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Multiobjective Analysisfor Industrial DISTRICT Air Quality
Monitoring Networ k
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An industrial district with polluting factories
operating inside poses a potential threat to the air
quality of the surrounding areas. Establishment of a
proper air quality monitoring network (AQMN) is
therefore necessary for evaluating the tempora and
spatial variation of air quality in the vicinity of an
industrial district and assessing the effectiveness of
pollution control facilities and strategies. The layout
of the AQMN should be adequate to assure the quality
of monitored data. Monitoring stations located at
inappropriate sites may greatly affect data validity and
cost effectiveness. A multiobjective approach was
explored for configuring an AQMN for an industrial
digtrict and a case study was implemented. A
disperson model was used to simulate hourly
pollutant concentration distribution in the study area.
According to the simulated results and optimization
models established based on five objectives of
maximum detection, maximum dosage, minimal
influence from pollutant sources outside of the district,
maximum coverage, and maximum population
protection, AQMNSs with varied numbers of stations
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and spatial distribution were obtained. The AQMNs
were evaluated for their effectiveness for monitoring
the temporal and spatial variation of pollutants. The
difference among the AQMNSs were discussed. The
multiobjective analysis is expected to facilitate the
decision making for an appropriate AQMN.

K eywor ds: monitoring network; multiobjective
programming; environmental systems analysis.
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Air pollutions emitted from factories in an
industrial district are potentially hazardous to the
surrounding environment. These pollutants affect
human health, materias, agriculture, forestry, etc.
For ensuring the health of residents and a clean living
environment in the vicinity of an industria district, it
is important to establish a proper AQMN to evaluate
the spatial and temporal distribution of pollutants and
the effectiveness of control facilities and strategies.

A good AQMN depends primarily on the
suitability of monitoring sites. Improper sites are
unable to effectively grasp the characteristics of
pollution. Monitoring site planning was generally
done based on empirical judgment or simple
qualitative rules, such as distance to neighboring
residential areas, athough severa systematic
approaches were available [2][6][7][8]. The majority
of past studies considered only a single objective, but
such a design might not be appropriate if other
objectives were taken into account. For example, if
only maximum detection of air quality standard
violations was used as the design objective, the
monitoring stations might end up being located at the
leeward of the prevailing wind direction, thus unable
to grasp the spatial and temporal variations of emitted
pollutants. More monitoring sites can enlarge the
detection coverage area, but it will increase the total
cost. In addition, a proper AQMN for an industrial
district should subject to minimum influence of
pollution sources outside the industrial district.
Therefore, the planning of an AQMN should be better
analyzed by a multiobjective model.

Previous multiobjective studies of AQMN,
although consider multiple objectives in their models,



are not directly applicable for AQMN planning for an
industrial district.  In the multiobjective mixed-
integer programming model proposed in this study, in
addition to cost, five objectives are considered: (1)
maximum detection capability of pollution potential;
(2) maximum dosage detection capability; (3)
minimum influence from outside sources;, (4)
maximum detection area; and (5 maximum
population protection.

Given that wind speed and directions vary with
time, these uncertainties were also taken into account.
This study used USEPA ISCST3 [9] model to
simulate distribution of pollutants under hourly wind
fields for a whole year to assess the uncertainty in
pollutant distribution brought by wind speed and
direction variation. Based on the results obtained from
the simulation model and the multiobjective models
established, the study proceeded to compare the
effects of different objectives on the selection of
monitoring sites in a case study, in the hope to devise
a suitable monitoring network and demonstrate the
applicability of the established model.
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In the following description, the potential zone,
detection coverage areas, and meteorological
uncertainty are explained first, followed by the
description of the proposed model, including the
objective formulations and relevant constraints.

Potential zone

A monitoring site is generally placed a a
location that can best grasp the distribution of
pollution. Noll [8] pointed out that a monitoring
station should be located in the potential zone and
defined the zone with concentration larger than 90%
of the maximum. However, the maximum
concentration of a plume might be excessively high
and 90% of it to define the potential zone might
exclude some potential areas and thus might end up
missing the alarm signals and failing to catch areas of
deterioration in time.

