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Introduction
 Maize occupies an important place in the various functions of 
agricultural production in Cameroon. In terms of food production, 
maize is the leading cereal consumed in the country (2/3 of produc-
tion, i.e., approximately 1.3 million tons in 2020, far ahead of sor-
ghum, rice, and wheat. Maize production is also used to supply local 
agro-industries (2 % for breweries and 16% for animal feed mills) 
and countries in the sub-region [1]. However, the sector is not spared 
from the generic constraints of the agricultural sector in Cameroon 
(uncontrolled use of land resources, low productivity, under-exploita-
tion of available natural resources, etc.). As a result, the evolution of 
production has not kept pace with population growth. The growth of 
agribusinesses and the increasing demand from neighboring countries 
are contributing to the widening gap between domestic supply and 
demand. The growing demand for maize could be met either through 
an increase in cultivated areas or through appropriate technological 
intervention. In a context where the pressure on land resources for 
different uses is increasing, it is hardly feasible to bring more land 
under cultivation. However, the market demand for maize could be 
met through technological interventions such as growing maize in 
appropriate areas with high-yielding hybrid varieties and adopting a 
set of improved practices. Thus, there is a need to accurately identify 
suitable land for maize cultivation in Cameroon in general and in its 
main agricultural basins in particular, such as the Foumbot district. 
Land suitability assessment is the first step in the process of sustain-
able land use planning or management [3, 4].

 Land suitability assessment guides towards an optimal land use by 
providing information on opportunities and constraints in the use of 
a given area [5-7].Land suitability is a multi-criteria problem because 
it involves the use of several criteria that may be socio-economic or 
environmental in addition to properties inherent to the land unit in 
question [5, 8].In Cameroon, some works have been conducted to as-
sess the suitability of land for crops production [9-13]. These studies  
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Abstract
 Till date, detailed information on soil and environmental char-
acteristics, which are major factors negativelt affecting agricultural 
practice in Sub-Saharan Africa, are limiting.The aim of this study 
was to assess suitable land for sustainable maize (Zea mays L) 
production in a highland ecosystem in Western Cameroon using 
multi-criteria decision making (MCDM) approach and geographic 
information system (GIS). Eight (8) environmental criteria were iden-
tified as being the most relevant for maize production in the area 
and their thematic maps were prepared usingArcGIS 10.3. The next 
step consisted in computing criteria weights using Decision Making 
Trial Evaluation Laboratory (DEMATEL) technique, integrated with 
Analytical Network Process (ANP). Thereafter, an initial suitability 
map was obtained using the weighted overlay analysis (WOA) in 
ArcGIS,meanwhile a final suitability map for maize production was 
generated after removing non agricultural lands from the initial suit-
ability map. The results indicate that slope has the highest specific 
weight and hence the greatest influence on land suitability for maize 

production, followed by pH (0.204), elevation (0.191) and soil drain-
age (0.095). The land suitability map showed that 99% of foumbot’s 
agricultural land is suitable for maize production, but this suitability 
varies from very highly to marginally suitable. Furthermore, 8056 ha 
or 11% are very highly suitable, 21119 ha or 29% are highly suitable, 
38% or 27405 ha are moderately suitable and 20% or 14422 ha are 
marginally suitable. The remaining 1% that falls under non suitable 
classe represents 606 ha and located on the steep slopes around 
the Mount Mbappit. The kappa analysis used to assess the accuracy 
of the established suitability map reveals a total overall accuracy 
of 78.67% and a kappa value of 0.7256 with an asymptotic error of 
0.058 which is good. This research recommends that the GIS and 
DEMATEL-ANP multicriteria analysis model should be extended to 
future works to select suitable lands for increasing maize production 
in other ecosystems.

Keywords:  Analytical Network Process; Decision Making Trial Eval-
uation Laboratory; Geographic Information System; Land suitability; 
Maize; weighted overlay analysis
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are inadequate to decide on the best use of land resourcesbecause they 
used empirical methods which consider the same level of singnifi-
cance for all evaluation criteria.It is therefore necessary to use modern 
methods that can better express the real potential of the highland eco-
system of Western Cameroon for crop production.

 For decades, several studies have applied the MCDM methods for 
land suitability assessment (LSA) [14-20] considering that the criteria 
do not have the same level of significance as is the case with empirical 
methods. However, many advances have been observed during the 
last twenty (20) years in the implementation of MCDM methods for 
LSA, especially by combining GIS with MCDM methods [21-26]. 
The most commonly used MCDM methods for LSA are Analytic Hi-
erarchy Process (AHP), Analytic Network Process (ANP), the Tech-
nique for Order of Preference by Similarity to Ideal Solution (TOP-
SIS), Simple Additive Weighting (SAW), and Decision Making Trial 
and Evaluation Laboratory (DEMATEL) [27, 28]. But each MCDM 
method has its advantages and disadvantages for solving problems. 
Most MCDM methods assume that the criteria do not interact with 
each other, which is not the case in many real-life problems;several 
forms of interactions between criteria can occur, thus requiring more 
sophisticated/intelligent MCDM techniques to meet the particular 
needs of the problem under consideration [29].

