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ABSTRACT ARTICLE HISTORY
Urban Land Suitability analysis is necessary in any development Received 19 June 2023
project in order to ensure rational urban planning and sustainable Accepted 28 October 2023
development. In this study, a novel approach based on GIS and

Combined Weighting method were used to construct a reason- Utban land suitability:
able assessment model and calculate the Urban Land Suitability combined Weighting)'/'SIG'
Index (ULSI) of Gabes area (Southeastern Tunisia). Seven condi- ROC-AUC: Gabes T
tional factors were selected: flooding susceptibility, Lithology,

Topography, Seismotectonic, Water table depth, Swelling soils,

Soils Aggressivity and the thematic layers were prepared in

ArcMap_GIS. The resultant model following combination of the

geo-spatial (GIS) and geostatistical (CRITIC-ANP) modeling show

that this region is subdivided into four analyzed zones in terms of

geo-hazard susceptibility and foundation excavation: flooding risk

area; settlement risk zone; collapse risk area and subsidence risk

zone. The ULSI is equal to 3.5. The accuracy degree of the

achieved model was validated by ROC-AUC curve, it's is around

78.4%. The ULS model developed enable assured a the assessed

thorough and can well reflect an urban land suitability. The

results achieved in this study assured planners, engineers, deci-

sion-makers and authorities assured a good risk prediction and

management plan, could, thus, be facilitate decision-making and

can serve as a guideline for all future urban planning projects in

this region.

KEYWORDS

1. Introduction

The cities of rapid urban and demographic growth require the development of new
infrastructure and housing over vast areas. To improve the live and welfare, the land
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suitability studies in urban space is crucial (Li et al. 2019). In order to reach a sus-
tainable urban growth has to take into consideration both the geotechnical, geological,
hydrological, environmental and hydrogeological factors of the developed area (Tan
et al. 2021). However, this concept should focus on the study of the interaction
between socio-economic, geotechnical, geological and environmental processes in
urbanized sites, the resulting impact and the forecast of changes of this process under
the influence of engineering and economic activities with the aim of ensuring sustain-
able development (Culshaw and Price 2011). Urban land suitability analysis and
assessment is a decision process that allows effective land use planning and manage-
ment (Fawad et al. 2022, Sotiropoulou and Vavatsikos 2023). Hence, it is important
to make a detailed analysis and assessment of these process of the urban environ-
ment, before and during the foundation. These careful investigation and evaluation
supply apposite information about the natural environment characteristics and exam-
ines the principal geotechnical problems, engineering activities (underground mining,
slope excavation) as well as natural susceptibility hazards (flooding’s, water erosion,
slope instability...) (Fuchu et al. 1994). In order to help the specialists’ identified
risks and possible solutions, Fernandez et al. 1982; Rodriguez et al. 2013 have men-
tioned two important factors when studying any natural and anthropogenic phenom-
ena in experimental science: (i) the choice of scientific models and (ii) selection of
data.