Detection coverage areas

According to the method proposed by Modak
[5], the detection area covered by a monitoring site
can be determined by the Spatial Correlation Analysis
(SCA). SCA is based on the pollution correlation
coefficient between a monitoring site and a covered
location. If the correlation coefficient is higher than a
pre-defined cut-off value, the location is regarded
correlated and is covered. This method was aso
applied by Liu [4], Langstaff [3], and Arbeloa [1] to
determine effective coverage areas.

Meteorological uncertainty

Wind speed and wind direction are
meteorological factors of greater variations. The
distribution of pollutants in the atmosphere varies

under different meteorological conditions. This study
employed the whole-year hourly meteorological and
wind field data for smulation and assessed the
efficiency of the planned monitoring network based
on simulation results, in the hope that the monitoring
network could factor in the variable meteorological
conditions.

Models

The multiobjective model in this study was
established based on five objectives. The definitions
of these objectives and how the relevant models are
established are described below.

Maximum Detection capability (DC)
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where d, is the variable that indicates whether plume
i is detected; Y is a (0, 1) integer that indicates

whether a monitoring siteis set up in grid j; M, the
set of gridsin plume 7 with pollutant level greater than
100ppb, / represents the total number of plumes, Jis
the number of total grids for possible candidate sites;
and Qisthe limit on the number of monitoring sitesin
an AQMN.

Maximum Dosage Detection Capability (DDC).

Jo
Max oppc=a (@ Cij)* Y,

j=1 =1

ST.
The last two constraints of the DC model.

where C,-/- isthe pollutant level at grid j of plume /.

Minimum Effect from Outside Sources (EOS)

There are considerable sources of pollution
outside the industrial district in the study area. An
appropriate AQMN for an industrial district should
minimize the effect of these outside sources. Thus
the following objective formulation was adopted:

J /
. [} [o]
Min Opg=a (A Ocij) * Y,
j=1 =1
ST.
The last two constraints of the DC model.

where OC; isthe pollutant level at grid jin plumei
when only outside sources were taken into account.



Given that placing a monitoring site at a grid
with low exposure from sources does not mean the
site can detect pollution from sources inside the
industrial district, the study therefore proposed the
following further modification'

oC
Min Ogps, = a(a

i
a (@507,

S.T.
The last two constraints of the DC model.
where lC,./. is the pollutant level at grid j in plume /

where only inside sources were considered.

Maximum Detection Area (DA)

The total detection area can be defined as
follows.

aEaE---EaE-Ea,
where a; is the detection area of respective site,

which was defined by the SCA [5] method. When
the detection areas of monitoring sites do not overlap,
the total detection area will be greater. The model
established based on this objective is presented as
follows:
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The last two constraints of the DC model.
where N/. is the set of grids in which the detection
area of each such grid, if a monitoring site is
established at the grid, can cover grid j, [, is the

/
variable that indicates whether grid j is covered.

Maximum Population Protection.

J
Max Opp = é P*y,
j=1
ST.
Same constraints with the last two of DC model.

where Fj isthe total population within grid .

Multiobjective model

Of the five objective models described above,
the first and the second ones can be independently
applied. A general multiobjective formulation for all
objectivesis expressed below.

Max V%CODC"' VléD(,ODDC‘_ Vléo@Eos"'

W00t VoeOr
where Woe » Wope » Weps » Woyw W arethe
respective weights of the five objectives. The

multiobjective model is expected to improve the
deficiency of considering only the first or second
objective. In the following section, the
multiobjective model with varied weight sets is
applied in a case study for planning an AQMN for a
local industrial district. Results obtained with varied
weight sets are analyzed and compared.

