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Fuzzy Optimization in Decision Making of Air 
Quality Management 

Wang-Kun Chen and Yu-Ting Chen* 

Abstract. This study presents an optimization method in fuzzy decision making of air 
quality management. The optimization method presented in this chapter gives the 
mathematical representation to find the equilibrium point. How to obtain and express 
these optimal data depends on the fuzzy optimization techniques. The methodology 
and algorithm of fuzzy decision making process by interactive multi-objective 
approach and iterative optimization method are described, with the application in the 
process of air quality management. This paper also provides the interactive multi-
objective model and iterative calculation method for the application of air quality 
management. First, the comparison of model output and field monitoring results was 
discussed, and then the experimental outcome of interactive fuzzy optimum model 
was presented. Secondly, the comparison of optimum decision from different 
decision makers was considered, and the experimental outcome of iterative fuzzy 
optimum model was presented. The combined approach of interactive and iterative 
method for fuzzy optimization model makes the decision of air quality management 
more accurate and pragmatic. 

Keywords: Fuzzy decision making, Optimization method, Air quality management. 

1 Introduction 

1.1 Decision Making for Policy Maker  

Decision making analysis is a very important routine task for management. 
Decision analyst decides what kind of strategy to take from the data they obtained 
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every day. Their decision will affect the future operating of an enterprise and 
many people's welfare; therefore, such decision must be made carefully. However, 
decision making analysis is a very difficult job, because the data comes from 
many different sources, and its credibility is not the same. Finally, what is 
believable? This is the biggest difficulty faced by policy-makers. In addition, what 
kind of message is provided among large amounts of data? These factors must be 
considered when conducting policy analysis. Fortunately, big data analysis 
techniques provide us the solution in this respect. Through big data analysis, we 
can get a more accurate analysis result. 

How to get a reliable decision is the issue which policymakers continue to 
consider. The results of decisions are usually ”Yes “or “No”. And the data support 
decision may come from simulation results of the theoretical model or real 
observed results. If there is a difference between the two, what can be trusted for 
the decision-makers? The analysis results from theory provide observation 
mechanism of detailed changes. However, if the assumptions have errors, it can 
easily lead to erroneous results. That's why the results of theoretical analysis need 
to be verified through empirical analysis. 

In addition to theoretical analysis and real observations, we also often get the 
support of decision-making through the expert. Because the experts have many 
valuable implicit knowledge, these knowledge is unable to acquire by theoretical 
models or real observations. While how is this valuable knowledge of experts join 
our decision-making process? The expert knowledge is usually hidden and 
unknown, but appears to be very reliable.  This situation is a problem faced by 
policy makers, in the same way, how will this knowledge be put into our decision-
making process. If in another case, the opinions from different experts are not the 
same, what people really can believe? Is there a solution to based on the 
advantages of the above three methods to get the best solution for decision-
makers? It is an issue to be discussed in this article. 

1.2 Review of Previous Studies 

Air quality management is a very typical problem of decision analysis, it is related to 
the above three dimensions. As such, how the decision analyst obtains the message 
from above three sources to make the best judgment become the problems they faced 
every day. This chapter described the methodology of the decision analysis which 
combines the three issues. Theoretical development and its characteristics are 
presented. The experiment results are also shown in the article.  

Before discussing this article, first, make a review of the past research that 
scholars have done. The representation of observational data and theoretical 
results of the model exist in all walks of life. So long, many scholars presented 
their views. (1oldstein and Landoritz, 1977) (Gustafson et al,, 1977) Sasaki first 
proposed in Calculus of Variation to optimize the best of meteorological data, to 
improve the consistency of observational meteorological data and results from 
meteorological model. And because air pollution is increasingly importance for 
everyone, Heimbach and Sasaki apply it to the assessment of air pollution. 
(Heimbach and Sasaki, 1977) They deal with the question of discrepancy between 
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air quality monitoring stations and results of diffusion model. However, due to the 
large number of air pollution sources, his research has not described how to deal with 
the problem of value inconsistency between pollution sources and monitoring station. 

