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A B S T R A C T 

Background and objective: Today, waste burial is the most common method 
in many countries due to its lower cost and acceptance of a wider range of 
waste. In locating the waste landfill, various parameters such as the needs of 
urban communities, government, and environmental laws, and a large number 
of quantitative and qualitative criteria are evaluated. For this purpose, several 
multi-criteria decision-making methods are used in prioritizing suitable places. 
Materials and methods:  This study aims to investigate the suitable places to 
bury urban wastes in Lali city using a hierarchical-fuzzy analysis process 
(FAHP) along with a spatial information system and artificial neural network. 
For this purpose, data such as slope, slope direction, geology, land use, fault, 
precipitation, soil science, topography, vegetation, communication lines, 
hydrographic networks, wind, underground water level, and population centers 
as Information layers were used to locate the waste burial. After standardizing 
and preparing the maps, the steps related to the weighting of the desired layers 
were carried out to achieve the weight and importance of each in the 
positioning process. Then, pairwise comparisons were made between the 
indicators based on fuzzy numbers and using the FAHP technique. 
Results and conclusion: Considering all the effective factors in locating and 
weighting each of the criteria and sub-criteria and combining the data with GIS 
and artificial neural networks, the proposed areas for landfilling according to 
the direction of the prevailing winds in the region, in the southeast part of the 
range Studies were considered that the city has the least development in this 
direction. Whereas, the location of the current waste burial site is located in an 
inappropriate place in the north of the city and a tourist area. 

 

1. Introduction 

One of the environmental consequences caused by the increase in population in urban areas is the 
change in consumption patterns and food habits and the increase in packaged materials, which 
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results in an exponential increase in the amount of urban solid waste. So that now disposal of the 
waste caused by this consumption is one of the major and costly problems for most city managers 
(He et al., 2021). 

   Landfilling of waste is the most common disposal method in many countries due to its lower cost 
and acceptance of a wider range of waste (Ghane Ezabadi et al., 2021). Choosing a waste landfill is 
one of the important steps in urban solid waste management, which is done carefully and through a 
practical process due to the harmful environmental, economic, and ecological effects of the waste 
landfill (Chang et al., 2008). Among the criteria and criteria for choosing suitable places for the 
sanitary burial of waste, we can mention the geological characteristics, access roads, slope, faults, 
land use, distance from urban and rural centers, the geology of the region, hydrography, and 
underground water of a region (Yousefi et al., 2011). It seems necessary to use new tools and 
technologies, including GIS spatial information systems, to find a suitable burial place widely used 
in environmental planning to reduce the negative consequences of waste (Abdoli, & Samiei 
Zafarqandi 2018). This research identifies the best waste burial place in Lali City using a 
hierarchical-fuzzy analysis process, GIS, and an artificial neural network. 

1.1.  Analysis Hierarchy Process (AHP) 

The AHP method, m bnl no san arb o mu aohb  o debab for complex problems, was proposed by a 
researcher named Thomas L. Saati in the 1980s. This technique is based on paired comparisons and 
allows researchers to examine different scenarios (Masoumi et al., 2014). The process of rank order 
analysis is a flexible, strong, and simple method, and it works best in situations where the criteria 
for choosing options are conflicting. This process involves different options in decision-making and 
allows for sensitivity analysis of criteria and sub-criteria. This process has five key steps: 1- 
Forming a hierarchical structure 2- Forming a pairwise comparison matrix 3- Calculation of 
eigenvector and eigenvalue 4- Carrying out consistency test and weight calculation 5- Consistency 
test checks whether the answers of the questionnaires are consistent or not. 

1.2. Fuzzy hierarchical analysis process (FAHP) 

The fuzzy hierarchical analysis method was presented by Chang in 1996 under the title of 
developmental analysis method (Chang 1996). In short, the FAHP model has steps including 
drawing a hierarchical diagram and defining fuzzy numbers to perform pairwise comparisons. To 
make comparisons, it is necessary to define fuzzy numbers and fuzzy scales, which are given in 
Table (1). 

 
Table 1- Linguistic and fuzzy variables and their scales to prioritize criteria 

definite number Definition Triangular fuzzy scale 

1 exactly equal (1,1,1) 

2 Equal importance (3.2,1,1.2) 

3 Weak significance (2,3.2,1) 

4 Strong significance (5.2,2,3.2) 

5 Very strong importance (3,5.2,2) 

6 Absolute importance (7.2,3,5.2) 

 
   The normal hierarchical analysis method does not correctly reflect the way of human thinking, 
because exact numbers are used in the pairwise comparisons of this method. On the other hand, 
fuzzy logic can mathematically formulate many concepts and systems that are imprecise and 
ambiguous and provide the basis for reasoning and decision-making in conditions of uncertainty 
(Saaty 1988). The fuzzy membership function model helps to overcome the uncertainty and make 
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the fuzzification of a method compatible with human language. The steps of the fuzzy hierarchical 
analysis method according to Chang et al. are as follows (Chang, 2008): 

   Step 1: Draw a hierarchy diagram. Step 2: Define fuzzy numbers to perform pairwise 
comparisons. Step 3: Form the pairwise comparison matrix (A) by using fuzzy numbers. Step 4: 
Calculate the weights of the layers. Step 5: De-fuzzification. In the end, de-fuzzification of the 
weights is done for each layer and the weight of each layer is calculated using the method of the 
center of the region. 