 The DEMATEL method was developed by the Science and Hu-
man Affairs Program of the Battelle Memorial Institute in Geneva 
[30], and is well known for its ability to deal with the degree of im-
portance of the evaluation criteria, and more importantly, to establish 
cause and effect relationships between the evaluation criteria [31, 32].
The ANP method was developed by [33] to overcome the hierarchical 
shortcomings in the AHP [34]. In addition, the ANP method is used to 
determine the composite weights of the criteria through the develop-
ment of a “supermatrix” [26]. However, the ANP method when used 
alone has some flaws which can lead to incoherent judgment, and 
then to poor results [35]. Therefore, the combination of the DEMA-
TEL and ANP methods has been extensively explored [36-42] and 
has been adopted to address the imperfections of the ANP method. 
But only a few studies have used this integrated method for LSA so 
far [43-47].None of these studies have been conducted in Africa, let 
alone in Cameroon. The aim of this study is to assess suitable land 
for sustainable maizeproduction in a highland ecosystem of West-
ern Cameroon using DEMATEL-ANP integrated approach and GIS. 
The objective of this work is to test the applicability that approach in 
sub-Saharan Africa in general and in the highlands of western Cam-
eroon in particular for LSA. The results obtained will provide data to 
farmers on the management strategies to be adopted on such soils for 
optimum maize production in the Cameroon Western Highlands.

Materials and Methods
Description of the study area

 The study area is located in the FoumbotSub-division in the 
Cameroon Western Highlands between 5°12’00 ‘’ and 5°40’00 N 
and 10°30’00 ‘’ and 10°50’00 E Figure 1. It has a surface area of 
about 84488 ha. There are three major physiographic units namely 
mountains, plateaus and valleys. The highest and lowest altitudes are 
1967 and 876 m, respectively. This area is characterized by a long 
rainy season from March to October with an average annual rainfall 
of about 3000 mm and an annual average temperature of 21° C [48]. 
The major soil types are Andosolsand RedFerralsolsmeanwhileG-
leysols cover the swampy lowlands. The area is drained mainly by  

small streams in addition to NkoupRiver which crosses longitudinally 
a major part of the study area. The basement of the region is essential-
ly formed by metamorphic rock (gneiss and migmatites) intruded by 
various granitoids. This geological substratum is covered by a thick 
layer of pyroclastics [49]. The main activity of population in the area 
is subsistence agriculture. Dominant crops of the area are maize, to-
mato, beans soybeans andirich potato.

Input data and softwares used

 The input data used was selected according to the criteria used to 
assess the suitability of study area for maize production. These in-
clude topographic data (Topographic map and Digital Elevation Mod-
el), soil data (Soil somple collected in the field), sofwares (SuperDe-
cision, ArcGIS and Excel 2013) and maize yield data (over a periode 
of 03 yearsfrom2018-2020).

Choice of land use type

 The choice of land use type (crops) for LSA was made on the basis 
of economic and food importance following the results of the census 
carried out by the Foumbotcouncil in 2018 over14752 household in 
the area and observations on the ground [50]. Maize was identified as 
the most important crop in the locality.

Evaluation criteriaselection

 The selection of evaluation criteria is a technical process that is 
based on expert knowledge and existing literature. Five (5) experts 
(Researchers) working at the Agricultural Research Institute for De-
velopment (IRAD) of Foumbot participated in the criteria selection 
process, identification of the suitable ranges of each criterion, and 
evaluation of the weights of criteria. These experts have worked at 
least fifteen years at the office of the IRAD and have been working 
in Foumbot for more than ten years. After discussion with the experts 
during the field survey period and analysis of the existing literature 
[4, 51-53], eight criteria were identified to be most relevant for the 
suitability assessment of maize production areas in Foumbot. These 
criteria were basically soil factors (soil reaction, soil depth, soil tex-
ture, coarse fragment, soil drainage and CEC), and topography factors 
(slope, elevation) Table 1.

 Adapted from : Muhammad et al. 2021 ; Pilevar, et al. 2020 ; Tsa-
hayo et al. 2020 ; Seyedmohammadi et al. 2018 ; Abagyeh et al. 2016 
and Sys et al. 1993.

Figure 1: Location of the study area and sampling points.
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Methodology
Field works

 Field work consisted in the identification and collection of soil 
samples. For this purpose, the soil samples were collected at a lag dis-
tance of about 20 m and at a depth of about 30 cm. At each sampling 
point, 5 samples were collected around the said point at a distance of 
about 2 m and then mixed to obtain a composite soil sample. A total 
of 109 composites samples were obtained as shown in.

Laboratoryanalysis

 The laboratory analyses were carried out according to the pro-
cedures described by [54]. Soil organic Carbon (SOC) content was 
determined by the Walkley and Black method [55].Total nitrogen 
(N) and available phosphorous were determined by the Kjeldahl wet 
digestion and the Bray II methods [56], respectively. Exchangeable 
bases were determined following the Schollenberger method using a 
1 M ammonium acetate solution buffered at pH 7 [57]. The concen-
trations of sodium (Na+) and potassium, (K+) ions in the extract were 
determined by flame photometry, and those of calcium (Ca2+) and 
magnesium (Mg2+) by complexometry using a 0.002 M disodium eth-
ylenediaminetetraacetatedihydrate (Na2-EDTA) solution. CEC was 
determined by a direct continuation of the Schollenberger’s method 
using a 1 N potassium chloride (KCl) saturation solution. Exchange-
able aluminum (Al3+) was determined after displacement by a 1 N KCl 
solution while amorphous iron (Fe) and Al were determined by acid 
ammonium oxalate extraction [57]. The hydrometer method was used 
for particle size analysis following procedures described by [58].  2.5 
N solution of sodium hexametaphosphate was used to ensure proper 
dispersal of the soils.  1:2 soil-hydrogen peroxide and 1:2 soil-KCl 
solutions were used for pH-H2O and pH-KCl determinations respec-
tively.

