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Abstract. In order to protect ecosystem functions and structures, it is essential to identify areas with high 

conservation potentials. The present study investigates the use of Multi-Criteria Evaluation (MCE) 

Models and effects of trade-off levels on the results of land conservation capability in the Pelasjan sub-

basin, western part of the Gavkhooni watershed and Gavkhooni wetland water source in central Iran. 

Delphi survey method was used to gather, condense and use experts’ knowledge in determining and 

ranking the evaluation criteria. Analytic Hierarchy Process (AHP) was then used to estimate the criteria 

weights. Subsequently, to create a single ranked map of potential conservation area, a weighted linear 

combination (WLC) model and ordered weighted averaging (OWA) model with medium risk and trade-

off were used. Conservation capability maps, were then classified into 6 classes based on conservation 

capability values ranges. The comparison analysis has shown that designed OWA model with lower 

trade-off level leads to relate areas as very high and high capability classes. Models accuracy assessments 

have shown that OWA model was more accurate and realistic, but with regard to Plasjan’s importance as 

a habitat for fauna and flora, producing water, and high quality soil and biodiversity, it is highly necessary 

to consider WLC results. 

Keywords: AHP, fuzzy, Gavkhooni wetland, OWA, Plasjan sub-basin, trade-off, WLC 

Introduction 

For effective land conservation, suitable areas should be determined by considering 

multiple factors including ecological and natural systems, social and economic criteria 

and existing land uses (Bryan et al., 2009; Alexander and Sahotra, 2006; Mousavi et al., 

2015; Farrashi et al., 2016). This complexity has triggered considerable interest in 

applying quantitative methods such as Multi-criteria decision-making (MCDM) 

techniques to these problems (Ananda and Herath, 2009; Chen et al., 2010; Mosadeghi, 

2013). 
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MCDM techniques combined with GIS have been successfully applied in a number 

of land capability analyses, environmental planning and management studies. Using 

spatial MCDM techniques can improve the transparency and analytic rigor of the land 

capability analysis including land conservation allocation (Jiang and Eastman, 2000; 

Malczewski, 2006b; Mosadeghi et al., 2015; Villacreses et al., 2017). Multi-criteria 

evaluation (MCE) is a subdivision of MCDM, which can use and combine different 

criteria to evaluate land capabilities for each land use. In MCE models, the weights and 

relative importance of different criteria are considered unequal. Different MCE 

techniques use different algorithms to assign weight at either the cardinal or ordinal 

level of measurement (Hajkowicz and Collins, 2007; Mosadeghi, 2013). For the 

purpose of this study, Analytical Hierarchical Process (AHP) is used to rank the 

importance of each capability criterion. The AHP was used due to the following 

benefits: (1) it is well-known and well-reviewed in the literature; (2) it includes an 

efficient criterion weighting process of pair-wise comparison; (3) it incorporates 

hierarchical description of criterion which keeps the number pair-wised comparison 

manageable; and (4) its use is facilitated by available software (Satty, 1994; Norris and 

Marshal, 1995; Kristof, 2005; Chakhar and Mousseau, 2008; Ho, 2008; Drobne and 

Lisec, 2009; Moeinaddini et al., 2010; Hajehforooshnia et al., 2011; Mosadeghi, 2013; 

Sánchez et al., 2013; Mosadeghi et al., 2015; Farashi et al., 2016; Allaouia et al., 2018). 

The study also explores the use of two different MCE operators, weighted linear 

combination (WLC) and ordered weighted averaging (OWA) in producing the final 

suitability maps. 

In MCE model, a criterion with a higher weight can compensate for the weakness of 

other criteria with lower weights in a spatial position. In MCE process, trade-off is 

related to capability of compensating for the weakness of a criterion with other criteria. 

With increasing amount of trade-off in MCE model, more areas will be considered as 

high capability areas whose amounts of risk and trade-off would be determined by 

decision-makers. Weighted linear combination (WLC) and ordered weighted averaging 

(OWA) are two useful methods for land capability evaluation (Seok, 2008; Chen and 

Paydar, 2012; Mokarram and Hojati, 2017; Villacreses et al., 2017). OWA is a 

combined technique in which users can control risk and trade-off levels by considering 

objects and land condition (Parhizkar, 2011; Mousavia et al., 2014). OWA uses a class 

of multi-criteria operators and involves two sets of weights: Original criteria weights 

and ordered weights (Malcezewski, 2006; Makropoulos; 2006; Boroushaki and 

Malczewski, 2008; Chen and Paydar, 2012; Chen et al.,2013; Sánchez et al., 2013; 

