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ABSTRACT. The optimum use and appropriate management of renewable resources, with dynamic
characteristics, needs to evaluate and classify the ecological capability of environment and its socio-economic
conditions. Land use planning (LUP) is an iterative process based on the dialogue amongst all stakeholders aiming
at the negotiation and decision for a sustainable form of land use in rural areas as well as initiating and monitoring
its implementation. The main objective of this paper is the implementation of integration quantitative model
namely EMOLUP (Eco-Socioeconomic Model of Land Use Planning) in Sepidan Township of the Fars province
in Iran. Therefore, two main steps were prepared for the new model: I. Ecological capability evaluation of different
land uses. This step is composed of the geometric mean method instead of the Boolean and MCE methods. II.
Land use planning and prioritizing for the various uses. This step has been composed intersecting ecological
capability maps and land use planning, based on two scenarios (economic and social). Then, it was compared with
current qualitative and quantitative methods. Also, current land use is used for calibrating and modifying the
proposed models. Results show using the geometric mean method is better than Boolean models, and the method
of the calibrated geometric mean (with overall accuracy > 63 and kappa index > 0.39 for all land uses) is the best
among different used models. Also, results of prioritizing and land use planning showed that quantitative method
with two socio-economic scenarios (with an average of EPM erosion model = 0.31) is the best method for land
use planning in the study area. We confirmed that the EMOLUP model can contribute to a better understand land
use planning in different regions of the world.

Una nueva propuesta del modelo EMOLUP para la evaluacion de la capacidad ecoldgica de
diferentes manejo y planificacion del uso del suelo en Sepidan, Iran

RESUMEN. El uso 6ptimo y la gestion adecuada de los recursos renovables, con caracteristicas dinamicas,
necesita evaluar y clasificar la capacidad ecologica del medio ambiente y sus condiciones socioecondmicas. La
planificacion del uso del suelo (LUP) es un proceso basado en el didlogo entre todas las partes interesadas con el
objetivo de negociar y decidir una forma sostenible del uso del suelo en areas rurales, asi como iniciar y monitorear
su implementacion. El objetivo principal de este documento es la implementacion del modelo cuantitativo de
integracion denominado EMOLUP (Modelo Eco-socioecondémico de Planificacion del Uso del Suelo) en el
municipio de Sepidan, en la provincia de Fars (Iran). En concreto, se prepararon dos pasos principales para el
nuevo modelo: I. Evaluacién de la capacidad ecolédgica de los diferentes usos del suelo. Este paso incluye el método
de la media geométrica en lugar de los métodos booleano y MCE. II. Ordenamiento territorial y priorizacion de
los distintos usos. Este paso considera la interseccion de mapas de capacidades ecologicas y la planificacion del
uso del suelo, en base a dos escenarios (econdmico y social). Posteriormente, se compard con métodos cualitativos
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y cuantitativos actuales. Ademas, el uso actual del suelo se utiliz6 para calibrar y modificar los modelos propuestos.
Los resultados muestran que usar el método de la media geométrica es mejor que los modelos booleanos, y el
método de la media geométrica calibrada (con una precision general >63 y un indice kappa >0,39 para todos los
usos del suelo) es el mejor entre los diferentes modelos utilizados. Ademas, los resultados de la priorizaciéon y la
planificacion del uso del suelo mostraron que el método cuantitativo con dos escenarios socioeconémicos (con un
modelo de erosion EPM promedio = 0,31) es el mejor método para la planificacion del uso del suelo en el area de
estudio. Confirmamos pues que el modelo EMOLUP puede contribuir a una mejor comprension de la planificacion
del uso del suelo en diferentes regiones del mundo.
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1. Introduction

Land refers to earth’s terrestrial surface and includes climate, soil, landform, water, plants,
animals, human settlements and infrastructure. In biophysical land evaluation analysis and land
performance assessment, there are two major trends: qualitative and quantitative. In general terms, a
land evaluation system is considered qualitative when in its development the values of diagnostic
properties define categories (Makhdoum, 2006). The system is considered quantitative when these
values are combined mathematically to give an index on a sliding scale. Land use planning (LUP) is a
procedure which leads to an optimal and sustainable use of the land and all its attributes (Sarvazad et
al., 2015; Yohannes and Soromessa, 2018; Nazari Viand et al., 2019). Use of the land may take various
forms, from intensive use such as settlements and irrigated agriculture to less intensive use such as
livestock production, forestry or nature reserves (Alavi Panah et al., 2001; Asadifard et al., 2019). The
same piece of land can be used for more than one purpose at the same time (e.g. forestry and livestock
production) or have different uses during different periods of year (e.g. rainfed cropping during the wet
season, followed by grazing during the dry season). Land use planning is not something new: it has been
practiced from the time that humans domesticated animals for livestock production and started crop
cultivation (O’Neill, 1989; Abu Hammad and Tumeizi, 2010; Benthem, 2013; Ayalew, 2015; Masoudi
et al, 2017; Jokar et al, 2021). It should be noted that land use planning must deal with the
understanding of all problems, of potentials and alternatives for land use in all areas of the planning unit.
It cannot be concerned selectively with partial areas, which are particularly intact or degraded. The
whole area used by the stakeholders has to be planned (Mokarram and Zarei, 2021). Hence, before the
beginning of development, it is better to select the suitable developing site in terms of ecological
capability and land use planning in order to prevent reduction of natural resources, which may happen
for the reason of illogical usage (Nouri and Sharifpour, 2004; Masoudi, 2014; Hosseini, 2018).

A significant amount of literature and research has been dedicated to intelligent systems for land
use and management. The study conducted by McHarg (1969), land suitability assessment has become
a standard practice in land use planning. Land uses include both natural and man-made uses. The FAO
(Food and Agriculture Organization of the United Nations) (1976) defined land evaluation as the process
of assessment of land performance when used for specified purposes. In this way, land evaluation can
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be useful for predicting the potential use of land based on its attributes (Rossiter, 1996). In such classic
methods like the FAO, Storie (1987) made the classification quite strict based on maximum limitation.
This is because, according to Boolean logic, only one low index is enough to reduce the suitability of
land from a highly suitable class to a not suitable class (Masoudi, 2018). Also, computer-assisted overlay
techniques such as the Geographic Information System (GIS) were developed as a response to the
manual method’s limitations in mapping and combining large datasets (Steinitz et al., 1976;
Najafinezhad et al., 2013; Lahmian, 2016; Jahantigh et al., 2019). Methods such as Multi-Criteria
Decision Making (MCDM) and genetic algorithms have considerably advanced the conventional map
overlay approaches to land use suitability analysis (Oyinloye and Kufoniyi, 2013; Safaripour and Naseri,
2019). However, it is well-known land use suitability analysis methods have one problem. They do not
assure a spatial pattern with contiguity or compactness in land allocations for different types of land use.
Also, these methods are complex to use (Masoudi, 2018).