Liang further developed his theory of optimization so that the theoretical model 
of air pollution can be capable of interaction with actual observed value. The 
model tries to have a good balance between each other. The constrained 
conditions of this theory were derived so that policy makers can have good space 
to determine what extent to be used. Thus, their decision will be the most realistic 
situation.  His control theory was divided into two parts, strong and weak. And a 
parameter was derived to represent the degree of interaction between the two. 
There are also a lot of practical applications done by his theory. (Liang, 
1979)(Liang, 1980)(Liang and Young, 1980) 

Hsieh and Liang together use the finite element method to interact the 
information between the results from numerical models and observational data. 
(Liang and Hsieh, 1980) But they did not take into consideration of the air 
pollution sources. Liang and Lee take the example of carbon monoxide pollution 
in Taipei and apply the calculus of variation method for analysis. (Liang and Lee, 
1980) Liang and Lee take the example of sulfur dioxide pollution in Kaohsiung to 
make good assessment between the values of observations and theoretical output. 
(Liang and Lee, 1980) And Chen and Liang use multivariate statistical analysis to 
optimize the value of model and observation (Liang and Chen, 1981) 

However, Sasaki with the above researchers only takes into account of 
comparison and interaction between observations and model results. They did not 
consider the participation of wisdom from experts. And no doubt the wisdom of 
experts is a very important part of the decision analysis process. If not applying 
this part, the result is bound to be something omissions in the decision-making 
process. How to solve the problem of expert’s wisdom participation is the focus of 
this article. In this chapter, the author tries introducing fuzzy decision theory to have a 
good inter-connected among the above three. Using fuzzy mathematics and iteration 
procedure, the opinions of expert’s can be integrated. The expertise and advantages 
could give full play to obtain the best strategy. (Novák, 2005) (Torof, 1970) 

Nevertheless, the above research only focuses on establishing the mathematical 
representation of the decision making of air quality management by Calculus of 
Variation. And these studies are mainly on the comparison of model output results 
and field monitoring results. In addition, there is very little discussion about the 
application of granular computing in air quality management. Although there are 
some researches which applies the fuzzy method to forecast the air quality. It is 
still remain empty in the way to obtain the optimum value of the parameters in the 
environmental simulation models.  

This study applied the fuzzy method to define the optimum value in the 
parameters of the model, such as the wind speed, stability in the Gaussian 
diffusion model. The main topics in this chapter include the air quality forecasting 
and decision making method is in the second section. , Framework of fuzzy 
optimization in decision making of air quality management is described in the 
third section.  Finally, the application of this model is presented in section four.  
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2 Air Quality Forecasting and Decision Making Method 

2.1 Forecasting by Monitoring 

To predict future results, using current information to speculate is the most direct 
way. Especially when the time interval is not far away from now, the best way to 
do the estimation is the estimation by current situation. As shown in Figure 1, it is 
the results of an air quality monitoring stations for three consecutive observing 
days. We can use the results of this three-day observation to speculate one-day, 
two-day, and three-day or future value. Because the data comes from the actual 
observation, if all the processes are in line with the necessary procedures, then the 
data is reliable. So there will be not much controversy of this data. (Liang and 
Tsai, 1980)(Liang and Chang, 1983)(Chen, 2009)(Yuan et al, 2000a,b) 

 

Fig. 1 An example to obtain the data by observation from a monitoring station (Source: 
Taipei EPD, 2014) 

But when the time to speculate is far away from the observation time, say, in 
the case when the policymakers want to know whether typhoon will happen or not 
in the time next year? Or the environmental protection authorities now want to 
know how the air quality in Taipei is in order to decide the possibility to hold 
large outdoor sports without affecting the participant's health. These data this time 
has been inadequate clearly. Then we need the help of other ways to get more 
information for policymakers to analyze. 