This study targeted Toufen Industrial Zone in
Miaoli County. It was origindly planned as a
petrochemical industrial zone with an area of 95.1471
hectares. Based on the simulation results using
ISCST modd [9], locations having the highest
concentrations were situated mostly in 5km radius of
the industrial zone. There are a total of 58 major
sources within the study area which accounted for
more than 90% of the total emission. This study
tackled the subject based on two scenarios. Scenario |
aimed to explore the possible distribution of
monitoring sites under the current status of source
distribution. Scenario 1l took into account only the
sources inside the industrial zone with the aim to
explore the planning of sites when sources were
converged inside the zone.

P BRI

Constant cut-off value and varied single objective

When DC or DDC was the main objective in
scenario |, the sites were distributed in the southern
part of the industrial zone for the prevailing north
wind and northeast wind in the region disperse the
majority of pollutants towards the south. But there
was a dight difference between the results from DC
or DDC. Such result could be attributed to the fact
that some grids had high frequency of passing the
threshold, but the cumulative dosage might not be
high, while some grids did not have too many
pollutant level passing the threshold, but they were
exposed to relatively high dosage. When the sites
were planned based on the objective of DA, the
cut-off value was determined mainly by numerical
correlation, which might not be related to the level of
concentration; in high-concentration area, the
coefficient of correlation might be low due to great
variations, resulting in smaller maximum detection
area in high-concentration area. These findings
indicate that DA should not be considered aone, but
with DC or DDC at the same time. In Scenario I,
only the sources within the industria zone were
considered.  Solutions derived from different
objectives as discussed above were similar to those in
Scenario I.  The results also show considering this
objective together with DC or DDC is more pertinent,
instead of alone.

Constant cut-off value, varied number of monitoring
Stes

When there were fewer sites, generaly the
optimal one would be selected from the candidates for
each addition of site. Such greedy characteristic was
primarily why Modak [5] and Arbeloa [1] employed



the Minimum Spanning Tree method. But as the
number of monitoring sites increased, such
characteristicsis no longer applicable.

Varied cut-off values, single objective

The variation of cut-off value affects mainly
the size of detection area of the site. As detection area
changes, the size of population protection and site
distribution will be affected. Thus the variation of
cut-off value will affect mainly the results obtained
under the objectives of DA and PP, but not the results
of DCand DDC. And simulated results indicate that
DC or DDC be factored in as well.

Multiobjective results

This study employed NISE method to examine
the trade-off relationship between two objectives.
Several sets of weights were randomly defined.
These weight sets were substituted into the
multiobjective model to seek solutions. To make
sure that the monitoring network can grasp the
background concentration of pollutants, and serves the
functions of population protection, the following two
provisos were added into the multiobjective model:

1. Therewill be at least one site at a densely

populated area.

2. There will be a least one site a the

background (or windward).

As influenced by the first two objectives, sites
would fall at the leeward of the sources (main
pollution receiving area) as the number of site
increased. The solutions derived were similar under
cut-off value of 0.9 and 0.8, but show significant
difference under cut-off value 0.7. That is because the
detection area obtained from this cut-off value
differed to a certain extent from that under the other
two sets, which led to different results in the
calculation of population protection, and hence in site
selection.

By applying the model to the case of Toufen
Industrial Zone, shows that when only EOS, DA, or
PP was considered, the resulting network might be
minimaly affected by outside sources, cover
maximum detection area, or protect largest population
respectively, but it failed to grasp high pollution areas.
Thus these objectives should not be considered alone,
but rather with DC or DDC together. And more
objectives were considered simultaneously, the weight
combination and the interrelationship between
objectives got more complicated. It became necessary
to undergo a proper decision-making analysis to
determine the weight of each objective.

As for subsequent studies, the authors are
currently taking on the topic of how the distribution of
multiple pollutants affect the planning of a monitoring
network. The authors will also undergo further
analysis of the meteorological data in the hope to use
less representative data as basis for assessing a
monitoring network to minimize the computing load.
The authors also hope to improve the construction of

models that can include multiple factors to reduce the
complexity of result analysis.
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