Zavadskas et al., 2015; Mokarram and Hojati, 2017; Villacreses et al., 2017). The 

former are assigned to a given criterion for all locations in a study area to indicate their 

relative importance (Seok, 2008; Ali Yahyai et al., 2012; Chen and Paydar, 2012; 

Allaouia et al., 2018). For calculating the ordered weights, at first layers would be 

ordered by paying attention to their original weights in an increasing trend and then 

ordered weights would be assigned with values between (1) and (0). If (1) is assigned to 

the first criterion with the lowest original weight and (0) is assigned to other layers, the 

model has no risk and trade-off; and if 1 is assigned to the last criterion with the highest 

original weight and 0 is assigned to other layers, the model has the highest risk and no 

trade-off. When numbers between (0) and (1) are assigned to all criteria, the model has 

a range of risk and trade-off (Malcezewski, 2006; Sánchez-Lozano et al., 2013; 

Mokarram and Hojati, 2017). 
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Therefore, it is possible to control the risk and trade-off in OWA model through a set 

of ordered weights for each criterion at every location (pixel) (Malcezewski, 2006b; 

Ahn, 2008; Boroushaki and Malczewski, 2008; Chen and Paydar, 2012; Chen et al., 

2013; Mosavi and Yazdani, 2014; Allaouia et al., 2018; Mokarram and Hojati, 2017). 

Decision area is triangular, which in fact, any assignment of ordered weights results in a 

decision rule that falls somewhere in a triangular decision strategy space defined by the 

dimensions of risk and trade-off (Drobne and Lisec, 2009; Mokarram and Hojati, 2017). 

WLC is an MCE method with the highest trade-off and medium risk (Malcezewski, 

2006b; Ahn, 2008; Boroushaki and Malczewski, 2008; Drobne and Lisec, 2009; 

Moeinaddini et al., 2010; Ali Yahyai et al., 2012; Allaouia et al., 2018; Mokarram and 

Hojati, 2017). Figure 1 shows decision area triangles. 

 

 

Figure 1. Decision area, risk and trade-off (Mokarram and Hojati, 2017) 

 

 

In most studies, effects of trade-off were not considered and also were mostly 

focused on ecological parameters. In this study, for producing proper conservation 

capability models, we considered a set of ecological, social and economic criteria. The 

objective of this study is to produce land conservation capability models with WLC and 

OWA methods and to investigate trade-off effects on multi-criteria land evaluation 

results. In this case, we used different levels of trade-off using WLC and OWA models 

to produce conservation capability models for Gavkhooni wetland water source 

(Pelasjan sub-basin). 

Materials and methods 

The study area 

The study area was Pelasjan sub-basin including the western part of the Gavkhooni 

watershed located in central Iran covering approximately 412,999 ha. The 

Zayandehrood is the major river in Gavkhooni watershed to which Pelasjan sub-basin 

gives the highest portion of water. The Gavkhooni wetland is located in the eastern part 

of Gavkhooni watershed and is the terminal basin of the Zayandehrood River. Pelasjan 

sub-basin’s average temperature is 8-13 °C with 400-1250 mm precipitation. 

Agricultural activities and animal husbandry are the main activities of people living in 

these areas. Figure 2 shows the location of the Zayanderood River Basin and Pelasjan 

sub-basin in the western part of the Gavkhooni wetland in Iran. 
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Figure 2. Pelasjan sub-basin located in the western part of Gavkhooni wetland 

 

 

Data selection 

For data selection, at first, literatures about different aspects of conservation were 

reviewed. Then, with 21 questionnaires, expert opinions were given using Delphi 

method in 3 steps, and appropriate data were determined. Experts were selected based 

on their experience and knowledge in biodiversity, hydrology and soil. For producing 

an LULC map, Landsat 8 and OLI sensor images for June 2016 were prepared. Other 

layers were selected from the Isfahan University of Technology archives produced in 

2016. With regard to the literature review and expert’s knowledge, a study’s hierarchy 

scheme was designed (Fig. 3). 

 

 

Figure 3. Hierarchical system designed for study 
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Field sampling 

According to the phenology of natural vegetation in rangelands and agricultural 

crops, plant field sampling was conducted in June 2016, and 210 samples of LULC 

were recorded using GPS. The collected samples were used for producing LULC maps 

and accuracy assessment. 

 

Data pre-processing 

Atmospheric and radiometric corrections were performed on satellite images with 

FLASH method. All criteria geo-referencing was controlled using 25 control points 

with the nearest neighbor method. 