Among leading models in the field of economic planning (prioritizing), the French and the
Anglo-Saxon models can be mentioned (Kindleberger, 1967; Metze, 2002). Also, there is a model
designed by Nakos (1984) in Greece related to land use planning. Fallahshamsi (2004) investigated the
economic evaluation of different land uses in the kalibar-chai forest-covered watershed in Iran, using
linear programming and the GIS (Geographic Information System), and based on the cost-benefit
method. Najafinezhad et al. (2013) compared the efficiency of systematic and multi-objective land
allocation (MOLA) methods for land use planning using the GIS. They found that the map obtained
from MOLA was better in terms of land use allocation and also, for reducing erosion and sediment
production as compared to that of the systematic method. Piran et al. (2013) had utilized AHP and GIS
methods for assessing land suitability for forest at Bdresh county western Iran. Pan et al (2021)
conducted practical efficient regional land-use planning using constrained multi-objective genetic
algorithm optimization for Dapeng, China. Results showed that the comprehensive model gave superior
fitness compared to the contrast experiments.

Considering the above mentioned-lack the main goal of this paper is the implementation of
accurate integration quantitative models in order to evaluate ecological suitability and prioritize different
land uses including forest, rangeland, agriculture, conservation, and development. Our research will help
to achieve the Sustainable Development Goals of the United Nations and the Land Degradation
Neutrality challenges due to the soil and water proper management we propose (Keesstra ef al., 2018;
Keesstra ef al., 2021). To achieve this goal, an experimental area including total area of Sepidan county
placed in Fars Province, Iran was selected because of available data for this land evaluation and also
different variation in climate and topographic condition.

2. Materials and methods
2.1. Study Area

Sepidan county is situated in Northwest of the Fars province of Iran with an area of 286,000
hectares. Sepidan city is located in 51° 59' east longitude and 30° 15' north latitude (Fig. 1). The
population of this county was equal to 91,049 people based on the 2015 census. Its average rainfall
thirty-years past is 758 mm, with 35% and 65% relatively in the form of snow and rain, respectively,
evenly distributed. The weather is very cold in the winter and reach to -15°C and cool and mild in the
summer with average daily temperature of 25°C. From the contemporary technicalities of climatic
classification and general populace, this city is considered cool and moist to semi-dry (Goudarzian and
Yazdani, 2015). A major part of this county is mountainous and covered with forest, and due to its
climate, it is one of the important agricultural and animal husbandry areas of Fars province. This county
has been successful in preparing and distributing meat outside the province. Walnut, peach, apple and
cherry trees comprise the most products of the region. It should say that Sepidan is one of the most
famous ecotourism regions in Fars province and Iran. The region's cool climate in summer and snow-
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covered mountains in winter and the natural tourist attractions of the region and the existence of riding
tracks and ski tracks and areas such as Tangheh-Tizab and Chalehgah have given a special boost to the
tourism industry. Figure 1 shows the location of the study area.
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Figure 1. Location of the study area in Iran.
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2.2. Ecological capability evaluation
2.2.1. Modeling Process for Ecological Capability Evaluation

The present paper aims to find a suitable model for land capability evaluation, for different land
uses in the study area, using software like ArcGis9.3 (Produced by ESRI Company, USA), ENVI4.7,
and Excel. Two types of data were obtained: numerical data and thematic maps, mainly in the map
format. All such relevant data were obtained from the local and main offices and institutes of the
Ministries of Agriculture and Energy in Iran. Figure 2 shows the platform structure of the designed
model.

Criteria

I | | | |

Topography Climate Soail Vegetation Geology and etc

|:> Formulating model with
Boolean and Average methods

Validation and
Calibration

Figure 2. Flowchart showing the methodology adopted for ecological capability evaluation in this study.
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2.2.2. Classification of Models

The Iranian Ecological Model (Makhdoum, 2006, Masoudi, 2018) is a land evaluation model
for different land uses. For example, forestry (including 7 Classes), agriculture and rangeland
management (including 7 Classes), development (including 3 Classes) and ecotourism (including 3
Classes). It should be noted that the ecological potential in every use reduces by increasing the capability
number of the class. In the revised method, classes mentioned were reclassified (in order to make a
standard classification). Accordingly, the uses of agriculture and natural resources (forest and rangeland)
were reclassified into four Classes (Anex la) including: highly suitable (1), moderately suitable (2),
poor (3), and not suitable (4). Human-made uses (development and ecotourism) were reclassified into 3
Classes including: highly suitable (1), moderately suitable (2), poor and not suitable (3) (Anex 1b). Also,
environmental conservation uses or protected land was classified into 2 Classes including: suitable (1),
not suitable (2) (Anex Ic¢).

2.2.3. Formulating Model

Boolean Algebra: Boolean logic has three basic operators: Intersection (logical term AND),
Union (logical term OR), and Inverse (logical term NOT).

Geometric Mean: In the geometric mean method such as the MEDALUS model (Kosmas et al.,
1999; Zakerinejad and Masoudi, 2019) and according to criteria, in the uses with four classes, every
indicator was given the weight between 0 and 3 (Anex 1). In this, 0 indicates the non-suitability of the
ecological condition (Class 4) and 3 represents the most suitable ecological condition (Class 1) for a
utilization like irrigation. Scores of 1 and 2 are given to the third and second classes, respectively. In
uses like development with three classes, every indicator was given the weigh between 0 and 2 (Anex
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1). In this, 0 stands for poor and non-suitable ecological condition (Class 3) and 2 stands for the most
suitable ecological condition (Class 1).

Then every criterion (like topography) was calculated based on the geometric mean of indicators
(Equation 1).

Criterion_X= [(Layer-1) x (Layer-2)...x (Layer-n)] ' (Equation 1)

In this, Criterion_X is the defined criterion; Layer is the indicator map of criterion; and n is the
number of used indicators. Then the criteria were multiplied through the geometric mean (Equation 2).

Final Criterion = [(Layer-1) x (Layer-2)...x (Layer-n)] " (Equation 2)

In this, Final Criterion is the final layer of ecological capability; n is the number of used criteria.
Then classes of qualitative and suitable ecological capability were defined, for uses of three and four
classes, in the study area in a GIS (Table 1).

Table 1. Suitability classes in capability maps and models for 4 classes’ uses (a) and models for 3 classes’ uses
(b) regarding the scores of polygons.

(a)
Suitability classes
. Good (1) Moderate (2) Poor (3) Not suitable (4)
Their score
2.5-3 1.5-25 0.5-15 <0.5
(b)
Suitability classes
. Good (1) Moderate (2) Poor & Not suitable (3)
Their score
1.5-2 0.5-1.5 <0.5

Note: The capability of conservation use was calculated based on the Boolean (OR) method.

Arithmetic Mean (Sum): In the arithmetic mean method, scores given to indicators were averaged (Tables 2 for
classification).

MCE (WLC) method: In this paper, MCE was used for assessment. Accordingly, questionnaires
were given to experts in the field of different uses for weighting the criteria and factors. Then calculation
of weightings was done in Expert Choice software. Weight of criteria and factors was obtained with
Consistency Ratio or CR<0.1. Then WLC (weighted linear combination) method used for the weighted
overlay of the input data layers. With the weighted linear combination, factors are combined by first
applying a weight to each factor and criteria (Equations 3), followed by a summation of the results to
yield a suitability map (Equations 4). Finally, constraint factors (C;) were multiplied in map
(Fallahshamsi, 2004).

[(W;x factorl) + (W, x factor 2) ...+ (W, x factor)] xC; (Equation 3)
[(W; xCriterial) + (W; x Criteria2)...+ (W, X Criteria)] X C; (Equation 4)

2.2.4. Validation and Calibration

Validation: In order to validate models, samples of ground reality (current land use map) were
gathered by “Create Fishnet” algorithm (a systematic random sampling) in ArcGIS 9.3 environment
(Congalton, 1991). Number of samples was based on importance of ground reality in every use. So, the
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regions with more suitable condition for every use were sampled more than other regions (Fallahshamsi,
1997).

