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Objective: Small cities in arid regions, such as Nushabad, face environmental, economic,
and social challenges from nearby industries that threaten water resource sustainability,
air quality, soil health, and local livelihoods. This study aims to design an integrated
framework for reducing industrial environmental impacts and examining its effect on
sustainable development.

Method: The proposed framework was designed by integrating advanced tools including
system dynamics, multi-objective linear programming, data envelopment analysis,
machine learning, and Monte Carlo simulation, along with dynamic policymaking
(industrial taxes, monitoring, and green technologies). Three scenarios (baseline, optimal,
advanced) were analyzed for Nushabad, considering groundwater capacity of 40,000 m3,
PM10 pollution of 50 pg/m3, and 300 industrial jobs.

Results: The advanced scenario reduced water consumption by 28% (to 18,000 m3),
PM10 pollution by 46% (to 35 pg/m3), soil erosion by 40% (to 1.8 tons/ha), and CO2
emissions by 31% (to 55 tons). It also maintained 88% of jobs (265 people) and improved
social satisfaction from 3.0 to 3.7 (a 24% increase). Long-term projection to 2035 with
92% accuracy confirmed that the framework maintains groundwater at 30,000 m3, PM10
below 40 pg/m3, and erosion below 2 tons/ha. Total cost was estimated at 2.5 billion
Tomans with a 4-year return on investment.

Conclusions: The proposed framework, by integrating multidisciplinary tools and local
policies, offers a scalable solution for similar arid cities and aligns with Sustainable
Development Goals (SDG 6, 11, 12). This study emphasizes the importance of an
integrated approach in managing industrial environmental impacts while preserving
economic and social development.
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1. Introduction

Small cities in arid regions like Nushabad
face environmental, economic, and social
challenges from nearby heavy industries,
threatening water resources, air quality, soil
health, and local livelihoods. With 15,000
population, 20 km2 area, and 100 mm annual
rainfall, Nushabad relies on 40,000 m?3
groundwater, declining 1.5 m annually.
Industries (steel, brick kilns, and a proposed
melting project) consume 50% of water and
emit PM10, PM2.5, NO,, and CO,, causing a
25% rise in respiratory diseases and soil erosion

2. Methodology

Nushabad (15,000 people, 20 kmz, 40,000
m3 groundwater) with steel and brick Kiln
industries was studied. Data from Regional
Water Organization, Kashan Meteorological
Station (2023), and interviews (20 workers)
were used. Five tools were applied: (1) System
Dynamics (Vensim) for long-term water-
pollution-job interactions; (2) Multi-Objective
Linear Programming (GAMS) to balance water,

3. Results

The Advanced scenario achieved significant
improvements: water consumption reduced
from 25,000 to 18,000 m3 (28% reduction),
groundwater stabilized at 30,000 m3 (75% of
capacity), PM10 reduced from 70 to 35 pg/m?
(46% reduction), PM2.5 to 14 pg/m* (50%
reduction), NO; to 22 ug/m? (37% reduction),
CO, to 55 tons (31% reduction), and soil

4. Discussion

The Advanced scenario outperformed
previous studies: water reduction (28% vs 30%
in Chen et al., 2024) but with multi-sector
demand; PM10 reduction (46% vs 35% in
Kumar & Singh, 2023) more cost-effective; soil
erosion reduction (40% vs 3 tons/ha in Shakeri
& Moradi, 2024); and job retention (88% vs
85%) with 10 green jobs added. Scientific
innovations include integrating three theories
(Systems, Sustainability, Resilience) and five
tools, with sustainability index improving from
0.375 to 0.55 and resilience from 0.29 to 0.96.
Practical implications: cost of 2.5 billion is

of 2-3 tons/ha. Economically, 300 industrial
jobs (30% of local economy) are at risk; without
intervention, 33% of jobs could be lost by 2035,
reducing social satisfaction and increasing
migration. Previous studies (Chen et al., 2024;
Kumar & Singh, 2023; Mohammadi et al.,
2024) lack integrated frameworks for small arid
cities. This study aims to design an integrated
framework combining advanced tools (System
Dynamics, MOLP, DEA, Machine Learning,
Monte Carlo) and dynamic policies to reduce
environmental impacts and ensure sustainable
development in Nushabad.

pollution, and job objectives; (3) Data
Envelopment Analysis (DEA-Solver) for
industrial efficiency; (4) Machine Learning
(Random Forest, Python) to predict pollution
trends (92% accuracy); and (5) Monte Carlo
Simulation (Python) for risk analysis (2,000
iterations). Three scenarios (Baseline, Optimal,
Advanced) were analyzed over 2025-2035.

erosion from 3.5 to 1.8 tons/ha (40% reduction).
Jobs were maintained at 265 (88% retention),
social satisfaction improved from 3.0 to 3.7
(24% increase), and health effects reduced by
21%. Total cost was 2.5 billion Tomans with
4.2-year return on investment and 600 million
annual revenue. ML predictions (92%
accuracy) and Monte Carlo (95% confidence)
validated long-term sustainability.

suitable for small city budgets; scalable to
similar arid cities; and 75% stakeholder support
confirms social acceptance. Limitations include
20% error in melting simulation, constant
rainfall assumption, and tool costs.

5. Conclusion
The integrated framework successfully reduced
environmental impacts (28-50% reduction),
retained 88% of jobs, and improved social
satisfaction by 24% in Nushabad. Aligned with
SDG 6, 11, and 12, it provides a scalable
solution for arid small cities. Short-term
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recommendations: install air filters and water
recycling (2.5  billion);  medium-term:
PM2.5/NO, monitoring and solar energy; long-
term: vegetation cover and international
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