Several studies have evaluated the urban land suitability such as: Li and Li (2014)
integrating the FEC model (Fuzzy Comprehensive Evaluation Model) to identified
and examined the foundation hazard for a suggested subway station at Ningbo,
whereas El May et al. (2015) utilized conventionnel data’s and incorporated the
MCDMS-SIG for identified the risk potential zones in Tunis area (Northern of
Tunisia); Liu et al. (2019) used the TOPSIS model conventional to assess a proposed
subsurface railroad station in central of China. In 2017, Gong et al. have utilized
Random Field (RF) for determine the characteristics and statistics of the property
geotechnical; Peng and Peng in 2018 have combined of the geospatial (GIS) and geo-
statistical modelling to assessment the urban zone in Changzhou; Dehghanbanadaki
et al. (2019) have utilized the Artificial Neural Networks driven by a Back
Propagation Algorithm (ANN-BP) and Particle Swarm Optimization Technic (ANN-
PSO) in order to estimate the Unconfined Compression Strength (UCS) soil of the
Pontian region of the state of Johor in Malaysia; Zhou et al. in 2019 using the Multi-
Objective Linear Weighting method and the Analytic Hierarchy Process (AHP) at
Nantong; in 2020 Sarkar and Mondal have selected nine conditioning factors (slope,
elevation, rainfall, drainage density, land use-land cover, TWI, population density,
road density and household density) and integrated the MCDA-FR-GIS model to
delineate the flood hazard vulnerability zones of the Kulik river basin; Saha et al. in
2020, have assessed the flood risk in Raiganj Sub-division, (Eastern India) using the
Frequency ratio, Entropy index, Weight of evidence-information Value models and
the spatial modeling (RS, GIS); in 2021, Dou et al. have applied a 3D-UGSE setting
and evaluated quantitatively and qualitatively of geological urban zone of Qianjiang
city; Sarkar et al. in 2021 combined the spatial (RS and GIS) and statistical (Requency
Ratio and Entropy Model) modeling to identified the flood hazard zones in the Patna
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district; Shahri and Moud in 2022 have used a Hybrid Block-Based Neural Network
Prototype (HBNN) with the aim of elaboration of Landslide susceptibility model in
Guilan province (North of Iran); Saikh and Mondal in 2023, used six Machine
Learning Algorithms (Machine learning-based Artificial Neural Network (ANN),
Support Vector Machine (SVM), Random Forest (RF), Reduced Error Pruning Tree
(REPTree), Logistic Regression (LR)) coupled of geographical information system
technique to identified the flood susceptibility zone and make a more accurate predic-
tion of flood susceptibilities in the Pagla river basin; Anteneh et al. 2023 used the
Multicriteria Decision-Making (MCDM) analysis integrated with AHP and Remote
Sensing and GIS in order to identify, quantify and allocate the proper suitable site for
Urban Green Space development in Debre Markos City (Ethiopia). The research elab-
orate by Dutta et al. in 2023 aims to identified the various flood-prone zones in the
Dakshin Dinajpur district, based on the bivariate methods like Shannon’s Entropy
Index (SEI) and Weight of Evidence (WofE-IV) models have been used in conjunc-
tion with remote sensing and GIS; Sutradhar and Mondal (2023), were carried a mor-
phometric analysis and sub-watershed prioritizing in order to identified and assess the
susceptibility to flooding of the Ajay river basin’s; Sotiropoulou and Vavatsikos in 2023,
used the PROMETHEE II multicriteria method and k Nearest Neighbor Machine
Learning Models into a GIS platform with the aim of supporting land use suitability ana-
lysis. Alam et al. 2023 have introduced GIS-based Multi-Criteria Decision-Making
(MCDM) and CRITIC techniques for identified the settlement suitability zone in the
lower Ganga riparian zone. Many evaluation models, we allow ameliorated the geological
suitability assessment modeling for Urban space planning such as: The Fuzzy
Comprehensive Evaluation (FuzzyCE), the conventional TOPSIS model... So far, In
Tunisia the urban space land use suitability assessment and analysis are performed by
the classical methods due to technical and material limitations.

Hence, the present research aimed to construct a more reasonable spatial planning
prototype and determined a closeness suitability index based on GIS-ANP-CRITIC
method. The accuracy percent of the elaborated method is determined by the
Receiver Operating Characteristic (ROC) curve technique based on the soil bearing
capacity map. The Land suitability for urban planning mapping technique based on
the identification, classification, assessment and analysis of characteristics linked to
non-consolidated deposits, climate, hydrologic and geomorphology (Zuquette et al.
2004). In this context, a geoscientific database can be provided for engineers, planners
and decision makers in order to respond to many geological, hydrological and geo-
technical in order to ensure the rational land use planning and urban development
(Anon 1996). With the increasing expansion of urban areas in Gabes (Southern East
part of Tunisia), urban planning and development is being constrained by flooding,
collapse and sinkholes risks. To achieve balance between the physical environments
with urban development, a comprehensive, regional Urban Land Suitability study is
urgently needed in order to fix these problems and support territorial and urban
planning. It is for this reason that field and laboratory studies of engineering proper-
ties of foundation materials are needed for: (i) study the physical environment; (ii)
study geologic and hydrological hazards (iii) perform recommendations for urban
planning.
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The primary objective of the present research is to elaborate a hydro-geotechnical
micro-zonation model in order to determine the land use suitability of Gabes region
using the GIS-MCDM and CRITIC-ANP model, which can utilize as an important
data base for the local government, policymakers and planners for implementing ter-
ritory planning and development. The secondary objective is to calculate and eval-
uated the Urban Land Suitability index. Given that the study zone is already densely
populated especially in the coastal area, the proposed micro-zoning model should be
used to verify the adequacy of the urban zones and to establish the necessary add-
itional precautions for the foundation and planning projects.

