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Climate change and water crisis are critical issues impacting the agricultural
sector, particularly in regions like Mazandaran province. Effective water
security in agriculture hinges on identifying key players and variables in water
management, as water scarcity is often linked to how water resources are
managed. A diverse array of actors, from governmental and non-governmental
institutions to individual farmers, plays a significant role in managing the
water crisis. This study aimed to analyze the key actors and variables
influencing agricultural water security in Mazandaran province, employing a
futures studies perspective to anticipate and mitigate potential challenges. Data
for this research were collected using a combination of questionnaires and in-
person interviews, targeting a sample of 16 experts and specialists selected
through purposive sampling. The analysis of variables and actors was
conducted using the Mactor methodology, which focuses on pairwise
comparison to determine the influence and competitiveness of each actor and
variable. The results revealed that the most influential and competitive actors
in agricultural water security are the Management and Planning Organization,
Water User Associations, the Regional Water Company, and the Agricultural
Jihad Organization. In contrast, the Rural Water and Wastewater Company
was identified as the least influential actor in this context. Additionally, among
the variables impacting water security, the most significant were quantity and
diversity of water resources, good governance and management of agricultural
water, land zoning and defining appropriate cropping patterns, development of
modern irrigation systems and technologies. Empowering farmers to enhance
their resilience and adaptability to climate changes can improve water
management and strengthen water security.
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Table 1. List of Key Actors for Water Security in Mazandaran Province Based on Literature Review and Expert Opinions

Series Actors Symbol
1 Regional Water Organization RWO
2 Agricultural Jihad AG
3 Rice Research Institute RRI
4 Department of Environment DE
5 Farmers' Cooperatives FC
6 Community Based Organizations CBO
7 Water Distributor Organizations WDO
8 Rural Water and Wastewater Company RWC
9 Village Islamic Council ViIC
10 Farmer FAR
11 Planning and Budget Organization PBO
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Table 2. List of Key Variables for Water Security in Mazandaran Province Based on Literature Review and Expert

Opinions

Series Variables Symbol
1 New Irrigation Systems NIS
2 Zoning of Agricultural Lands ZAL
3 Good Agricultural Practices Management GAPM
4 Agricultural Land Area ALA
5 Water Resources Volume Diversity WRVD
6 Good Agricultural Water Governance GAWG
7 Villagers Environmental Knowledge Literacy VEKL
8 Precipitation Changes due to Climate change PCC
9 Evapotranspiration due to Global Warming EGW
10 Risk management of Ecological Hazards and Climate Change REH
11 Resilience of Farmers to Climate change RFC
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Table 3. Matrix of Direct and Indirect Influence of Actors and Competitiveness Vector

MDII RWO AG RRI DE FC CBO WDO RWC ViIC FAR PBO li Ri
RWO 11 12 8 7 11 6 11 11 10 16 6 98 1.24
AG 11 11 8 7 11 5 11 10 10 15 6 94 1.14
RRI 8 8 5 6 8 6 7 8 9 9 4 73 0.98
DE 8 8 5 5 7 6 7 8 7 8 4 68 0.9
FC 9 9 6 6 8 5 9 8 9 10 4 75 0.86
CBO 8 8 6 5 7 6 6 8 8 8 5 69 0.96
WDO 12 12 8 8 11 6 12 11 11 14 6 99 13
RWC 5 5 4 4 5 4 5 5 5 5 1 43 0.33
VIC 7 7 5 4 7 5 6 8 8 8 4 61 0.6
FAR 9 9 5 6 9 4 9 9 8 11 5 73 0.68
PBO 13 14 10 9 9 7 11 12 10 15 6 110 2.01
Di 90 92 65 62 85 54 82 93 87 108 45 863
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Table 4. Net Effects Scale Matrix" (NS)

NS RWO AG RRI DE FC CBO WDO RWC VIC FAR PBO Sum
RWO 1 0 -1 2 -2 -1 6 3 7 -7 8
AG -1 0 -1 2 -3 -1 5 3 6 -8 2
RRI 0 0 1 2 0 -1 4 4 4 -6 8
DE 1 1 -1 1 1 -1 4 3 2 -5 6
FC -2 -2 -2 -1 -2 -2 3 2 1 -5 -10
CBO 2 3 0 -1 2 0 4 3 4 -2 15
WDO 1 1 1 1 2 0 6 5 5 -5 17
RWC -6 -5 -4 -4 -3 -4 -6 -3 -4 -11 -50
VIC -3 -3 -4 -3 -2 -3 -5 3 0 -6 -26
FAR -7 -6 -4 -2 -1 -4 -5 4 0 -10 -35
PBO 7 8 6 5 5 2 5 11 6 10 65
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Table 5. Matrix of Maximum Direct and Indirect Influence of Actors (MMDII)

MMDII ~ RWO AG RRI DE FC CBO WDO RWC ViIC FAR PBO IMAXi
RWO 0 3 3 2 3 2 3 2 2 3 1 24
AG 2 0 3 2 3 1 2 2 2 3 1 21
RRI 1 1 0 1 2 1 2 1 2 2 1 14
DE 1 1 1 0 1 2 1 1 1 1 1 11
FC 2 2 1 1 0 1 2 1 2 2 1 15
CBO 1 1 1 1 1 0 1 1 1 1 1 10
WDO 2 2 2 2 2 1 0 2 2 2 1 18
RWC 1 1 1 1 1 1 1 0 1 1 1 10
VIC 1 1 1 1 2 1 2 2 0 2 1 14
FAR 2 2 1 1 3 1 2 2 2 0 1 17
PBO 3 3 3 2 2 2 3 2 2 3 0 25
DMAXi 16 17 17 14 20 13 19 16 17 20 10 179
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Table 6. First, Second, and Third Order Matrix of Actors' Position Relative to Variables (MAQO)