 

Developing LULC maps 

To produce an LULC map, OLI sensor images were classified using the hybrid 

classification method (Estman, 2001) on each image. The LULC map was produced in 8 

classes. Conservation area borders were added as the eighth class. The accuracy of 

LULC map was determined by calculating the kappa index and overall accuracy. Then, 

the layers of LULC map were utilized in capability models evaluation. 

 

Criteria standardization 

By paying attention to literature review and expert knowledge, all criteria were 

standardized between zero and 255, and constraints were standardized using the 

Boolean method (Malczewski, 2004; Mirghaed et al., 2014). Appropriate Fuzzy 

functions and their thresholds were determined for each criterion with literature review 

and expert knowledge. 

 

Criteria
, 
s weights calculating 

AHP method was applied to calculate the criteria weights. For this purpose, criteria, 

sub-criteria and indices were compared in a pairwise method provided by experts in the 

research questionnaire, and the final weights were calculated according to a hierarchical 

structure in expert choice softer version 11 (Fig. 3). In this way, the accuracy of 

pairwise comparisons was determined by calculating the coefficient of consistency, and 

questionnaires that had more than 0.1 errors were returned to the interviewers to be 

improved. Finally, the weights of all considered criteria, sub-criteria, indices and sub-

indices were calculated. 

 

Layers combination using WLC and OWA methods 

To combine the individual suitability layers for each criterion, two combination 

operators, WLC and OWA methods, were used according to Figure 3. The layers, from 

the lowest branches were combined by applying their weights in each branch based on 

Equation 1 (Malcezewski, 2006b; Ahn, 2008; Boroushaki and Malczewski, 2008; 
Dorbne and Lisec, 2009; Koravand, 2015; Farashi et al., 2016; Mokarram and Hojati, 

2017): 

 

 1      i i iS i to nW X C    (Eq.1) 
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S = capability degree 

Wi = each criterion
, 
weight 

Xi = fuzzy value of i parameter 

∏ = multiplication sign 

Ci = Boolean constraint 

 

In OWA model, layers were ordered by considering their original weights in an 

increasing trend. Ordered weights were calculated as Equation 2 according to risk and 

trade-off level (Dorbne and Lisec, 2009; Mokarram and Hojati, 2017). 

 

 
1

     Wi
n


 

  
 

 (Eq.2) 

 

The layers, from the lowest branches were combined by applying their weights in 

each branch based on Equation 3 (Malczewski, 2006b; Dorbne and Lisec, 2009; 

Parhizkar, 2011; Mokarram and Hojati, 2017). 
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 (Eq.3) 

 

Vj = ordered criterion weight 

Wi = ordinary criterion weight 

Zij = sorted criteria 

 

According to the input data (criterion weights and criterion map layers), the OWA 

combination operator associates with the i-th location (e.g., raster or point) a set of 

ordered weights. α risk and trade-off level, n rank of each criterion and α = 0.5 

(Moosavi and Yazdani, 2014; Morshedi and Kooravand, 2015). In the WLC and OWA 

models, all standardized Boolean constraints were done. 

In this study, decision area is a right triangle on the left of the main decision-making 

triangle, which designed OWA decision area, is Trapezius in WLC decision area, and 

the area of designed OWA model in the study is less than the WLC model. 

Figure 4 shows the decision area in this study. 

 

 

Figure 4. Decision area in this study 
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Conservation capability model classification 

Each model was classified into 6 classes with calculating standard deviation and its 

average according to Table 1. 

 
Table 1. Definition capability class range 

Range 
Conservation 

capability’s class 
Range 

Conservation 

capability’s class 

X  - Sx < X < X  
With medium 

capability 
0 Without capability 

X  < X < X  + Sx With high capability 0 < X < X  - 1.5 * (Sx) 
With very low 

capability 

X  + Sx < X < X  + 1.5 Sx 
With very high 

capability X  - 1.5 * (Sx) < x < X  - Sx 
With low 

capability 

X  = Average, Sx = standard deviation 

 

 

Models accuracy assessment 

For models accuracy assessment, it is supposed that the criterion conservation 

capability with the highest weigh should have more correlation with the final model result. 

Therefore, the ecosystems characterizing a criterion which has the highest weight among 

all criteria was selected, and because it is produced via combination of two sub-criteria, 

fauna distribution with the highest weight was selected for the assessment of WLC and 

OWA criterion models. Fauna distribution was divided into 6 class-like models, and in 

each class, samples were selected and were comprised with final WLC and OWA 

conservation capability models in IDRISI-Terset software, and total accuracy coefficient 

was calculated in sampled areas with 125400 (30 × 30) pixels from conservation capability 

classes for conservation capability models via Equation 4 (Estma, 2001). 