The political, social, economic, physical and cultural drivers of smart cities show
that, the cities provide services to support the population’s well-being (Eric et al.
2012). The concept of the engineering geology allows not only providing a new tech-
nology development but also ensuring willingness to the engineering geologists to col-
laborate with all specialists and to present geo-objectives, which an already acquired
in the minds of geologists, planners, engineers, developers and decision makers.

The geological urban space suitability for urban planning mapping technique based
on the identification, classification, assessment, processing and analysis of characteris-
tics linked to non-consolidated deposits, climate, water, hydrologic and geomorph-
ology (Zuquette et al. 2004). In this context, a geoscientific database can be provided for
engineers, planners and decision makers in order to respond to many geological, hydro-
logical and geotechnical in order to ensure the rational land use planning and urban
development (Anon 1996). With the increasing expansion of urban areas in Gabes
(Southern East part of Tunisia), urban planning and development is being constrained
by flooding, collapse and sinkholes risks. To achieve balance between the physical envi-
ronments with urban development, a comprehensive, regional Urban Land Suitability
study is urgently needed in order to fix these problems and support territorial and urban
planning. It is for this reason that field and laboratory studies of engineering properties
of foundation materials are needed for: (i) study the physical environment; (ii) study geo-
logic and hydrological hazards (iii) perform recommendations for urban planning. The
purpose of the current study is to elaborate a typical hydro-geotechnical micro-zonation
prototype in order to determine the land use suitability. Given that the study zone is
already densely populated especially in the coastal area, the proposed micro-zoning
model should be used to verify the adequacy of the urban zones and to establish the
necessary additional precautions for the foundation and planning projects.

The political, social, economic, physical and cultural drivers of smart cities show
that, the cities provide services to support the population’s well-being. The concept of
the engineering geology allows not only providing a new technology development but
also ensuring willingness to the engineering geologists to collaborate with all special-
ists and to present geo-objectives, which an already acquired in the minds of geolo-
gists, planners, engineers, developers and decision makers (Eric et al. 2012).

2. Description of the study area

The study area is situated in Tunisia’s South East, it covers an area in order of
3275,7km?. Geographically, Gabes region is is located between X1 =550 000, X
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Figure 1. Geographic location map of Gabes area.

2=620 000 and Y1=3 700 000, Y 2=3 770 000 (UTM geographic projection system).
This zone is limited in the North by Dj. Es. Semaia, Dj. Haidoudi and Dj. Zemlet El
Beidha, El Hamma fault to the West, the Gabes Gulf in the East, and Dj. Ragouba, Dj.
Monncef, Dj. Sidi Saleh and Matmata region in the South part of the zone (Figure 1).

This area has undergone climate changes. It is submissive to the influences of both
winds coming respectively from the Mediterranean Sea (East) and from the desert
(South). The mostly frequent winds blow from the East part (Mediterranean Sea)
towards the West and from the South (Sahara) to the North (Figure 2a). The analysis
of the data of rainfall in the study area during 30 years has shown an average value of
the order 162 mm/year (DGRE 2015) (Figure 2b, ¢, d). In Gabes, the mean tempera-
ture varied between 12°C and 28°C (Souissi et al. 2018) (Figure 2d). However, the
climate of this zone is an arid climate with a hot dry summer season and a cool and
moist winter season. Rainfall is highly variable and uneven distribution leading to
intensive flash floods. Topographically, it is characterized by a mild elevation (0m to
660 m) and slopes range from 0% to 36%.

From a hydrology point of view, the drainage network is dense. It is composed by
nine non-perennial wadies. These drainage systems flow into the Sabkhas or into the
sea (Souissi et al. 2018). According to the research of Souissi et al. 2019, the elevation,
land use/land cover and impermeable litho-facies are the main parameters, which
tend to favor surface water runoff and thereafter increase the flood hazard in this
region. Results of this work show that the plain zone of the Gabes area is classified as
the highest flood hazard potential zone (15% of the total area). The wadis have a tor-
rential character because to irregular rainfall and high evapotranspiration. The area of
Gabes represents a site of specific interest in terms of regional geological and geotech-
nical problems. The hydro-lithostratigraphic column shows that the geological forma-
tions in this zone range from Triassic to Quaternary (Figure 3). The investigation
area is characterized by lateral litho-stratigraphic variations (Mekrazi 1975). The
Cretaceous series flush in the anticlines at the North and south part of the Gabes
area is represented by gypsums, clay, dolomite, anhydrite, marl and limestone layers
(Mhamdi et al. 2013). The Tertiary is distinguished by Mio-Pliocene deposits made
mostly of gypsums clay and sand. The Quaternary is represented by three terraces,
compounds by clay with a scab of silty and gypsum sediments, quaternary sediments
and alluviums (Ben Hamouda et al. 2013).
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Figure 2. (a) The movement of air masses resulting precipitation over Tunisia (Ben Baccar 1982
modified), (b) distribution of average rainfall as a function of altitude in different climatological sta-
tions (1985 - 2015), (c) Correlation between average rainfall and altitudes for different climato-
logical stations, (d) evolution of temperature and rainfall.