Another drawback of actual monitoring is that it is unable to simulate different 
scenarios. For example: the policymakers want to know what possible disasters of 
petrochemical plants is, when the gas explosion occurs, so as to make an 
emergency response plan to the local residents after gas explosion. However we 
cannot create a gas explosion situation for the policymakers to monitor. And most 
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of the monitoring may not be the scenario that policymakers need to know because 
the situations policymakers want to know are always the situation of extreme 
condition. The real example such as the Kaohsiung oil pipeline gas explosion 
incident, Japan's Fukushima nuclear power plant accident events, both are not able to 
be analyzed by the actual monitoring data from a particular situation we designed and 
set in advance.(Lipscy et al., 2013)(Chen and Hong, 2014)  

Another economy consideration is the burden from the cost. Monitoring 
stations usually takes a very high cost, and the information obtained in the 
monitoring can be used in the current time and space only. Change to other 
scenarios, then the monitoring information cannot be applied. Therefore, the 
monitoring result data are usually regarded as a verification and corroboration of 
decision. For example, if the environmental decision-making officials wondered 
the effectiveness of air pollution control measures, then they can conduct field 
monitoring in certain locations at certain times. The results obtained can be used 
as the verification of control strategy effectiveness. (Goldstein, 1977) 

2.2 Forecasting by Model 

Model provides us with more information than monitoring data, including time 
and space. For example in Figure 2, that is the distribution of air pollution in 
Taipei, it provides us with the distribution in each point of contamination on this 
map. This is what the actual monitoring cannot be done. It can also be obtained of 
the values in domain of different times. For example, time series analysis model, it 
can simulate the concentration distribution of the time for period of decision 
analysis. (Chang and Chang, 2002)(Chen and Wang, 2007)(Chen,2009)(Chen, 
2010a,b)(Chen et al., 2008). 

Model can be divided into two categories, physical models and mathematical 
models. The physical condition is to reduce the actual type into the laboratory,  
and then use the laboratory data backstep to the real field size for evaluation.  
The example is the water canal experiments in water conservancy engineering and 
the wind tunnel experiments in aeronautical engineering. (Faunae et al., 1986) 
(Uehara et al., 2000 )(Naidu et al., 2013) Since the model is controlled in a 
laboratory, so it is possible to create a variety of different scenarios for simulating. 

Mathematical model considers the various changes in physical and chemical 
factors. (Yao and Liu, 2013) If expanded to other areas, it is also possible to 
include social factors and economic factors. The advantage of mathematical model 
is that it is able to set a variety of different parameter to make the different 
contexts. Helping the decision-makers to get a clearer idea and make their 
decision more explicit. For example, in a mathematical model of socio-economic, 
the birth rate can be taken into account for considerations, so that the real GDP 
results can be forecasted. In the chemical reaction, the chemical reaction rate at 
different temperatures changes can be considered to know what species to be 
generated finally. In an air pollution dispersion model, It is also possible to 
include different weather conditions, including wind speed, wind direction, 
atmospheric stability degree, to know the distribution of air pollution under 
different scenarios for policy makers. 
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(a) An example for air quality distribution in a city 

 

(b) Air quality distribution of Taiwan (Source: Taiwan EPA, 2014) 

Fig. 2 Spatial distribution pattern predicted results by air quality model 
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(c) Air quality map for decision making, the condition before control 

 

(d) Air quality map for decision making, the condition after control 

Fig. 2 (continued) 
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However, the results of models are often challenged. The most common 
challenge comes from the reasonability of model variable settings. Since the 
model is the simplification of the nature phenomenon, therefore, there are many 
assumptions in the model. If the assumption is far from the actual situation, then it 
is not suitable to take into account as a basis for decision-making analysis. But in 
model the trend of the real situation and the simulated conditions in a particular 
context is showing clearly. These are the basis for decision making which can 
offer very effective suggestion decision-makers. So make the best use of the 
advantages of model is a big help for decision-makers of air quality management. 

2.3 Expert Decision Making Process for Air Quality 
Management 

Both of the above analysis provides a lot of help for us. But in the decision-
making process, the most important thing is the wisdom of experts from policy 
makers. So we have to add the experts involving process in decision-making so 
that experts can be adequately demonstrated their wisdom. The expert usually 
have different opinions, and these opinions are different, how to integrate these 
opinion together is the main issue to be considered in this research. 

