Journal of Water and Soil
https://jsw.um.ac.ir iy

Research Article
T Vol. 37, No. 1, Mar.-Apr. 2023, p. 45-62

The Application of Multi-Criteria Decision-Making Model in Land Suitability
Assessment

S. Akhavan', A. Jalalian®*, N. Toomanian®, N. Honarjo*

Received: 27-09-2022 How to cite this article:
Revised: 19-12-2022 Akhavan, S., Jalalian, A., Toomanian, N., & Honarjo, N. (2023). The
Accepted: 18-01-2023 Application of Multi-Criteria Decision-Making Model in Land Suitability

Available Online: 18-01-2023  Assessment. Journal of Water and Soil 37(1): 45-62. (In Persian with English
abstract). https://doi.org/10.22067/JSW.2023.78892.1205

Introduction

Land suitability analysis and land use mapping are one of the most practical applications of Geographic
Information Systems in land resource management. Complexities in soil have briefly limited studies on how it
functions (Karlen, 2008). There are many methods from different centers including food and agriculture
organizations (FAO), to evaluate land suitability. These methods are based on the characteristics of the land and
the needs of the plant. Soil quality indicatorsare a set of measurable soil characteristics that affect crop production
or the environment and are sensitive to land use change, management or conservation operations. (Brejda, 2000;
Aparico and Costa, 2007). As a result, there is a global need for environmental issues, improvement of soil quality
assessment methods for sustainable agricultural development and recognition of the sustainability of soil
management and land use systems. Until now, various methods have been used to collect data, measure and
evaluate soil quality, and laboratory analysis is the most common method, which has the advantage of being easy
to use and characterizing and the quantitative characteristics of the test on different soil quality indicators (and
Wang, 1998 Gong). Criteria for soil quality indicators should be a set of physical, chemical, biological
characteristics or a combination of them (Doran and Parkin, 1997).

Materials and Methods

In the present study, the qualitative assessment of land suitability was investigated using fuzzy and parametric
hierarchical analysis process models for the irrigated wheat and alfalfa crops. Soil characteristics, climatic
conditions, topography and accessibility were selected based on the Food and Agriculture Organization framework
and expert opinions. The interpolation function was used to plot values to points in terms of quality/ terrain
characteristics for the type of operation and the evaluation was performed based on parametric and fuzzy analytical
hierarchy process models. The process of evaluation is based on the FAO qualitative land evaluation system (FAO
19764, b, 1983, 1985), which compares climatic conditions and land qualities/characteristics including topography,
erosion hazard, wetness, soil physical properties, soil fertility, and chemical properties, soil salinity and alkalinity
with each specific crop requirements developed by Sys et al. (19914, b, 1993). Based on morphological and
physical/chemical properties of soil profiles some 10 land units were identified in the study area.Climate data

related to different stages of wheat growth were taken from ten years of meteorological data of the region (2007-
2017) and the climatic requirements of the crop were extracted from the Table developed by (Sys et al., 1993). An
interpolation technique using the ArcGIS ver 10.3 helped in managing the spatial data and visualizing the land
index results in both models for preparing the final land suitability evaluation maps. The FAHP method and
(Chang, 1996) method, which is a very simple method for generalizing the hierarchical analysis process to the
fuzzy space, was used in order to assign weight to the criteria through. This method is based on computational
mean of the experts’ opinion and the time normalization method and the use of triangular fuzzy numbers. A
pairwise comparison matrix has been made fuzzy based on the experts’ opinion and using the triangular fuzzy

1, 2 and 4- Ph.D. Student, Professor and Assistant Professor, Department of Soil Science, College of Agriculture and
Natural Resources, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran, respectively.

