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Landform-based physiographic units directly and indirectly influence the diversity and
spatial distribution of land use and land cover. The spatial patterns of landforms and land
use/cover result from both natural and human factors, whose interactions are not yet fully
understood. This study presents a geomorphological analysis of land-use units in a semi-
arid to semi-humid region to support land-use planning. Landform units were delineated
based on lithological characteristics and dominant geomorphic processes. The dominant
spatial patterns of land use were analyzed using satellite imagery and field observations.
Land-use classification and mapping were conducted in two stages based on land-use
function and activity. The geomorphological analysis revealed that cropland is primarily
distributed across regular slopes and landforms affected by surface erosion. Cropland is
also largely confined to slopes ranging from 0 to 10%, indicating topographic constraints
on its expansion. Rangelands, pastures, and water-resource land uses are distributed
across a wide range of landforms, lithological units, and slope classes. Urban land uses
are mainly concentrated in low-lying areas with slopes of less than 5%. The results
demonstrate that landform characteristics and slope strongly influence land-use diversity
and spatial patterns. Incorporating geomorphic conditions into land-use planning can
therefore serve as a key component of sustainable decision-making.
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EXTENDED ABSTRACT

Introduction: Human-environment interactions have now changed ecological patterns and processes, causing major
changes in biodiversity, geomorphic processes, biogeochemistry, and climate globally. These environmental
transformations are also reflected in geomorphic responses. Land use results from the interaction between human
activities and the natural environment. The diversity and spatial pattern of land use/land cover are influenced by a range
of external drivers, including both natural factors and human interventions. Among the natural controls, geomorphological
characteristics play a particularly important role. At the same time, human activities such as agricultural expansion and
overgrazing have intensified in response to population growth and urban development. Together, these natural features
and anthropogenic land-management practices have substantially modified and reorganized land use patterns. A landform
is a physical feature of the Earth’s surface with a characteristic and recognizable shape, formed over time by natural
processes. Accurate understanding of the relationship between geomorphology and land use patterns is the premise and
basis for landscape pattern optimization and the rational management of land resources. Different landform and land use
types can be identified through the interpretation of satellite imagery and aerial photographs. However, in the analysis of
both, field observation and ground verification must also be carried out. Therefore, exploring the impacts of different
geomorphic conditions on land use patterns can help reveal the internal mechanisms through which topographic features
influence land use. This study considers landforms as the expression of natural processes and land use as the manifestation
of human activity in the landscape. It aims to provide a theoretical and scientific basis for land-use planning and for the
protection of ecologically vulnerable areas.

Materials and Methods: The Godar-Kafano watershed is located southwest of Qaleh Askar City in Kerman Province
and covers an area of 7,031 ha. The region has a semi-arid and cold climate, with various geomorphic types (landforms)
related to this climate and several types of land use. Elevation ranges from 2,656 to 3,265 m above sea level. The dominant
geomorphic features of the area are mountainous landforms, followed by limited alluvial plains. The study method
included satellite-image interpretation, stereoscopic interpretation of aerial photographs, and field verification of landform
and land-use units. The landform classification scheme was based on process criteria and employed a lithological analysis
approach The land use classification system was based on land function and type of economic activity The combined
landform and land use analysis resulted in the production of maps and a spatial database. A matrix containing the overlap
areas of landform and land-use classes was created by overlaying the maps. To determine the effect of geomorphic
features (landforms) on the spatial distribution of land use types, that is, the frequency of occurrence of different land use
categories on specific geomorphic units, the geomorphological distribution index was used, which is obtained from the
following equation:

P:Sie * S/SL * Se

Where P represents the geomorphological distribution index, Sie is the area of land use/cover i in topographic region e,
and Si and Se are the total areas of land use/cover type i and topographic feature e, respectively. S is the total area of the
study area.

By plotting the geomorphological distribution index P on the vertical axis against landform units on the horizontal axis,
a geomorphological distribution curve was obtained. The curve shows the deviation between the distribution of land use
types in each landform unit in the terms of adaptability or selectivity.

Results and Discussion: The dominant rock types in the study area include old alluvial deposits; rhyolitic to dacitic lava;
lahar; sandstone; conglomerate; andesite; andesitic basalt associated with rhyolite and pyroclastic rocks; and sandy marl.
Geomorphological analysis identified the main landforms as regular slopes, rocky outcrops, rill erosion , surface erosion,
and channel erosion . The dominant landform type in the study area was rocky outcrop, covering 2,478 ha. Analysis of
the three main topographic factors, elevation, slope, and aspect, showed that the largest proportion of the region is
characterized by slopes of less than 40% and elevations between 2,800 and 3,000 m.

Land-use analysis identified four functional land use categories and ten land use types based on economic activity.
Rangeland and agriculture accounted for the largest shares of land use, covering 5,803 ha and 450 ha, respectively.
Analysis of land use distribution characteristics in topographic parameters showed that the topographic gradient effects
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of land uses in the region were quite different. Agricultural land use was confined to slopes of less than 10% and elevations
below 2,800 m. This indicates that the spatial distribution of land use types in the region is clearly constrained by the
natural environment. The relationship between land use and landforms revealed both simple and complex patterns.
Agricultural and urban land uses, which are strongly influenced by human activities, showed similar dominant
distributions within the regular-slope landform unit, and their spatial distribution was jointly constrained by elevation,
slope, and relief amplitude. In contrast, pastures, despite covering relatively small areas, showed strong selectivity across
a variety of landforms and topographic conditions. This may be related to the presence of springs in different parts of the
region.

Conclusion: Geomorphological analysis proved to be an effective tool for identifying the spatial correlations between
land use and landform units The results show that geomorphology, in approchof process and form, affects both the spatial
distribution of land use patterns and the intensity of human activities. The higher the geomorphological diversity and
complexity are, the higher the land use diversity is. Geomorphology and physiography were found to be important factors
affecting land use diversity and patterns. Among the topographic parameters, slope had a particularly significant effect
on the diversity and expansion of biologically based subsistence activities, such as agriculture and orcharding, within the
regular-slope landform unit across different rock types. Elevation also influences landforms associated with weathering
and water-based processes through its effect on climate. Therefore, elevation can be considered significantly negatively
correlated with land use diversity and distribution indices. The findings indicate that geomorphological responses to
environmental conditions exert both positive and negative effects on land use diversity and patterns, such that changes in
geomorphic features are accompanied by corresponding changes in land use diversity patterns. Geomorphological
assessment of land use, based on landform maps and applied to land use planning, provides a more effective description
of the complexity of land use and landform patterns. It therefore offers valuable support for understanding the spatial and
temporal relationships between landforms and land use activities in each region.
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