Wisdom of experts from different levels: In the above example, the measured 
data and model data, although both have advantages and disadvantages, but 
experts may also have their valuable experience. These valuable resources cannot 
be observed, and not covered by the parameter among the model. Even more, 
under certain circumstances, experts’ intuitions alone can get a good decision. 
That is the hidden wisdom of an expert. Make good use of this expert's hidden 
wisdom can make the quality of decisions more ideal. 

Wisdom of experts may come from their intuition, yet it can be derived from 
their professional judgment. For example, those values setting for the parameters 
in the model, experts with their research experience can provide good advice to 
decision-makers. Using their recommended values also tend to get preferable 
simulation results. It also helps decision analysis for those who make the final 
decision making. Therefore, this chapter will use the fuzzy theory to derive a 
method which takes the expert wisdom into the results of model analysis and 
actual observations. Combine all three, which is the real field observations, model 
simulations, and expert wisdom to make the best combination, and provide policy-
makers to make the best possible decisions. (Green et al., 2007) 

2.4 Decision Making Process for Air Quality Management 

Knowing the true value of air quality is essential for decision making of air quality 
management. The air pollutant uniformly distributed in the atmosphere so it is 
difficult to decide the representative point. Scientist has to find the way to tell the 
decision makers. Good quality of data help us to know the truth of environmental 
phenomenon, therefore the methodology to find the optimum predicting results 
becomes more important.  
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The information of air quality includes the domain of time and space. To know 
the detail variation, it is necessary to include time segment and space grid. 
Measuring by equipment is the most direct method, although the cost is very 
expensive. Developing the cheapest method of measurement can provide more 
information although it seems not possible in the near future.  

The other way to obtain the air quality information is through the simulation 
model derived from physical, chemical, and mathematical principle. The model 
made the assumption according to the real situation, nevertheless there is always a 
bias to the reality. The simulation model plays an important role in forecasting the 
air quality because it provide adequate data in both time and space domain.  

The concept to combine the two data system, measurement and simulation, is a 
complex procedure. Advantage of them should be involved so as to obtain the 
optimum solution. If there is no mistake in the measuring procedure, then the 
observed results are reliable, even if there is only one or few points in the space or 
time domain. The simulated results undoubtedly include the systematic errors 
which come from the theoretical assumption. Thus, the errors can be eliminated 
through properly adjustment by the observed data.  

Using statistical methods to force the numerical model to approach the 
observed value may cause the deletion of the loss of significant physical meaning 
in the simulation results, although mathematically meet the requirements of 
optimization. This is the issue of internal consistency many scholars have 
repeatedly stressed in the study of objective analysis. This issue has been solved 
until they get a reasonable solution in the year 1958. Sasaki proposed a theoretical 
basis to engage objective analysis with the variational principle. It is able to 
maintain internal consistency of the analysis field in a variety of constraints. This 
method later was known as numerical variational analysis (NVA), or variational 
objective analysis, also known as variational optimization analysis. This method is 
able to combine the dynamic, energy, statistical, or empirical condition into an 
optimal analysis process In order to analyze the variables in weather or ocean. It 
provide a reliable basis for decision-making for the purposes of air quality 
management.  

But this method has little progress in the subsequent decade. It is not until 
1969, Sasaki (1969, a,b) noted characteristic feature of this method is that the 
constraint functions and filters. Sasaki (1970) has continuously published three 
articles, it laid the theoretical foundation variational analysis, and the feasibility of 
its use in meteorology decision analysis. Later, there are many scholars engaged in 
the application research of variational analysis and objective analysis.   Groll 
(1975) uses Lewis’ (1972) model to analyze the weather in Europe and found 
using binding conditions can really filter out short wave. Sasaki (1976) use 
integral condition of energy conservation to control the truncation error generated 
in the integral calculation of numerical weather prediction. It can avoid the errors 
formation of short wave and high-frequency. 

The reliability of weather forecast is the basis of air quality management 
decisions. After the variational method can be successfully applied in the case of 
weather forecast, it can also be used in air quality management. The application of 
variational optimization method allows the interaction patterns between the model 
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and monitored value have more physical meaning. The weighting factor of 
parameters in the optimization process can be determined by fuzzy expert 
decision-making process to make it more representative in the variational analysis.  