 

 
Accurated classified pixels

Overall accuracy = 
Total pixels

 (Eq.4) 

Results 

LULC map of the area was prepared using Landsat satellite images, OLI sensor, and by 

applying a hybrid image classification method with overall accuracy of 92% and the kappa 

coefficient of 0.88 in 8 classes plus conservation area border (Fig. 5). All layers were 

standardized using proper Fuzzy functions between 0 and 255. Criteria’s weights were 

calculated using the AHP method. Table 2 shows all used layers’ weights and Fuzzy 

functions. 

After calculating original and ordered weights, all layers were combined by applying 

WLC and OWA models. Figures 6 and 7 show the classified conservation capability maps 

produced with WLC and OWA methods, respectively, in Table 1. Table 3 presents the 

area of each conservation capability class as hectare and a percentage of the study area. 

In model’s results, each class of current LULC in very high and high conservation 

capability was determined. Figures 8 and 9 show the conversion capability of LULC with 

very high and high conservation capability classes, respectively. 
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Table 2. Conservation layers’ weights and fuzzy functions 

 
Criteria 

weighting 

Sub-

criteria 

Sub-

criteria 

weight 

Indices 
Indices 

weights 

Sub-

indices 

Sub-

indices 

weights 

Appropriate 

fuzzy 

function 

Ecosystems 

characteristics 
0.33 

Biotic 

elements 
0.55 

Flora 0.41 

Vegetation 

types 
0.67 

User defined Cover 

crown 

percentage 

0.33 

Fauna 

distribution 
0.59 

Panther 0.27 

Decreasing 

sigmoid 

Brown 

bear 
0.32 

Wild 

sheep 
0.21 

Wild goat 0.2 

Abiotic 

elements 
0.45 

Rivers 0.33  

Decreasing 

sigmoid 

Lakes 0.29  

Plains 0.13  

Mountains 0.25  

Human 

activities 

distance 

0.16 

Mining 0.21  

Increasing 

sigmoid 

Roads 0.14  

Cities 0.23  

Drainage 

agriculture 
0.12  

Rain-fed 

agriculture 
0.1  

Nature 

sensitivities 
0.31 

Slope 

>70% 
0.38  User defined 

Areas 

with high 

soil 

erosion 

0.32  User defined 

Snow 

reservoirs 
0.1  

Decreasing 

sigmoid 

Areas 

with low 

soil depth 

0.2  User defined 

Under 

conservation 

area 

0.2  
Decreasing 

sigmoid 

 

 
Table 3. Conservation capability area with MCE methods (hectare) 

OWA percentage OWA area WLC percentage WLC area 
Conservation 

capability class 
 

2.39 9772 3.52 14722 Very high 1 

14.87 60686 19.11 79871 High 2 

38.73 157976 48.89 204296 Moderate 3 

34.87 142297 20.34 85011 Low 4 

1.03 4188 0.22 919 Very low 5 

8.11 33105 7.92 33105 Without capability 6 
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Figure 5. LULC map using OLI image in 2015 

 

 

 

Figure 6. Land capability map with WLC 
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Figure 7. Land capability map with OWA 

 

 

 

Figure 8. LULC in very high and high conservation capability classes in WLC 
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Figure 9. LULC in very high and high conservation capability classes in OWA 

 

 

Table 4 shows the results of overlaying map of LULC on the conservation capability 

maps with very high and high classes. In this table, the elements of column represent 

each LULC class area with very high and high conservation capability with different 

methods. In this table, LULC classes areas are shown by conservation region and 

without conservation region. In this case, it becomes clear which LULC are in 

conservation region. 

Table 4 shows which LULCs are proper for selecting as new conservation areas or 

completing current under conservation areas. 

Accuracy assessment of WLC and OWA models has shown that OWA model with 

an overall accuracy of 0.85 has more accuracy than WLC model with a total accuracy of 

0.72. 

Discussion 

In most studies on conservation capability evaluation, researchers have focused on 

biodiversity elements; and as a result, they have considered a few aspects of 

conservation (Allahyari et al., 2010). In this study, because of valuable habitats for 

terrestrial and aquatic animals and the importance of Pelasjan sub-basin in Gavkhooni 

watershed, as the main source of water for international Gavkhooni wetland, different 

aspects of conservation such as dispersion of endangered animals like brown bear, 

panther, wild goat and sheep, flora, and areas with high precipitation were considered in 

an attempt to prevent from any change in their natural conditions. Moreover, land 

conservation capability was evaluated by using WLC and OWA combination methods. 

