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Article Info ABSTRACT

Article type: Research Article The decline of groundwater levels in Iran's plains, including the Qazvin Plain, has raised

serious concerns about the sustainability of water resources and the continuity of agricultural
activities. To mitigate the problems arising from the depletion of aquifer volumes, new
economic instruments, such as water rights markets, have been considered for managing
Received: Dec. 6, 2025 groundwater resources. Since February 2023, in order to increase productivity and protect
groundwater resources, a water rights market has been officially established in Qazvin Plain,
and based on the established market mechanism, at least 10 percent of the transaction volume
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Accepted: May.22, 2026 is recorded and stored for the benefit of the aquifer. In this study, in order to examine the effect
. . . of water market formation on groundwater level, the simulation of groundwater level under
Published online: April. 2026 two scenarios (a) the existence of water market and (B) the absence of water market, using the

dynamics of systems in the 25-year time horizon in the secondary market is paid. Water prices
play a key role in the entry of suppliers and the amount of supply to the market. To this end,

L(f;mlolgzi.ilibrium, the market equilibrium price_z was initial!y calculateq us._ing sup_ply and demand functions_, then
Pricing, the market entry rate was S|mulat_ed using a combination of linear growth rate gnd Ioglstl_cs.
Productivity, The results showed that the establishment of the water market leads to a cumulative reduction
Water level, in groundwater abstraction of approximately 49 million cubic meters over a 25-year period

compared to the no-market scenario, and improves the groundwater level by about 19
centimeters (equivalent to 0.5%). However, this improvement is limited, and even under the
water market scenario, the overall trend of the groundwater level remains downward.
Therefore, although the water market can be effective as a complementary instrument in
groundwater resource management, it is not sufficient on its own to achieve the sustainability
of the Qazvin Plain aquifer.
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EXTENDED ABSTRACT

Introduction

The Qazvin Plain, one of Iran’s major agricultural regions, has experienced increasing pressure on its groundwater
resources over the past decades. The declining groundwater levels pose a serious threat to the sustainability of agriculture
and the economic livelihood of the region. To improve water use efficiency and protect groundwater, a formal water
rights market was established in the plain in March 2023. Previous studies on water markets highlight their positive role
in reallocating water to higher-value uses, improving productivity, and enhancing pricing mechanisms. However, most
of these studies focus on economic outcomes, while few have examined the long-term effects of water market formation
on groundwater balance. Building on this literature, the present study investigates the impacts of a water rights market on
groundwater levels over a 25-year horizon. Given the crucial role of water prices in influencing water-saving behavior
and market participation, economic principles combined with a system dynamics approach are used to analyze market
equilibrium and its long-term effects on groundwater resources.

Method

A system dynamics model was developed, consisting of two interacting subsystems: the water resources subsystem
and the water market subsystem. In this framework, water prices influence market participation and traded volumes,
which in turn affect groundwater extraction and storage. Supply and demand were represented using linear functions
estimated from local data, while market growth was modeled through a combination of linear components reflecting
external factors such as awareness and incentives, and logistic components capturing price-dependent participation.
Annual transaction volumes were simulated, and the effect of partial aquifer recharge was incorporated into the model.
The model was calibrated using observed groundwater level data from 2000 to 2019. Model performance was evaluated
using RMSE, MAE, and R? indicators, showing satisfactory agreement between observed and simulated values.
Sensitivity analysis was conducted to evaluate the effect of varying storage fractions (5%, 10%, 15%, and 20%) on
groundwater levels. Two scenarios were simulated: one without a water market, in which water withdrawals follow
conventional patterns and illegal abstractions continue, and one with a water rights market incorporating partial recharge.
Assumptions included fixed cropping patterns, constant irrigation efficiency, and rational economic behavior of market
participants, while structural, technological, or institutional changes were not considered due to data limitations.

Results and disscution

Simulation outputs indicate that groundwater levels decline over the 25-year horizon under both scenarios; however,
the rate of decline is lower in the market scenario. Model results show that the establishment of a water rights market
reduces cumulative groundwater withdrawals by approximately 49 million cubic meters over the study period. The
difference in groundwater levels between the two scenarios increases gradually over time, reflecting the cumulative effect
of reduced annual withdrawals under the market mechanism. On average, groundwater levels in the market scenario are
approximately 19 cm higher than those in the absence of a market. This gap widens toward the end of the simulation
period, indicating the persistent moderating effect of the market on extraction volumes.

Sensitivity analysis of storage fractions in market transactions shows that increasing the fraction can slightly
improve groundwater levels by reducing withdrawals. However, excessively high storage fractions increase the effective
water price, reduce participation, and limit the overall effect of the market. These findings emphasize the importance of
identifying an optimal intermediate storage fraction to balance aquifer protection, economic efficiency, and social
acceptance. Overall, while the water rights market provides a positive effect on groundwater sustainability, the impact is
limited. The long-term declining trend persists under both scenarios, indicating that additional management and regulatory
interventions are necessary.

Conclusions

This study demonstrates that the establishment of a water rights market in the Qazvin Plain can reduce groundwater
extraction and slightly improve groundwater levels. However, the effect is modest, and the long-term declining trend
continues, indicating that the market alone cannot halt aquifer depletion. The market’s main contribution lies in reducing
withdrawal intensity and managing demand rather than producing substantial improvements in groundwater levels. These
findings underline the importance of employing the water rights market as a complementary tool within a comprehensive
management framework. Appropriate storage fractions, combined with policy measures such as monitoring, enforcement
against illegal withdrawals, and improved irrigation efficiency, are essential to achieve meaningful impact. In summary,
the water rights market has potential to alleviate pressure on groundwater resources, but it cannot independently resolve
the decline in groundwater levels, and must be implemented as part of an integrated and adaptive policy package for
sustainable groundwater management.
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