3 Granular Computing in Air Quality Management 

3.1 Interactive and Iterative Fuzzy Optimization Model 

This chapter described the methodology of the fuzzy optimization by interactive 
and iterative method. Theoretical development and its characteristics are 
presented. The experiment results are also shown in the article. Figure 3 is the 
research framework of this chapter.  

 

 

 

 

 

 

 

Fig. 3 Framework of fuzzy optimization in decision making of air quality management 

Granular computing is the basis of fuzzy decision-making. (Dubois and Prade, 
1988) (Goguen, 1967) This chapter also uses the spirits of granular computing to 
carry out fuzzy decision analysis for air quality management. Assume the experts 
and human judgment in the fuzzy decision, although very reliable, but it is often 
based on a lack of clearly and vague. The fuzzy mathematics tries to find a trusted 
basis from the semantic of expert, although it is often lack of clarity. Zadeh first 
derived the theoretical equations of fuzzy mathematics.(Zadeh, 1965) (Zadeh, et 
al. 1996).With his thesis proposed, researchers successor one after another to 
apply the fuzzy theory to different areas.(Chen, 2010a,b) (Chen and Cheng, 
2010)(Yang and Yuan, 2003)(Yuan and Shaw,1995) 
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3.2 Fuzzy Optimization Method (FOM)   

A fuzzy optimization method was developed in this chapter which includes the 
interactive and iterative stage to obtain the optimum solution of air quality 
management decision. In the interactive stage, the observed and simulated results 
are optimized through the fuzzy determination and calculus of variation method. 
The relative advantage of them can be considered and tuned by the decision 
makers. In the iterative stage, the optimum value of each parameter in the physical 
models is determined by the   iterative procedure of the invited experts. 

This article use calculus of variation to combine and interact between the 
monitoring data and model results, and take advantage of fuzzy theory to link 
different expert opinions for the parameters in a model, using fuzzy mathematics 
to allocate the relative importance of each parameter, and finally obtaining the 
optimum simulated result.  

Because there is a big gap between the different expert opinions, so we reach 
convergence through iteration process, and provide a clear basis for decision-
makers. After each opinion inquiry, repeat the same process for expert’s 
participation, and set minimum threshold of expert opinion which could be 
tolerated. When the views of the experts reached a minimum requirement of 
threshold, which is the convergence of expert decisions. 

3.3 Mathematical Representation of Interactive Multi-objective 
Approach 

Let{ }mc
m

,.....,2,1~ = represent the observed value of M places, and { }nq
n

,.....,2,1~ = be 

the emission amount of N sources. The distributed concentration is a function of 

Qn. Assume the concentration in location (x,y) be C(x,y), then  

∑
=

=
N

n
nn QyxfyxC

1

),(),(                            (1) 

where f(x,y) is the function determined by the environmental factors such as 
topography, meteorology, and location, etc. 

From the view point of fuzzy theory, the representative of 
mc~  

is better than 

c(x,y) because it is an actual observed data . However, the value of c(x,y) provide 
more information than 

mc~  because it offers the pattern of the trend in both time 

and space domain. The other reason to take notice on the value from the simulated 
model is because the cost of observation is always very expensive. The simulated 
results could help us to know the phenomenon in case only the limited budget 
provided.  

The uncertainty of simulated value comes from the emission amount of sources 
and the parameters of diffusion functions, fn. The ambiguous condition should be 
treated by the fuzzy theory to obtain the optimum judgments. Thus, the Ѓemi, Ѓmet, 
and Ѓopt were defined as the parameters which come from the influence of source  
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Table 1 Main factor affecting the final results of air quality assessment 

No. Symbol name description 
1 Ѓemi Source emission 

influence factor 
Point, line, area source etc.  

2 Ѓmet Metrological influence 
factor 

Wind speed, wind direction, 
mixing height etc 

3 Ѓtop Topographical influence 
factor 

Elevation, surface roughness 
etc. 

 
emission, meteorology, and topography. The main factors affecting the final 
results of air quality assessment value of them are shown in table 1. 

