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1. Introduction

A fundamental challenge of water management in river
basins is that societies, in pursuing economic development
and rapid growth, often neglect environmental capacity
and ecological limits. Persisting in this pattern, as Hardin’s
“tragedy of the commons” suggests, leads to growing
competition among users and gradual degradation of
unowned, overused resources. The Zayandeh Rud basin,
as a common-pool resource, has seen intensified
competition among stakeholders, rising demand,
diversified uses, and the emergence of formal and informal
water reallocation patterns over the past two decades—a

commons” within a framework that integrates social and
ecological dimensions.

2. Methodology

The modeling steps are summarized below (and illustrated

in the flowchart):

1. This study employs a combined theoretical—
guantitative approach to examine historical changes in
the flow regime and the weakening of the Zayandeh-
Rud River in past and recent periods.

2. Using the WEAP model (2006-2021), we then
simulate the dynamics of competition, resource

pressure, and conflict formation due to water scarcity.
Finally, the socio-ecological status of the basin is
evaluated using the Water Resource Carrying
Capacity Index (WRCC) across three time periods.
4{ Historical analysis of observed flow data” |

|

Periods 2006-2021

trend with significant socio-ecological consequences.
Therefore, it is essential to examine “competition,” “silent 3.
reallocation,” and the potential for a “tragedy of the

Periods 1990-2005

| Analysis of the supply—
1 demand system

WEAP Model

- [
Pressure—Support—State
(PSS) framework

L1

Selection of evaluation
indicators

Industrial, agricultural,
domestic, and
environmental water
demand

. Increasing population ‘
Standardization of | s pop

indicators and
determination of weights

Calculation of
> R
comprehensive indicators

*I Inter-basin water transfe

Calculation of the Water
| Resources Carrying
Capacity (WRCC)

Analysis of the carrying
capacity of water resources
¥

Systemn status analysis | — Tragedy of the commons?

' Reallocation?

Figure. 1: Flowchart of the overall research methodology
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3. Results

The first part of the review presented the status of water
reallocation (Table 1). The overall comparison between
long-term and recent periods indicates that approximately
400 MCM have been withdrawn from downstream areas
and transferred upstream of the Polekaleh station.
Following calibration and based on the WEAP model
results, Water Resources Carrying Capacity indices were
calculated. Figure 2 reveals a gradual deterioration in the
balance between pressure and support across three time
periods, shifting from a "carrying"” to a "overload" state.
Concurrently, the comprehensive carrying capacity index
has remained in the "poor" range in most years after an
initial short period of favorable conditions. These results
indicate that in recent years, particularly with increased
withdrawals and growing demand, the basin has exceeded
its natural and social capacity, demonstrating the
occurrence of a tragedy of the commons.

4. Conclusions

This study employed a combined theoretical-quantitative
approach, utilizing the WEAP model and the Water
Resources Carrying Capacity Index (WRCC or WECCI),
to examine the Zayandeh-Rud basin through the lens of the
tragedy of the commons. The results revealed that human
pressure and diminished natural support have shifted the
system from a stable to an overloaded state, with the
ecological index remaining in the poor range for most
years. The phenomena of silent reallocation and hidden
extraction have created a cycle of individually rational
actions leading to catastrophic collective outcomes, which
aligns with Hardin’s theory. Nevertheless, governance
structures and development policies have played a major
role in intensifying competition and the water crisis.

Table 1: Comparison of average water consumption of Zayandeh-rud upstream and downstream of Polekaleh and review of
reallocation (MCM)

Averade Averade Long-term Recent changes Recent changes
Period/ Station g g average (1970- | compared to the relative to the
(2006-2021) | (1990-2005)
2005) past long-term
Consumption from the
regulating dam S. to 474.2 195.3 65 +279 +409.2
PoleKalleh S.
Consumption from the
PoleKalleh S. to Varzaneh 671.7 1137.1 1104.1 -465.4 -432.4
S.
Sum 1145.9 1332.4 1169.1 - -
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Figure. 2: Annual and period-averaged pressure-support index values and their classification grade change.
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Analysis of Tragedy of the Commons the Ory Based on the Concept of Water Resources Carrying

Atiyeh Fatehifar Mohammad Reza Goodarzi Ali Talebi

Abstract Unsustainable water resource management, especially in stressed basins, is a concrete example of the tragedy
of the commons, where prioritizing short-term economics pushes the performance of natural systems to breaking points.
The emergence of competition from this development creates irreversible conditions for water resources in the long term.
The Zayandeh-Rud basin serves as a common-pool resource for stakeholder competition and water reallocation.
Therefore, in this study, with a theoretical-quantitative approach the flow change process was first analyzed, then the
dynamic competition and exploitation in the Zayandeh-Rud basin was simulated using the WEAP model. In the final step,
the socio-ecological status of the basin was assessed using the Water Ecological Carrying Capacity Index framework
and Hardin's perspective in the form of the Pressure-Support-Status (PSS) structure. The results on an annual scale and
in three five-year periods (2006-2010), (2011-2015) and (2016-2021) show that the balance between pressure and
support has gradually deteriorated in the three time periods and has changed from a carrying capacity state to an
overload state (increasing from 0.3 to 1.1 and then 3.8). At the same time, the WECCI has fallen to the “poor” and
“extremely poor” range in most years. The results indicate that in recent years, especially with the increase in
abstractions and the growth of demand, the basin has exceeded its natural and social capacity and has revealed the
occurrence of a tragedy of the common resources.

Key words Future of commons, Water reallocation, Zayandeh-Rud basin, WEAP, PSS.
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