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Abstract

One of the basic issues of that country is monitoring system. The monitoring process is carried out by considering the managerial and technical, social,
economic and environmental indicators in the monitoring system. Consecutive assessment, pathology and optimization in long-term monitoring;
Leads to proper management of output data, system efficiency and reduces costs. In this study, multi-criteria decision making methods have been used
to evaluate the performance of the quality monitoring network of the country's rivers by considering various criteria. In this study, the total quality
stations of the country's rivers with four main criteria including: economic, social, environmental, managerial and technical have been considered. The
weight of the criteria is determined by experts. The weight of the options is calculated using mathematical standards and the network analysis process
method. The network analysis process method is proposed in order to modify the hierarchical analysis process method based on the technique of sup
matrices. Finally, the results of the method were controlled using the network analysis process method, compatibility ratio and sensitivity analysis.
Most of the challenges in the managerial and technical criteria, then the environmental and water health criteria are considered important, and finally
the next economic and social criteria are obtained. In the managerial and technical criteria in water monitoring stations, the sub-criterion of data
quality control and assurance, in the social criterion sub-criterion of water quality parameters, in the economic criterion sub-criterion of pollution
detection and in the environmental criterion sub-criterion of optimization of monitoring network at specific time and place.

Keywords: Monitoring system, Multi-criteria decision making methods, Network analysis process method, Qualitative river stations, Super matrix.
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Table 1. Specification of Iranian hydrometric stations

Row State River Area Station Base station
1 Tehran 61 3 55 2
2 Markazy 25 2 25
3 Gilan 110 3 111 11
4 Mazandran 80 2 82
5 East Azarbaijan 67 3 72
6 West Azarbaijan 83 3 75
7 Kermanshah 85 2 52
8 Khozestan 164 3 161 6
9 Fars 217 6 197
10 Kerman 173 164

11 Khorasan 89 3 93 22
12 Esfahan 60 4 58
13 Sistan and Baluchestan 35 35
14 Kordestan 46 46
15 Hamedan 35 33
16 Chaharmahal Bakhtiari 38 2 40
17 Lorestan 37 2 39
18 Ilam 34 3 34
19 Kohkiluyeh and Boyer Ahmad 16 2 16
20 Boshehr 17 17
21 Zanjan 33 2 32
22 Semnan 21 2 20
23 Yazd 22 30 1
24 Hormozgan 59 59
25 Ardabil 45 2 44
26 Golestan 69 2 65
27 Qom 13 13
28 Qazvin 56 59
29 North Khorasan 22 2 21
30 south Khorasan 17 2 22
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Saaty, T.L., & Luis G. Vargas 2006 Decision making with the analytic network process, springer science, New York, USA.
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Table 3. RI parameters called random index

m 1 2 3 4 5 6 7

9 10 11 12 13 14 15

RI 0 0 058 09 112 124 132

145 149 151 148 156 157 1.59
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Goal Linear Hieraachy Network Stracture  src from cluster C1to C2 indicates that

outer dependence of the elements respect
to a common property.

Criteria
Cluster Ciler, & 1)):|
Sub-criteria
Element
Alternatives

A loop in a cluster indicates inner dependence
of the elements in that cluster with respect to
a common property.

Figure 1. Difference between hierarchical structure and network structure

A loop indicates that each element
depends only on itself.

Table 4. Social sub-criteria
Code Social sub-criteria
S1 Determine of quantitative and qualitative parameters
S2 Support and acceptance of the people
S3 Long-term recorded data frequency
S4 Monitor chloride concentrations
S5 Water quality parameters
S6 User information
S7 Social growth and culture building
S8 Stability and flexibility of quality station data
S9 Public and free access

Table S. Economic sub-criteria
Code Economic sub-criteria
Ecl  Equipment calibration cost
Ec2  Variable spending budget
Ec3  Skilled operator
Ec4  Development of advanced monitoring technology
Ec5  Employment
Ec6  Modern software technology
Ec7  Data analysis and statistics
Ec8  Monitoring sites
Ec9  Management investments
Ecl0  Detection of contamination