Sasaki and Liang proposed the optimization theory to link the observed value 
and simulated value by the variational technique. First, considering the errors, 
R1m, between them is  

( )
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where fn(x,y) is the dispersion function. Since there are M observed value and N 
source, in order to use the most value of observed information, it is essential to 
consider the errors from source emission, which means not only Cm close to 

mC
~ , 

but also the Qn has to be close to 
mQ

~ . Thus 
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where β is the weighting factor determined by the relative importance of these two 
factors.  

If there are more parameters which influence the factor, β, then 

2
3

3
2

2
1

2 ββββ ++=                             (5) 

where β1 represent the influence of source emission, β2 represent the influence of 
meteorology, β3 represent the influence of topography.  

Expanding the above equation, if there are more parameters involved in the 
simulation model, the general forms of equation becomes 

22
3

3
2

2
1

2 ......... κβββββ ++++=                    (6) 

where κ is the total number of parameters which exists in the simulation model.  
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therefore, the optimum value for decision making could obtained when the E 
value is minimum, thus  

0)( =Eδ                                (7) 

3.4 The Interactive Calculation between the Analytical and 
Observed Data 

In case of only one parameter, say source emission, considered in the optimization 
procedure, then the optimum strength of source should be determined. To obtain 
the optimum source emission strength, The matrix form of equation is rewritten as 
the following(Liang, 1979) 
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T is the transformation of matrix, and I is the unit matrix.  

The equation (8) become  
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The optimum emission strength can be determined by the interactive procedure as 
the following equation 

,1BAQ −=                                (10) 

The optimum concentration for decision making of air quality management is 

∑
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Liang proposed a Strong Optimization and Weak Optimization method in 
decision making theory to solve the problem of differences between measured and 
simulated value, and how to get the best approach by interaction tradeoff. The 
strong interactive optimization (SINO) requires all the data consistent with the 
observed results. Thus the sum of errors has the minimum value to make sure all 
of them are closed to the observed data.  
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3.5 Mathematical Representation of Iterative Calculation 
Approach  

In this paragraph, Gaussian diffusion equation will be used as an example in the 
air quality assessment. It is used to describe the method using three variables in 
the function and obtain the best decision. The best optimization of expert’s 
opinion was obtained by fuzzy optimization method. Commonly used Gaussian 
diffusion equation is as follows (Stern, 1968) 
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In the above formula, Q is the amount of emissions, U is the wind speed, in 
addition, sigma x, y is the diffusion coefficient in the horizontal and vertical 
direction. Because they are independent of the function, therefore, the above 
equation can be removed individually, and individually treated by optimization. 

Let β1, β2, β3, β4 represents the influence from emissions, wind speed, 
atmospheric stability, and diffusion coefficient. Then equation (6) can be written as 
β2= (source variation) + (wind speed variation) + (stability variation) + (diffusivity 

variation ) 

= βsource
2+βmeteorology

2+ βstability
2 +βdiffusivity

2              
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2                                       (12) 

When individually consider of their impact, the above equation can be rewritten as 
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Qn, Un,Sn, Kn, Qn, Un, Sn, and Kn in formula (13), (14), (15), (16) respectively 
represent the errors from the pollution emissions, wind speed, atmospheric 
stability, and diffusion coefficient. Qn, Un, Sn, Kn, these four key variables are 
part of Gaussian dispersion function, therefore, it is possible to obtain the 
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optimized emission amount, wind speed, atmospheric stability, and diffusion 
coefficient.  
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3.6 Iterative Calculation from Different Decision Maker  

The determination of an environmental condition can be judged by a group of 
expert through the fuzzy optimization procedure. The procedure is an iterative 
process to obtain the optimum results among a group of experts. In the beginning, 
the opinion from these experts is not the same, so the second time choose the most 
closed results and re-run the procedure. After a certain runs, the opinion comes to 
consistent. (Rowe and Wright, 2001) (Green et al, 2007) (Tapio, 2003)  

If the iteration among the experts is very strong, then it is called “Strong 
Interactive Optimization (SITO), which means the results comes from the common 
idea of all the experts is high. The SITO method requires the results from the experts 
be very close. If the iteration among the experts is few, then it is called “Weakly 
Interactive Optimization (WITO), which means the results comes from the common 
idea of all the experts is low. The extent of these parameters should be determined 
by the expert through a fuzzy determination process as list in table 2. 