Hydrogeological Units
Period Age Lithology Formation | Thickness
(m) Permeability Lithology Agquifer
Quatemary | Actual-Pleistocene Fine sands and conglomerates - - Permeable WP
Neogene Phocene Sandy clays, sands and Ségu 95 P to semi- e
conglomerates Permeable
Miocene Sands fine to coarse Ouedref 195 Permeable WP
Campanian ‘White marly imestone and Abiod 140 Semi- permeable to Z
marls impermeable
Limestone and coquina marls, 135 Semi- permeable to £
Late dolostone, altemation of marls, imp WP -
Cretaceous | Santonian—lower Coniacian limestones and gypsum Aleg Permeable T
105 Impermeable 0
Turonian-upper Cenomanian Dolomitic mestone Guettar Permeable GWP E
25
Cenomanian—upper Albian Altemation ofmarls, limestone Zebbag Impermeable a
and gypsum 98
Aptian— Albian Altemation of clays and 0
limestone Orbata 110 Semi- permeable -g
upper Baremian | Sandsand sandstone Sidi Aich 70 Permeable cE =
—lower Aptian 0
Eary Bamemian | Lower Bamremian | Clays, gypsum and sandstone Bou Semi permeable 2 %
Cretaceous Hedma 440 impermeable
V: - Clays, sand and carb Permeable GWP
Hauterivian

‘GWP: Groundwater Potentiality

Figure 3. Succession of the hydro-lithostratigraphic potentially aquiferous formations.
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The Mio-Plio-Quaternary aquifer of Gabes area is a multilayered aquifer system
(Ben Alaya et al. 2014). The aquifer potential formations (the Continental intercalary,
Upper Cretaceous deep aquifer, Upper Miocene intermediate aquifer and Mio-Plio-
Quaternary aquifer) are separated by impermeable formations of clayey and marly
nature. In 2015, the renewable water resources in the region were estimated to 17.1
Mm3/year with annual exploitation in the order of 23.9 Mm3/year (DGRE 2015).
The water resources in this zone continued to decrease progressively. Indeed, this
increase of the exploitation rate between 1985 (11.25 Mm3/year) and 2015 (23.9 Mm>/
year) being caused by drought, increase of the water needs, the expansion population
and the agricultural and industrial activities development, irregularity of the precipita-
tion (Souissi et al. 2018) (Figure 4). During last years, intensive exploitation of the
aquifer induced declining water levels and the salinity of the shallow groundwater
increased progressively heading from the West to the East (the coast) (Table 1).

3. Database and methods
3.1. Database

Multi-factor evaluation for land suitability of Gabes urban zone is defined as a multi
and interdisciplinary activity. It focuses on the judicious use of land with a greater
comprehension of the problems related of the soil type, hydrological, geological,
hydrogeological. for dealing with risks in the current and future civil engineering

()

1985 M 1995 W2005 2015

(b) 16 r

\vAf —
1985 1995 2005 2015
w=g= Gabes Northern 33 096 25 29

Gabes Southern 583 7.94 13,9 12,8
Hamma-Chenchou 212 538 86 82

Abstraction of the phreatic
water table (Mm3/y)

Figure 4. Exploitation of the phreatic water table (Souissi et al. 2018).
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Table 1. Mineralization of the phreatic water table (CRDA 2015).

Dry tailings (mg/l) 1985 1990 1995 2000 2005 2010 2015
Northern Gabes water table 3.5-7 3.5-7 3.5-7 3-7 3-8 3-8 3a8
Southern Gabes water table 2.5-6 3.5-7 3.5-7 2.5-8 2.5-10 2.5-10 25210
Hamma-Chenchou water table 5-7 3.5-7 3.5-7 3-6 3.5-10 3-7 3a7

works (Moeinaddini et al. 2010). Multiple data were used in the study, including
flooding, Lithology, Topography, Seismotectonic, Water table depth, Swelling of soils,
Soils Aggressivity, collected from different sources.