By considering the same risk level in two models, the effects of trade-off levels were 
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investigated on evaluation results (Malcezewski, 2006b; Boroushaki and Malczewski, 

2008; Chen and Paydar, 2012; Chen et al., 2013; Sánchez et al., 2013; Zavadskas et al., 

2015; Mokarram and Hojati, 2017; Villacreses et al., 2017). Layers weights were 

prepared using AHP method making it possible to compare relative layers’ importance 

and consistency of pairwise comparison, which made the accuracy of pairwise 

comparisons possible (Jayanath and Herath, 2009; Hasanzadeh et al., 2013; Maddahi et 

al., 2014). Table 3 and Figures 6 and 7 show that higher conservation capability areas 

are in the WLC model because of the higher trade-off level compared to designing 

OWA model. 

 
Table 4. LULC area and overlaying on land capability map results area (hectare) 

 
Conservation 

area 

Dense 

range 

land 

Sparse 

range 

land 

Forest 
Irrigated 

agriculture 

Rain-fed 

agriculture 

Residential 

area 

Water 

body 

Snow 

reservoir 

LULC class 

without 

conservation 
areas  

0 48830 256291 11102 58029 25684 4269 2654 0 

LULC class 

with 
conservation 

areas  

41661 44788 225185 10345 56096 24626 4155 0 6114 

WLC with 
very high 

capability 

8905 1240 2354 3750 0 63 0 2654 5520 

WLC with 

high 

capability 

28176 10169 29306 9238 0 1392 0 0 594 

OWA with 

very high 

capability 

4037 391 3546 1470 0 94 0 2234 4890 

OWA with 

high 
capability 

25194 7902 20806 5773 0 1245 0 220 1224 

 

 

Some similarity was expected between categories of a criteria’s conservation 

capability and final conservation capability maps because by decreasing the original 

weights, the effects of trade-off increase. In order to assess the conservation capability 

maps, fauna sub-criterion with the highest weight in the ecosystem criterion, which has 

the highest weight among all criteria, was selected (Feizizadeha et al., 2014; Morshedi 

and Koravand, 2015). 

Comparisons between fauna distribution sub-criterion and the final map of 

conservation capability produced by medium risk and trade-off in OWA and high trade-

off in WLC models, have shown that because of lower trade-off level in OWA, its result 

is more similar to the real conditions (fauna distribution). On the other hand, OWA 

model has considered less area in the first two classes with the highest conservation 

capability in comparison to WLC results (Table 3). (Malczewski, 2006a; 

Hajehforooshnia et, al., 2011; Farashi and Shariatic, 2013; Sánchez et al., 2013; 

Feizizadeha et al., 2014; Morshedi and Koravand, 2015; Farashi et al., 2016). 

In Table 4, because some criteria such as irrigated agriculture and residential area 

(Urban) were constraints and they were used with Boolean logic on land capability 

maps, they had no capability for conservation. 
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Table 4 and Figures 8 and 9 show that some parts of the current conservation areas 

do not have very high and high capability for conserving due to their proximity to urban 

areas, mines, or irrigated and rain-fed agriculture. 

Accuracy assessment results have shown that designed OWA model in this study 

with medium risk and trade-off is more accurate than WLC model with the highest risk 

and trade-off model. Therefore, more trade-off level in WLC models led to lower 

conservation value in fauna distribution criterion in a pixel to compensate via other 

criteria, which have more conservation value in that pixel. 

Conclusion 

The results of this research indicate that applications of MCE in GIS are 

multifunctional and can incorporate different levels of complexity of the decision 

problem. In this case, the choice of ordinary and ranked weights has played a crucial 

role. It is obvious that decision-makers with a preference for a subjective scale may not 

arrive at the same weights for the factor criteria. Therefore, experts and stakeholders 

must be selected carefully. This may lead to different results for suitability maps and 

can affect the final decision with regard to the overall objective. In AHP method, this 

can be reduced using calculating consistency coefficient. However, it must be noted that 

the presented methods are only tools to aid decision-makers; they are not the decisions 

themselves. For the final point, although OWA model is more similar to each main 

criterion conservation capability classes, it is suggested that in sensitive areas, 

especially in watershed water resources like Plasjan sub-basin, because of their 

important functions in a watershed, there is an increase the risk and trade-off to consider 

more areas as proper conservation areas. Then, WLC conservation capability evaluation 

model was suggested in these sensitive areas. As a water reservoir and biodiversity 

conservation, Pelasjan sub-basin has a very important role in the Gavekhooni basin in 

the center of Iran. Then, it is highly necessary to consider more areas for conserving its 

functions and structures; in this research, WLC model results with more trade-off level 

are more acceptable. 

For future studies, we recommend that the effects of weights’ uncertainty on land 

capability evaluation be analyzed. 
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