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5- Composite Uncertainty Index (CUI)

6- Analytic hierarchy process (AHP)

7- Technique for Order Preference by Similarity to Ideal
Solution

8- Vlse Kriterijumska Optimizacija kompromisno

9- Simple Additive Weighting

10- Interval Analysis
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1- Support vector machine (SVM)
2- Differential evolution (DE)

3- Genetic algorithm

4- Genetic programing (GP)
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Table 1- Data properties used in this research
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1- Gene Expression
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Figure 1- Determine the efficiency of different methods for estimating the longitudinal dispesion coefficient
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Figure 2- Conceptual model of fuzzy input - fuzzy output
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2- Meta-heuristic Algorithms
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Table 2- Different accuracy and uncertainty criteria used in this study
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3- Utility measure
4- Regret measure
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Figure 3- 90% confidence interval in different methods of dispersion coefficient with measured values
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Table 3- Calculated uncertainty parameters for different methods of estimating longitudinal dispersion coefficient

2912 0955 CR B RB S Ts D RD Dgq RDqg NSCE
Prediction method
Deng et al. (2001) 21 4081 207 201 278 5792 112 4402 286 074
Kashefipour and Falconer (2002) 33 57.47 584 217 3.00 5521 3.05 4674 7.10 0.73
Sahin (2014) 30 5165 436 1.87 262 57.03 227 5210 673 0.64
Zeng and Huai (2014) 21 2737 130 246 333 6314 096 4383 230 0.66
M5 15 2111 072 324 431 6573 076 4485 120 054

GE 27 4049 391 172 243 5991 216 4715 578 0.66




AYY

Wailsog) 1o Job (S < 36 290 1 SS9, ©8 g Connlad pie Julxi

9P TSy g5 29151 (B9, 13 A1 B pas (61 ol )y bawd Jlo 3 edlie —F Jga
Table 4- Normalized values of uncertainty parameters for methods of estimating longitudinal dispersion coefficient

359122 9 CR B RB S Ts D RD Dg RDg NSCE

Prediction method

Deng et al. (2001) 033 046 0.74 081 081 074 0.85 098 0.72 1.00

Kashefipour and Falconer (2002) 1.00 0.00 0.00 0.70 0.69 100 000 065 0.00 0.93

Sahin (2014) 083 016 0.29 090 0.90 083 0.34 000 0.06 0.49

Zeng and Huai (2014) 033 083 089 051 052 025 092 100 o0.81 0.58

M5 0.00 100 100 0.00 0.00 000 1.00 0.88 1.00 0.00

GE 0.67 047 038 1.00 100 055 0.39 060 0.22 0.61
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Table 5- Weights obtained by G1 weighting method considering the importance of uncertainty parameters

CR% B RB S

Ts

D RD Dgq RDg NSCE

Gl slagyjs
G1 weight

0.085 0.11 o0.121

0.042 0.042 0.055 0.061 0.146 0.160
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Table 6- Coefficients obtained from multi-criteria decision-making methods for prioritizing estimation methods

S5 o (09 - i
ooy RO AT oo PR ws o
methods

cul 0.76 0.46 0.36 0.72 0.58 0.52
VIKOR Index 0 0.81 0.89 0.12 0.73 0.58
TOPSIS Index 0.74 0.47 0.35 0.71 0.56 0.49
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Introduction: In recent years much attention has been paid to the environment, especially river and lake
pollution. Rivers and streams are usually receiving the outlet of sewage systems which may cause pollutant
levels to rise. Pollutant dispersion is a key element in water quality modeling and the longitudinal dispersion
coefficient is an important factor in stream pollution modeling due to its effect on pollutant mixing intensity.
Various methods proposed to estimate longitudinal dispersion coefficient in natural streams based on different
procedures and different set of data. The performance of the methods presented in previous research is mainly
based on precision indices that alone cannot be used as a comprehensive index for comparing different methods.

Materials and Methods: In this study, in order to evaluate the performance of different methods, a
combination of uncertainty criteria along with accuracy indexes were considered. First, the interval analysis
approach was used to evaluate the uncertainty of different methods such as Deng et al. (2001), Kashefipour and
Falconer (2002), Sahin (2014), Zeng and Huai (2014), M5 and Gene Expression methods. For £ 10% uncertainty
in the independent parameters of estimating dispersion coefficient, for all 164 measured data, the probability
bands of computational longitudinal dispersion coefficient was obtained for the 6 estimator methods. Then, by
comparing the actual measured values with the position of the computational uncertainty bands, 10 uncertainty
and accuracy indices were calculated for each estimator method. To determine the most appropriate method for
estimating longitudinal dispersion coefficient with less relative uncertainty and greater relative accuracy,
weighting was performed on 10 uncertainty-accuracy indices using the G1 weighting method, and then the
performance of the methods was evaluated by three multi-criteria decision models including CUI, TOPSIS and
VIKOR.

Results and Discussion: Based on the results, the M5 tree model has the lowest containing ratio among all
methods and also has the lowest band, while the Kashefipour and Falconer (2002) model has the highest
containing ratio and band values. In addition, for all methods except the method of Deng et al. (2001), the
parameter of average deviation amplitude decreases with increasing containing ratio. Among the methods used,
the M5 tree model has the lowest CR and the highest D. Based on the uncertainty and accuracy analysis, the
method of Deng et al. (2001) was better than other methods and then the equation presented by Zeng and Huai
(2014) with CUI = 0.717 had the best performance. The two data-driven methods of the M5 and GE are also
ranked next. The results of TOPSIS method are completely in accordance with CUI method and there is no
difference between the two methods. According to the VIKOR method, the two methods of Deng et al. (2001)
and Zeng and Huai (2014) performed the best, followed by data-driven models. The only difference between the
results of the VIKOR model and the two CUI and TOPSIS methods is the ranking of the two data-driven
methods, so the GE model is more efficient than the M5 model in VIKOR method.

Conclusion: The results of the three multi-criteria decision-making methods were close to each other and in
all the methods, the mathematical model of Deng et al. (2001) and the empirical model of Zeng and Huai (2014)
were more efficient than the other methods. It is important to note that the uncertainties of decision-making
models have not been examined in this study and the purpose of the present uncertainty study has been to
quantify the inherent uncertainties of the methods and relationships for estimating the longitudinal dispersion
coefficient.
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