Multi-factor evaluation for land suitability of Gabes urban zone is defined as a
multi and interdisciplinary activity. It focuses on the judicious use of land with a
greater comprehension of the problems related of the soil type, hydrological, geo-
logical, hydrogeological ... for dealing with risks in the current and future civil engin-
eering works (Moeinaddini et al. 2010; Zhou et al. 2019). In the present study the
authors have selected seven factors including flooding, Lithology, Topography,
Seismotectonic, Water table depth, Swelling of soils, Soils Aggressivity. The selection
of factors is based on the historical data of naturel and anthropogenic events, previ-
ous work, field work and depend to local hydrogeological, hydrological and morpho-
logical characteristics (Figure 5).

3.2. Methods

The suitability urban area mapping was conducted in accordance the steps presented
in Figure 6. The purpose of this research is to produce an Urban Land Suitability
prototype of the Gabes zone, showing suitable risk sites in this region using a GIS-
ANP- CRICTIC model. Recently, the rapid development of computer and geostatisti-
cal technologies has enabled it possible to conduct systematic analysis of complex
MCDM problems (Souissi et al. 2022). The use of geo-informatic technology (GIS)
has generated a huge amount of information, which makes Multiple Criteria Decision
Analysis useful in supporting and solving various decision making, environmental,
ecological and socio-economic problems (Xu and Yang 2001; Sabokbar 2005). The
integration of Geographic information system based MCDM-ANP is important in the
preparation of the Urban Land suitability prototype due to the need of using a spatial
big data and integrating the conventional data with the policy-makers’ decisions
(Dunckova et al. 2019). The ANP allows the decision maker to include all the factors
real or intangible that have a significant influence on making a best decision
(Tuzkaya et al. 2008). The prototype elaborate has been validate by AUC-ROC curve
and bearing capacity map model. This technic is resting on the following stages:

The weights of the Urban Land Suitability Index (ULSI) include three types: sub-
jective, objective and combination weights. In the present research, the objective
weights were computed by the improved CRITIC model, the subjective weights are
computed by the geostatistical model ‘ANP’ and integrating the coefficient of vari-
ation method. The weight estimation of ULSI, we allow to obtaining reasonable and
reliable evaluation results. The elaboration of Game Theory (GT) based Combined
Weighting (CW) prototype is resting on the following stages:
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3.2.1. Calculation of subjective weights of decision criteria

The supermatrix approach, what is known as the Analytic Network Process (ANP)
(Promentilla et al. 2006). This method is a decision-making method developed by
Thomas Saaty and Turner (1996) for the non-independent hierarchical structures. It
has become a very interesting approach for a more and easier understanding of a
complex decision-making problem, because it overcoming the restraints of the linear
hierarchical frameworks (Saaty 2001; Souissi et al. 2022). This method is characterized
by a hierarchical structure more difficult and more complex than the Analytical hier-
archical process. Saaty’s Analytical Network Process includes and measures all quali-
tative and quantitatively measurable criteria and standardize each into a numerical
scale.

According to Saaty’s and Turner (1996) the ANP calculation includes four steps.

3.2.2. Develop a decision network structure model

The decision prototype is portrayed as a directed network. The decision-making
model is achieved after a decision of the decision makers and shareholders
(Promentilla et al. 2006).
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Figure 6. Flood hazard prototype (Souissi et al. 2019).

3.2.3. Construction of the supermatrix

Determined the Pairwise Comparison (PWC) between the parameters interdepending
in the decision-making system. The dominance inter-relationships can be interpreted
the must influencing of one parameter compared to the other factors.

xi(ki) (k) oo xa(kn)
A= s z M
X1 (km) xz(km) t xn(km)

= Xl(kl)n X m (k: 1)2) ey m= 1,2, ,m)

3.2.4. Estimation of the weighted supermatrix

There are different algorithms to calculate these weights. In Saaty (1980) recom-
mended the Analytical Hierarchical Process eigenvector approach because this is the
unique solution which had enabled to obtain the ranking and the relative dominance,
measure of the judgment consistency by the computation of the consistency index
and consistency ratio.