1.3.  Fuzzy logic model operators 

These operators include fuzzy union, fuzzy sharing, fuzzy algebraic multiplication, fuzzy algebraic 
addition, and fuzzy gamma operator. 

1.3.1. Fuzzy gamma operator 
 
According to equation (1), this operator is created by combining the product of fuzzy algebra and 
the sum of fuzzy algebra: 

 

   (1)  

          
   In this regard, the value of γ can be determined between 0 and 1. If its value is selected as 1, the 
relation will be converted into a fuzzy addition operator, and if its value is selected as 0, the relation 
will be converted into a fuzzy multiplication operator. The gamma operator is more useful than 
other fuzzy operators and is used when some parameters’ effect lnaun bnb  ol bnbn aoaun bn. For this 
reason, in this research, the gamma operator has been used in locating the landfill site. 

    Much research has been done in the field of waste burial. In 1997, among others, Charnpratheep 
et al. conducted research on the application of the AHP method in the location of the waste disposal 
site, in which they used the combination of this method and the fuzzy method in the GIS 
environment for the initial screening of the burial sites in Thailand (Charnpratheep et al., 1997). In 
2008, Chang et al. researched the selection of solid waste landfills in Harlingen, located in the south 
of Texas (He et al., 2020). In his master's thesis, Shahabi investigated the role of geomorphic 
factors in locating the landfill site of urban waste in Saqqez using GIS models and remote sensing 
technology (Shahabi, 2018). In 2015, Shah Ali also located Zanjan's urban waste landfills using the 
fuzzy method. He has done his analysis by considering parameters such as slope, geological 
conditions, surface water, and distance from roads (Shah Ali, 2015). 

2. Materials and methods 

2.1. Study area 

Lali City with an area of 1418 square kilometers is located in the north of the capital of Khuzestan 
province and 175 kilometers from Ahvaz City. It borders Andika city from the east and northeast, 
Masjid Suleiman city from the south and southwest, the Sardasht section of Dezful city from the 
north and northwest, and Gotvand city from the west Fig. 1 and has a population of 37,486 people.  
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Fig. 1 - Location of the studied area 

2.2. Methods 

 Preparation of a conceptual model of waste burial location 

The conceptual model of waste disposal placement is a framework for guiding the placement steps, 
which is important in the selection, preparation of layers, and combination of factors. This model is 
important to clarify the expert's mind regarding different factors and how they affect the selection of 
suitable waste burial places. Fig. 2 shows the conceptual model of waste disposal location in Lali 
City. 
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Fig. 2- Conceptual model of waste disposal location in Lali city 

   The method of conducting this research was field and analytical-descriptive. Based on the 
Qanbari and Jamali;  and Parsasyrat research (2015), information layers including slope, slope 
direction, geology, land use, fault, precipitation, soil science, topography, vegetation, 
communication lines, hydrographic networks, wind, underground water level, and Population 
centers were used as information layers in five indicators of technical factors, social and economic 
factors and environmental factors for waste burial location. Then, experts made pairwise 
comparisons between indicators and components based on the fuzzy numbers in Table (2) and using 
the FAHP technique. 
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Table 2 - Trigonometric fuzzy numbers 
yzzuf hhT equivalent of prioritiesuprioritiesu

upper line(U) Average(M) lower limit(L) 

1 1 1 1 Equal importance 

3 2 1 2 Equal to relatively more important 

4 3 2 3 Relatively important 

5 4 3 4 Relatively important to very important 

6 5 4 5 great importance 

7 6 5 6 High to very high importance 

8 7 6 7 Very important 

9 8 7 8 Very much to absolutely more important 

10 9 8 9 eroM important 

 
    Also, some data were standardized and their fuzzy maps were prepared.Next, the maps were put 
together with the gamma method to carry out location operations and identify suitable areas for 
waste disposal by overlapping information layers in the GIS environment and applying the weights 
of indicators and components. Finally, three-dimensional modeling of this area was done in the 
Voxler software environment using artificial neural networks after determining the appropriate area 
for waste burial. Meanwhile, ArcGIS, ENVI, Arc Hydro Tools, MicroStation, Google Earth, Voxler 
Mapsource, IDRISI, and Office software were used in the research. 

