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ARTICLE INFO ABSTRACT

This research was conducted with the aim of designing a robust mathematical
model for forecasting and budget planning at the Tehran Municipality under
conditions of economic uncertainty. The main research gap was the lack of an
integrated and localized model for converting historical data into optimal budget
decisions, as well as the failure to localize indicators affecting revenue and
expenditure for an lranian metropolis. The novelty of this article lies in
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Introduction

Budgeting has evolved from a simple tool for estimating revenues and costs into a critical mechanism
for governance, policy-making, and organizational control. It serves as the primary financial document
that quantifies plans and priorities, guiding limited resources toward unlimited needs. Performance-
based budgeting, a key modern approach, shifts allocation from inputs toward measurable outcomes,
linking resources to efficiency, effectiveness, and accountability. Despite its theoretical appeal and
legislative support, practical implementation in many Iranian organizations faces significant obstacles.
Existing models often rely on calculating full costs a process that is complex, unreliable, and fails to
account for differing operational conditions. Moreover, decision-making environments are inherently
uncertain, with revenues and costs subject to economic fluctuations and volatility. In this context,
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robust optimization offers solutions that remain reliable under data variability, while multivariate
regression provides a scientific basis for forecasting financial parameters. The core problem is that
organizations possess historical data yet lack a systematic model for optimal budget allocation. This
research develops a two-stage robust mathematical model for the Tehran Municipality. The first stage
forecasts revenues and costs using regression, while the second stage allocates the budget via robust
multi-objective programming, considering constraints, priorities, and uncertainty to enhance
performance and transparency.

Methods and Materials

This research aims to develop and improve existing mathematical models for organizational
budgeting, positioning it as developmental research. It also has descriptive aspects, as it identifies and
analyzes key cost and revenue drivers using regression algorithms to describe causal and correlational
relationships under uncertainty. The study is applied in nature, focusing on operational modeling for
real organizations, using Tehran Municipality as a case study.

The methodology integrates advanced forecasting techniques (multivariate Ridge and Lasso
regression) with robust multi-objective optimization (Bertsimas-Sim approach and hybrid NSGA-III
algorithms). Input data consists of nine years of historical revenue and cost data from the Tehran
Municipality, along with key indicators and uncertainty parameters such as inflation and exchange
rates. Data preprocessing includes managing missing values, Min-Max normalization, and ADF
stationarity tests using Python. Regression models (Ridge, Lasso, Elastic Net, Random Forest) are
fitted separately for revenue and cost, with 10-fold cross-validation selecting the best model. Forecasts
with 95% confidence intervals are produced. Finally, a robust optimization model with Bertsimas-Sim
approach (adjustable protection level I') is formulated, considering multiple objectives: maximizing
net profit, minimizing budget deviation, and minimizing maximum regret, while respecting legal
constraints.

Results

The Elastic Net and Lasso models outperformed other methods in forecasting municipal revenues and
expenditures, demonstrating that regularization techniques effectively handle multiple collinearity
between financial predictors. The predicted values showed a difference of less than 0.3% compared to
the figures of the 2025 supplementary budget (1404), indicating the high reliability of the forecasting
stage. In the optimization stage, the robust model generated feasible Pareto-efficient allocation plans
that prioritize essential expenditures under uncertainty while meeting the minimum mission
requirements. Among the solutions, the “Transportation and Traffic” sector consistently received the
highest budget share, indicating its strategic importance, while other key missions such as social
services and urban environment maintained their required thresholds. Scenario-based sensitivity
analysis showed that increasing the Bertsimas-Sim protection level significantly increases fiscal
resilience to severe economic fluctuations by creating more conservative but stable allocations and
reducing the risk of non-feasibility or large deviations during budget execution. However, this
increased robustness is accompanied by a modest decrease in objective optimality.

Conclusion

The present study was conducted with the aim of designing and implementing a robust mathematical
model for forecasting and budget planning at the Tehran Municipality under conditions of economic
uncertainty. The main research gap was the lack of a coherent and localized model for converting
historical data into optimal budget decisions, as well as the failure to localize indicators affecting
revenue and expenditure through qualitative methods for an Iranian metropolis. The novelty of this
article lies in integrating three approaches within a single framework, including forecasting with
regularized regressions, robust optimization using the Bertsimas-Sim approach, and multiple-choice
goal programming (MCGP), which had not previously been applied to Tehran Municipality's
budgeting. Furthermore, the localization of indicators through a meta-synthesis of the literature and
fuzzy Delphi represents a novel step in this field. Among the most important qualitative findings were
the identification and screening of key influential indicators, such as economic growth rate, consumer
price index, demographic changes, tax base value, as well as qualitative indicators including legal
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policies and expert judgment, which are consistent with the findings of previous research. The analysis
of probable, optimistic, and pessimistic scenarios demonstrated that the model is resilient against
fluctuations in inflation, revenue changes, and government grants, and that increasing the protection
level creates greater stability under critical conditions. Overall, the proposed framework has the
potential to be extended to other metropolises and public organizations in Iran and can serve as a basis
for developing intelligent decision support systems in budgeting. It is suggested that future research
develop this model towards more sustainable, transparent, and intelligent budgeting by utilizing more
detailed data, more advanced metaheuristic algorithms, and incorporating environmental objectives
and citizen satisfaction indicators.
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