AW = AW (2)
Cl= Fmax— 1 (3)
n—1
CI
CR=—«<1 (4)
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3.2.5. Estimation of the limit supermatrix and achieve the final dominance weights
The transformation and processing of the non-weighted supermatrix to a weighted
and normalized stochastic matrix whose the column sum is the order of 1. Then,
computation the dominance weight vectors of the stochastic matrix (Saaty and
Turner 1996; Promentilla et al. 2006).

3.2.6. Estimation of the objective weights of decision criteria

The CRITIC method (CRiteria importance Through Intercriteria Correlation) is a
correlation method, it was proposed by Diakoulaki et al. (1995) to attribute objective
weights of multi-influencing factors based on their importance they reflect... For
every factor xij’ function of membership and ‘ry’ which translates any the values of
factor x;’ into scale [0, 1].

]
rij = Tmax min (5)
XX
xmax — Xi;
_ y
rij - ymax _ xmin (6)
J J

The preliminary matrix is transformed into a matrix with generic elements rij.
each vector has a Standard Deviation (SD) (Vujici¢ et al. 2017).

C=0» (1-r) 7)
i=1

The equation of the objective criteria weights is estimated by Standardization of
the values C; using the improved CRITIC method is as follows:

5

s (8)

i=1"

I/\/j:

3.2.7. Combined weighting according Game theory

The Combination Weight method (CW) based on the Game Theory (GT) according the
Nash equilibrium model is a method of strategic multicriteria decision making. The GT
is a mathematical model involving dispute and collaborations between intelligent, rational
decision makers (Rogers 1991). This model allows to determines the agreement between
objective and subjective weights (Zhu and Li 2014), and then it is decreases of the sub-
jective aleatory and took account of the biased of objective datums. This model is based
on the stages of the Combination Weighting method (CW) following:

Step (1): The subjective and objective weights of the ULS prototype are achieved by
assigned weights by the objective and subjective weight computation models, CRITIC
and ANP respectively.
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T T
W =a;w; +aw, (9)
Step (2): The two linear combination coefficients a; and a, in Equation 9 are

enhanced according to the game aggregation theory. This allows us to obtain the best
weights.

(k=1,2,..L) (10)
2

min

n
E akw,f— Wk
k=1

Step (3): According to the differentiation property of the matrix, the linear equa-
tions of the optimal first-order derivative condition in Equation 10 is follows:

azwg azwg a] W1 W;[
= (11)
BW, ap W;F az W) W;F

Step (4): Calculation of the optimized combination coefficients al and a 2 using
Equation 11, and then normalized following the equation 12:

ap * w1w¥ 4+ ap * wlwg = wlwf (12)
a *x wzwlT + ap x wlwg = wzwg

Step (5): The overall weight ‘W’ using the Combination Weighting (CW) is
obtained by the following equation number 13:

—

W = ajw] +a;w, (13)

3.2.8. Validation

The theoretical methods (ANP, CRTIC and Nash equilibrium model) are subjective
method, suffers from uncertainty rate (Banuelas and Antony 2004). Therefore, the
validation of the urban land suitability prototype generated by GIS based on MCDM-
ANP-CRTIC-Nash model is a principal stage to determine the reliability degree of
the calculated model (Das 2020). There are several models of validation such as:
Monte Carlo simulation, Confidence Interval, Receiver Operating Characteristic
(ROC) curve... In this research, the spatial effectiveness of of the calculate model
was evaluated by ROC-AUC (Abedi Gheshlaghi and Feizizadeh 2021) based on the
soil bearing capacity map. Receiver Operating Characteristic (ROC-AUC) is the curve
of the probability of correctly predicted (true positive) on the X axis and the prob-
ability of wrongly predicted event response (false positive) on the Y axis (Abedi
Gheshlaghi and Feizizadeh 2021) based on the soil bearing capacity map. Receiver
Operating Characteristic (ROC-AUC) is the curve of the probability of correctly pre-
dicted (true positive) on the X axis and the probability of wrongly predicted event
response (false positive) on the Y axis (Mao et al. 2022). AUC is the area under ROC
curve.
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TP
TPR= —— 14
TP + EN (14)
FPR = P (15)
~ FP+ 1IN

Where TPR: True Positive Rate, TP: True Positive; FN: False Negative; FPR: False
Positive Rate; FP: False Positive; TN: True Negative

This AUC-ROC curve algorithm is a simple and useful technique based on scien-
ces data base through which we can accurately assess the prediction rate and effect-
iveness and accuracy of the theoretical prototype (Sarkar and Mondal 2020, Saha
et al. 2021, 2022, Sarkar et al. 2022). According Long et al. and Yariyan et al. in 2020,
the AUC value closing to 1 indicates better performance, when the AUC > 0.7, is
represents while good model.