Land suitabilityassessment

 Land suitability analysis is a method of land evaluation that mea-
sures the degree of suitability of land for a certain purpose [3].The 
GIS-based multicriteria evaluation (GIS-MCE) procedure for the land  

suitability assessment includes several stages that are framed in the 
methodological flowchart below Figure 2. The determination of the 
relevant criteria was the first step, followed by their standardization, 
the determination of their weight or impact, the overlaying ofcriteria 
with their weights and finally the validation of the suitability map 
established using maize yield in the locality over a period of three 
year (2018-2020). The procedures and algorithms available in Arc-
GIS 10.8 were employed to implement the assessment.

Criteria

Suitability classes

Veryhighlysuitable
Highlysuitable

Moderatelysuitable
Marginaly
Suitable

Temporalyun-
suitable

Permenentlyun-
suitable

100         95 95                 85 85              60 60                40 40              25 25               1

Topographycriteria

Slope (%) 0-2 2-5 5-8 8-16 16-25 >25

Elevation (m) < 1100 1100-1150 1150 - 1200 1200 - 1250 1250-1300 > 1300

Coarse fragments (%) 0- 3 3 – 15 15 - 35 35 - 55 - > 55

Soilcriteria

Soildepth (cm) >100 100 – 75 75 - 50 50 - 20 - <20

Soil texture (classes)
C<60s, Co, SiC, SiCL, Si, 

SiL, CL
C<60v, SC, C>60s, L, 

SCL
C>60v, SL, LfS, LS Fs, S, LcS - Cm, SiCm, CS

Soilreaction (pH) 6.6 - 7 6.6 – 5.8 5.8 – 5.6 5.6 – 5.2 <5.2 -

CEC Clay (Meq/100g clay) >24 24 -16 16 - 8 8 - 5 - <5

Drainge (classes) Good Moderate Marginal Imperfect Poor Water bodies

Table 1: Crop requirements for maize in relation to selected criteria

Adapted from : Muhammad et al. 2021 ; Pilevar, et al. 2020 ; Tsahayo et al. 2020 ; Seyedmohammadi et al. 2018 ; Abagyeh et al. 2016 and Sys et al. 1993.

Figure 2: Procedure for assessing land suitability for maize production in 
Foumbot
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Standardization and spatial variability of the evaluation 
criteria

 Evaluation criteria have different units; for example slope is mea-
sured in percentage and soil depth in centimeters, etc... It is therefore 
necessary to standardize them by bringing them to a common scale 
before their superposition during LSA [59]. According to [60], linear 
scale transformation is the most common method used to standardize 
criteria during land suitability map establishment. In this study, crite-
ria thematic maps Figure 4were standardized using reclassify spatial 
analyst tool, to make sure that each criterion has an equivalent mea-
surement basis. Simultaneously during reclassification, factor ratings 
were also assigned for suitability analysis as it was done by [61] Table  
2.

Criteria weight determination

 This study uses an intergrated DEMATEL-ANP method to deter-
mine criteria weights.Since in real life there are different levels of  

influence and different types of relationship between the evaluation 
criteria, it would be irrational to consider equal levels of influence and 
the same type of relationship between them.

DEMATEL analysis

 The DEMATEL method was used to deal with the importance and 
causal relationships among the criteria, and to recognize the influen-
tial criteria of the LSA for Maize. In this study, Excel 2013 was used 
to compute the six major steps involved in the DEMATEL technique 
as follow.

Step 1:Establish measurement scales and determine the direction and 
degree of influence between factors.

 This step entails identifying and defining criteria that influence 
maize production in the study area by using data obtained from liter-
ature review, brainstorming, or expert opinions (see section 2.4).The 
five (5) experts were asked to assess the direct influence between two 
criteria. A measurement scale of 0, 1, 2, 3 and 4 was used to illustrate 
respectively no influence, very weak influence, weak influence, mod-
erate influence and very strong influence in reference to [62].

Step 2: Establish a direct relation matrixZ.

 The direct relationship matrix was constructed from the arithmetic 
mean of the pairwise comparison matrices generated by each expert 
and is determined as shown in equation (1) below. In this equation, 
corresponds to the degree of influence of criteria i on criteria j.

Step 3:Establish the normalized matrix N.

 The normalized matrix is obtained from equations (2) and (3) by 
dividing each element of the initial direct influence matrix by the 
maximum value of the sum of the row. All diagonals in the matrix are 
zero, and the sum of each row and column does not exceed 1.

Step 4:Establish the total relation matrix T

 The total relationship matrix (T) was then calculated from the nor-
malized direct influence matrix using equation (4) where I denotes the 
identity matrix.

Main criteria Sub-criteria Score Area (ha)  Area (%)

Slope

0 – 2 1 2191 3

2 – 5 2 10427 12

5 – 8 3 14107 17

8 – 16 4 32696 39

16 – 25 5 15353 18

> 25 6 9291 11

Altitude

< 1100 1 70089 83

1100 – 1250 2 10882 12.9

1250 – 1400 3 1538 1.8

1400 – 1650 4 1699 2.0

1650 – 1800 5 198 0.2

> 1800 6 76 0,1

Coarse fragment
3 – 15 2 80180 94.9

15 – 35 3 4308 5.1

Soil depth 

> 100 1 67935 80.4

75 – 100 2 14151 16.7

50 – 75 3 2120 2.5

20 - 50 4 280 0.3

Soil texture 

SiCL, SiL, CL, 
C<60s

1 47592 56.3

L, SCL 2 36892 43.7

Soil reaction 

5.8 – 6.2 2 5000 5.9

5.5 – 5.8 3 28021 33.2

5.2 – 5.5 4 50698 60.0

< 5.2 5 769 0.9

CEC clay

> 24 1 15544 18.4

16 -24 2 40680 48.1

8 - 16 3 28264 33.5

Drainage 

Very Good 1 4371 5.2

Good 2 8314 9.8

Moderate 3 25301 29.9

Marginal 4 31699 37.5

Poor 5 14803 17.5

Table 2: Areal and percentile distributions of criteria and sub-criteria pa-
rameter in the study area
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Step 5:Calculate the sum of the values in each column and each row. 