Then these points were overlaid to land capability maps. The obtained result is observed in a
table named “Error Matrix” and by quantitative indices such as “Overall Accuracy, Kappa and Inclass
Coefficients” (Fallahshamsi, 1997).

Calibration: To ensure the agreement of capability maps to current conditions (regarding
omission and commission in errors and maps of parameters in the geometric mean method), quantitative
ranges of suitability classes (Table 1) were slightly changed. For example, the range of Class 0.5-1.5
was changed to 0.5-1.85. This kind of calibration was done in other classifications like the MEDALUS
method.

2.3. Prioritizing Different Land Uses
2.3.1. Modeling Process

The present paper aims to find a land use planning model for prioritizing different land uses of
the study area using ArcGis9.3. Every use with the best accuracy was intersected in a vector format in
the ArcGIS software environment. Current land use was also applied. Figure 3 shows platforms structure
of the designed model.

Land capability evaluation
\
| Conservation | I Forest " Rangeland " Develonment ” Asriculture II Ecotourism I

Evaluation based on calibration
map with best accuracy

-
Proposed land use maps with
Overlay maps [ P ’ P

different methods
I
Modified maps based on
socioeconomic, ecological and
current land use
l
[ Final 1and use map

Figure 3. The conceptual framework of land use planning for the proposed model.

It should be noted that the land use planning process is based on selection of the best use in
every polygon (unit). Hence, different methods were applied in order to select the best use.

Quantitative Method: Initially, the quantitative method developed by Nakos (1984) was used.
Then it was revised (based on conditions in Iran) by Makhdoum (2006). To be more specific, four
scenarios were developed for different land uses based on the regional information, including: current
land use area, ecological scenario, economic scenario, and social scenario. Table 2 shows one example
describing the four scenarios in a study area (as a planning unit).

The first scenario was ranked by evaluating the current land use. The land use with highest area
in this region (forest) was given highest rank and the land use with least area in this region (protected
zones) was given the least rank. But for other scenarios questionnaires was prepared. Experts of the
study area were asked to rank different land uses for these other scenarios based on their knowledge and
experience. Then all land uses were ranked for each scenario and given scores of 10 and below based

Cuadernos de Investigacion Geografica, 49 (2), 2023. pp. 5-28 11



Masoudi et al.

on their ranks (Table 2a) and classes of ecological capability (Table 2b). For example, if in one scenario
in a land unit, the rank of forest is in third place and its ecological capability is in Class 2, then the score
in its first step is 8, and one point is lowered for its capability reduction (Class 2), making the forest
score 7. If ecological capability is in Class 3, the reduction in each scenario would be of two points.

To achieve a systematic analytical model, all layers of ecological capability maps were used by
a vector format in GIS software environment. Then appropriate utilization of each land unit (polygon)
was determined and prioritized. Appropriate utilizations are those that have a higher sum of scores
among the used scenarios (Table 2b). Many of the units were seen to be fit for two appropriate uses by
the quantitative model, considering the socio-economic status of the area, consistency of land uses and
current land use.

Table 2. Example of scenarios designed for the study area (a) and Relative values (0-10) assigned to different
land uses according to capability classes of the land with taking into consideration of different scenarios (b).

(a)
Scenariol Rangeland > Forest > Agriculture > Conservation > | Development
Scenario2 Conservation > | Rangeland > Forest > Agriculture > Development
Scenario3 Development > | Agriculture > Rangeland > Conservation > | Forest
Scenario4 Development > | Agriculture > Conservation > | Rangeland > Forest
Weighted values | 10 9 8 7 6
(b)
apability class | Rangeland Forest Agriculture Conservation Development
Scenario 1 3 2 1 2
1 10 7 7 7 5
2 9 6 6 10 5
3 8 4 8 7 9
4 7 4 8 8 9
Sum 34 21 29 32 30
Priority 1 5 4 2 3

Modified Quantitative Method (four scenarios): Modifications were made in the process of
work for assessing land use planning with a quantitative model. These modifications are described as
follows:

a. Each use was prioritized based on the highest score derived after summing up the scores of the
scenarios. Of course, it is necessary to have appropriate capability (suitable or Classes 1 and 2)
for the utilization with highest score.

b. The compatibility of uses was considered. If uses are compatible together (for example, forest
and conservation), they will be considered together. If uses are not compatible together (for
example, development and forest), they will be considered based on economic needs (especially
current land use).

c. Current land use map was applied for assessment because of socio-economic compulsions of
the population, especially in rural areas. The main modifications in this step are to hold the
following land utilizations:

1) Agricultural lands with suitable capability (classes 1 and 2).

2) Settlement lands (urban, rural, and industrial areas).
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3) Forest lands with a canopy cover of more than 25% (F; and F») and those with
conservational roles based on compatibility of uses.

4) Forest lands with a canopy cover of less than 25% (F3) that were prioritized as rangeland.
They are prioritized as Forest — Rangeland based on compatibility of uses.

5) Rangelands with a canopy cover of more than 25% (R, and R»), F3 and ecotourism with
suitable capability (Class 1) with taking into consideration of compatibility of uses.

6) Current protected lands with taking into consideration of compatibility of current land use
(for example, natural resources) and holding man-made current land use in current
protected lands (except core zones).

7) Lakes and river beds.

8) Lands not prioritized in earlier steps (with suitability Classes 3 and 4); their utilizations are
retained.

In this study proposed land uses are defined with different codes including: F (Forest), E
(Ecotourism), R (Rangeland), IF (Irrigated Farming), DF (Dry Farming), D (Settlement &
Development), E (Ecotourism), C (Conservation), BL (Bare Land), L (Lake and water body).

Modified Quantitative Method (two scenarios): Due to problems in evaluation of the
quantitative methods (4 scenarios) [a) the larger area of one utilization (for example, rangeland) as
compared to the smaller area of another utilization, giving higher weight to the former; b) the existing
ecological scenario in land ecological capability evaluation where experts may mistakenly prioritize the
ecological scenario], the revised quantitative method was used based on two scenarios (economic and
social) with mentioned modifications.

Qualitative and its Modified Method: Qualitative method (Makhdoum, 2006; Khosravi ef al.,
2012; Masoudi, 2018) keeps current utilizations with suitable capability (Classes 1 and 2) after
intersecting ecological capability maps with the land use map. Other lands are prioritized based on
utilizations that have better land capability. In modified qualitative method, some positive changes
(mentioned in the modified quantitative method) were added.

2.3.2. Validation of Models

In order to validate models, the EPM (Erosion Potential Method) model was used (Gavrilovic,
1998). Based on the EPM model assigned with land uses, maps of proposed models were compared with
the current land use map. The model close to good land uses assigned to the EPM model is considered
to be the better model. The ranked land uses (agriculture and natural resources) assigned to the EPM
model (with a little modification) were sorted based on their impact on soil protection (Table 3a). This
ranking helps to compare land use planning maps to current land use. Based on Table 3a, if the optimized
uses have better situations than current land use (A), positive (+1) score is given; if the optimized uses
have worse situations than current land use (B), negative (-1) score is given; and if the optimized uses
are the same as current land use (C), zero (0) score is given.