Based on AUC-ROC curve, The AUC value is cis classified into five classes as:
0.9-1 (Excellent), 0.8-0.9 (Very good), 0.7-0.8 (Good), 0.6-0.7 (Moderate), and 0.5-
0.6 Poor) (Dutta et al. 2023). The level of authenticity of the predicted Urban Land
suitability model is determined based on these AUC values.

AUC is the area under ROC curve. It used to evaluate the prediction rate and
effectiveness and accuracy of the theoretical prototype. According Long et al. in 2020,
the AUC value closing to 1 indicates better performance, when the AUC > 0.7, is
represents while good model.

The bearing capacity allows to analysis of the geotechnical units for foundation
works (Diaz-Diaz et al. 2017; Alencar et al. 2021). Thus, in detrital deposits the bear-
ing capacity is checked by the N_SPT. It allows of determined the foundation type
and identified the potential geotechnical risks.

4. Results
4.1. Parameters used for urban land development suitability analysis

There are no guidelines or a literature review for selecting major geotechnical, hydro-
logical and geologic criterions, that influence the adequacy of the geological urban
zone to building’s foundations. The general condition of the study area should be
considered (nature, climate, population, geomorphology, geology...) and the data
availability. In addition, in a spatial multi-criteria analysis study, we should also make
sure that selected factors are accessible, non- uniform, measurable. In the present
study, seven controlling factors were identified for spatial planning for the purpose of
assessing the degree of suitability of foundation which are as follows: (1) Flooding
susceptibility, (2) Lithology, (3) Topography, (4) Seismotectonics, (5) Water table
depth, (6) Swelling potential of soils and (7) Soils agessivity. All these datasets were
treated and developed in raster layers format and classified in five classes.

4.1.1. Flooding susceptibility
Flooding is a hydro-environmental problem, which can restrict urban development
(Fuchu et al. 1994; Bourenane and Bouhadad 2021). However, detail and careful
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mapping, carried by Souissi et al. 2019, based in coupling the statistical (MCDM-
AHP) and spatial (GIS) modelling shows that around 15% of the total area are flood-
prone with a flood hazard index of 6.30. About seventy four percent and a half of the
observed flood zones are mostly characterized in a moderate to a very high inunda-
tion risk potential. The plain zone is characterized by high urbanization, of a very
high flood hazard potential, high rainfall intensity, low elevation and slope, a semi
permeable to impermeable soil type, and a distance between the wadis is very close.
The study realized by Souissi et al. 2019, presents a flood hazard potentiality map-
ping and assessment method in the region of Gabes based on the combination of the
geospatial (GIS-MCDM) and geostatistical modelling (AHP) and sensitivity analysis.
Eight factors have been used in the flood modeling: elevation, land use/land cover,
lithology, rainfall intensity, drainage density, distance from the drainage network,
slope, and groundwater depth. The results obtained shows that the most prominent
flood influencing factor is the elevation (22.5%), around 15% (890 km?) of the total
area of Gabes zone is flooded with a very high to moderate flood risk potential. The
flood hazard index is equal 6.30. The very high flood risk zone is characterized by
the lowest elevation and slope, an urbanized zone, the distance from the streams is
very near, an impermeable to semi permeable soil type and high rainfall intensity.

4.1.2. Lithology

The lithological layer (Figure 7) is prepared based on the geological map and the rele-
vant data of 136 boreholes geotechnical. Two lithological units were identified
(Figure 7):

The plain zone is occupied by: (i) recent alluvial sediments are trained by muddy,
clay, sand. (ii) The marine deposits and sebkhas deposits are consist of silts, muddy,
and evaporates (iii) the formations of Holocene are made of the shelly sands, (iiii)
the formations of the Pleistocene age, formed by: backfills, gravel, clay, sand, muddy,
sands, conglomerates and sandstones, of the Mio-Pliocene age. These levels are classi-
fied in the category of loose soils and heterogeneous. For this unit lithological, its het-
erogeneous nature, relatively high compressibility and low to very low allowable
bearing capacity allows to classify these soils as a problematic soil, have a high poten-
tial to collapse if have been wetted. Subsequently, it is strongly recommended to take
compaction and pre-wetting measures during the design, to take into consideration
both soil heterogeneity and the possibility of irregular collapse caused by wetting due
to infiltration of the runoff or drainage water.

