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Highlights

- This research analyzes the damages and destruction caused by urban development and human interventions in altering the structure of natural
ecosystems of urban rivers.

- This research emphasizes the necessity of forming an “ecological resilience” perspective in urban design and urban development programs and
presents the related components.

- The results of the research are derived from the integration of components affecting the ecological characteristics of rivers and the components of
ecological resilience.

- Inthis research, theoretical model for the urban landscape restoration of the Haraz River in Amol, influenced by ecological resilience components, are
formulated.

- This research considers the improvement of urban river landscapes as a process over time, allowing changes in the evolutionary process to lead to the
formation of a stable secondary ecosystem.

he ecological nature of the urban landscape of rivers, as one of the main pillars of | Received 08/10/2024
natural ecosystems, has a significant impact on the environmental quality of cities. | Revised 10/11/2024
With the increase in urbanization and the expansion of human activities, these ecosystems | Accepted 11/12/2024

have faced serious challenges in such a way that ecosystem pollution brings with it | available Online  19/01/2025
hydrological changes and destruction of animal habitats, which leads to the destruction
of the river ecosystem and changes in its biological structure. In addition, interfering
factors resulting from environmental hazards are also considered a serious threat to the e -

ecosystem of inner-city rivers. Therefore, the necessity of ecological restoration of rivers

in order to restore the urban landscape, natural ecosystems and increase their resilience | Urban landscape restoration
to environmental changes and human interventions is a vital issue in the management of | HarazRiver
contemporary urban programs. This research, with developmental-applied objectives, with | Environmental hazards

an exploratory-correlational method, with library data, first reviews the research literature
and then, using authentic historical documents of the Haraz River, field observations and
remote sensing images, develops a theoretical model with deductive-inferential analyses;
finally, the ecological components effective in improving the urban landscape of inner-city
rivers are extracted with a resilience approach. Hydrological components, biological and
morphological diversity are known as key factors in the ecological structure of the river.
Diversity, ecological variables, modularity, ecosystem services, development and overlap
of rules, innovation, social capital and feedback review are the effective components in
ecological resilience extracted to be placed in a process-oriented evolutionary structure
and a theoretical model of restoration is developed. For this purpose, the study sample;
The Haraz River in Amol city is examined and in order to realize the theoretical model,
relevant strategies for improving the Haraz River are explained to be included in Amol
urban development plans.
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ntroduction: As a natural, linear and ecological corridor, the river forms a heterogeneous range of
I ecosystems and spatial units that affect each other. Therefore, the river is an ecosystem intertwined in
different scales that creates different patterns. By creating an ecological corridor, the river is effective in
maintaining water health, improving the environment and protecting animal and plant species.
It also brings about dynamism, visual diversity in the urban landscape and improves the quality of
life of citizens by transferring water resources. Urban rivers are of great importance as the edges of
the urban environment, which, as a natural and ecological element, have a great impact on the city
ecosystem, health, and vitality of the urban environment. Also, as a physical and visual element, they
play an important role in urban beautification and the identity of most cities depends on them. With the
expansion of urbanization and uncontrolled construction on the banks of rivers, destructive effects have
been created on the water quality, morphology, and flora and fauna of the river ecosystem.
Many rivers in lranian cities are also considered a threat to cities in urban development plans and, due
to the expansion of urban infrastructure, have been removed from their ecological structure. In order
to control floods, the river banks have been turned into channels with concrete and stone walls. The
Farahzad River, the Kan River, and the Velenjak in Tehran, the Qomrud in Qom, the Mehraneh Rood in
Tabriz, and the Khoshk River (Khoram Rood) in Shiraz are among them. In this study, the Haraz River in
Amol city, Mazandaran province, is studied, criticized, and examined as a case study in order to develop
a theoretical model and formulate urban landscape restoration strategies for the Haraz River in Amol
with an ecological resilience approach, and its results, if generalizable, are studied in similar cases in
geographical conditions and urban landscape structure.

aterials and Methods: This research addresses the challenges in urban development plans
IVI in dealing with inner-city environments, the lack of ecological planning in order to preserve and
maintain the ecosystem of inner-city rivers, focusing on the Haraz River in Amol. The objectives are
developmental-applied and the research method is exploratory-correlational. In data analysis, it also uses
the deductive-inductive method to achieve components for developing effective strategies in improving
inner-city rivers with an ecological resilience approach and to answer the following main questions;

- What are the effective components in the urban landscape restoration of the Haraz River in Amol,
with an ecological resilience approach?

