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Abstract

The rapid urban development, often with insufficient land use regulation, results in urban sprawl, low-density
areas, and notable environmental impacts. To achieve urban ecological sustainability, prioritizing the self-
sufficiency of urban neighborhoods is essential. A study in Yazd found that rapid development in the past two
decades has diminished neighborhood self-sufficiency and increased the need for citizen transportation access.
The study used a system dynamics approach to assess the relationship between urban self-sufficiency and
environmental consequences. The system dynamics model was developed in three key stages utilizing Vensim
software: initial conceptual modeling through Causal Loop Diagrams, followed by Stock and Flow Diagrams
and culminating in the creation of a dynamic system model designed to forecast extended scenarios. This
research, anchored in the conceptual modeling phase, examined the intricate relationship between urban
development and the erosion of urban self-sufficiency, as well as the declining quality of the urban
environment. Furthermore, the modeling results indicate that, in the absence of intervention, the lack of self-
sufficiency in urban neighborhoods and the instability of the environment are projected to intensify by 2040.
Different scenarios indicated that a 30% increase in urban self-sufficiency while keeping the city's size constant
could lead to a 10% decrease in active vehicles and a 5% reduction in air pollution by 2040. Conversely, a
20% rise in active cars would result in a 30% increase in air pollution and a 5% decline in urban sustainability
by 2040. To address these challenges, crucial strategies include maintaining the city's size, promoting self-
sufficiency to enhance urban cores, and ensuring balanced regional development. These initiatives are intended
to reduce reliance on private vehicles, decrease local travel demands, and address air pollution.
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Introduction

The rapid urban development, often with insufficient land use regulation, results in urban sprawl, low-density
areas, and notable environmental impacts (Venter et al., 2021). To achieve urban ecological sustainability,
prioritizing the self-sufficiency of urban neighborhoods is essential. The concept of self-sufficiency in urban
neighborhoods refers to these areas' ability to support their residents’ needs by providing diverse local resources
and services. Urban areas often face challenges related to self-sufficiency, especially in food production,
energy, water, and urban services. Lack of self-sufficiency can have environmental and socio-economic effects
because urban areas must rely on external sources to meet their needs (Toboso-Chavero et al., 2023). This
reliance can lead to increased commuting, the use of private cars, and then an increase in environmental
pollution, and the urban heat island effect (Braun et al., 2023; Kumar and Suhas, 2022). The city of Yazd has
experienced significant population growth in recent decades. The percentage of built-up area has increased
from 37% in 1375 to 62% in 1395 (Parivar et al., 2023); Therefore, the growth of construction and the size of
the city in this area is significant. Despite the physical development in this city, the distribution of urban
services such as education, healthcare, sports, and culture among urban neighborhoods is not proportionate
and uniform. On the other hand, the quality of the environment in this city is decreasing. Therefore, this study
aims to use the system dynamics approach to model and understand the complex interactions between urban
development, reducing the self-sufficiency of urban areas, resource consumption, and environmental
degradation.

Methodology

The study used a system dynamics approach to assess the relationship between urban self-sufficiency and
environmental consequences. The system dynamics approach provides the possibility of examining dynamics
and communication in complex systems such as cities (Asif and Zeeshan, 2020).

Results and Discussion

The first stage of evaluation is done with the system dynamics approach by determining the boundary of the
study based on the subsystems affecting the research topic. Concerning the research problem, five sub-systems
can be distinguished, including the urban population, the economic situation, the environmental situation, the
urban transportation system, and the self-sufficiency of urban areas. In the second step, the CLD diagram,
which shows the general architecture of the model, i.e. the relationships between the variables, has been
expanded. The feedback loops developed in this research to evaluate the environmental effects of the lack of
self-sufficiency in Yazd City. In this research, after identifying the subsystems and causal links between the
variables, the state and flow diagram was developed, which is shown in Figure(1).
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Figure 1. Diagram of the state and flow of the lack of self-sufficiency in Yazd city

Base-Run Scenario: The modeling results suggest that without intervention, the lack of self-sufficiency in
urban neighborhoods and environmental unsustainability will worsen by 2040.
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Scenario 1: In this scenario, indicated that a 30% increase in urban self-sufficiency while keeping the city's
size constant could lead to a 10% decrease in active vehicles and a 5% reduction in air pollution by 2040,
Figure(2).
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Figure 2. The First Scenario

Scenario 2: Conversely, a 20% rise in active cars would result in a 30% increase in air pollution and a 5%
decline in urban sustainability by 2040, Figure(3).
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Figure 3. The Second Scenario

Conclusion

To address these challenges, crucial strategies include maintaining the city's size, promoting self-sufficiency
to enhance urban cores, and ensuring balanced regional development. These initiatives are intended to reduce
reliance on private vehicles, decrease local travel demands, and address air pollution.
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