2.3. Data collection and preparation 

At this stage, it is necessary to examine the collected information and prepare it for the required 
analysis. In this way, the scale and image system of the layers should be the same. The steps of 
preparing the layers in the GIS environment are presented in Fig. 3. 
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Fig. 3- Steps of preparing layers in the GIS environment 

 

2.3.1. Process effective criteria in locating waste landfills 
 

The layers were compared two by two using fuzzy numbers, by the opinion of experts, and entered 
in the corresponding tables as fuzzy numbers. In Fig. 4. , fuzzy numbers are used and their 
triangular fuzzy scale is given. After forming the pairwise comparison matrix and completing it, 
using the developmental analysis method, the weight of each criterion was determined. To do this, 
the program written in Excel and MATLAB software environment was used. By entering the data 
of the comparison tables in the form of fuzzy numbers, the weight of each criterion was determined 
as shown in Fig. 5 . After applying the proportional membership function, each layer was multiplied 
by the corresponding weight and finally, a standardized map of each criterion was created. 
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Fig. 4- AHP fuzzy criteria matrix 

 

 

Fig. 5- The final weight of the effective criteria in locating the waste landfill with the FAHP method 

 

2.4. Calculation of the area of the areas 

After determining the final map, each generated zone’s area was calculated in the ArcGIS 
environment. In the end, polygon outputs were converted into points for 3D rendering and use in 
Voxler software. 

2.5. Performing the FAHP process 

In the fuzzy method for combining layers, the assigned fuzzy score changes after reclassifying each 
layer according to the importance of the layers. After preparing the fuzzy maps, using the fuzzy 
gamma operator and ArcGIS software, the areas with different fuzzy numbers are divided. The 
reason for choosing the fuzzy gamma operator is that it is more comprehensive than other operators. 
The higher this number is, the more favorable the area will be (Charnpratheep & Garner 1997). 

3. Results and discussion 

3.1. Fuzzy maps of each of the effective parameters in locating the residual 

The maps resulting from the fuzzification of the parameters effective in locating waste landfills are 
shown in Fig. 6. 
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Fig. 6- Fuzzy maps of slope criteria, slope direction, vegetation cover, elevation, geology, underground water, 

distance from the river, road, distance from the fault, and land use 

 

3.2. Consolidation, the weighting of data, overlapping of maps, and waste disposal site 
zoning 

In this research, various gamma fuzzy functions such as 0.0-6.0-7.0-8.0-9.0 were used. The final 
map resulting from the combination of maps is shown in Fig. 7. 

 

 

 
Fig. 7- The final map of the zoning of suitable areas for waste disposal with the FAHP method and the use of 

fuzzy gamma cloud 
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3.3. Artificial neural network analysis 

After determining the appropriate area for waste burial, using an artificial neural network, 3D 
modeling of this area was done in the Voxler software environment Fig. 8. According to the 
standards, the burial depth should be at least 3 meters. Therefore, the suitable area for burying waste 
was classified from 20 cm to 3 meters deep and the volume of this area was calculated, which was 
estimated to be 21952000 square meters. 

 
 

 

Fig. 8- 3D rendering of the proposed area for waste burial 

 
  According to the conducted investigations and field visits in the region, the best place has been 
suggested at a distance of 11 kilometers from Lali city Fig. 9. 

 

 

Fig. 9-uThe current location and the proposed location of ezz Lali garbage dump 
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4. Conclusion 

The current location of the waste burial site of Lali city is located 5 km from Lali city and in an area 
called Ab-Shor area on the northern side of the city, 200 meters from the road connecting Lali to 
Indika, which is one of the recreational areas of Lali city. By examining the development map of 
Lali city in recent years, it was found that the expansion of residential and urban areas is mainly 
towards the west and to a lesser extent towards the north and south. 

   Depending on the geological and morphological conditions of the region, among the effective 
parameters in locating a suitable place for waste disposal, the slope is the most important and the 
distance from the underground water is the least important. Because a large part of the area has a 
high slope, the highest weight was given to the slope, and since the groundwater level in this area is 
very low, the distance from the groundwater is less important for location purposes and less weight 
is given to it. became. 

   According to the analysis and the direction of the prevailing winds, the proposed areas for 
landfilling are located in the southeast part of the study area, where the city has the least 
development in this direction. According to the conducted investigations and field visits in the 
region, the best place has been suggested in the range of latitude 325560.56 North and longitude 
3574185.41 East at a distance of 11 kilometers from Lali city Fig. 9. 

   Studying morphological changes in river systems can help river management. In this study, the 
meandering evolution of the Dez River in mountainous and agricultural areas from 1995 to 2021 
was investigated. For this purpose, the river SI in these areas was calculated at the time of the study. 
The results showed that the SI was constant in mountainous areas (2.10) and it changed in 
agricultural areas (2.10-2.14), but the river was very unstable in both areas. To investigate the 
reasons for river change in agricultural areas, the parameters of height, slope, monthly runoff 
changes, and riverbed soil type were examined. 

   Variations in altitude and slope were small and probably did not have much effect on river 
changes. But, the riverbed soil was loam and clay loam that have high erodibility. Also, the study of 
monthly runoff during this period showed that from 2018 to 2020, its amount increased compared to 
the previous year. Therefore, it is likely that the increase in runoff and the high erodibility of 
riverbed soil can be a reason for changes in river direction during this period. It is suggested that for 
future studies, the impact of human activities on changes in river course be examined, too. 
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