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Obijective: The primary objective of this research is to develop a sustainable model for the
spatial distribution of rural settlements within the Hawraman Forest Region, a UNESCO
World Heritage Site. By analyzing various factors, including geomorphology, accessibility,
climate, and production, the study aims to identify optimal locations for settlements that
minimize human impact on the fragile forest ecosystem. The goal is to strike a balance
between the needs of local communities and the preservation of the region's natural and
cultural heritage. By implementing evidence-based strategies, this research aims to
contribute to the sustainable development of the Hawraman region, ensuring its ecological
integrity and socio-economic well-being for future generations.

Methodology: This research employed a methodological approach that included a review
of theoretical foundations, focusing on four criteria: geomorphology, accessibility, climate,
and production. The Analytic Hierarchy Process (AHP) model and Geographic
Information System (GIS) were used for modeling and analysis. After constructing a
hierarchical structure and categorizing indicators, the study proceeded to assess the spatial
distribution of rural settlements within the forest. The current situation was evaluated and a
weighted map was created to determine the location of settlements. Finally, a
comprehensive model was developed considering four main policies to optimize the spatial
distribution of settlements and promote sustainable development in the Hawraman region.
Results: The AHP analysis highlighted the significant impact of production factors,
especially livestock and agriculture, on the spatial distribution of rural settlements within
the Hawraman forests. Accessibility to resources, such as proximity to rivers and roads,
was another critical determinant. Spatial analysis revealed a correlation between settlement
proximity to forest edges and increased forest degradation. The study identified specific
areas where settlements posed a serious threat to forest ecosystems. To mitigate these
impacts, the study proposes strategies to relocate vulnerable settlements to more
sustainable locations and to consolidate smaller settlements to reduce pressure on the
forest.

Conclusions: The study highlights the importance of strategic planning in managing rural
settlements within forested ecosystems. A proposed model outlines specific policy
recommendations, including restricting settlements in ecologically sensitive areas,
relocating settlements that are detrimental to forests, and consolidating smaller settlements
to minimize environmental impacts. By implementing these measures, it is possible to
achieve both ecological conservation and improve the well-being of rural communities.
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Introduction
Forests, which cover 31% of the Earth's surface, sequester approximately 15.6 billion tons of

carbon annually (FAO, 2023; WEF, 2023). However, the Glasgow Climate Pact aims to
reduce global greenhouse gas emissions by 45% below 2010 levels by 2030 (myclimate,
2022). COP26, held in Glasgow, Scotland in 2021, underscored the urgency of combating
climate change and preserving forests. World leaders committed to halting deforestation and
restoring degraded forests by 2030. Yet hundreds of millions of hectares of forests are
disappearing due to fires, grazing, logging, and climate-related disturbances (Casal-Guisande
et al., 2023; Vasquez-Grandon et al., 2018; Hudson & Alcéntara-Ayala, 2006).

Rural development depends on a balanced distribution of services, community needs, and
functional connections between settlements (UNHCR, 2018; Barbosa et al., 2022). By
reducing rural carbon footprints and promoting afforestation, rural areas can increase their
resilience to climate change (Liu et al., 2022; UN, 2023) and stimulate economic growth
(WEF, 2023).

However, rapid population growth in forested areas often leads to deforestation, forest
fires, and increased greenhouse gas emissions from rural food production (Ye & Chuali,
2023). This, coupled with climate change, can threaten human health, limit access to services,
and weaken rural-urban linkages (Tacoli, 2009; Zhang & Zhang, 2022).

Previous studies on rural settlements have focused on service accessibility, spatial
connectivity, rural poverty, and climate change impacts. However, there is a lack of research
on spatial patterns of rural settlements that simultaneously address service distribution,
connectivity, poverty alleviation, carbon emissions, and climate change in forested areas.

The Hawraman Cultural Landscape, inscribed on the UNESCO World Heritage List,
exemplifies the complex interplay of cultural, settlement, architectural, environmental, and
agricultural aspects. This region, with over 700 villages, provides a unique case study for the
study of spatial patterns of rural settlements in forested areas. However, existing studies on
Hawraman primarily focus on tourism and overlook critical challenges such as deforestation,
forest fires, and unplanned development. This research aims to develop a spatial pattern
model for rural settlements in forested areas. By analyzing the case of Hawraman, this study
aims to fill the knowledge gap and provide insights for sustainable rural development and
forest conservation.

Method
Describe the method of study, including; 1. Indexing stages: Review of factors affecting

spatial distribution, review of global authoritative texts, documentation and identification of
spatial distribution indicators for settlements. 2. Data collection process: Consultation with
various government agencies such as the Statistical Center and the Organization for Planning
and Budget, specialized organizations such as the Geological Survey and Mapping
Organization, and the report on the World Heritage Site of Hawraman, as well as remote
sensing techniques. 3. Data analysis stages: - Preparation of research data, hierarchical
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structure, explanation of importance coefficients of criteria and sub-criteria, calculation of
scores, checking the consistency of matrices in the final intra-group relations. 4. Presentation
of the model and results: Overlapping indicators in the GIS environment using weighted sum,
preparation of the final map for the location of settlements based on the indicators,
presentation of the final model for the study area and recommendations.

Results
The aim of this study was to develop a spatial pattern model for rural settlements in forested

areas. To achieve this, the Analytic Hierarchy Process (AHP) was used as a robust criteria
evaluation technique. By categorizing, ranking, and weighting criteria, the model assesses
their relative importance and value. Using expert opinion and Geographic Information
Systems (GIS), AHP provides a reliable tool for planners to identify suitable areas for
settlement. A hierarchical structure was created that considered four primary criteria:
morphology, accessibility, climate, and production. Each criterion was further divided into
sub-criteria and evaluated using pairwise comparisons. The consistency of these comparisons
was checked to ensure the reliability of the results. GIS was then used to create and overlay
maps for each sub-criterion. Based on the final weights and map overlays, areas were
classified into five categories: highly suitable, suitable, moderate, unsuitable, and highly
unsuitable. The classification was determined by the degree to which each area met the
optimal criteria. For example, the morphology criterion favored elevations between 1000 and
1500 meters, slopes of 5 to 15%, and southeast to southwest exposures. Accessibility was
assessed based on proximity to roads, rivers, cities, and villages, while climate criteria
included factors such as pollution levels, precipitation, wind speed, soil moisture, and erosion.
Production criteria considered the quantity and diversity of agricultural and livestock
products. By integrating these factors, the study provides a comprehensive framework for
sustainable rural settlement planning in forested regions.

Conclusions
The proposed solutions for villages in forested areas vary according to population size and

location. Abandoned villages will be removed to protect the forest, while smaller villages will
be relocated and consolidated to improve access to resources and reduce environmental
impact. Larger villages remain in their current locations, but must adhere to strict regulations
to ensure sustainable development. Common strategies include: sustainable agricultural
practices, responsible forest management, and effective water resource management. Specific
measures such as creating fire breaks, preventing soil erosion, and promoting ecotourism are
also proposed. The overall goal is to balance the needs of local communities with the
protection of the forest ecosystem.
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