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Abstract

Given the growing challenges in water resource utilization, foresight in
agricultural water productivity is considered a strategic necessity for enhancing
resilience and food security in Iran. This study aimed to design forward-looking
scenarios for improving agricultural water productivity by 2040, using the
Cross-Impact Balance (CIB) method and ScenarioWizard 5.2 software. The
initial matrix included 13 driving variables, each defined in three states,
resulting in the extraction of nine coherent scenarios. Scenarios 1, 4, and 7
(pessimistic) contained the highest number of strongly consistent assumptions,
indicating their logical coherence. In contrast, scenarios 3, 6, and 9 (optimistic),
with total impact scores of 405, 408, and 381 respectively, demonstrated the
greatest potential for strategic intervention and are thus considered more
promising options for desirable foresight planning. Evaluation of the scenarios
revealed that moderate options (second state) received the highest impact
scores. For example, policy variable B2, titled “Modernization of 30-60% of
farmland equipment with government support,” scored 69.4%, reflecting the
system’s preference for realistic pathways and avoidance of extreme or
minimal choices. Nevertheless, some optimistic states (third state) also showed
significant presence in technological domains. For instance, variables D3
(“Empowerment of 50-80% of agricultural cooperatives and Water Users'
Association (WUA)”), F3 (“Water rationing with periodic control”), and G3
(“Smart meter coverage for 60-90% of wells”) accounted for approximately
38% of the total impact score. Therefore, in areas related to technology, data-
driven management, and farmer participation, the system tends to favor
innovative and transformative actions. Based on the findings of this study, it is
recommended that agricultural water policy focus on a combination of realistic
and innovative measures, such as empowering local communities through the
adoption of transformative technologies.
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4 -Principle of consistency
5 -Consistency measure
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3 -Partial sums
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1 -Bias statistics
2 -Forbidden states
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E Impact balances

5

Selcton: UEN EUN UEE EUN UEE OEN EUN UEE OEN OEE O
A A A B B B ccec D DD E EE F FF G G G H HH [ JJJ K K ¥
A A2 A3 B1 B2 B3 cicz2c3 D1 D2 D3 E1 E2 E3 Fi F2 F3 G1 G2 G3 H1 H2 H3 "R B J1J2 3 K1 K2 K
Batnce: BEE EED [0 [ -1 0 740 -5 [0 1 0|15 [ 7 -5 19 15 -1 110 14 - |10 v 2 20 [ 5 -2
A: Occurrence of extreme heat waves:
A1. Severe increase over 60% 12 3 12 3 123 123 123 12 3 123 123 01 2 01
A2. Moderate increase 30-60% 1.2 3 1.2 3 1.2 3 1.2 3 1.2 3 1.2 3 1.2 3 1.2 3 013 01
A3. Mild increase 0-30% 3 21 3 2 1 3 2 1 3 2 1 3 21 3 21 3 21 321 210 2. 11
B: Government support for ization of tradit | i
BA. below 30% of farmland 111 3 2 3 323 32 3 323 32 3 3 2 3 24 2 32 3 2 4 -
B2. Mederate support 30-60% coverage 000 4 2 4 4 2 4 4 2 4 42 4 4 2 4 4 2 4 A1 4 4 2 41 4 1 -
B3. Extensive support over 60% coverage with technical services A4 A 302 3 302 3 -3 -2 3 302 03 302 3 302 3 21 2 32 3 2 -
C: Empowerment of local communities in water resource management:
C1. Minimal participation 111 2 1 2 2 1 2 214 2 2 12 2.1 2 2 1 2 22 2.1 2 2 0=
C3. Limited participation 000 402 A 4 2 4 4 2 4 402 4 4 2 4 4 2 4 42 4 4 2 4 4 2 -
C3. Effective participation A4 1A 2 13 2 13 2 13 213 2 13 2 13 213 2 13 2 1
D: Training and equippi ives for inable irrigation:
D1. Minimal coverage below 20% 111 2 1 22 2 1 2 2 4 2 2 41 2 2 1 2 2 1 2 2412 2 1 -2 2 1 -
D2. Limited coverage 20-50% 000 402 A 402 4 4 24 4024 4 2 4 4 2 4 42 4 4 2 4 4 2 -
D3. Extensive coverage 50-80% A4 1A 2 13 2 1 3 2 13 213 2 13 2 13 21 3 213 2 1
E: ion of tax i forl farming methods:
E1. No or low incentives 5-10% 111 3 2 3 3 2 3 3 2 3 32 3 32 3 3 2 3 24 2 323 2 4 -
E2. Moderate incentives 15-25% 000 402 4 4 2 4 4 2 4 402 4 4 2 4 4 2 4 41 4 4 2 4 4 1 -
E3. Extensive incentives over 25% 44 4 323 323 323 30203 3203 323 24 2 323 2 4
F: Water allocation based on water needs and climate:
F1. No allocation 111 2 4 2 2 4 2 2 4 2 32 3 3 2 3 3 2 3 32 3 323 3 2 -
F2. Uncontrolled allocation 000 402 4 402 4 4 2 4 2 3 2 2 3 2 2 3 -2 2 3 -2 2 3 2 2 3 -
F3. Mandatory allocation with periodic monitoring 41 4 2 13 2 13 213 32 3 3023 323 30203 3023 3 2
G: Installation of smart meters for groundwater extraction:
G1. Low coverage below 20% 111 2 1 2 2 1 2 2 4 2 323 323 323 323 323 3 -2 -
G2. Moderate coverage 20-60% 000 1 2 4 1 2 4 1 2 4 2 3 -2 2 3 2 2 3 -2 2 3 2 2 3 -2 2 3
Protocol Succession Report Export [T Active cells only
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1 -Policy resistance
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No. ABCDEF
1 111111
2 12 2 2 2 2
3 133 333
4 211111
5 2 2 2 2 22
6 2 33 3 33
7 311111
8 3 2 2 2 22
9 3 33 3 3 3

N R W N R W N R O

3

N R W N R W N = I

3

Co TIS
311
289
405
311
289
408
335
289
381

N R W N R W N R
N P W R, W N R e
W N B W KNP WN R R
W N P W KNP WN R~
W N P WN P W R Z
O O 0O OO0 O 0O O O

33

Co: Consistency value
TIS: Total impactscore
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1 -Firmness of scenario assumptions
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