Table 6. Managerial and technical sub- criteria

Code Managerial and technical sub- criteria
M1 Number of monitoring stations

M2 Optimization of WQI monitoring

M3 Extreme weather events

M4 Geological issues

M5 Active monitoring sites

M6 Erosion

M7 Description of large-scale water

M8 Possible and targeted monitoring

M9 Non-point source pollution

M10 Sustainable to pollution management
Ml11 Data processing and sharing
MI12 Control and ensure the quality of data

Table 7. Environmental sub- criteria
Code Environmental sub- criteria
Enl  Water quality index
En2  Investigation of chemical mixtures
En3  WQI water quality indictors
En4  Strengthening the management of data quality assurance system
En5  Water quality parameters indicate all river areas
En6  Computer support and decision making system
En7  Monitoring network evaluation
En8  Optimize network monitoring at specific times and places
En9  Monitoring network design
Enl0  Two-way water flows
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Table 8. Preference scales for even matrices (Saaty, 1996)

Expressive phrases Numeric value

IS Glae ajlae s s1aSKCS Jails )y oS Sl

Slr asbe JSE s amlis o Sl oY)
by plaal iy o5 amslis gla w5l eSS
baol D3 AHP i) alie 4l oSS OB LS el
e Sl e el 4 5L () anslis gl 50
SIS L S S S S el
(A) Jsdz 5o b plde ol il o jaside jlae S

Equal importance 1
Average importance 3 . & . N R
Stronggimp(?rtance 5 BE) )lS Cl}u‘ ﬁ)ﬂ‘ dlS )}.]944 el el eals OLAS
Very strong importance 7

Maximum importance

9
Importance between the above modes 2¢446¢8

RGN IS AR QL:,.: (V) Jgﬁfd

Figure 2. Network structure of decision making model
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Objective: To evaluate the performance of the Iran’s river monitoring network
Determining criteria: economic, social, enviromental, managerial and technical
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Table 9. Limit super matrix

leconomic 4managment

Ecl Ec2 M8 M9 M 10 M1l M 12
Ecl 0.0052 0.0052 0.0052 0.0052 0.0052 0.0052 0.0052
Ec2 0.0269 0.0269 0.0269 0.0269 0.0269 0.0269 0.0269
leconomic Ec3 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135
Ec4 0.0058 0.0058 0.0058 0.0058 0.0058 0.0058 0/0058
En7 0.0436 0.0436 0.0436 0.0436 0.0436 0.0436 0.0436
Eng 0.0342 0.0342 0.0342 0.0342 0.0342 0.0342 0.0342

Jenviromental En9 0.0161 0.0161 0.0161 0.0161 0.0161 0.0161 0.0161
Enl0 0.0153 0.0153 0.0153 0.0153 0.0153 0/0153 0.0153

M7 0.0091 0.0091 0.0091 0.0091 0.0091 0.0091 0.0091

M8 0.02 0.02 0.02 0.02 0.02 0.02 0.02
4managment M9 0.0418 0.0418 0.0418 0.0418 0.0418 0.0418 0.0418
MI10 0.0533 0.0533 0.0533 0.0533 0.0533 0.0533 0.0533

M1l 0.0621 0.0621 0.0621 0.0621 0.0621 0.0621 0.0621
M12 0.0722 0.0722 0.0722 0.0722 0.0722 0.0722 0.0722
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Table 10. Percentage by weight of economic criteria

Criteria Sub-criteria Percent
Ecl 4.00
Ec2 13.03
Ec3 6.55
Ec4 4.00
leconomic Ec5 4.85
Ec6 13.22
Ec7 17.26
Ec8 4.00
Ec9 7.07
Ecl0 26.02
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Figure 1. Sensitivity analysis of economic criteria
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