(*- Corresponding Author Email: jalalian@khuisf.ac.ir)

3- Associate Professor, Soil and Water Research Department, Isfahan Agricultural and Natural Resources Research and
Education Center, Agricultural Research, Education and Extension Organization (AREEO), Isfahan, Iran


https://jsw.um.ac.ir/
https://doi.org/10.22067/JSW.2023.78892.1205
mailto:jalalian@khuisf.ac.ir
https://jsw.um.ac.ir
https://jsw.um.ac.ir

VPo¥ Clgu ol — (30958 O osleds FY wlr (S g T 4,05 ¥F

numb. After calculating the weights of the criteria in the present research through the FAHP method, the entire
criteria maps were overlaid through the use of the GIS function and the suitability maps were prepared for the
main criteria. The main suitability maps went through weight overlaying eventually and the final map of suitability
for wheat and alfalfa cultivation was produced.

Results and Discussion

The results of this study showed that the FAHP was an efficient strategy to increase the accuracy of weight
allocation to criteria that affect the analysis of ground fit. The inability of conventional decision-making methods
to account for uncertainty paves the way for the use of fuzzy decision-making methods. One of the drawbacks of
the AHP is its inability to account for the uncertainty of judgments in pairwise comparison matrices. This defect
is compensated by the FAHP method. Instead of considering a specific number in a pairwise comparison, a range
of values in the FAHP is used for uncertainty for decision makers. The present research method can be useful for
prioritizing lands, improving exploitation, conserving resources, and creating sustainable management. The results
of this study, considering the main criteria of cultivation in the study area and the opinion of domestic experts, can
provide useful insights into choosing the appropriate cultivation pattern in the region. The use of different fuzzy
AHP methods as well as comparing the results of different fuzzy AHP methods in future research is recommended.
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Figure 1- Location of the case study area
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Table 1- Climatic and meteorological information of the region in a period of 10 years
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Table 2- Classification of Soils in the Region
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Table 4- Climatic requirements and characteristics for wheat cultivation in the study area

A o a0
coulBl Olasese ol Sl S 5ol by ye dalre
Climatic characteristics in%;rr?\aal\ttli(;n par"ame:riz The corresponding equation
grade
A5y e Sl a2y bwsie 15 95 R=05+1(15-20)
Average growth cycle temperature (C°)
Sl Ay A jo &y 42 )3 bagie
The average temperature of the vegetative 11.45 99.31 R=95+25.1 (X-8)
growth stage ("C)
(Pl e & 42y bawgte 19.68 98.55 R=95+6.0 (X-14)
Average temperature of flowering stage (°C)
b ey Sl 4253 e 25.2 93 R=95-+7.1 (X-24)
Average seed ripening temperature (°C)
olo (i p oo &)l dyd bawgio
Average minimum temperature of the coldest -5.2 00
month (°C)
olo (piaye S &)l 42> lawge
Average maximum temperature of the coldest 5.5 00
month ("C)
(32 o)) b (ool 3L — 80.67 Cl= Rmin*VR1.100+R2.100+..
Khaider climate index (second root)
R (oilil 20 — 97.4 CR=67.16 +9.0 * Cl
Climatic degree R
ol 5 s
Climate class

e 3 8 J5i2) 352 1) §) a8 (68 a3t ol glic
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Table 5- Climatic requirements and characteristics for alfalfa cultivation in the study area
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Climatic characteristics Climatic information Parametric grade The corresponding equation
20y S Sy 423 bowgie 20 85 R=95-2.5(X-20)
Average growth cycle temperature (°C)
s Cago 36.97 98.2 R=100-25.0 (X-30)
Relative humidity%
(pg> )] b (ooell 2L — 84.23 CI = Rmin*VR1.100+R2.100+...
Khaider climate index (second root)
R Goslil a0 — 92.47 CR=67.16 + 9.0 * Cl
Climatic degree R
et 2 s1

Climate class
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Table 6- The values of land indexes, land suitability classes, the preference values and classes by Parametric Crops

dexig) P
Alfalfa Wheat ol aslg
2l u.NS 2!yl u»u oyl oW el ua:-Lw Land unit
Land class Land index Land class Land index
S2 73 S2 75 AN
S2 62 S2 56 AR
S1 75 S1 e BU
S1 78 S1 78 HA
S2 58 S2 68 KA
S2 61 S2 73 KM
S2 73 S2 74 MA
S1 50 S2 50 ME
S1 75 S2 75 MI
S2 63 S2 62 SH
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Figure 6- Land suitability zoning for wheat and alfalfa production with parametric model in Arak plain
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Table 7- Fuzzy evaluation of the main criteria for Wheat and Alfalfa