Point 1: If the current land use is kept and its ecological capability is in Class 1 (except protected
lands), a positive (+1) score is given (D) due to its socio-economic importance.

Point 2: Converting a river bed to other uses is equivalent to a negative (-1) score.

It should be noted that the use of residential and industrial development has not been mentioned
in the EPM model. Hence, a separate table (Table 3b) was made to compare current and optimized land
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uses with regard to destructive out-site and in-site effects, and socio-economic special features for this
use.

Also, for future (not current) environmental conservation, the score was considered to be
positive due to land improvement and its protective role. Additionally, to convert areas of natural
resources and agriculture to ecotourism, the rating -1 to +1 was used based on the capability degree of
agriculture and ecotourism areas, and due to environmental and socio-economic special features for
these uses.

Based on the above points, the proposed models were compared together. For this purpose, a
certain number of points (1707) was scattered with the Create Fishnet algorithm in ArcGIS9.3
environment and was based on the study area (a systematic-random sampling). In the next step, proposed
models were compared based on average ratings. So, the final number is between +1. If the positive
number obtained is larger, it represents the suitability of the prioritization process.

Table 3. Validation of proposed models by EPM model to compare with current land use (a) and validation of
proposed models by comparing with current land use and development (b).

(a)
Order Land use Description
1 FiF Current Dense and Semi dense Forest (capability
b2 classes of 1 and 2 in optimized use)
5 IF, DF with suitable capability Irrigated and Dry Farming with suitable capability
(Classes of 1, 2) (classes of 1 and 2)
Current Sparse Forest (capability class of 3 in
3 F3, Ry optimized use), Current Dense Range (capability class
of 1 in optimized use)
4 R Current Semi dense Range (capability class of 2 in
: optimized use)
IF, DF with none suitable Irrlgateq 'c.md Dry Farming with weak to none suitable
5 capability (3, 4) and R capability (classes of 3 and 4) and Current Sparse
P Y 3 Range (capability class of 3 in optimized use)
6 Desert (BL, SL) Barren and Saline lands
Examples Examples Code
R> (current) to F» (optimized) A
F» (current) to R; (optimized) B
F (current) to F (optimized) C
IF (current) to IF (capability 1) D
(b)

Current land use Optimized Use Score Reason and Description
Development Every use (e.g., range) -1 Socio-economic conditions
Development Development 0 No change

Every use Development -1to+1 Based on capability degree of both uses
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3. Results and discussion
3.1. Ecological Capability Maps

The final results of validation for different uses are observed in Table 4. The final maps of
ecological capability, with the best accuracy and suitability classes for different methods, are observed
in Figure 4. The maps include methods of Iranian ecological model and maximum limit by Boolean
algebra, MCE, arithmetic and geometric mean, and calibration of geometric mean.

Results (Table 4) generally show that the revised method using the geometric mean (with overall
accuracy > 59 and kappa index > 0.39 for all land uses except for the natural resources area with kappa
index < 0.2) is better than Boolean and MCE models. Of course, in the results of rainfed agriculture,
development and natural resource uses there are not any difference between geometric mean and MCE
(WLC) models. Also, the method of the calibrated geometric mean (with overall accuracy > 63 and kappa
index > 0.39 for all land uses) is the best among different used models. It should be noted that the arithmetic
mean (with overall accuracy 17 to 57% and kappa index < 0.01 for all land uses except for the natural
resource area) have the lowest accuracy. In fact, the Boolean method (with overall accuracy 34 to 48 and
kappa index = 0.0) is the worst suitable way in natural resources uses. Also, inclass coefficient was found
to be the best to estimate suitable classes. These results are in good agreement with study results of Sanaee
et al. (2010), Jokar and Masoudi (2016) and Asadifard (2016). In relation to natural resource utilizations,
it was found that the calibration of geometric mean (with overall accuracy > 78 and kappa index > 0.64)
has the best accuracy as compared to the other models like geometric mean evaluation and the difference
in the results is almost significant. But between accuracy indices for geometric mean and their calibration
in man-made utilizations like irrigated farming, development and etc. are not significant difference.

Table 4. Overall Accuracy, Inclass and Kappa coefficients in the used models.

Boolean Average
Land Uses Model Max | Arithmetic MCE
Index Ecological | .~ (Simple MCE) | (WLC) Geometric | Calibrated
Overall Accuracy 37.5 47.1 57.44 57.36 63.44 63.44
trigated 'y appa Coefficient 017 | 029 0.02 0.09 0.39 0.39
& Inclass Coefficient 1.1 0.22 1.41 1.82 1.17 1.17
. Overall Accuracy 74.59 66.4 38.4 78.68 78.37 79.4
rainted [ "Kappa Cocfficient 045 | 0.15 0 0.55 0.54 0.56
& Inclass Coefficient 0.9 0.14 0.62 1.33 1.25 1.3
Overall Accuracy 48.3 46.7 73.65 73.73 73.73 92.5
Rangeland Kappa Coefficient 0.05 0.03 0 0.004 0.004 0.79
Inclass Coefficient 0.1 0.04 2.79 2.8 2.8 9.83
Overall Accuracy 33.81 41.3 53.71 59.29 59.29 77.6
Forest Kappa Coefficient 0.02 0.14 0 0.2 0.2 0.64
Inclass Coefficient 0.05 0.07 1.16 1.34 1.37 3.08
Overall Accuracy 82 88 17 88 88 88
Development® | Kappa Coefficient 0 0.46 0 0.46 0.46 0.46
Inclass Coefficient 0 0.52 0.2 0.52 0.52 0.52
Overall Accuracy 54 74 38 73 81 82
Ecotourism | Kappa Coefficient 0.2 0.56 0.09 0.59 0.7 0.72
Inclass Coefficient 0 0 0.49 0.76 1.14 1.35

8Urban and industrial development
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Figure 4. Ecological capability maps prepared with best accuracy.
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Additionally, Figure 5 (for example ecotourism use) shows that the study area by the Simple MCE
(arithmetic mean) methods tend to fall under good classes; Boolean methods tend to fall under not suitable
classes; and the geometric mean and its calibration and WLC methods tend to be placed between the other
methods. This indicates that the geometric mean and its calibration can be a useful and flexible model for
finding the potential of use. This format of changes in the range of classes in different models for other
uses in the region was also observed. These results are in good agreement with results of Elaalem et al.
(2010), Najafinezhad et al. (2013), Jokar (2015) and Asadifard (2016) and are based on the same methods.

90
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Figure 5. Percent of land under different capability classes for different methods of ecotourism use.

As a whole, AHP is a widely used method in WLC and was introduced by Saaty (Saaty, 1977;
Saaty and Vargas, 2001). AHP is based on three principles: decomposition of the overall goal (suitability),
comparative judgment of the criteria, and synthesis of the priorities (Baniya, 2008; Nazari Viand ef al.,
2019). In contrast to above methodologies, this research showed that proposed method is easier than AHP
and saves time and cost.

Also, the proposed method using geometric mean and different criteria reduces the high effect of
certain criteria like soil with ten indicators as compared to other important criteria with fewer indicators.
Therefore, climate and topography with only two indicators have an equal weight as the soil factor. Also,
there is a range of ecological conditions that create restrictions in the land such as very severe salinity. By
placing the number zero in an equation and multiplying, these regions were not considered to be suitable.

