ug/ m?® and reduced the number of people with circulatory

diseases by 494, and the effect was evenly distributed across the country. The industrial emissions

regulation scenario resulted in the highest PM;, concentration reduction of 0.22 ug/m? but had a

lower reduction in the number of people affected (358) than the EV support strategy, which could

be attributed to the fact that this policy had a particularly high PM;, reduction effect in industrial

areas such as Danyang-gun, Chungcheongbuk-do, and Sahagu, Busan. As a policy implication, this

study suggests that it is necessary to apply fine dust policies tailored to the characteristics of local

emission sources.

Keywords : Urban Planning, PM,,, System Dynamics, Cardiovascular Disease Patient, Policy Evaluation
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MAPE——z\

%)

n: Number of data years
X, : Actual data values
F;: Simulation data values

0% < MAPE <10% : Virtually certain

10% < MAPE <20% : Likely

20% < MAPE < 50% : About as likely as not
50% < MAPE : Unlikely

2. QI1}X|= (Causal Loop Diagram)
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Local Economy Fine dust Concentration mate
Industry

— Fine dust Emission
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Non-Industry

Figure 1. PM,,-Cardiovascular Disease Causal Loop Diagram

S et al, 2019).
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o2 = A= vAHA HlEFS B2l

Number of smokers
Number of elderly people
Number of infants and toddlers

Annual average temperature
Climate Annual average windspeed

GRDP Local Economy pMi0 concentration  Fine dust Concentration Annual average rainfall

Number of factories
Humger o; manutfactture companies
umber of construction companies
IndUStry Total energy consumption
Renewable energy consumption

Number of diesel cars
Humger o¥ ?I?c‘tric cars
= umber of total cars
Transportatlon Estimated traffic volume
Area of railway land
Number of bus stops

Number of EV charging stations

Number of residental building

™

PM10 emission in transportation
Fine dust Emission FPMI0emissioninindustry

// PM10 emission in non-industry

Number of commercial and public buildings

Non-Industry Residentil Area
Commercial Area
Industrial Area
Green area
Park area
Water area

Figure 2. Selection of variables based on Causal Loop Diagram
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Table 1. List of variables to be used in the study

Category

Variables

Source

Health

Number of cardiovascular patients

Medical

Number of sickbeds

Number of doctors

National Health Insurance Service

Vulnerability

Number of smokers

Number of elderly people

Statistics Korea

Number of infants and toddlers

Climate

Annual average temperature

Annual average windspeed

Airkorea

Annual average rainfall

Air Pollution

Annual average PM;, concentration

PM;, emission in transportation

PM,, emission in industry

National Air Emission Inventory and Research Center

PM,, emission in non-industry

Transportation

Number of diesel cars

Number of electric cars

Number of cars (total)

Ministry of Land, Infrastructure and Transport

Number of bus stops

Estimated traffic volume

Korea Transport DB

Area of railway land

Statistics Korea

Number of EV charging stations

KEPCO Energy Marketplace

Industry

Number of factories

Korea Industrial Complex Corporation

Number of manufacture companies

Statistics Korea

Number of construction companies

Non-industry

Number of residential buildings

Number of commercial and public buildings

Building Life History Management System

Area of residential land

Area of commercial land

Statistics Korea

Area of industrial land

Area of green space

Area of park

National Spatial Data Infrastructure Portal

Area of water

Environmental Geographic Information Service

Local economy

GRDP

Environmental expenditure

Local finance Integrated Open System

Energy

Total energy consumption

Renewable energy consumption

Korea Energy Economics Institute
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Table 2. List of fine dust reduction policies by government and local governments

Category Contents of policy
. — Expanding cap-and-trade nationwide
M“?‘S“y of — Strengthening the reduction of older diesel vehicles
Government Enviornmen . ) .- )
(2019) — expanding the adoption of low-emission vehicles
— Eco-friendly energy conversion (medium to long term)
Seoul — Supporting the conversion of diesel vehicles to LPG and EV's
(2019) — Replace boilers with low-Nox burners
— Scrapping older diesel vehicles and installing diesel particulate filters(DPF) on vehicles
Busan . . . .
(2018) — Support for electric and hydrogen vehicles to increase green vehicle
— Creating climate-resilient urban forests
Local . — —
government ' - Managg air pollutant.emlttmg facilities
Cheongju — Expanding the adoption of green cars
(2021) — Expanding Green Infrastructure
— Strengthen management of PM10 and PM2.5 around life
Daegu — Expansion of automobile low-emission projects
(2016) — Support for early scrapping of diesel vehicles
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Table 3. List of virtual scenarios for policy simulation

Scenarios Category Policy variable Contents
Do-not policy - - — Results when the current trend is maintained
Policy 1 . — Number of electric cars . —10x %ncrease %n electric cars by 2930
Transportation | — Number of EV charging stations | — 15x increase in EV charging stations by 2030
Policy 2 — Number of diesel cars — 55% reduction in diesel cars by 2030
Policy 3 Industry —PM,, emission in industry —30% reduction in PM,, emission in industry by 2030
Policy 4 Land use ::;:: Zg ﬁ;if{n space —2x increase in area of green space- park by 2030
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Figure 3. PM,,-Cardiovascular Disease Stock & Flow Diagram
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Table 4. Results of comparing fine dust (PM10) concentrations by policy

Scenarios (s POIEC}II ltri ) | (Regul tfﬂicﬁf/; ) (Regulat}i:?rllif)}flgmissions s Polifcy4 )
crease of electric car egulation of diesel ca o g crease of green area
Do-not policy 27.63 27.63 27.63 27.63
(Keep trend) ’ ’ ’ ’
Policy 27.42 27.55 27.41 27.62
Policy Effect
-0.21 -0.08 -0.22 -0.01
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Figure 4. Regional comparison of the effect of reducing the concentration of PM,
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Table 5. Results of comparing cardiovascular disease patients by policy

Eacs (Increasz(())lgce}llelctric car) (Regulati)(ﬁi?f/jiescl car) (Regulat}i)(?rilz}ESmissions (Increasio(iifcgr:en area)
in industry)
Do-not policy 1,368,206 1,368,206 1,368,206 1,368,206
(keep trend)
Policy 1,367,712 1,367,917 1,367,848 1,368,109
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Figure 5. Regional comparison of the effect of reducing cardiovascular patients
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