 This step entails summing the values of each column and row in 
the total relation matrix, where Di is the sum of the row and Rj is the 
sum of the column. The  andvalues represent both the direct and indi-
rect influences between factors.

Step 6: Illustrate the DEMATEL cause and effect diagram.

 In this step, (D + R) is defined as Prominence and k = i = j = 1, 2, . 
. .n, illustrating the overall influential directions of a service attribute. 
The parameter (D − R) is defined as relation, illustrating the differ-
ence in the influences of this service attribute. This value indicates 
the level of influence of the criterion k. A positive value suggests that 
the criterionconcerned is a cause and a negative value suggests that 
the attribute is an effect. In the cause and effect diagram, criteria are 
plotted on the horizontal axis according to the (D + R) value and on 
the vertical axis according to the (D − R) value.

 The causal diagram was attained by depicting all dataset of the 
(Di-Ri, Di+Ri), where the vertical axis is Di-Riand the horizontal axis 
is Di+Ri. The Network Relation Map (NRM) is a proper diagram, 
which presents a valuable insight for decision making. NRM can be 
obtained by defining a threshold value based on the opinions of ex-
perts. It also constructs a structural relationship between the different 
influence factors to visualize complex correlation. For the given rea-
son, negligible relationships should be filtered out from the total-rela-
tion matrix (T). However, only relationships that are greater than the 
defined value should be shown in the graph.

Analytic Network Process (ANP) analysis

 The results of DEMATEL analysis were used to refine the ANP 
conceptual model. Super Decisions software [63]was used for ANP 
to obtain the final weights. A pairwise comparison questions with 
Saaty’s nine-point scale were elaborated and submitted to experts 
on maize cultivation working in Foumbot. The questionnaire was  

mounted based on the ANP model and a relation network structure 
among the criteria. In the survey, they were asked questions such as: 
In a maize production activity in Foumbot, how much more important 
is “Cation Exchange Capacity” compared with “soil reaction”? The 
answers provided by the experts were synthesized and entered into 
the SuperDecision software for further calcultions to obtain criteria 
weights Figure 3.

Figure 3: Sample questionnaire for pairwise criteria comparison.
Figure 4: Spatial distribution of criteria in the study area (a) Soil drain-
age, (b) Soil depth, (c) Slope, (d) Elevation, (e) Soil coarse fragment, (f) 
Soil texture, (g) CEC, (h) Soil reaction

 C1 C2 C3 C4 C5 C6 C7 C8

C1 0.021 0.120 0.168 0.275 0.130 0.306 0.347 0.344

C2 0.180 0.021 0.056 0.125 0.158 0.189 0.218 0.219

C3 0.000 0.000 0.035 0.018 0.133 0.258 0.294 0.171

C4 0.000 0.000 0.020 0.009 0.067 0.162 0.184 0.090

C5 0.000 0.000 0.086 0.070 0.024 0.198 0.277 0.163

C6 0.000 0.000 0.017 0.005 0.007 0.034 0.205 0.076

C7 0.000 0.000 0.067 0.005 0.013 0.094 0.049 0.077

C8 0.000 0.000 0.087 0.067 0.077 0.302 0.340 0.061

Table 3: Total relation matrix based on DEMATEL survey of experts in 
maize production

C1 : slope ; C2 : Elevation ; C3 : Coarse fragment ; C4 : Soildepth ; C5 : 
Soil texture ; C6 : Soilreaction ; C7 : CEC ; C8 : Soil drainage
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Establishment of maize suitability map

 The land suitability map for maize production in the Foumbot ag-
ricultural basin was created using WOA in ArcGIS 10.3 by assign-
ing weight to each criterion (Figure 8). Each raster was assigned a 
percentage influence depending on its importance as defined by the 
average weights obtained at the end of the DEMATEL-ANP analysis 
(Table 5). Each criterion was multiplied by its percentage influence 
and then added to create the output raster. The Equation (7) below was 
used to calculate land suitability index (LSI) Figure 4.

 Where,  = Raster map of each criterion,  = weight values of each 
criterion, and  = Land Suitability Index of cell i.

 The final suitability map of the study area for maize production 
was generated after removing non agricultural lands from the suitabil-
ity map obtained above using Equation (8) below.

 Where  is the final suitability map,  is the initial suitability map ob-
tained using equation (7) and  is the Miscellaneaous (non agricultural) 
land map.

 This study used six levels (Table 2) of suitability classes common-
ly used by the Food and Agricultural Organization [73]:  very high-
ly suitable (S1-0), highly suitable (S1-1), moderately suitable (S2), 
marginally suitable (S3), temporally unsuitable (N1) and permanently 
unsuitable (N2)].