3.2. Land Use Planning Maps

Land use planning methods were applied in every polygon after intersecting ecological
capability maps of different land uses with the current land use. Final results of validation for land use
planning methods are observed in Table 5. The basic method is based on primary methods: Nakos (1984)
and Makhdoum (2006).

Table 5. Validation of land use planning methods.

Basic Modified
Model .
.. .. . Quantitative
Index Qualitative Quantitative Qualitative - -
4 scenarios 2 scenarios
EPM (Average) 0.23 0.01 0.25 0.29 0.31
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Results generally show that modified methods (with EPM index for modified qualitative = 0.25,
for modified quantitative with 4 scenarios = 0.29 and for modified quantitative with 2 scenarios = 0.31)
are better than basic models (with EPM index for basic qualitative = 0.23 and for basic quantitative with
4 scenarios = 0.01) due to reforms; and revised quantitative methods are better than qualitative models
due to quantitative calculations, existing scenarios, and modifications. Also, the modified quantitative
method with two scenarios (EPM index = 0.31) is the best among the different used models. Actually,
the quantitative method with two scenarios is even better than the quantitative method with four
scenarios. It shows that the area and ecological scenarios are not suitable for land use planning. These
results agree well with Babaee and Ownegh (2006), Jokar (2015), Asadifard (2016) and Masoudi ef al.
(2020). Additionally, it was found that the quantitative method with two scenarios (Figure 6) has more
land for future conservation (in accordance to the mentioned regions). In other words, the existing
scenarios of area and ecology led to the use of conservation being seen as less than range or forest
(Masoudi and Jokar, 2015). The areas defined in Figure 6 represent future conservation. On the whole,
Figure 6 and Table 5 show that 31% of the study area will be improved by the two scenarios method,
using socio-economic and ecological information.

Legend

050 10 20 30 40
e e e KilOmeters

Figure 6. Final map of land use planning by two scenarios. [Note: Proposed land use: F (Forest), E
(Ecotourism), R (Rangeland), IF (Irrigated Farming), DF (Dry Farming), D (Settlement & Development), E
(Ecotourism), C (Conservation), BL (Bare Land), L (Lake and water body)].
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The total results obtained in Table 6 are as follows:

1. To keep most forest lands and rangelands (especially R1, R2, and most of R3) in the optimized
land use map.

2. To keep most irrigated lands in the optimized land use map.
3. To increase conservation lands in optimized land use as compared to current land use.

4. To increase development, use due to socio-economic issues, taking into consideration
environmental conservation and EIA (Environmental impact assessment).

5. To convert few parts of deserts to natural resources in optimized land use.

6. To perform ecotourism in some forest lands.

Table 6. Percent are of current and optimized land uses.

Land use Current land use (%) Optimized land use
9.28 (F)
0.25 (FC)
Forest 35.47 0.56 (FEC)
5.79 (FR)
5.41 (FE)
16.04 (R)
Rangeland 24.12
0.15 (RC)
Irrigated farming 27.41 20.35
Ecotourism - 30.43
Rainfed farming 10.84 5.61
Development 1.12 1.22
Desert 0.68 0.52
2.79 (C)
Conservation -
1.48 (EC)
Sum 100 100

4. Conclusion

In this paper, different evaluation methods such as the Boolean and average were investigated.
Results showed that the suitability of every use and the selection of suitable evaluation methods could
be estimated by current land use. Since current land use is an important parameter, the socio-economic
conditions in a region were stated (Di Gregorio and Jansen, 1998).

The modified classification of parameters has helped to increase the accuracy of the new model
in land use planning. This indicates that in each specific area, a special classification appropriate to the
conditions of the area is required. The geometric mean method has also improved the accuracy of the
models, which shows this method has higher flexibility and accuracy. Another important advantage of
this method is the simplicity of implementation compared to other methods.

In this paper, it was found that the quantitative method with two scenarios (social and economic)
is the best method for land use planning. It should be noted that the proposed method considers
ecological as well as socio-economic issues. Of course, if socio-economic information is not available,
we can use the revised qualitative method.

We conclude that land management study based on geo-mean, its calibration and validation
methods, and modification methods of land use planning (especially quantitative method with two
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scenarios) are suggested to managers. Also, we denominate this kind of ecological capability evaluation
and land use planning for different land uses with a proposed model of EMOLUP (Eco-Socioeconomic
Model of Land Use Planning) to the scientific societies.

Acknowledgements

We are also grateful to all of National offices and organizations for providing the data for
monitoring the work. This work would not have been possible without the financial support of Shiraz
University, Iran (Grant number: 95GRD1M75441; Grant recipient: Dr. Masoud Masoudi).

Data Availability Statement

The datasets used and/or analyzed during the current study are available from the first author
on reasonable request.

References

Abu Hammad, A., Tumeizi, A, 2010. Land degradation: socioeconomic and environmental causes and
consequences in the Eastern Mediterranean. Land Degradation and Development 23, 216-226.
https://doi.org/10.1002/1dr.1069

Alavi Panah, S. K., De Dapper, M., Goossens, R., Masoudi, M., 2001. The Use of TM Thermal Band for Land
Cover/Land Use Mapping in Two Different Environmental Conditions of Iran. Journal of Agricultural
Science and Technology 3(1), 27-36.

Asadifard, E., 2016. Mapping of land use planning based on modification and quantitative method of current
model (A case study: Firouzabad Township). M.Sc. Thesis, School of Agriculture, Shiraz University,
Iran.

Asadifard, E., Masoudi, M., Afzali, S.F., Fallah Shamsi, S.R., 2019. Evaluating the ecological potential for
rangeland use by various land-use planning methods in Firozabad County. Rangeland, 13, 14-25.

Ayalew, G., 2015. A geographic information system based physical land suitability evaluation to groundnut and
sweet potato in East Amhara, highlands of Ethiopia. Journal of Biology, Agriculture and Healthcare 5(1),
33-38.

Babaee, A.R., Ownegh, M., 2006. Evaluation of Development Potential and Land Use Planning of Posht-e-Kooh
Watershed. J. Agric. Sci. Natur. Resour. 13, 127-137.

Baniya, N., 2008. Land suitability evaluation using GIS for vegetable crops in Kathmandu Valley, Nepal.
[Available online]. http://edoc.hu-berlin.de/dissertationen/baniya-nabarath-2008-10-13/PDF/baniya.pdf.

Benthem, R.V., 2013. Land evaluation for rain fed agriculture in the Mediterranean Peyne area, Southern France.
M.Sc Thesis, Faculty of Geosciences, Utrecht University.

Congalton, R. G., 1991. A Review of Assessing the Accuracy of Classifications of Remotely Sensed Data. Remote
Sensing of Environment 37, 35-46. https://doi.org/10.1016/0034-4257(91)90048-B.

Di Gregorio, A., Jansen, L.J.M., 1998. Land Cover Classification System (LCCS). Classification Concepts and
User Manual. For software version 1.0. GCP/RAF/287/ITA Africover — East Africa Project in
cooperation with AGLS and SDRN. Nairobi, Rome.

Elaalem, M., Comber, A., Fisher, P. ,2010. Land Suitability Analysis comparing Boolean logic with fuzzy analytic
hierarchy process. Accuracy 2010 Symposium, July 20-23, Leicester, UK. pp 245-247.

