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Abstract:

The provincial budget is a part of the national public budget, with its policymaking, distribution, implementation, and oversight entrusted to
the Provincial Planning and Development Councils. The rational allocation of provincial budget quotas is essential for improving the country's
economic and social conditions. A bankruptcy game model for allocating provincial budget quotas has been introduced and developed using
Data Envelopment Analysis (DEA) based on bankruptcy theory and Nash bargaining game theory. This model takes into account the existing
inequalities among provinces. The findings indicate that some provinces receive a smaller share of the public budget, exacerbating the
imbalance in provincial development due to disproportionate budget distribution. Notably, the demand for a larger share of the public budget
is met for some more advantaged provinces. This study presents significant implications for regional development and the efforts to increase
the budget for less advantaged provinces.
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Extended Summary

Introduction

The provincial budget is a crucial component of the national public budget, with its policymaking, distribution,
implementation, and oversight entrusted to Provincial Planning and Development Councils. The rational allocation of
provincial budget quotas is essential for improving the country's economic and social conditions (Anand, 2024). Budgets are
generally defined as forecasts of the costs required to execute operations over a year, serving as tools for infrastructure
development, economic and social improvement, and enhancing the quality of life (Makohon, 2023; Manea, 2023; Namazi et
al., 2023). However, issues such as the lack of administrative reform, inconsistencies between development programs and
annual budgets, and the absence of a comprehensive theoretical framework for optimal budget allocation have been identified
as significant challenges (Niknam, 2023).

The allocation of provincial budget quotas and the principles guiding this allocation, particularly the principle of equity,
have become hot topics in academic circles. Equity requires that factors such as development levels, resource availability, and
technical capabilities of provinces be considered when determining budget quotas. This ensures that all provinces have fair
opportunities to utilize the national public budget, thereby facilitating the achievement of overall economic and social
development goals. Studies have shown that equity is not the only principle to consider; efficiency and other principles are
increasingly being integrated into budget allocation methods. These methods include index-based, optimization-based, game-
theoretic, and hybrid approaches. Relying solely on a single principle can sometimes lead to disappointing results for certain
provinces and, consequently, for the country. Therefore, researchers have increasingly turned to multi-criteria allocation
methods (Zhou et al., 2023).

The diversity in population, geographical size, and political and social authority among provinces has led to significant
disparities in economic development and industrial structures across regions. Consequently, the appropriate and proportional
allocation of provincial budgets has become a central issue in the national public budget. This study proposes a provincial

framework for allocating government budget quotas based on principles of social equity, efficiency, feasibility, and
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sustainability. This approach not only aims to achieve development goals but also supports the integrated industrial and social
development of the country.

Methods and Materials

This study develops a bankruptcy game model for allocating provincial budget quotas using Data Envelopment Analysis
(DEA) based on bankruptcy theory and Nash bargaining game theory. The model considers the existing inequalities among
provinces and aims to address the disproportionate distribution of the public budget. The bankruptcy game model is constructed
under the assumption that the total budget allocated to each province is insufficient to meet the total demand. The model
incorporates the principles of equity, efficiency, feasibility, and sustainability, and uses various indicators to measure these
principles.

The model is built on the assumption that the total budget (W) is less than or equal to the total demand (C), where C
represents the sum of the budget demands of all provinces. The allocation of budget quotas to each province is represented by
Xi, subject to the constraints that the sum of all allocations equals W and that each allocation is between zero and the province's
demand. The model also introduces a utility function for each province, which is linear and based on the level of satisfaction
derived from the allocated budget. The power of negotiation for each province is determined using a prediction-tracking model
based on the Group Search Optimizer (GSO) algorithm, which reduces the impact of errors and ensures a more reliable budget
allocation.

The study uses historical budget data from 31 provinces in Iran from 2001 to 2021. The data is obtained from the websites
of the Plan and Budget Organization of Iran, the Statistical Center of Iran, and official news agencies. The data is adjusted to
constant 2017 prices, and missing values are interpolated linearly. The study also constructs a geographical-economic weight
matrix to measure the exchange of budgets between provinces, using the average annual GDP per capita of each province from
2001 to 2021 and the shortest road distance between provinces.

Findings

The findings indicate that some provinces receive a smaller share of the public budget, exacerbating the imbalance in
provincial development due to disproportionate budget distribution. Notably, the demand for a larger share of the public budget
is met for some more advantaged provinces. The study calculates the historical cumulative budget for each province and finds
that provinces with higher historical budgets are allocated a smaller increase in future budgets. Provinces such as South
Khorasan and Sistan and Baluchestan, which have received the least cumulative budget, are recommended to receive a larger
share of the national public budget in the future.

The study also measures the exchange of budgets between provinces using a geographical-economic weight matrix and
finds a positive and statistically significant spatial correlation in budget distribution. The Generalized Spatial Three-Stage Least
Squares (GS3SLS) approach is used to estimate the impact of economic density, economic growth, and employment levels on
budget distribution. The results show that insufficient budget distribution can have a significant inhibitory effect on economic
density, while urbanization, infrastructure development, and employment levels have a promoting effect.

The marginal cost of underdevelopment is measured using a Slack-Based Measure Data Envelopment Analysis (SBM-DEA)
model. The results show that provinces rich in natural resources, such as South Khorasan, Kurdistan, and Sistan and
Baluchestan, rely heavily on the energy sector for economic development and should be allocated more budget in the future to

optimize and reduce marginal costs.
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The negotiation power of each province is calculated using the GSO algorithm. Sistan and Baluchestan, with the lowest
historical budget and the highest marginal cost of underdevelopment, have the highest negotiation power. In contrast, provinces
such as Bushehr, Kerman, and Hormozgan have the lowest negotiation power due to their historical cumulative budget,
relatively smaller population, and lower marginal costs.

The fairness of the budget allocation plan is evaluated using the environmental Gini coefficient, which is calculated based
on the Lorenz curve. The Gini coefficient of 0.32 indicates that the budget allocation plan is fair and reasonable.

Discussion and Conclusion

This study examines the distribution of provincial budgets among 31 provinces in Iran, considering the principles of equity,
efficiency, feasibility, and sustainability, with the aim of achieving uniform national development by 2026. A bankruptcy game
model is developed to address the disparities between provinces, using a prediction-tracking model based on the GSO algorithm
and the satisfaction level of each province. The findings show that some provinces have historically consumed a significant
portion of the public budget along with rapid industrial and economic growth. As a result, these provinces have a greater
responsibility to reduce their budget quotas and should receive a smaller share in the future. Conversely, provinces with slower
economic development have consumed less budget. Additionally, the marginal costs of underdevelopment in provinces
highlight significant disparities.

The environmental Gini coefficient of 0.32 indicates that the budget allocation plan based on the bankruptcy game is fair
and reasonable. Based on the findings, several insights are provided. First, provinces such as Sistan and Baluchestan, South
Khorasan, and North Khorasan, which have had a much smaller share of the cumulative budget, should actively design
comprehensive strategies for industrial and economic development to benefit from a higher budget quota. Second, provinces
that have received less budget can use bilateral agreements to utilize the surplus budget of neighboring provinces for joint
projects. Therefore, policymakers should design appropriate strategies to facilitate budget exchange across the country.
Additionally, developing a suitable framework for the exchange of surplus and deficit budgets between provinces is crucial for
facilitating cooperation and collaboration between provinces.

In conclusion, this study provides significant implications for regional development and efforts to increase the budget for
less advantaged provinces. The proposed model ensures a fair and efficient allocation of the provincial budget, contributing to

the balanced development of the country.
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