Validation of the land suitability map

 The assessment of the accuracy of a suitability map consists of 
comparing the data obtained from the LSA model with reference 
data existing in the field [64].The validation of thesuitabilitymap  

established from this model was made to ensure that the model is reli-
able and can be recommended for similar studies in other ecosystems. 
For this, maize yield data obtained from the MINADER over a period 
of three years (2018-2020) was used. Then land suitability indexes 
were compared to maize yield values. For this study, Cohen’s kappa 
coefficient was used to validate the Foumbotland suitability map for 
maize because it accurately measures the agreement between the veri-
fied data (maize yield) and those predicted on the suitability map. The 
Kappa coefficient is a measure of the degree of agreement between 
nominal or ordinal evaluations made by several evaluators when an-
alyzing the same samples. It is an index that “removes” the portion 
of chance or subjectivity from the agreement between techniques or 
methods [65]. Cohen’s Kappa coefficient (K) was calculated from the 
error matrix using the formula below

Results
Descriptive statistics of land characteristics

 Descriptive statistics of land characteristics thatwere identified as 
having an influence over the suitability of Foumbot agricultural land 
for maize production are shown in table 3 below. Sand is the only 
criterion which has a slightly negative skweness coefficient (-1.03).  
This indicates values distribution shifted to the right of the median 
and therefore a distribution tail spread to the left. The other parame-
ters have a slightly positive coefficient varying from 0 to 0.73. These 
values indicate that the data are normally distributed. An application 
of the Kolmogorov-Smirnov test confirmed the previous claim that 
all soil properties involved in this study are normally distributed for 
p<5%.According to the categorization of the coefficient of variation 
suggested by [66], CEC and soil depth are considered to be factors 
whose values vary greatly because their coefficient of variation are 
greater than 35%. The values of coarse fragments, clay, silt and sand 
vary moderately since their CVs are between 15 and 35%. Finally the 
pH values vary very little because the CV is less than 15%  Table 4.

Criteriaweighing
DEMATEL analysis

 The five experts in the field of maize production working at the 
Agricultural Research Institute for Development (IRAD) in Foumbot 
indicated the level of direct influence between the evaluation crite-
ria as described in Section 3.5.1. The direct relationship matrix was 
developed using equation (1) to combine all the expert evaluations. 
Then, the total relationship matrix that shows all the interactions that 
exist between the factors will be obtained from the normalized direct 
influence matrix using equations (2) and (4) as shown in Table 5.

 Equations (4) and (5) were used to calculate the influence vector 
(Ri-Di) and the relationship vector (Di+Ri) for the eight evaluation  

Figure 5: Network relation matrix deplicting influence of various evalu-
ation criteria

Min Max Mean
Medi-

an
Std.
dev

Skwe-
ness

Kurtosis

CEC 8.40 38.40 19.95 18.80 6.98 0.19 -0.73

Soil reaction 4.80 6.20 5.55 5.50 0.24 0.01 0.33

Coarse fragment 7.90 19.00 12.58 12.40 2.30 0.53 0.29

Soil depth 45.00 260.00 123.90 110.00 54.52 0.59 -0.86

Clay 20.00 55.00 32.66 32.00 7.65 0.70 0.09

Silt 20.00 52.00 33.52 32.00 6.04 0.73 0.49

Sand 7.00 50.00 33.98 36.00 10.52 -1.03 0.51

Table 4: Descriptive statistics of soil related evaluation criteria.
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criteria as shown in table 6. From this same table 6 it is realized that 
the altitude, slope, coarse fragment and soil texture have a positive 
value of Di-Ri; they are therefore considered to be effect factors and 
thus affect the other factors, while CEC, soil drainage and soil pH 
are the most influential factors. In addition,CECclayand soil drainage 
interact the most with the other factors because they have the high-
est Di+Rivalues   and the slope has the least interaction with the other 
criteria.

 The last step of the DEMATEL analysis consisted in establishing 
the Network Relationship Model (NRM) and the causes and effects 
diagram using tables 5 and 6. In order to build a better network rela-
tionship model, it was considered necessary to fix a threshold value 
beyond which there is influence of one factor over another. In this 
study, this value was obtained by calculating the average of the val-
ues in Table 6 as recommended by the DEMATEL method. Hence, 
a threshold value of 0.119 was obtained and validated by the 5 field 
experts.Therefore, values greater than the threshold value of 0.119 in 
Table 5 are compiled and included in the NRM, as shown in Figure 6, 
wherebydirectand indirect interactions between factors are illustrated 
using this map. Based on the opinions of experts, only the most in-
fluenced relations are selected from the total relation matrix  Table 5 
Elevation doesn’t have interrelationship with the other factors. Also, 
soil reaction, CECclay and soil drainage factors have high interrela-
tionships with other factors. Furthermore, all evaluation factorsexcept 
the soil reaction and CECarealso affected by other factors. 

 The cause and effect diagram was obtained using the values of 
Di+Riand Di-Ri presented in (Table 6) above. As shown in (Figure 7),  

all evaluation criteria were divided into both cause and effect clusters. 
The effect cluster was comprised of C3, C4, C5, C6, C7 and C8 with 
negative values of (Ri − Di), whereas the cause cluster included C1 
and C2 with (Di-Ri) positive values. It can also be seen that C1 was 
the highest causal factor followed by C2 while both C6 and C7 were 
the highest effect factors. In addition, C5, C7 and C8 were identified  

Criteria Codes Di Ri Di+Ri Di-Ri

Slope C1 1.713 0.201 1.025 1.512

Elevation C2 1.166 0.141 1.087 1.025

Coarsefrag C3 0.909 0.537 1.446 0.372

Soildepth C4 0.532 0.574 1.106 -0.042

Soil texture C5 0.818 0.608 1.426 0.210

Soilreaction C6 0.344 1.543 1.887 -1.199

CEC clay C7 0.305 1.915 2.220 -1.610

Soil drainage C8 0.933 1.201 2.133 -0.268

Table 5: Total influence and relation between criteria based on DEMATEL survey of experts in maize production

C1 : slope ; C2 : Elevation ; C3 : Coarse fragment ; C4 : Soil depth ; C5 : Soil texture ; C6 : Soil reaction ; C7 : CEC ; C8 : Soil drainage ; Di : Sum of row of 
the total relation matrix ; Ri : Sum of column of the total relation matrix ; Di+Ri : Relationship vector ; Di-Ri : Influence vector