- What theoretical model is effective in realizing the ecological resilience components in the ecological
improvement of the Haraz-Amol River?

The research is carried out in the following 5 stages:

- Review of theoretical literature and field studies within the framework of the theoretical foundations
of the research.

- ldentification of key factors in the ecological restoration of urban rivers and data analysis.

- Analysis of the research sample; Haraz Amol River

- Extraction of effective components in the restoration of the urban landscape of Haraz Amol River with
an ecological resilience approach

- Developing a theoretical model for the urban landscape restoration of inner-city rivers

indings: The data extracted from the research review were analyzed using a deductive-inductive
method and were examined in two general groups, including the components effective in the urban
landscape restoration of urban rivers and the components effective in ecological resilience:

1. Components effective in urban landscape restoration of urban rivers:
In urban landscape restoration of rivers, the most important and effective components that lead to
the restoration of the river ecosystem are ecological components. Ecological components include four
main components: river flow hydrology, biological diversity of biological species, river morphology,
and aesthetics as a perceptual indicator of citizens.
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The hydrological flow index defines the health of water in the river ecosystem and has a direct impact
on the ecological conditions of the ecosystem. Biological diversity includes the diversity of plant
and animal species, the diversity of micro and microbiological organisms, which is effective in the
formation of ecosystem services. The morphology of the water corridor is defined by the natural
form and structure of the river and the banks covered with biological species (ecological banks). The
natural boundary of the river is considered a protective boundary in urban development plans based
on its natural morphology.

Aesthetics (mental perception) is a symbol of human understanding of space. In the discussions
raised in ecological restoration, less human presence and non-interference in the natural ecological
structure of the river are emphasized, but the presence of humans as citizens is inevitable. The
definition of aesthetic symbols has an impact on the definition of the mental landscape of the river
and is a factor in the formation of a culture of correct exposure to the inner-city river in preventing
destruction and protection. The topic of aesthetics shapes the audience’s mental landscape based on
methods of perception, environmental psychology, and phenomenology. In this research, due to the
emphasis on the structure of the river regardless of the presence of citizens, the topic of aesthetics
is not addressed, which itself requires separate research.

2. Components affecting ecological resilience:

The goal of ecological resilience is to maintain the river ecosystem after the crisis so that the river
ecosystem maintains its essence in secondary stable conditions. Ecological resilience of urban rivers
is “process-based river restoration”. A process that is appropriate to the ecosystem structure of the
river and also covers the process-oriented structure of resilience. “Resilience thinking” affects the
ecological dimensions of resilience and in the contemporary world aligns ecological-social resilience
to make the “changing world” resilient.
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Figure 1. Theoretical model for Urban River restoration based on Ecological Components
with an Ecological Resilience approach, source: (Authors 2025)

In this research process, at the project identification stage, hydrology and flood assessment of the Haraz
River watersheds, biodiversity, and the impact of its changes on the ecological status of this river are
examined, as well as river morphology and the effects of its changes on the ecological resilience of
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the ecosystem are analyzed. The strategies lead to the formation of effective components in resilience
(based on literature review); Diversity, ecological variables, modularity, ecosystem services, formulation
and overlapping of rules, innovation, social capital and review of feedbacks, are in the three layers of
hydrology, biology and morphology. But in fact; these strategies were common in the formation of many
components and overlap. A strategy may lead to the formation of several components of resilience and
restoration of part of the river ecosystem. What ultimately matters are that; the entire river ecosystem
becomes resilient in its ecological structure in response to changes and recovers its ecological nature
(Figurel).

