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Abstract

The Earth's limited resources can be sustainably maintained by its human population, if are used optimally
and in a balanced way. Assessing the ecological land capability examines the ability of the land to support
human activities in a sustainable manner and determines the most desirable type of land use by humans. In
this study, the assessment of the ecological capability of Sistan plain for agriculture and pasture, urban and
rural development, ecotourism, forestry and afforestation, ecological protection and aquaculture land useses
in 2019 has been carried out by integrating the multi-factor ecological models of Makhdoum with Remote
Sensing (RS) and Geographic Information System (GIS). Data and information related to 24 ecological,
physical, climatic and biological parameters of the region, obtained from satellite images or existing maps,
have been processed and analyzed in the environment of remote sensing and GIS software. The results
showed that 100% of Sistan plain has ecological capability for protection, 63% for grade 2 of extensive
ecotourism and 19% for grade 4 of rangeland and has no suitable potential for other land uses including
agriculture and forestry. The results of this study showed the need to pay more attention to conservation
measures and reduce agricultural and industrial activities in the Sistan plain. By comparing the ecological
capability of the area with its current land use, it was determined that in a large part of the northeastern area,
which has the capability for protection, agricultural activities are currently carried out, and in most of the
areas that are intended for extensive protection and recreation, there are bare lands, pasture and forest land
uses. The results showed the need to pay more attention to protective measures and reduce agricultural and
industrial activities in this vulnerable area. Since the process of evaluating the ecological capability often
requires spending considerable time and costs, another goal of the research was to combine RS and GIS with
the existing ecological models, in order to assess the ecological capability of the Sistan plain. Because it is
very effective in speeding up, increasing the accuracy and updating the information and outputs of existing
models and finally speeding up the process of land use planning - which is currently one of the most
important challenges to achieve sustainable development in Iran.
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Introduction

Today, the destruction of the environment in different parts of the world causes the loss of a huge part of the
valuable natural resources of the planet. These damages are caused by mismanagement and lack of proper
land use planning for the optimal use of land resources. The excessive depletion of resources and irrational
human use of the land, has prompted governments to seek solutions to solve the consequences of these
inappropriate activities and to propose alternative methods to conventional ones in order to use resources as
the best and more sustainable as possible. Therefore, the process of exploitation of natural resources has been
implemented in planned frameworks called "resource management plans", such as agricultural plans,
rangeland management, etc. The first step in the implementation of each of the mentioned plans is to evaluate
the ecological capacity of the region. In recent years, Remote Sensing (RS) and Geographical Information
System (GIS) have been widely used to evaluate the ecological potential of the land in several studies. For
example, (Girmay et al., 2018; Tolche et al., 2021; Montgomery et al., 2016; Yalew et al., 2016; Zamani,
2014; Karimzadeh Mutlag, 2013; Makhdoum et al., 2008; AbdelRahman et al., 2016; Shan et al., 2019; Abd
El Aal et al., 2020) have stated that the integration of GIS or RS, with ecological capacity assessment models
will facilitate the allocation of lands for various uses, including agriculture and pasture, forestry, ecotourism,
conservation and Industrial-urban land uses. Human activities are not aligned with the land capability in the
Sistan plain. The occurrence of its consequences such as the destruction of the land and its elements, as well
as the lack of adequate water supply in the agricultural areas indicating the need for a land capability
assessment integrated with RS and GIS technologies to achieve more accurate results with less cost and time.

Methodology

Study Area

The Sistan plain is located in the east of Iran and in the north of the Sistan and Baluchistan province in low
and flat areas at 31°18'V to 31°20'N and #1°10'E to #1°50'E.

Research Method

In this research, system analysis evaluation method has been used. In order to evaluate the ecological
capability of the studied area for different uses, "Makhdoum" ecological models have been applied. The
research process includes the following steps:

* Selection of the ecological assessment model: Ecological factors include physical and biological
components, which in order to collect the required information from various methods such as field visits,
satellite images and their processing by remote sensing software, were used and various data were collected.
« Entering information into the geographic information system: ArcGIS 10.5 software was used in order to
localize data and digitize maps and convert AutoCAD files into shape-files, as well as unify the data
coordinate system, finally, all data were prepared in vector format.