 Goal CEC
Coarse frag-

ment
Soildepth Soil drainage Soilreaction

Soil tex-
ture

Elevation Slope

Goal 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

CEC 0.076 0.000 0.442 0.000 0.000 0.000 0.442 0.290 0.290

Coarse fragment 0.032 0.000 0.100 0.000 0.000 0.000 0.100 0.060 0.060

Soildepth 0.061 0.000 0.000 0.000 0.000 0.000 0.000 0.030 0.030

Soil drainage 0.095 0.000 0.078 0.000 0.000 0.000 0.078 0.094 0.094

Soilreaction 0.191 0.000 0.316 0.000 0.000 0.000 0.316 0.203 0.203

Soil texture 0.048 0.000 0.064 0.000 0.000 0.000 0.064 0.047 0.047

Elevation 0.204 0.000 0.000 0.000 0.000 0.000 0.000 0.072 0.072

Slope 0.292 0.000 0.000 0.000 0.000 0.000 0.000 0.204 0.204

Table 6: Limited matrix with criteria weight

Figure 6: Causal diagram for criteria used for the land suitability assess-
ment for maize.
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as the most important factors as they demonstrated high levels of in-
terrelationship with the other factors Insert Figure 7.

ANP analysis

 Once the interdependencies between the criteria were determined 
using the DEMATEL method, the ANP method was used to determine 
the final weight of the evaluation criteria. Within the framework of 
this study, the SuperDecision software was used to carry out all the 
stages of the ANP analysis until the weights of the criteria were ob-
tained.

 The first step in this software consisted in establishing the interde-
pencies between the different criteria and group of criteria based on 
the results of the DEMATEL analysis. Thus, the evaluation criteria 
were subdivided into two groups, namelythe soil criteria and topo-
graphic criteria which is self-influencing between them. Likewise 
within the same group, the criteria are self-influencing each other as it 
is shown in Figure 8 & Table 7.

 The second step was to complete the software questionnaire us-
ing the information collected from the experts Figure 4. Once this 
questionnaire has been completed, the software performs all the nec-
essary calculations and establishes the limited matrix from which the 
weights of the various criteria were extracted.

Land suitabilityassessment

 The suitable locations for the sustainable production of maize 
in Foumbot were determined using the DEMATEL-ANP-GIS algo-
rithm.They were assessedusing the weighted overlay analysis of the-
matic maps Figure 5 of evaluationcriteria in ArcGIS 10.8.

 Figure 11 represents the suitability map of Foumbotdistrictagricul-
tural land for maize production after extracting the non-agricultural 
land Figure 10 from the initial suitability map Figure 9. It can be seen 
that the suitability classes vary from very highly suitable to temporar-
ily unsuitable in the region.

Very highly suitable class (S1-0)

 The very highly suitable class S1-0 involvesallthenortheast-
ern part of the Foumbot district Figure 11. This unit has suitable  

Figure 7: Decision network model of the ANP analysis

Figure 8: Weighted overlay analysis in ArcGIS 10.8

Criteria Weight Rank

Topographycriteria

Elevation 0.191 3

Slope 0.292 1

SoilCriteria

Coarsefrag 0.032 8

Soildepth 0.061 6

Soil texture 0.048 7

Soilreaction 0.204 2

CEC clay 0.076 5

Soil drainage 0.095 4

Table 7: Criteria weight obtained from DEMATEL-ANP analysis

Figure 9: Land suitability classes for maize cultivation in Foumbot

Figure 10: Miscellaneous land (non-agricultural land) of Foumbot.
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properties such as low elevation <1100 m, flat slope <2% which is 
very good for maize cultivation and a very good drainage (Table 3). 
Soils of these areas have an effective depth >100 m, no coarse frag-
ments and a silty or sandy-clayey texture. From the point of view of 
chemical properties, the CEC in this unit varies from 16 to 24 cmolc + 
kg−1soil and the pH is between 5.6 and 5.8. These areas covered 11% 
of the total area of agricultural land in the district which represent 
8056 ha(Table 8).

Highlysuitable class (S1-1)

 The lands of this unit are considered to be highly suitableforsus-
tenaible maize production (Figure 11). This areaislocated around the 
previous class and extend to the southern partof the study area. It is 
more than twice as large as the previous unit as it covers 29% of the 
total area of agricultural land in the district which represent21119 ha 
(Table 8). It has analmost flat topography with slope rangingfrom 2 to 
5%, and an altitude from 1100 to 1250 m. identically as the previous 
unit; it has a low concentration of coarse fragments (3 - 15%)and a 
good drainage. The soil texture is loamy or sandy clay loam and the 
soil depths vary from 75 to 100m (Table 3).

Moderatesuitable class (S2)

 The land unit with moderate suitability class S2 was identified as 
areas that are moderatelysuitablefor sustainable maize farming.  It 
covers an area of 27,405 ha which represent 38% of the total area of 
agricultural land in the Foumbot district or 31212 ha which represent 
37% of the total surface area of the Foumbot district (Table 8). In this 
unit, the slope varies between 5 and 8% and the elevation is less than 
1400 m. The soils in this unit are more than 75 m deep and have a 
clayeysilty, silty, sandysilty, siltyclayey and clayey texture. Its chem-
ical properties such as CEC vary between 8 and 24 cmolc + kg−1and 
pH between 5.2 - 5.6 (Table 3).

Marginallysuitable class (S3)

 This unit represents the boundary between the suitable and unsuit-
able zones (Figure 11). It covers 14422 ha which represents 20% of 
the total agricultural land area in the Foumbot or 17483 ha which rep-
resents 21% of the total surface area of FoumbotSubdivision (Table 8) 
and surrounds the S2 class. It is characterized by a slope raging from 
8 to16% and an elevation of less than 1650 m. The soils of this unit 
are very shallow in general with a depth ranging from 20 to 50 m and  

their drainage is marginal or even imperfect. They generally have a 
siltyclayey, clayey and clayloamy texture. The CEC of this unit varies 
between8 and 16 meq/100g and its pH between 5.2 and 5.5 (Table 3). 

