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Figure 1. Revised framework for social-ecological systems, McGinnis et al. (2014)
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Table 1. Impact of key sub-variables on actors' self-organization, Doneo and Conrad (2024)

Variable Mechanisms influencing collective action/ actors' self-organization

In very large common-pool resources, the potential of self-organizing for collective action to
preserve the resource is low due to high costs associated with identifying system boundaries and
monitoring. Similarly, in small resources, the potential of self-organization is low because of limited
flow and the lack of cost-effectiveness for any investment. Therefore, in medium-sized resources, the
probability of actors’ self-organizing is higher.

Size of resource system
RS3

Productivity of system
RS5

If, in a system, low productivity is not perceived by the actors, the potential of their self-organizing to
preserve the common resources will be low.

Predictability of system dynamics
RS7

If actors can understand the effects of their actions or environmental factors on the system, the
potential of their self-organizing will increase.

Resource unit mobility
RU1

If the resource exhibits consistent and predictable behavior over time, the potential of self-organizing
to preserve the resource will be higher, as monitoring and utilization costs will be reduced.

Number of relevant actors
Al

In general, as the number of actors increases, the costs of collective action for reaching an agreement
will be higher, and the potential of self-organization will decrease. However, there is contradictory
evidence regarding the relationship between the number of actors and their potential of self-
organization, which appears to be heavily influenced by other variables.

Leadership/entrepreneurship
AS

The presence of experienced individuals can increase the potential of collective action and self-
organization among actors in the use of a common resource.

Norms (trust-reciprocity)/social capital
A6

The greater the trust between communities and governance, the higher the social capital for
responding to shocks and the greater the potential of self-organization.

Knowledge of SES/mental models
A7

The greater the actors' knowledge of the system's behavior, the higher the potential that they will
employ a participatory management strategy through self-organization.

Importance of resource (dependence)
A8

If users do not rely on the system for a significant portion of their livelihood or do not place high value
on the sustainability of the resource, the costs of maintaining a common resource may outweigh the
benefits of having it. In this case, the potential of self-organization will be low.

Collective-choice rule
GS6

The costs of collective action decrease when users are given sufficient independence to create and
implement their own rules. Top-down enforcement of rules and the lack of collectively chosen
regulations hinder the capacity of local actors to manage effectively on their own, thereby reducing
the potential of self-organization.
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Table 2. Purposive sampling of consulted parties selected by method

Field of expertise Reg1.0{1 Academic Yeal:s of Role in the study
of activity degree experience
National PhD 20 Refinement of Causal Loops
water resource management National MSc 28
Regional MSc 25 Redefinition of the variables in the Ostrom’s checklist,
Refi t of 11
Agriculture and irrigation Regional MSc 17 cltnement of caunsatloops
Environmental science National MSec 18 Refinement of causal loops
Regional PhD 20 Refinement of causal loops
High 10
Representative farmers Local school Redefinition of the variables in the Ostrom’s checklist
diploma 14
Water policy and governance Regional MSc 15 Elimination of inappropriate policy options and
Agricultural policy and governance Regional MSec 15 introduction of new interventions
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Figure 2. Location of the Qaresou River Basin along the Caspian Sea coast in Golestan province, Iran, and the
Miankaleh wetland situated downstream of the Qaresou River.
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Table 3. Sub-variables related to resource systems and resource units in the Qaresou River Basin,
based on Ostrom’s checklist (self-organization second-level variables highlighted in green)

Sector 1-Agricultural 2-Groundwater 3-River-Wetland
RS1 sub-system sub-system sub-system
6-Qaresou River Basin -
Clarity of system  4- Agricultural lands located  5-The intersection of the The intersection of the
boundaries at the boundary of the aquifer boundary and the Miankaleh Wetland