Fallahshamsi, S.R., 1997. Accuracy Assessment of Satellite Based Maps Using Sampling. M.Sc Dissertation,
Faculty of Natural Resources, University of Tehran, Iran.

20 Cuadernos de Investigacion Geografica, 49 (2), 2023. pp. 5-28


https://authorservices.taylorandfrancis.com/data-sharing-policies/data-availability-statements/
https://doi.org/10.1002/ldr.1069
https://doi.org/10.1016/0034-4257(91)90048-B

A new proposed model of EMOLUP for assessing of ecological capability

Fallahshamsi, S.R., 2004. Economic Evaluation of Different Land uses in Kalibar - chai Forest -covered
Watershed, Using Linear Programming and Geographical Information Systems. Ph.D. Thesis Report,
Natural Resource Faculty, Tehran University, Karaj.

FAO, 1976. A framework for land evaluation. Food and Agriculture Organization of the United Nations, Soils
Bulletin 32. FAO, Rome.

Gavrilovic, Z., 1998. The use of empirical method (erosion potential method) for calculating sediment production
and transportation in studied or torrential streams. International Conference on River Regime. Paper 12,
John Wiley and sons.

Gharakhlou, M. Pourkhabbaz, H.R., Amiri, M.J., Faraji Sabokbar, H., 2008. Ecological Capability Evaluation
of Qazvin Region for Determining Urban Development Potential Points Using Geographic Information
System. Journal of Urban-Regional Studies and Research 2, 51-68.

Goudarzian, P., Yazdani, M.R., 2015. Climate diversity in line with agroforestry systems: studying technicalities
of agroforestry systems and allied components in two diverse climatic regions (Warm climate vs. cold
climate) (Case study: Kazeroun & Sepidan in Fars Province, I.R.Iran). Desert 20(2), 157-166.

Hosseini, S., 2018. Comparison Ability Between FAO and Iran Ecological Models to Estimate of Capability
Ecological land for Using Pasture (case study: Meydavood area in the east of Khuzestan). Journal of
Environmental Science and Technology 18(1), 89-103.

Jahantigh, H.R., Masoudi, M., Jokar, P., 2019. A quantitative approach to land use planning using GIS — A case
study of Chabahar County, Iran. European Journal of Environmental Sciences 9(1), 12-20.
https://doi.org/10.14712/23361964.2019.2

Jokar, P., 2015. Mapping of land use planning based on modification and quantitative method of current model.
(A4 case study: Jahrom Township). M.Sc. Thesis, School of Agriculture, Shiraz University, Iran.

Jokar, P., Masoudi, M., 2016. Land Suitability for Urban and Industrial Development by a Proposal Model, Case
Study: Jahrom Township, Iran. Journal of Environmental Studies 42, 135-149.

Jokar, P., Masoudi, M., Karimi, F., 2021. An MCE-based innovative approach to evaluating ecotourism suitability
using GIS. Cuadernos de Investigacion Geogrdfica 47 (2), 545-556. https://doi.org/10.18172/cig.4291

Keesstra, S., Mol, G., de Leeuw, J., Okx, J., de Cleen, M., Visser, S., 2018. Soil-related sustainable development
goals: Four concepts to make land degradation neutrality and restoration work. Land 7(4), 133.
https://doi.org/10.3390/1land 7040133

Keesstra, S., Sannigrahi, S., Lopez-Vicente, M., Pulido, M., Novara, A., Visser, S., Kalantari, Z., 2021. The role
of soils in regulation and provision of blue and green water. Philosophical Transactions of the Royal
Society B 376(1834), 20200175. https://doi.org/10.1098/rstb.2020.0175

Khosravi, Y., Kalantari, M., Kouhestani, N., 2012. Spatial analysis of the degree of land suitability for agricultural
and natural resources activities using FAO Model and GIS. Journal of Conservation and Utilization of
Natural Resources 1 (3): 9-29.

Kindleberger, C.P., 1967. French Planning. In M.F. Milikan (ed), National Economic Planning, Columbia
University Press, pp. 279-303, New York.

Kosmas, C., Poesen, J., Briassouli, H., 1999. Key indicators of desertification at the Environmentally Sensitive
Areas (ESA) scale. The Medalus Project: Mediterranean Desertification and Land Use. Manual on Key
Indicators of Desertification and Mapping Environmentally Sensitive Areas to Desertification. Project
report. European Commission.

Lahmian, R., 2016. The use of geographical information system in identifying suitable locations for planting plants
at risk of north of Iran. Journal of Current Research Science 4 (2), 27-30.

Makhdoum, M., 2006. Principles of Land use planning. Tth ed., University of Tehran.

Masoudi, M. (2014). Risk Assessment of Vegetation Degradation Using GIS. Journal of Agricultural Science and
Technology 16, 1711-1722. http://hdl.handle.net/123456789/4101

Masoudi, M., 2018. Land Use Planning Using Computer. Payame Noor University Publisher, Tehran, Iran.

Cuadernos de Investigacion Geografica, 49 (2), 2023. pp. 5-28 21


http://uijs.ui.ac.ir/urs/search.php?slc_lang=en&sid=1&auth=Gharakhlou
http://uijs.ui.ac.ir/urs/search.php?slc_lang=en&sid=1&auth=Pourkhabbaz
http://uijs.ui.ac.ir/urs/search.php?slc_lang=en&sid=1&auth=Faraji+Sabokbar
https://doi.org/10.14712/23361964.2019.2
https://doi.org/10.18172/cig.4291
https://doi.org/10.3390/land7040133
https://doi.org/10.1098/rstb.2020.0175
http://hdl.handle.net/123456789/4101

Masoudi et al.

Masoudi, M., Jokar, P., 2015. Land-use planning using a quantitative model and geographic information system
(GIS) in Shiraz Township, Iran. Ecopersia 3, 959-974.

Masoudi, M., Jokar, P., Sadeghi M., 2017. Land Use Planning using a Quantitative model and Geographic
Information System (GIS) in Darab County, Iran. Journal of Materials and Environmental Sciences 8,
2975-2985.

Masoudi, M., Jokar, P., Ramazani Poor, E., 2020. A GIS-based quantitative model for land use planning in
Larestan County, Iran. EQA-International Journal of Environmental Quality 40, 19-30.
https://doi.org/10.6092/issn.2281-4485/10433

McHarg, I.L., 1969. Design with Nature. Wiley, New York.
Metze, M., 2002. Het einde van de Amerikanisering, in Het Financieele Dagblad, November 23d, 2002.

Mokarram, M., Zarei, A.R., 2021. Determining prone areas to gully erosion and the impact of land-use change on
it by using multiple-criteria decision-making algorithms in arid and semi-arid regions. Geoderma 403,
115379. https://doi.org/10.1016/j.geoderma.2021.115379

Najafinezhad, A. Pishdad Soleimanabad, L. Salmanmahini, A., 2013. Comparison of the efficiency of systematic
and multi objective land allocation methods for land use planning using Geographic Information System.
Journal of Applied RS & GIS Techniques in Natural Resource Science 4, 1-11.

Nakos, G., 1984. The land resource survey of Greece: a tool for land use planning and policy. In Policy Analysis
for Forestry Development. Proceedings of the International Conference held in Thessaloniki, Greece
(IUFRO-Division 4), pp. 439-450.