3MAO NIS ZAL GAPM ALA WRVD GAWG VEKL PCC EGW REH RFC _ Mobilisation
RWO 37 25 0 37 12 25 25 49 25 12 0 247
AG 46 34 34 11 11 23 34 34 23 23 23 298
RRI 0 1 2 1 2 1 1 2 2 1 0 128
DE 27 18 09 27 27 2.7 18 36 27 09 09 234
FC 09 09 09 17 09 0.9 17 17 0 09  -09 111
CBO 0 0 0 19 19 19 19 19 1 1 1 125
WDO 39 13 13 26 26 13 13 52 -39 26 26 28.6
RWC 07 07 0 1 0.7 03 03 13 -13 03 03 6.9
vIC 0 12 0 0 12 06 06 18 12 06 18 8.9
FAR 2 2 2 0.7 2 2 14 27 2 14 2 205
PBO 4 4 0 6 4 4 2 0 0 2 2 282
Total
Agreement 184 188 105 55 203 195 179 39 29 141 12
Total 4 0 o 17 0 0 0 247 159 0  -18
Disagreement
Agreement 25 188 105 225 203 195 179 286 188 141 138
Percentage
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Figure 1. Comparison of Agreement and Disagreement Among Actors Regarding Each Variable Involved in Water
Security
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Table 7. Third Order Convergence Matrix of Actors Relative to Variables (3CAA)

3CAA RWO AG RRI DE FC CBO WDO RWC VIC FAR PBO
RWO 0 22 10.2 232 131 71 24.7 15.6 12.2 184 179
AG 22 0 119 246 17.7 95 273 155 14.8 251 16.5
RRI 10.2 119 0 112 6.9 9.2 109 51 5 94 145
DE 232 24.6 112 0 12.8 74 26 147 13 20.2 18.8
FC 131 177 6.9 128 0 8.2 14 6 6.4 133 10.6
CBO 71 95 9.2 74 8.2 0 7.3 4.2 4.9 8.1 94
WDO 24.7 273 10.9 26 14 7.3 0 171 14.9 22.9 19.2
RWC 156 155 51 147 6 42 171 0 71 118 139
VIC 122 148 5 13 6.4 49 149 71 0 123 12
FAR 184 251 94 20.2 133 8.1 229 11.8 12.3 0 145
PBO 179 16.5 145 18.8 10.6 94 19.2 139 12 145 0
Sum of Convergencies 164.4 184.9 944 1719 109.2 753 184.2 111 102.6 156 147.4
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Figure 2. Convergence Map of Actors Based on Third Order Matrix
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Table 8. Third Order Convergences Matrix of Actors Relative to Variables (3CAA)

3CAA RWO AG RRI DE FC CBO  WDO RWC VIC FAR PBO
RWO 0 2.4 5.7 0 2.7 8 0 0 0 2.2 3.9
AG 2.4 0 5.9 1.9 1.6 5.9 1.9 11 0 0 7.9
RRI 5.7 59 0 51 3.2 15 6.5 3.3 3.5 52 0
DE 0 1.9 51 0 31 7.8 0 0 0 1.7 3.4
FC 2.7 1.6 3.2 31 0 1.8 3.9 1.9 13 15 7.8
CBO 8 59 15 7.8 1.8 0 10 4.9 4.3 53 55
WDO 0 1.9 6.5 0 3.9 10 0 0 0 1.6 4
RWC 0 11 33 0 1.9 49 0 0 0 0.8 2.3
VIC 0 0 35 0 13 43 0 0 0 0 0
FAR 2.2 0 5.2 1.7 15 5.3 1.6 0.8 0 0 6.4
PBO 3.9 7.9 0 3.4 7.8 55 4 2.3 0 6.4 0
Number of Divergenciec 24.9 286 397 23 28.7 55 27.9 14.3 9.1 24.7 41.1
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Figure 3. Map of Actors Convergences Based on Third Order Matrix
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Figure 4. Histogram of Actors’ Ambivalance

@Bsie £ 2 b S5k 9 cnl oot 5d Jads fo hle il ) ol Cuiel Alins Cusl 115 &S 55053
Ad Somed b atil 65 i oSen 550 ple b lmL'j ey ;0 &S Asled 3 jed

(0) IS5 Gillae (Lol aros Jloz 4 ohSusl 4 ool SoSa 301550 S 51 g (6,145 1 Al ¢

ol egad )3 23)5 oo danMe oS igS plon it aslrgd 5 S 1L (KL Cn Fare Wgd e s
O olgw €8 15 (WDO) ol (ol S5 505 aw 9 e 3050 (c3y20byp 5 copte lojl (PBO) aslllas
2l A oo g 4295 5550 4 )3 9 Aslrgd S0k 55 (AG) bl (555liS Sk 9 (RWO) vl (sladlase



1Pt oyl oplass ooyl 0,90 sobol 5 ol o poito ay.

I8 glio Lo )3 o8 A (gyite dus o g (ol ()] y5liS () y5liST sla ol 4z ST .5)105 s e

3

‘5
A St (azanly) asl> 93 5L

g RRI ,m

l_l-q * F2R]. )
CEO
5 ;. _
(s5500) S S5k sl S5k

i
z
2

Dependence o

Figure 5. Influences and Dependences Map Between Actors
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