Currentlyunsuitable class (N1)

 This unit is located on the steep slopes around the Mount Mbappit 
and covers an area of 606 ha or 1% of the total area of agricultural 
land in Foumbot or 2553 ha or 3% of the total area of interest. It is 
characterized by very steep slopes greater than 16% and an altitude 
between 1400 and 1800 Figure 12. Despite this very uneven topog-
raphy, the unit has soils with a depth of between 75 and 100 m with 
good to moderate drainage and a concentration of coarse elements 
greater than 15% (Table 3). The texture of the soils in this unit is iden-
tical to that of the previous unit. It has good chemical properties such 
as high CEC (CEC> 24 cmolc + kg−1) and the pH is between 5.2 and 
5.8.

Validation of suitabilitymap

 The error matrix presented in Table 9 was obtained by comparing 
the maize yields obtained in different land units over a period of three 
yearsandland suitability indixesobtained using the model.

 The results of the kappa analysis using SPSS as shown in table 10 
give a total overall accuracy of 78.67% and a kappa value of 0.7256 
with an asymptotic error of 0.058. This value shows that the accuracy 
of the suitability map established is good according to [67].

Figure 11: Agricultural land suitability classes for maize production in 
Foumbot

Figure 12: Histogram and normality graph of LSI scores.
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Discussion
 This current research aims to integrate a hybrid MCDAmethod 
with GIS for LSA. An approach that integrates the DEMATEL and 
the ANP methods ispresented, and it showsthatit is a technique that 
allows the effective determination of the weight of the criteria that 
affect land suitability. It is an integrated strategic land suitability as-
sessment framework that focuses on the degree of influence that ex-
ists between evaluation criteria [44]. In this approach, the DEMATEL 
analysis established the interdependence between evaluation criteria 
based on the subjective judgments of experts and the ANP is used to 
determine the weight and prioritization of each evaluation criterion 
[47].This DEMATEL-ANP approach involves careful selection and 
standardization of evaluation criteria and weighting procedures using 
objective methods that determine the weights of criteria by solving 
mathematical models [45].

 In this study, eight (8) criteria (pH, slope, elevation, CEC, texture, 
coarse fragments, soil depth and soil drainage) were used. This is in 
line with many studies [4, 51-53]that have been conducted around 
the worldonland suitability assessment of for maize cultivation.In-
deed, [52] and [4] used slope, elevation, pH and texture to evaluate 
land suitability for maize cultivation in a Semi-Arid region of Iran. 
[51] used, in addition to others variables, CEC, coarse fragments and  

drainage. It is observed that these factors are common to all these 
studies because they affect most the suitability of land for maize cul-
tivation. According to [7], soil drainage greatly influences aeration in 
the rooting zone, and the degree of aeration greatly influences sever-
al important biochemical reactions of economic importance to crop 
production. Excess water in the crop rooting zone soil is injurious to 
plant growth. Crop yields are drastically reduced on poorly drained 
soils, and, in cases of prolonged waterlogging, plants eventually die 
due to a lack of oxygen in the root zone [68].As for the slope, it indi-
rectly limits agricultural production by affecting soil properties nega-
tively and directly by restricting the possibility of using machines and 
management applications such as soil tillage, irrigation and drainage 
[69].According to [15], soil reaction provides the information about 
availability of nutrients and phyto-toxicity as well as the suitability 
of land for specific crops. [74],observedthat maize crops grow best 
at a soil pH range of 5.5 and 7.3, with pH 6.0–6.5 being optimalasni-
trogen, potassium, phosphorus, calcium and magnesium are readily 
available at such pH range.

 Results of DEMATEL-ANP analysis demonstrate that topograph-
ic factors influence the suitability of Foumbot agricultural land for 
maize production more than factors related to soil physico-chemi-
cal properties. Indeed, the highest weight was assigned to the slope 
(0.292) followed by pH (0.204), elevation (0.191) and soil drainage 
(0.095). Thus the slope is the most limiting factor for maize produc-
tion in Foumbot since more than 30% of the total surface area has a 
slope degree greater than 16%. These results reflect the reality and are 
confirmed by experts since Foumbot soils are developed on volca-
nic ash and are therefore potentially chemicaalyfertile (Table 3). The 
good results of DEMATEL-ANP analysis emphasized the better per-
formance of the hybrid model as it was the case with the results ob-
tained by [44] who compared the ANP and DEMATEL-ANP methods 
in a study on site selection for the installation of a wind power plant.
They observed that the weight and priorities of the criteria obtained 
by the two methods differ significantly.ANP established relationships 
regardless of strength, thus criteria with weak relations were paired 
with others in the comparison process. This means that the overall 
weight obtained from this method is not properly distributed among 
the criteria.  [46], also recommend the use of this method after testing 
its effectiveness in a study that also focused on the selection of sites 
for the installation of a wind power plant in Serbia.DEMATEL-ANP 
method is a very useful in any field that needs considering many 
dimensions and criteria [70].Application of GIS-DEMATEL-ANP 
combination techniques in environmental studies can prepare a si-
multaneous explanation of geographical data and environmental fac-
tors [46]. In current research, multidimensional data layers have been  

 
Suitability area before deducting 

miscellaneous land* 
Suitabilty area after deducting miscellaneous land

Miscellaneous land per suitability classes

 Ha % per total land Ha
% per agricultural 

land
% per total 

land
Ha

% per non agricul-
tural land

% per total land

Very highly suitable 9454 11 8056 11 85 1398 11 15

Highly suitable 23699 28 21119 29 89 2580 20 11

Moderately suitable 31212 37 27405 38 88 3807 30 12

Marginally suitable 17483 21 14422 20 82 3061 24 18

Temporally unsuitable 2553 3 606 1 24 1947 15 76

Table 8: Potential land area per suitability classes

* Miscellaneous lands = non agricultural lands. 