Nazari Viand, F., Koohestani, H., Zarifian, Sh., Kazemieh, F., 2019. Land Suitability Assessment for Agriculture
Using Analytical Hierarchy Process in Northern Parts of Khalkhal County (Case Study: Mikaeel Abad
catchment). Journal of Agricultural Science and Sustainable Production 30 (1), 225-239.

Nouri, J., Sharifipour, R., 2004. Ecological Capability Evaluation of Rural Development by means of GIS. Journal
of Environmental Health Science & Engineering 1(2), 81-90.

O’Neill, R.V., 1989. Perspectives in hierarchy and scale. In: J. Rougharden, R.M. May, S.A. Levin (Eds.),
Perspectives in Ecological Theory. Princeton University Press, Princeton, New Jersey.

Oyinloye, M., Kufoniyi, O., 2013. Application of IKONOS Satellite Images in Monitoring of Urban Landuse
Change in Ikeja, GRA, Lagos, Nigeria. International Journal of Engineering Science Invention 2, 1-10.

Pan, T., Zhang, Y., Su, F., Lyne, V., Cheng, F., Xiao, H., 2021. Practical Efficient Regional Land-Use Planning
Using Constrained Multi-Objective Genetic Algorithm Optimization. ISPRS International Journal of
Geo-Information 10 (2), 100. https://doi.org/10.3390/ijgi10020100

Piran, H., Maleknia, R., Akbari, H., Soosani, J., Karami, O., 2013. Site selection for local forest park using analytic
hierarchy process and geographic information system (case study: Badresh county). International
Research Journal of Applied and Basic Sciences 6 (7), 930-935.

Rossiter, D.G., 1996. A theoretical framework for land evaluation. Geoderma 72, 165-190.
https://doi.org/10.1016/0016-7061(96)00031-6

Saaty, T.L., 1977. A scaling method for priorities in hierarchical structures. Mathematical Psychology 15: 231-
281.

Saaty, T.L., Vargas, L.G., 2001. Models, methods, concepts and applications of the analytic hierarchy process.
International series in operations research and management sciences. Kluwer Academic Publisher.

Safaripour, M. Naseri, D., 2019. Ecological Land Capability Evaluation for Agriculture and Range Management
Using WLC Method (Case study: Onarchay watershed, Ardabil province). Journal of Environmental
Science and Technology 21(8), 113-123. https://doi.org/ 10.22034/jest.2020.22063.3120

Sanaee, M. Fallah Shamsi, S.R., Ferdowsi Asemanjerdi, H., 2010. Multi-criteria land evaluation, using WLC and
OWA strategies to select suitable site of forage plantation (Case study: Zakherd, Fars). Rangeland 4, 216-
227.

22 Cuadernos de Investigacion Geografica, 49 (2), 2023. pp. 5-28


https://doi.org/10.6092/issn.2281-4485/10433
https://doi.org/10.1016/j.geoderma.2021.115379
https://doi.org/10.3390/ijgi10020100
https://doi.org/10.1016/0016-7061(96)00031-6
https://doi.org/%2010.22034/jest.2020.22063.3120

A new proposed model of EMOLUP for assessing of ecological capability

Sarvazad, A., Qadykolayy, J.O., Nasi, S.M.H., 2015. Determining the potential of Bistoon forest park and locating
tourism activities. Advances in Bioresearch 6 (3), 25-31.

Steinitz, C., Parker, P., Jordan, L., 1976. Hand drawn overlays: their history and prospective uses. Landscape
Architecture 9, 444-455.

Storie, R., 1987. Storie index soil rating. OaHand University of California, Division of Agricultural Sciences,
Special publication 32 (3), 10 pp.

Yohannes, H., Soromessa, T., 2018. Land suitability assessment for major crops by using GIS-based multi-criteria
approach in Andit Tid watershed, Ethiopia. Cogent Food & Agriculture 4(1), 147048.
https://doi.org/10.1080/23311932.2018.1470481

Zakerinejad, R., Masoudi, M., 2019. Quantitative mapping of desertification risk using the modified MEDALUS
model: a case study in the Mazayejan Plain, Southwest Iran. AUC GEOGRAPHICA 54, 232-239.
https://doi.org/10.14712/23361980.2019.20

Cuadernos de Investigacion Geografica, 49 (2), 2023. pp. 5-28 23


https://doi.org/10.1080/23311932.2018.1470481
https://doi.org/10.14712/23361980.2019.20

Masoudi et al.

Anex 1. The indicators used in the model of land evaluation for agriculture and natural resources or four
classes’ models (a) and for Development and Ecotourism or three classes’ models (b) and Conservation Use (c).

