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Abstract

Water insecurity is a growing concern worldwide, especially for developing countries, where a wide range of activities, including agriculture, depend
on water supply systems. Iran is no exception. For example, the increasing use of surface and groundwater resources in the Mashhad plain as a result
of the development of agriculture and related industries in this plain has led to an intensification of the declining trend of its aquifer level. Therefore,
the resilience of Mashhad plain is very important in reducing groundwater resources. In this research, it has been tried to analyze the priority of these
variables after determining the basic variables affecting the model, according to the opinion of experts and using the two best-worst business methods
and the process of hierarchical analysis. In the future, knowledge will define the basic strategies for increasing the resilience of these resources in this
plain. According to the literature review, this research is the first attempt to apply the best-worst business method in this field of research. The results
of this study showed that the discharge rate of groundwater in agriculture with a final weight of 0.181 in the BWM section and 0.212 in the AHP
section, respectively, the existing agricultural groundwater resources with a final weight of 0.044 in the BWM section and 0.174 in the AHP section,
the amount of surface and groundwater losses in the agricultural sector with a final weight of 0.102 in the BWM section and 0.884 in the AHP section,
with different order in the two methods, are of the highest importance.

Keywords: Bayesian best-worst, Hierarchical analysis process, Mashhad plain, Resilience of groundwater resource.
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Figure 1. GIS map of Mashhad plain
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Table 1. Factors affecting groundwater

Row The main criterion Under the criteria Symbol
Cost of distribution of ground and surface water to industrial sector 11
Industrial water demand (surface water resources) 12
1 Industry section Industrial water demand (groundwater resources) 13
Water productivity index in industrial 14
Water value added in industrial 15
Cost of distribution of surface and ground water to household sector H1
2 Home section Household water demand (surface water resources) H2
Water demand (groundwater resources) household H3
Cost of distribution of surface and ground water to agricultural sector Al
Agricultural water demand (surface water resources) A2
Agricultural water demand (groundwater resources) A3
Surface water discharge in agriculture A4
Groundwater discharge in agriculture A5
Water productivity index in agriculture A6
Water value added in agriculture A7
3 Agriculture section Use of agricultural water for other purposes A8
Surface water consumption in agriculture A9
Agricultural sustainability index A10
Surface and ground water losses in agriculture All
Water resources sustainability index Al12
Reclaimed water from agriculture to groundwater Al13
Renewable water in agriculture Al4
Farmers' satisfaction with the use of municipal and industrial wastewater Al5
Auvailable groundwater resources P1
4 Public section Input groundwater flow rate P2
Groundwater flow rate output P3
Table 2. The range of assessment
g B 5 g B
8 & §r E g 58 3 g% gt
£7 g = g = £s 2 >s 88 2§ &f
s o E >0 £ 38 g ElS) >0 2 S € o
> s = Sc £ = 5 2 S 2 29 S 2
3 g > E E =5 3 £E > E <E OE
hif 2 £ 3 &
Value 1 2 3 4 6 7 8 9

Table 3. The best and worst of the variables

The most important indicator

The least important indicator

4.13 15
3.00 H2
2.63 A15
412 P2

6.00 14
6.27 H3
4.89 A5
7.45 P1
"
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Table 4. The degree of superiority of the best criteria relative to the other criteria and the degree of superiority of all
criteria relative to the worst

The superiority of the best

The superiority of all

The superiority of the The superiority of all

Variable criterion over other criteria criteria over the worst ¥ ariable best criterion over criteria over the worst
other criteria
11 2 8 A5 1 8
12 6 4 A6 3 6
13 3 7 A7 4 5
14 1 9 A8 7 2
15 9 1 A9 3 6
H1 7 2 Al0 5 4
H2 8 1 All 2 7
H3 1 8 Al2 4 5
Al 5 4 Al3 6 3
A2 3 6 Al4 7 2
A3 4 5 Al5 8 1
A4 2 7 P1 1 9
Table 5. Weight of sub-variables
Symbol W Symbol W

11 0.187 A6 0.065

12 0.164 A7 0.006

13 0.21 A8 0.078

14 0.435 A9 0.012

15 0.004 Al10 0.025

H1 0.136 All 0.101

H2 0.01 Al12 0.078

H3 0.854 Al3 0.019

Al 0.042 Al4 0.024

A2 0.104 Al5 0.001

A3 0.006 P1 0.718

Ad 0.018 P2 0.094

A5 0.421 P3 0.188
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Figure 3. Weight of sub-variables

Table 6. Adjustment rate and index

Compatibility index

Industry ~
section ~

Compatibility rate

5.23
0.474
0.091

Compatibility index

Home

Compatibility rate

4.47
0.428
0.096

Compatibility index

Compatibility rate

491
0.435
0.093

Compatibility index

~
section ~
Agriculture ~
section ~
Public .
section ~

Compatibility rate

5.13
0.465
0.095
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Table 7. Weight of edges

Symbol w Symbol w
11 0.14 AB 0.045
12 0.16 A7 0.003
13 0.18 A8 0.056
14 0.512 A9 0.008
15 0.008 A10 0.011
H1 0.215 All 0.17
H2 0.04 Al2 0.025
H3 0.745 Al3 0.045

Al 0.052 Al4 0.061

A2 0.089 Al5 0.002

A3 0.004 P1 0.683

A4 0.021 p2 0.071

A5 0.408 P3 0.246

Table 8. Weight of categories
Category The weight of categories
Category 1 0.149
Category 2 0.076
Category 3 0.520
Category 4 0.255
Weight of variables category
category 1
category 4 category 2
category 3

Figure 4. Comparison of the weight of variables category
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Table 9. Priority of the variables derived from the bayesian best-worst method

Priority Variable Final weight Priority Variable Final weight
1 P1 0.20104 14 P2 0.02632
2 A5 0.18103 15 Al 0.01806
3 All 0.10248 16 H1 0.01632
4 14 0.07395 17 Al0 0.01075
5 P3 0.05264 18 Al4 0.01032
6 A2 0.04472 19 Al13 0.00817
7 H3 0.04343 20 Ad 0.00774
8 13 0.0357 21 A9 0.00516
9 A8 0.03354 22 A3 0.00258
10 Al2 0.03354 23 A7 0.00258
11 11 0.03179 24 H2 0.0012
12 A6 0.02795 25 15 0.00068
13 12 0.02788 26 Al5 0.00043
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Figure 5. The process of exploiting the aquifer of Mashhad plain from the past to 1390 (Khorasan Razavi province
planning, (2015)
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Figure 6. Changes in the groundwater level of Mashhad plain until the end of the 90th water year (Khorasan
Razavi Province, 2015)

Table 10. Priority of the variables derived from the AHP method

Priority  Variable Final weight Priority  Variable Final weight
1 A5 0.21216 14 A13 0.0234
2 P1 0.174165 15 11 0.02086
3 All 0.0884 16 P2 0.018105
4 14 0.076288 17 H1 0.01634
5 P3 0.06273 18 Al12 0.013
6 H3 0.05662 19 A4 0.01092
7 A2 0.04628 20 A10 0.00572
8 Al4 0.03172 21 A9 0.00416
9 A8 0.02912 22 H2 0.00304

10 Al 0.02704 23 A3 0.00208

11 13 0.02682 24 A7 0.00156

12 12 0.02384 25 15 0.001192

13 A6 0.0234 26 A15 0.00104
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