Table 2 The fuzzy representation of the main parameters affecting the simulated results 

type Extremely 
low 

very 
low 

low slight 
low 

medium slightly 
high 

strong very 
high 

extremely 
high 

symbol A B C D E F G H I 
number 1 2 3 4 5 6 7 8 9 
Percent 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
The above values are determined by the experts of decision makers for further analysis. The 
decision makers can decide the value by the objective determination based on their 
understanding. ( Rescher, 1998) 

 
Delphi method was used in this study to make the expert advice to achieve 

convergence condition. (Michael et al.,1996)Delphi method, also known as an 
expert investigation, is a way of consultation using the communication method with 
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experts. It requires the experts to solve the problem alone by the questionnaires, and 
summarizes the views of all the experts and recovered, then sorting out a 
comprehensive advice. (Harold et al., 2002)) Subsequently the comprehensive 
advice and prediction problems then were back to the experts, consultation with the 
experts once again. So many times of iteration over and over again, And gradually 
obtain more consistent approach to the decision making predictions. (Rowe and 
Wright,1999) (Basu, et al.,1977) (Dalkey, and Helmer ,1963) 

The optimum value of the parameters applied in the model depends on the 
opinion expert from different view point. Thus an iteration procedure to obtain  
the optimum value is required. Procedure for determining the value is as the 
following. (Harold et.al,1975) (Adler and Ziglio,1996) 

(1) Form a group of experts. Identify experts in accordance with the required 
knowledge of the subject. The number of experts is according to the subject 
size, Usually it is no more than 20 people.  

(2) Raise the issue to be predicted and the requirements to all the experts, attach 
all the background material on the subject, and also requested experts what is 
the required material. Then, make a written reply from the experts. 

(3) Each expert make their forecast opinions according to the material they 
received, and explain how they use these materials to make the suggested value. 

(4) Make a summary of the views of the first time judgment of experts, tabulated 
chart are compared, then circulated to the experts again. Let the experts 
compare themselves with others of different opinions, Modify their opinions 
and judgments. Is also possible to collate the views of the experts, requested 
higher status or other experts to comment, then put these views again distributed 
to the experts so that they can modify their own views for reference. 

(5) Collect the modified views of all the experts, summarize, and once again 
circulated to all the experts in order to make the second revision. By-round 
collection of advice and feedback expert information is the main part of 
Delphi method. Collect comments and feedback generally through three or 
four round. In time feedback to the experts, only give various opinions, but 
does not indicate the specific names of all opinions of experts. This process is 
repeated until each expert does not change views. 

(6) Comprehensive handle on expert advice. 

The opinion among the experts is very different. However, the final decision 
still necessary, therefore, the results is the aggregate solution of all these experts, 
as shown in the following figure.  

4 Application of FOM in Air Quality Management 

4.1 Comparison of Model Output Results and Field Monitoring 
Results 

Figure 4 is the result obtained by monitored data. Because it is impossible to obtain 
the monitoring value in each grid point, so it is using the information of different 
monitoring stations and curve drawing program to get the final concentration.  
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Fig. 4 Air pollution distribution using the interpolate data of monitoring station 

The monitoring results provide us the concentration in the exact point. On the 
other hand, Gaussian modes can obtain the different concentrations distribution at 
respective grid points. This is a mathematical model with analytical solution. We 
can also use different numerical models to get similar distribution pattern. 