Indicator Soil properties Topography Climate Access
SE clogat (1, 1,1) 1,23 (234 (234
Soil properties

S5 LLY)  @L23) (234

Topography
Ig 5 ]
1,11 1,11
Climate ( ) ( )
(s plawd

Access
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Table 8- Performance fuzzy analytical hierarchical process, for Wheat and Alfalfa

SRR
ol Fuzzy number s Jloys (s (y39
Indicator ol Ly YU Normalized weights
Down Center Top
Sbobogat (914936 042535 0.804701 0.464322
Soil properties
SS9 0.157591  0.308692  0.592107 0.35463
Topography
I’A_ 9! 0.061434  0.09753  0.193684 0.032187
Climate
(e 0.085069  0.168422  0.336179 0.148861
Access

)lro (5518 o0 dhuddus Jubosi aiaTyd 51 ol slagyz9 -4 Jgs
Table 9- Weights derived from performance fuzzy analytical hierarchical process for all criteria

oo Jloyi (539

Blxo 159 Wyl Normalized weights
Criteria and sub-criteria XV gy
Wheat Alfalfa
wlbuiss
Soil science
b 0.2 0.23
Soil Texture
22 0.22 0.3
Gravel
e 0.18 0.21
Soil depth
|
Josle 0.15 0.06
Percentage of organic matter
o9 0.05 0.05
(dS/m) EC
et 011 0.07
pH
SB odlal b jawd im0 0.01 003

The amount of usable phosphorus in the soil (mg/kg)
SB ool J:LQ wL; u‘)m

T . 0.05 0.001
The amount of usable potassium in the soil (mg/kg)
Salao,s 0.01 0.05
Percentage of Cacos
Sl osls 0.06 0.09
Compatibility index
G ny
Topography
b e 0.85 0.69
Slope direction
e 0.14 031
Slope %
St ol 0.001 0.00
Compatibility index
PL]
Climate

Average growth cycle temperature
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(eomige) gpmd gl 0.22
Relative humidity Alfalfa
o My dlyo )l 43 bawgie

0.23 -
The average temperature of the vegetable growth stage
P Al jo &l a2y bawgle 0.21 -
Average temperature of the flowering stage
Al sy )l a2y bawgie 017 _
Average seed ripening temperature
olo (353 JBli> )l )3 bawsgie 0.09 _
Average minimum temperature of the coldest month
olo oy oy Sl @yl an > lawgio 0.001 B
Average maximum temperature of the coldest month
S5 padls 0.01 0.0
Compatibility index
W D
Access
b sl b aluls 0.4 0.4
Distance to surface water
05 25 &l (i 0.32 0.32
Distance to underground water wells
ok bdsb 0.11 0.11
Distance to the road
ez S1ye U dlolé 0.1 0.1
Distance to population centers
ol sle 855 b ot 0.06 0.06

Distance to the cooperative company

il pasls 002 002
Compatibility index

Gl w5 Al b Colino o yd (wl! g (281 CewlS (gal dlb -+ Jgus
Table 10- Land suitability classes according to the percent of each suitability class

SOyl Joe FAHP Jue
2yl Gl s Parametric model FAHP model
Land suitability class TansS LY XY i axig)
Wheat Alfalfa Wheat Alfalfa
els 32 46 28 60
High suitability
elie 68 54 32 22
Suitability
ol 0
bogie sl 0 23 8
Average suitability
o el 0 0 15 10
Low suitability
el g 0 0 9 0
Unsuitability
& 100 100 100 100

Total
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Figure 7- Suitability maps( wheat cultivation) of topography (a), soil properties (b), climatic conditions (c), and accessibility
factor (d)
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