RS2

Size of resource

Qaresou River Basin

7-Area of the farmland
where wheat and rice are

Qaresou River Basin

8-Area of the coastal
aquifer

catchment and the Qaresou
River Basin

9-Area of the Qaresou

;zf;;em the primary crops (hectares)  (hectares) in the Qaresou River Basin (in hectares)
in the Qaresou River Basin River Basin
Human 10-Traditional irrigation
canals branching from the 11-Number of wells drilled .
constructed . . . . 12-Number of mobile
e river/ Small water storage in the region / Installing
1) facilities pumps
Resource RS4 ponds locally known as smart flowmeters on wells
systems Abbandan
(RS) :) r;«ei;ctmty ot 13-Water-use productivity
I{S 5 in farming systems
Ethbr.mm 14-Ach1evemer'1t of targete'd 15-No signs of seawater 16- Maintaining wetland
properties wheat production volume in . q .
. . intrusion ecosystem services
RS6 the region as a strategic crop
Predictability of 17- Strong Influence of 18-Low predictability of the
system dynamics Rainfall on Groundwater Qaresou River due to its
RS7 Yield seasonal nature
- . 20-Rainfall as main 21-A seasonal river without
Storage 19-Limited water storage in recharge source; constant .
.. any flow-regulating
characteristics Abbandans shared by external recharge beyond
. . A .. structures such as dams,
RS8 multiple private farms the Qaresou Basin; positive .
with return flow
balance leads to sea outflow
22-Increased groundwater
Resource unit mobility (quantity and
mobility quality) due to over-
RU1 extraction and declining
recharge
Growth and 24-Trend of groundwater 25-Ar.mua'1l volume of water
replacement rate table change(m) entering into the wetland
RU2 g (MCM)
Q) Interaction 26-The relationships are illustrated through the causal loop diagram presented in Figure 4
Resource among resource of the article
units units RU3
(RU) . 27-Guaranteed purchase
Economic value .
(wheat/ price of wheat / Market
RU4 . .
Groundwater/ purchase price of rice
Surface 29-Groundwater extraction 30-Volume of surface water
water) 28-Annual wheat production extracted from the

Number of units
RU5

Distinctive
characteristics
RU6

(tons)/ Annual rice
production (tons) as a
second crop

31-Crop pattern change in
response to economic
conditions

volume (MCM)/Permissible
groundwater extraction
volume from the
aquifer(MCM)

32-Increase in groundwater
extraction, or illegal well
drilling to compensate for
water deficit

river(MCM)/ / Annual
water volume needed by the
wetland from the Qaresou
River Basin (MCM)

33-Increased river water
extraction using mobile
pumps to compensate for
water deficit




Spatial and
temporal
distribution
RU7

34-Time series of wheat and
rice production in the region

35-Time series of extracted

groundwater volume
(Inside and outside the
Qaresou River Basin)

36-Time series of flow
volume in Qaresou River

Table 4. Sub-variables related to actors, governance systems, related ecosystems, and focal actions in the Qaresou River

Basin, based on Ostrom’s checklist (second-level variables relevant to self-organization are highlighted in green)

(3) Actors (A)

(4) Governance systems (GS)

Number of relevant actors
Al

Socioeconomic attributes
A2

History or past experiences
A3

Location
A4

Leadership/entrepreneurship
A5

37-Number of farming households

38-Annual household income from
wheat and rice cultivation/(Average
production cost of wheat and
rice+Average household living
expense)* Number of farming
households

39-Migration or occupational shift
in the region; salinization of the
aquifer; continuity of minimum
environmental flow from river to
wetland

40-Wheat production hub in the
country

41-Local individuals who are
capable of leading resource
management and are respected by
their peers

Government
organizations
GS1

Network structure
GS3

Collective-choice
rules
GS6

Constitutional choice

Norms (trust-reciprocity)/social
capital
A6

42-Social capital/Levels of social and
institutional interactions among
users

rules
GS7

Knowledge of SES/mental models
A7

43-Awareness of SES dynamics

Monitoring and
sanctioning rules
GS8

Importance of resource
(dependence)
A8

44-Dependence on natural system to
sustain livelihood

Technologies available
A9

45-Limited access to modern
agricultural infrastructure in the
region

46-Number of government
departments (the water sector/
the agricultural sector/ the
environmental sector

47-Top-down management

48-Rules for resource harvesting
and distribution

49-Fair Water Distribution Law,
National Water Scarcity
Adaptation Plan, Mandatory
Cropping Patterns, Subsidies
Allocated to Agricultural Inputs,
Guaranteed Wheat Purchase,
Mandatory Installation of Smart
‘Water Meters on Wells