Ground truth

 S1-0 S1-1 S2 S3 N Total  

Pr
ed

ic
te

d

S1-0 6 1 0 0 0 7

S1-1 1 19 2 0 0 22

S2 0 2 20 3 0 25

S3 0 1 1 12 1 15

N 0 0 0 1 5 6

Total  7 23 23 16 6 75

Table 9 : Confusion/error matrix

S1-0 S1-1 S2 S3 N

User’s accuracy 83.33 86.36 76 73.33 71.42

Producer’s accuracy 71.42 82.61 82.61 68.75 83.33

Overall accuracy 78.67

Degree of agreement            
Kappa 

72.56

Asymptotic standard 
error

0.058

Table 10: Results of kappa statistics analysis
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integrated into one-dimensional scales for priority assessment of suit-
able site for sustainable maize production. GIS and DEMATEL-ANP 
applied in current research can improve Manager’s and Planner’s per-
formance for spatial assessment procedures by preparing all dimen-
sions on the basis of a collection of assessment criteria.

 The GIS- DEMATEL-DEMATEL-ANP algorithm helps deci-
sion-makers to select suitable lands based on a set of criteria related to 
the biophysical environment [45]. GIS-MCDM is a fast and cost-ef-
fective technique for LSA purposes, especially in the initial stages 
of land use planning [71]. In this stage, planners, stakeholders and 
experts partner to improve the process of identifying land suitable for 
agricultural production. Different ideas indicate the effectiveness of 
GIS-DEMATEL-ANP can rapidly aggregate this new opinion into the 
locating procedure [72]. The current algorithm, used in this research 
to determine suitable sites for aquaculture in Lorestan province can 
be quickly changed to identify aquaculture sites for different areas in 
Iran.

 Many types of research have indicated that integrating GIS and 
DEMATEL-ANP is an executive algorithm for ranking planning de-
cisions in many felds. [44], used the GIS-DEMATEL-ANP approach 
in a spatial assessment to help locating suitable sites in Ardabil prov-
ince, Iran. [45],assessed the effectiveness of the aggregation ofGIS 
and DANP in Tehran city, Iran. Another study drawn by [46] investi-
gated the integration of GIS and DEMATEL-ANP in an assessment 
on criteria for locating suitable site procedures in Vojvodina province, 
Serbia. [70], indicated the combination of an executive procedure 
with GIS-based DEMATEL-ANP for suitable site selection in China.
[47], assessed suitability of land (LSA) for aquaculture site selection 
via an integrated GIS-DEMATEL-ANP multi-criteria method. The 
current research prepares an executive method toward the integration 
of GIS and DEMATEL-ANP in agricultural field.

Conclusion
 The suitability map of agricultural land in the Foumbot district 
was established during this study using an integrated approach com-
bining the DEMATEL and ANP multi-criteria decision-making meth-
ods in a GIS environment. The DEMATEL-ANP combination was 
introduced to evaluate the level of influence of each evaluation crite-
rion on the final suitability of the Foumbotland for maize cultivation, 
while highlighting the interaction between them. The DEMATEL 
analysis in this study has established the interdependence between the 
eight (8) evaluation criteria. Thus, slope, elevation, coarse fragments 
and texture revealed positive influence vectors (Ri-Di), which means 
that they have a strong influence over the other criteria in maize pro-
duction in this locality. In addition, pH, CEC and soil drainage are the 
criteria that interact the most with the others because their relation-
ship vectors (Ri+Di) values are the highest. Once the interdependence 
was established between the evaluation criteria, the experts filled in a 
questionnaire defining the level of influence between the criteria that 
were established to have interactions between them by theDEMATEL 
analysis. Thus, the ANP was used to determine the weight and prior-
itization of each evaluation criterion. From this analysis, it appears 
that slope and elevation are the criteria that affect the most the suit-
ability of Foumbot’s agricultural land for maize cultivation. In fact, 
from the point of view of physico-chemical properties, the soils of the 
Foumbot district are not very constraining and can be well suited to 
maize cultivation.The initial land suitability map was created using a 
“Map algebra expression” by assigning a given weight to each criteri-
on, and the final suitability map of the study area for maize production  

was generated after extracting non agricultural land from the initial 
suitability map. The results show that almost all, or 99%, of foum-
bot’s agricultural land is suitable for maize production. But this suit-
ability varies from very highly to marginally suutable. Furthermore, 
8056 ha or 11% are very highly suitable, 21119 ha or 29% are very 
highly suitable, 38% or 27405 ha are moderately suitable and 20% or 
14422 ha are marginally suitable. The remaining 1% that falls under 
non suitable classe represents 606 ha. The kappa analyis to access 
the accuracy of the established suitability map gives a total overall 
accuracy of 78.67% and a kappa value of 0.7256 with an asymptotic 
error of 0.058. The value of the kappa coefficient obtained shows that 
the accuracy of the suitability map was good and could be used for 
futher decision making processes.This study contributes to the liter-
ature by extending the practical applications of the DEMATEL-ANP 
method in land suitability assessment. The combination of ANP and 
DEMATEL provides compelling results in strategic decision making. 
It should be noted that there is no similar research in Central Africa 
using this methodology. Therefore, this should be tested in other eco-
systems.
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