« Classification of data for modeling: the layers of information prepared from the region in order to be used
in ecological models of Iran for different uses were classified and standardized and were prepared to be
applied in evaluation models.

+ Data modeling and determination of user priority: All the data that were collected and classified in the
previous stages, were converted into a raster format and by using Iran's ecological models, land use priorities
for the study area were determined.

Results and Discussion

The ecological potential for forestry uses

The Sistan plain does not have the ecological potential for the development of forestry, because the average
annual rainfall is less than 60 mm and the average percentage of relative humidity is less than 40%. Also,
factors such as the type of texture, acidity, transformation and drainage of the soil limited the potential of the
region for forestry uses.

The ecological potential urban, industrial, rural, military and engineering uses

Sistan plain does not have the natural ecological ability to develop this type of land use. By examining the
components of the model, it was determined that the most significant limiting factors of the Sistan plain
include annual rainfall and low average relative humidity, lack of suitable bedrock, inappropriate type of soil
texture in the region, water shortage and its altitude that is less than sea level.

Ecological capacity for aguaculture use
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The Sistan plain does not have the ecological potential for the development of aquaculture land use, also by
examining the model components, it was determined that in general, the most limiting factors include soil
texture, the flow of incoming water that is less than 3000 cubic meters per hectare per year.

Ecological potential for ecological protection

The entire area is susceptible to this type of land use, and the most important factors are seasonal floods in
the Sistan plain basin, severe wind erosion, consecutive and long-term droughts, very little rainfall, very high
evaporation rates, and the presence of the Hamon International Wetland, which host various species of
migratory birds and listed among the rare habitats with endangered species in the region.

Ecological potential for ecotourism use

Some areas of the Sistan plain have the ecological potential for the development of extensive ecotourism for
grade 1.

The ecological potential for agricultural and pasture uses

The region naturally does not have the ecological capacity to develop agriculture, animal husbandry, poultry,
beekeeping, sericulture and horticulture, but it has a weak ecological capacity for grade 4 grazing.

Conclusion

The purpose of this research was to prepare an ecological capability map of the Sistan Plain by using the
ecological models of Makhdoum and integrating them with RS and GIS technologies in order to increase the
speed and accuracy of models and make it possible to update the information and its results. According to the
study of the ecological parameters of the studied area and the use of the aforementioned multi-factor models,
it was found that almost all areas of the Sistan plain were suitable for ecological protection. The result
showed that 18.8% of the studied area had a weak capacity for grazing (pasture grade 4) and most of these
areas were located on the edge of the Hamon wetland, considering that the water source of the wetland is
seasonal floods coming from Afghanistan and The fact that numerous dams have been built along the
Hirmand river in Afghanistan and most seasons prevent water from entering the Sistan plain, as well as the
high evaporation rate of the Sistan plain, the semi-arid climate and the strong wind erosion in the region, this
area should be used carefully and according to its capacity to prevent the regressive degradation of this area.
Also, the result of the research shows that 63.7% of the area has the ability to be used for extensive
ecotourism of the grade 2 (including those recreations that do not need many development plans, such as
mountaineering, or require little development, such as fishing). The existence of Hamon International
Wetland, protected areas, historical tourist attractions such as Burnt City, Gholaman Mouth, Ushida
Mountain, etc. in the region can be used for the development of extensive ecotourism in the region.
According to the above explanations, some areas have ecological capacity for more than one type of land use.
In the map resulting from the assessment of the ecological capacity of Sistan plain, suitable areas for each
type of land use are generally displayed and compared with the current land use (Figure 1).

According to Figure No.1, in a large part of the northeastern area of the region, which is only suitable for
ecological protection, agricultural uses are currently taking place, which indicates a double pressure and
against the land's capacity in this area. Also, in most of the areas that are considered for extensive protection
and recreation uses, there are currently barren lands and pastures and forests, which shows the necessity of
managing recreational programs and carrying out protective measures in this vulnerable area. In general,
conservation and grazing and recreational uses should be done in harmony with the capabilities and
ecological capacity of the Sistan plain with the least impacts and damages to the sensitive environment of the

region.
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Ecological capability map of the Sistan Land Use Map of Sistan
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Figure (1): Comparison of the ecological potential map of Sistan Plain
(a) with its current use (b) Sources: (Sargolzaie, 2019)
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