4.2 Influences of Interactive Fuzzy Optimum Method  

The results from the simulated results have much useful information. In some 
condition, it is not necessary to force the data to consistent with the observed data. 
This situation could be regarded as the “weak interactive optimization (WINO), 
which means the interaction between the observed data and simulated data is very 
weak. The air quality model is a Gaussian type air quality model, and there are 
five stations in this study, if all the results are fitted by the stations, then the results 
may lost its physical meaning, just because of the purpose to fit the measured data.    
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Table 3 Determine the relative importance weighting by iteration method among the experts 

No. of expert First round Second round Third round 

Parameters in the model β1 β2 β3 β1 β2 β3 β1 β2 β3 

A 0.7 0.2 0.1 0.75 0.2 0.05 0.67 0.25 0.09 

B 0.6 0.3 0.1 0.65 0.25 0.1 0.70 0.20 0.10 

C 0.8 0.1 0.1 0.75 0.1 0.15 0.69 0.10 0.21 

D 0.6 0.2 0.2 0.72 0.1 0.18 0.70 0.11 0.19 

E 0.4 0.4 0.2 0.55 0.35 0.1 0.58 0.32 0.10 

F 0.55 0.4 0.05 0.65 0.3 0.05 0.65 0.30 0.05 

G 0.7 0.25 0.05 0.72 0.23 0.05 0.70 0.2 0.1 

Average 0.6214 0.2642 0.1142 0.6842 0.2185 0.0971 0.67 0.2114 0.12 

 
Because the SINO forced the simulated value to be equal to the value of 

monitoring station, so it has to adjust the value of diffusion equation in emissions 
or other parameters. It may result in the circumstances of negative emissions, or 
the wind speed is less than 0.  This method provides a mechanism for policy 
makers to decide the weighting by themselves. The results of strong iterative 
optimization are shown in figure (a) in this figure. Apart from the previous 
researches which only apply the monitored data and simulated results to decide the 
optimum value, our method includes the expert opinion the uncertainty of 
parameter value. So it reserves the physical meaning of the model and offer a 
more reasonable explanation of our decision.  

4.3 Influences of Iterative Fuzzy Optimum Method 

The optimum value for decision from different decision makers is usually not the 
same. In order to get the optimum values in line with the physical significance. it 
is suggested to determine the best value beta with experts iteration. 
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Which is the optimum value of the different parameters can be obtained by the 
fuzzy decision procedure. In this model, for example, after expert discussions, the 
set of weights were  0.2,0.3,0.4,and 0.1。 

4.4 Experimental Outcome of Fuzzy Optimum Model  

Take the information of Figure 4 as the basis and applying the fuzzy optimization 
method to obtain the results of figure 5. This result is in line with the actual 
monitoring data obtained after correction interaction. 

 

Fig. 5 Results of air pollution distribution using interactive correction between actual value 
and monitored values 

4.5 Limitations and Future Research Needs 

In this study, the fuzzy variational optimization theory was deduced and applied in 
the simulation of an air quality management. From preliminary results it seems 
this method can really be used in the decision making process of air quality 
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management.  Not only the value can be verified by the actual observations, but 
also keep the physical meaning in the air quality dispersion model.  The results of 
air quality diffusion model after the handle of variational optimization method still 
can clearly describe the behavior of air pollutant dispersion. Therefore, the 
conclusions of policy become more reliable.  

Owing to the limit time and resource, this research cannot provide more detail 
results of various parameters. The future study should focus on the different 
parameters’ characteristic such as the wind speed, temperature, and diffusion 
coefficient etc.  

5 Conclusions 

This chapter has described an optimization model for decision making in air 
quality management which can combine the observed value and simulated output.  
The variational calculus was used to maintain the physical meaning of the model.  
The optimized value of the parameters in the physical model was determined by 
the fuzzy expert decision method.  

The optimization method gives the mathematical representation to find the 
equilibrium point. Yet, how to obtain and express these optimal data depends on 
the fuzzy optimization techniques. The methodology and algorithm of fuzzy 
decision making process by interactive multi-objective approach and iterative 
optimization method are described, with the application in the process of air 
quality management.  

A numerical experiment was presented in this chapter, a physical diffusion 
model was used to calculate the air pollutant concentration, and then some 
variational equations were derived. Then the calculated results were corrected by 
the monitored data with the variation calculus.  The experts determine the 
weighting factor of each parameter. Therefore, the final decision was determined 
by the interactive process between the simulated and monitored results. The 
combined approach of interactive and iterative method for fuzzy optimization 
model makes the decision of air quality management more accurate and 
pragmatic. 
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