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Optimization of Air Quality Monitoring Networks in
Busan Using a GIS-based Decision Support System
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Abstract

Since air quality monitoring data sets are important base for developing of air quality management strategies
including policy making and policy performance assessment, the environmental protection authorities need to
organize and operate monitoring network properly. Air quality monitoring network of Busan, consisting of 18
stations, was allocated under unscientific and irrational principles. Thus the current state of air quality monitoring
networks was reassessed the effect and appropriateness of monitoring objectives such as population protection and
sources surveillance. In the process of the reassessment, a GIS-based decision support system was constructed and
used to simulate air quality over complex terrain and to conduct optimization analysis for air quality monitoring
network with multi-objective. The maximization of protection capability for population appears to be the most
effective and principal objective among various objectives. The relocation of current monitoring stations through
optimization analysis of multi-objective appears to be better than the network building for maximization of
population protection capability. The decision support system developed in this study on the basis of GIS-based
database appear to be useful for the environmental protection authorities to plan and manage air quality monitoring

network over complex terrain.

Key words : Air quality monitoring network, A GIS-based-database, Decision support system, Optimization,
Complex terrain
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Fig. 1. The system of zonal grid and the distribution of
population in Busan, 2005.
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Fig. 2. Distribution of emission source: (a) point; (b) area;
(c) line.
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Table 1. Weight of each sub-objective for each class of monitoring stations.

Sub-objective General Traffic Background Industrial

Environmental objective

Highest concentration 0.15 0.1 0.1 0.1

Average concentration 0.05 0.05 0.05 0.05

Concentration exceeding the standard 0.1 0.05 0.1 0.05

Variation range of concentration 0.05 0.05 0.05 0.05

Total emission quantity 0.1 0.2 -

Emission quantity of industrial sources 0.05 - - 0.25

Emission quantity of mobile sources - 0.25 -
Social objective

Population 0.2 0.1 0.3 0.15

Sensitive receptor 0.1 -

Traffic - 0.2 — —

Air pollution petition - 0.15
Economic objective

Installing cost 0.2 0.2 0.2 0.2
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Table 2. Correlation coefficients (r) between measured
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SO, 0.39
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Fig. 3. Isopleth maps of (a) SO, (b) NO, and (c) PM,,,
obtained by using ISC model.
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Table 3. An alternative monitoring network for maximizing the protection capability for population.

Alternative grids Total no. of stations

Alternative network (except for 27,28,36,37,38, 39, 40,46, 47, 48, 49,56, 57, 58. 63, 64
stations along road) 16

Current network 7,22,217,28,35,38,39,46,48,49, 50, 58,60, 63, 64,65

*Maximum nuember of monitoring stations is 16.
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Fig. 4. The alternative monitoring network (b) for maximizing protection capability for population using the same num-
ber of stations as the current monitoring network (a).

Table 4. Comparision of population and source fraction between alternative and current network.

Network Population” Point source? Area source” (fraction) Line source (roads)”  Sum of emission
(person) (fraction) House Small source (fraction) (fraction)
Alternative 3,007,049 0.64 0.77 0.62 0.53 2.56
Current 2,200,834 0.82 0.56 0.88 0.47 273

! Population in the selected grids
-3~ Emission fraction of each source to total emission in the selected grid

Table 5. Alternative grids for maximizing the detection
capability of highest pollution concentration.
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Fig. 5. The alternative grids for maximizing the detection capability of highest concentration of (a) NO,, (b) SO,, (c)

PM,, and (d) multi-poliutants.
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Table 6. Alternative grids for maximizing the detection
capability of highest violation frequency.

Pollutant Alternative grids
SO,(=0.15 ppm/hr) 29,38,45,46
NOy(=0.15 ppm/hr) 29,38,45,46,54,55,56,58,61,62

PM,o(=100png/m* /24 hr)  38,45,46,47,48,54,56,57,62,69
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Table 7. Classification of monitoring station for multiple objective optimization model.

Classification of station Current grids

Alternative grids No. of stations

198

General 7,22,27,28,38,39,48,49, 50,58, 64 28,38,39,47,48,49,56,57,58,64,65 11
Traffic 38,57 38,58 2
Background 35,65 5,73 2
Industrial 46,60,63 46, 60,63 3
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Fig. 7. The siting alternative grids for optimizing the multiple-objective monitoring network.
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Table 8. Comparison of population and source fraction between current and alternative monitoring network.

Population Point source Area source (fraction) Line source (roads)  Sum of emission
(person) (fraction) House Small point source (fraction) (fraction)
Current 2,200,834 0.82 0.56 0.88 0.47 2.73
Alternative 3,067,086 0.96 0.79 0.91 0.58 3.24

Table 9. Comparison of population and source fraction covered by each class of monitoring stations.

Class Population Point source Area source (fraction) Line source (roads)  Sum of emission
(landuse) (person) (fraction) House Small point source (fraction) (fraction)
General 2,274,631 0.23 0.57 0.06 0.39 1.25
Traffic 470,853 0.11 0.13 0.01 0.10 0.35
Industrial 321,602 0.62 0.09 0.83 0.09 1.63
Total 3,067,086 0.96 0.79 0.90 0.58 3.23
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Fig. 8. Comparison of population protected and emis-
sions estimated between the current, single-
objective, and multi-objective network.
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