iscussion and Conclusion: The Haraz River basin in Amol City, with its unique geographical

features, is known as one of the flood-prone areas in Iran, which is affected by urban development
factors and human interventions. Human activities such as excessive construction and pollution from
industries threaten the ecosystem of this river and cause erosion and transfer of pollutants to downstream
areas. These changes have led to the destruction of natural habitats and a decrease in biodiversity and,
as a result, the Haraz River ecosystem. Therefore, the need for integrated watershed management and
the implementation of conservation programs is necessary to achieve a healthy, resilient ecological
ecosystem. Considering the exposure of the Haraz River ecosystem to the negative and harmful
effects of urban development, it is necessary to influence resilient ecological components within the
framework of urban development. This approach, by determining the resilient ecological nature of the
river in the urban structure, facilitates its protection and restoration in the context of large-scale urban
planning. Identifying a restoration plan based on the health of the river ecosystem, developing relevant
strategies and solutions, implementing the restoration plan in coordination with urban development and
management plans, and systematically monitoring and evaluating after the restoration is implemented,
if carried out within a coherent framework and continued, will lead to the re-formation of the river
ecosystem.
In fact, after implementing the restoration strategies, the river ecosystem enters a new state, which is
a kind of secondary artificial ecosystem. At this stage, new conditions and possible weaknesses must
be reviewed again and new strategies and solutions must be developed and implemented. Secondary
monitoring and evaluation are also carried out so that the ecosystem can be improved in the evolutionary
process, because rivers have a variable nature and are affected by climate change, environmental
hazards, urban development and human interventions, which always require monitoring, evaluation and
adaptation of strategies to new conditions so that the ecological restoration of the river ecosystem can
continue. Resilient ecological restoration of rivers must be carried out based on a systemic approach
and a “process-based” structure; this process is not a short-term program, but rather takes place in a
process-oriented cycle so that the ecological characteristics of the ecosystem are restored and achieved
sustainability. It is worth noting that the rivers of each city have unique characteristics that are affected by
various factors, including the specific geography of the region, climate change and urban development.
The strategies presented for ecological restoration of urban rivers with a resilience approach are
generalizable on a macro scale, but on a micro scale and adopting specific solutions requires adaptation
to the unique conditions of each river ecosystem, and the generalizability of the research results requires
examining the specific conditions of each region.
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Highlights

- This research analyzes the damages and destruction caused by urban development and human interventions in altering the structure of natural
ecosystems of urban rivers.

- This research emphasizes the necessity of forming an “ecological resilience” perspective in urban design and urban development programs and
presents the related components.

- The results of the research are derived from the integration of components affecting the ecological characteristics of rivers and the components of
ecological resilience.

- Inthis research, theoretical model for the urban landscape restoration of the Haraz River in Amol, influenced by ecological resilience components, are
formulated.

- This research considers the improvement of urban river landscapes as a process over time, allowing changes in the evolutionary process to lead to the
formation of a stable secondary ecosystem.

he ecological nature of the urban landscape of rivers, as one of the main pillars of | Received 08/10/2024
natural ecosystems, has a significant impact on the environmental quality of cities. | Revised 10/11/2024
With the increase in urbanization and the expansion of human activities, these ecosystems | Accepted 11/12/2024

have faced serious challenges in such a way that ecosystem pollution brings with it | available Online  19/01/2025
hydrological changes and destruction of animal habitats, which leads to the destruction
of the river ecosystem and changes in its biological structure. In addition, interfering
factors resulting from environmental hazards are also considered a serious threat to the
ecosystem of inner-city rivers. Therefore, the necessity of ecological restoration of rivers

in order to restore the urban landscape, natural ecosystems and increase their resilience | Urbanlandscape restoration
to environmental changes and human interventions is a vital issue in the management of | HarazRiver
contemporary urban programs. This research, with developmental-applied objectives, with | Environmental hazards

an exploratory-correlational method, with library data, first reviews the research literature | Uroan development

and then, using authentic historical documents of the Haraz River, field observations and
remote sensing images, develops a theoretical model with deductive-inferential analyses;
finally, the ecological components effective in improving the urban landscape of inner-city
rivers are extracted with a resilience approach. Hydrological components, biological and
morphological diversity are known as key factors in the ecological structure of the river.
Diversity, ecological variables, modularity, ecosystem services, development and overlap
of rules, innovation, social capital and feedback review are the effective components in
ecological resilience extracted to be placed in a process-oriented evolutionary structure
and a theoretical model of restoration is developed. For this purpose, the study sample;
The Haraz River in Amol city is examined and in order to realize the theoretical model,
relevant strategies for improving the Haraz River are explained to be included in Amol
urban development plans.
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