50-the water sector focuses on
controlling unauthorized
withdrawals and limiting aquifer
depletion, the agricultural sector
prioritizes maximizing wheat
production as a strategic
commodity, and the
environmental sector aims to
maintain the minimum ecological
flow necessary for wetland
sustainability

(5) Related ecosystems (ECO)

(7) Action situations: Interactions (I) — Outcomes (O)

Climate patterns
ECO1

51-Precipitation

(6) Social, economic, and political settings (S)

Social, economic, and
political settings (S)

52-Increasing Inflation and global
wheat prices

Harvesting

1
Self-organizing
activities

17
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02

53-Quantity of resources harvested
by users

54-Collective action activities to
govern SES

55-Social sustainability

56-Ecological sustainability
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Figure 3. A simplified causal loop diagram of the SES in the Qaresou River Basin, with reference to the identification
numbers of each variable from Table 3 and Table 4
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Figure 4. 18-Year time series of four key variables: 4a. Income-to-cost ratio, 4b. Number of farming households, 4c.
Groundwater table and 4d. Groundwater extraction volume
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Figure 5. Comparison of the inflation growth rate and the percentage increase in guaranteed purchase prices
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Figure 6. Trend of changes in the volume of water entering the wetland from the Qaresou River
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Table 5. Current and proposed water management interventions in the Qaresou River Basin: affected variables and their
influence on collective action

Affected variable/ Type of impact on

Ref. ID Intervention Objective . .
collective action
1 Sealing unauthorized wells
2 Legalizi li d well:
eg? l Zing Ul m?nse‘ we s‘ - Groundwater mobility#Y Y/Increasing
3 Revising and adjusting agricultural well permits Water use :
- . Importance of resource#¥ ¥/ Decreasing
4  Installing smart meters on wells reduction . .
- . Farming household#¥V/ Increasing
5 Preventing over-extraction from wells
National Water 6 Deployl.ng monitoring and.mspectlon teams
. Promoting water-use efficiency through cultural Improved water . s
Scarcity 7 .. System productivity#' ¥/ Increasing
Adaptation awareness productivity
Plan 3 Sett}ng Up meteorological and hydrometric Enhz?nc.ed basin Awareness of SES#¥Y/ Increasing
stations insight
Implementing participatory water management Strengthened
9 mp ep cipatory g collective-choice Collective-choice rules#48/ Increasing
via water user associations rules
10 Formine communitv-based organizations Reduced production  Importance of resource#44/ Increasing
8 y 8 costs Farming household#37/ Decreasing
Adjusti teed wheat h i
11 Justing guaranteed wheat purchase price Importance of resource#¥ ¥/ Increasing or
based on water use reduction and inflation L. .
e . - RPN : Maintained social-  constant
Findings of this Managing the distribution of the farming . . .
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Effective water resources governance through strengthening collective action
in the Social-Ecological System

(Case study: Qaresou River Basin)

Abstract

Given the increasing and uncontrolled depletion of groundwater resources, rethinking the design of
necessary management measures to maximize the potential of collective action among users has become
an inevitable necessity. This study, addressing the absence of foresight-based and systematic analytical
approaches, utilizes the Social-Ecological Systems Framework and the assumptions underlying self-
organization of users to analyze how policy interventions impact ten key variables influencing the
capacity of farmers for collective action in the Qaresou Basin. To assess these effects, causal relationships
between the policy interventions outlined in Iran’s national document on water scarcity adaptation and
the key variables were examined. The findings indicate that during the 18-year study period, in the



absence of collective action and purposeful alignment between water and agricultural policies, social
sustainability consistently posed a threat to ecological sustainability. In the tightly interwoven social—
ecological system of the Qaresou Basin, this requires an analysis of the cumulative impact of
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interventions on policy-responsive variables including “user knowledge”, “collective-choice rules”,
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“local leadership”, “institutional trust”, and “system productivity” and contextual variables such as
“resource importance”, “groundwater mobility”, and “the number of farming households”. This study
provides a practical basis for assessing the implementation of participatory water management, in
accordance with clause “T”, article 40 of the law of the seventh five-year development plan of the Islamic

Republic of Iran.

Key words: Coastal aquifer, Social-Ecological Systems Framework, Water resource management, and
Causal loop diagrams.