(a)
Criteria Parameter Irrlga‘t ed Ralnf‘ed Forest Rangeland Class
Farming Farming
0-8' 0-5 0-35 0-15 1
o 8-15 5-15 35-55 15-25 2
Slope (%) 15-30 15-25 55-65 25-40 3
Topography >30 >25 >65 >40 (in mountains) 4
Elevation Plain Plain 0-1000 1
(m) or Land - - 1000-1800 - 2
type Hill . Hill . 1800-2600 3
Mountain Mountain >2600 4
Slight Slight Slight 1
Moderate Moderate Moderate 2
Drought Severe & very | Severe & very - Severe & very 3
severe severe severe
- - - 4
>400 >800 >400 1
Rain (mm) ) 200-400 500-800 200-400 2
50-200 200-500 50-200 3
. <50 <200 <50 4
Climate 18-21 1
Temperature <18, 21.1-30 2
(°c) i i >30 i 3
- 4
Semi-arid to 1
Humid
Current state -
of climate Arid ; ) ) ) 2
Very arid 3
- 4
Heavy, Heavy, Heavy, moderate, Heavy, moderate,
moderate, moderate, licht licht 1
light light & &
Texture Coarse Coarse Coarse, very Coarse 2
coarse
Very coarse Very coarse - Very coarse 3
- - - - 4
Deep (>80) | Deep (>80) Deep (>80) Semi d(efspogo deep |
Sg‘g‘_gg;p S‘(’;‘B‘_gg;’p Semi deep (50-80) | Shallow (25-50) | 2
Soil Depth (cm) Shallow (25- | Shallow (25- Shallow to very Very shallow 3
50) 50) shallow (<50) (<25)
Very shallow | Very shallow
to no soil (0- | to no soil (0- No soil (0) No soil (0) 4
25) 25)
6.1-8.5 <85 4.2-7 <9 1
n 4.2-6,8.5-9 8.5-9 7.1-8.5 - 2
P 9-9.5 9-9.5 8.6-10 >9 3
>9.5 >9.5 >10 - 4
0-35 0-35 >15 0-35 1
Gravel 35-75 35-75 16-50 35-75 2
percent >75 - >51 >75 3
- >75 - - 4
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Good to Good to Good to moderate | Good to moderate
moderate moderate (0.1-25) (0.1-25) 1
Drainage (0.1-25) (0.1-25) ) ]
(cm/hr) P°°>r2(5<)0 €, P°°>r2(5<)0 L poor (<0.1,>25 | Poor (<0.1, 25) 2
- - - - 3
- - - - 4
None, slight None, slight None, slight None, slight 1
Moderate Moderate Moderate Moderate 2
Erosion Severe Severe Severe, very Severe, very severe 3
severe
Very severe Very severe - - 4
h/lfézz:;e ;;:;Z:;e Fine Fine to Moderate 1
Granulating Coarse Coarse Moderate Coarse 2
- - Coarse - 3
- - - - 4
(;Z:El(:r) Perfect (granular) 1
Evolution Moderate Moderate 2
(Structure) Low ) Low ) 3
None (no None (no 4
structure) structure)
<8 <8 <8 1
Salinity 8-16 8-16 8-18 2
(EC in ds/m) 16-32 16-32 i 18< 3
>32 >32 - 4
<15 <15 <15 1
15-30 15-30 15-30 2
ESP 30-50 30-50 i >30 3
>50 >50 - 4
Good (>1.5) Mogeo;ctiet((;l) Good (>1.5) Good t?>1\1/[)oderate 1
(Foigg:lyc Mot | Low() | Moderate (1-1.5) Low (1) 2
V)
matter %) Livgvzo(l]f )ry VGZ II;OW Low (1) Very Low (<1) 3
- - Very Low (<1) - 4
Limestone and
Dolomite,
Intermediate
pyroclastic rocks
of Eocene, Shale,
Clay Stone, 1
Conglomerate and
marl type 1,
Ophiolite of
melange color,
Geology Geology - - floodplain -
Granite,
sandstone, loess, )
schist and gneiss
and amphibolite
marl Type 2,
alluvial fans,
alluvial terraces, 3
sand dunes,
continental shelf
sediments
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Salt domes,
gypsum dome,
calcite and 4
dolomite marble,
quartzite
75-100 >50 1
Canopy 25-74 25-50 2
Cover (%) ) ) <25 5-25 3
- <5 4
Wood with gradel 1
Wood with grade )
2
2
Wood Value ) ) Wood with grade ) 3
3
None Commercial 4
Forest lands 1
Vegetation . . 2
Vegetation Rangelands 3
Type ) ) Poor Rangelands i
(canopy cover 4
<25%), Desert
>5 1
Annual 2.1-5 2
Growth (m®) ) ) <2 ) 3
- 4
>500 1
Dry Forage 350-500 2
(kg/ha) ) ) ) <350 3
- 4
>3000* 1
Quantity of 1500-3000 2
water <1500 - - - 3
(m?/year) Without water 4
resources
Lowering of 200__2300 ;
water =30 - - - 3
Water table(cm/y) . 4
0-750 1
EC(umhos/c 750-2250 2
m) >2250 ) i ) 3
- 4
0-18 1
18-26 2
SAR 26 - - - 3
- 4
(b)
Criteria Parameter Development Ecotourism Class®
0-15 0-15 1
Slope (%) 15-30 15-30 2
>30 >30 3
Plains except of flood plains 1
Topography
Plateau & upper terraces, )
Land type alluvial- colluvial fans -
Mountains, Hills, Flood
. 3
Plains
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501-800 1
Rain (mm) 51-500, >800 - 2
<50 3
18.1-24 21-24 1
Temperature® (°c) 24.1-30, <18 18-21, 24-30 2
>30 >30, <18 3
>15 1
Number of sunny
Climate days (in spring & - 7-15 2
summer months) <7 3
. . 40.1-70 1
Relatl\;e humid 240, 70-80 ) 5
(%) >80 3
1-35 1
Wind speed(km/h) 36-60 - 2
>60 3
Moderate (often) Usually moderate 1
Texture light(often) Coarse, light, heavy 2
Heavy(often), Regosols, Very heav 3
Lithosols vy Y
Deep Deep 1
Depth Semi deep Semi deep 2
Shallow to very shallow Shallow to very shallow 3
0-25 1
Gravel percent 26-50 - 2
>50 3
Good (2-6) Good (2-6) 1
Drainage (cm/hr) Moderate (0.1-2, 6-25) moderate to poor (0.1-2, 6-25) 2
Soil Poor (<0.1, >25) Incomplete (<0.1, >25) 3
None, slight 1
Erosion Moderate - 2
Severe, very severe 3
Moderate 1
Granulating Fine, coarse - 2
Very fine 3
Evolution Perfect (granular) Perfect (granular) 1
(Structure) Moderate Moderate 2
Low Low 3
Fertility Good, moderate (>1) 1
(Organic matter - Low (1) 2
%) Very low (<1) 3
— pyroclastic rocks, Granite
Sandstone, Ophiolite of D
melange color, sediments of Ophiolite of mel'ange color, sand 1
continental shelf dunes, con}mental shelf
sediments
Limestone and Dolomite,
Intermediate pyroclastic Limestone and Dolomite,
rocks of Eocene, Granite, sandstone, loess, schist and gneiss )
Geology Lithology alluvial fans, Shale, Clay and amphibolite, quartzite,
Stone, Conglomerate, loess, alluvial fans, flood plain
alluvial terraces
marl, schist and gneiss and
amphibolite, sand dunes, marl, Shale, Clay Stone,
Salt domes, Gypsum dome, Conglomerate, Salt domes, 3
calcite and dolomite marble, gypsum dome, calcite and
quartzite, floodplain, Buffer’ dolomite marble
(Fault, River)
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0-25 Forest lands with canopy cover of 1
50-80 %
Vegetation Canopy Cover (%) 26-50 Forest lands vsgl_tglocoznopy cover of 2
=50 Poor Rangelands, Forest lands 3
with canopy cover>80%, Desert
Quantity of water >225 >40 1
Water for everyone 150-225 12-39.9 2
(Lit/day) <150 <12 3
Forest park of Natural and
planted, Nature Park, National
Park, Protected Area, Biosphere 1
Reserve, World Heritage,
. Historical artefacts and national
Conservation Protected area - .
and pilgrimage
- 2
Reserve forest, Wildlife
Sanctuary, National natural 3
monuments
()
Parameter Class
Cheetah, Zebra, Fallow deer, Ibex,
Chamois, Panther, gazelle, Chinkara, Suitable
Wild goat, Ovis, Wolf, Sable, Wild
Value of Species (Mammals) Cats, Bear
Fox, Badger, Hyena, Weasel, Pig,
. d . None
Porcupine, Squirrel, Jackal, Pika, Suitable
Hedgehog, Bat, Rabbit, Rodents
>5 Suitable
Species Biodiversity <5 None
Suitable
Mangroves, estuaries, ponds Suitable
Sensitive Habitats None
Other .
Suitable
Reserve forest, Forest Park of Natural
and planted, National Park, Nature Park,
Protected Area, Biosphere Reserve, Suitable
Protected Area Wildlife refuges, National natural
monuments
None
Other Suitable

! This slope classification is assigned for horticulture and Class 1: 0-5, Class 2: 5-8, Class 3: 8-15 and Class 4: >15 is assigned
for Irrigated cultivation.
21t is evaluated for only Commercial Forestry suitability
3t is evaluated for only Commercial Forestry suitability
4This classification is assigned for horticulture and Class 1: >4000, Class 2: 1500-4000, Class 3: <1500 and class 4: Without

water resources is assigned for Irrigated cultivation

SPoor & not suitable situation for third class

SFor ecotourism in spring & summer seasons
"Major Fault= 1km, Minor Fault =300m; River= 1km (Gharakhlou et al., 2008, based on guidelines of Department of Energy
and Department of Housing and Urban Development in Iran)
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