The reliefs are occupied by limestone and of alternating of marl and limestone.
These levels are considered homogeneous compact formations, and the most suitable
for construction, because that should be no problem related to materials, thus the
ground water level is profound.

4.1.3. Topography

The topography is a conditioning parameter which has a direct influence in the geo-
logical, hydrological and geotechnical risk analysis (Gritzner et al. 2001). The altitude
was prepared using the DEM_30 m. In Gabes zone, it’s varied among 0 and 650 m
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Figure 7. Lithology map of the study area.

above sea level (Figure 8). Three units geomorphological were identified: high
residual massif, plains, and the coastal zone (Figure 8). The coastal zone consists of
foreshores and fluviomarine plains. The inside plain area is typified by moderate to
lowly altitudes varying betwixt 0 and 100m, is covered by Alluvium, Sebkhas soils,
silt, eoliens deposits, loose soils and Heterogeneous and Sandy soil. The high residual
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massif is formed by Homogeneous and compact formation and Heterogeneous and
compact rocks (Figure 8) with altitudes reaching 650m. the slopes are praying
between 0 and 36% (Tables 2 and 3).

4.1.4. Seismotectonic

Seismotectonic mapping represents a basic tool for all planning activity and territory
management (Kolat et al. 2012). Despite the general stability of Tunisia, the
Southeastern part is one of the moderately active areas from a seismic point of view.
Between 1881 and 2012 there have been 37 earthquakes greater than 5,2Ms on the
Richter scale in the last 131years earthquake (Dj. Haidoudi and the region of
Mareth), caused extensive damage and life loss. A considerable amount of geological,
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Figure 8. Topographic map of the study area.
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Table 2. Scale of Saaty (2008).

Degree of Importance Definition Interpretation

1 Equal importance Two factor making equal importance to the aim

3 Moderate importance Moderate importance of factor over the other factor

5 Much more important Strong importance

7 Very much important Very strong importance

9 Extremely important Extreme importance

2,4,6and 8 Intermediate values These are needful when comprise between two
adjacent judjument is necessary

1/1,1/2 ... to 1/9 Reciprocals Reciprocals

geomorphological, geotechnical, seismological and geophysical investigations was col-
lected and processed in order to thoroughly characterize the Gabes basin using com-
plementary techniques with different resolution levels. However, a Geographic
Information System platform was used to manage the collected data. The epicenter
data was obtained from the earthquake data published by National Institute of
Meteorology in 2013 of Gabes area and its surroundings. Figure 4 also shows faults
distribution, epicenters and magnitudes of past earthquakes occurred in the Gabes
region. These earthquakes occurred with magnitudes varying between 3,1 and 5.20 Ms
and a focusation depth which does not exceed 15km. Tunisia appears to be a particu-
lar example in the field of intra-continental seismicity. It is characterized by the epi-
centers of intra-continental earthquakes with a depth varying between 10 and 15km.
In the study region, the earthquakes are concentrated in the city of Gabes and in the
Gulf presenting the same direction as the regional fault of Gafsa, i.e. from SE to NW.

Note that the Gabes city has been affected by 6 earthquakes during 131 years
(Figure 9):

e The seismic activities in this region have magnitudes between 3.1 Ms (1995) and
4.4 Ms (1881).

o The Gulf of Gabes was affected by earthquakes of magnitude between 3.00 Ms
(1997) and 5.20 Ms (1990).

e In the Southeast of the study region and more precisely in Mareth, the earth-
quakes have small magnitudes (3.12 Ms and 3.75 Ms).

e In the western part, the region of El Hamma was hit by small magnitude earth-
quakes varying between 3.00 Ms and 3.70 Ms.

Analysis of instrumental, historical seismicity and recent to quaternary deform-
ation data (Dlala 1995; Ahmadi et al. 2013) show that this region is currently sub-
jected to a compressive regime of NW-SE direction.

The seismotectonic results obtained are compatible with seismotectonic data from
North Africa (Meghraoui et al. 1986; Philip et al. 1986; Dlala 1992) and fit into the
convergent geodynamic context of South Africa and Eurasia (Dlala 1992).

4.1.5. Groundwater table depth

This factor is one of the most significant and important parameters that is impact on
the stability of building foundation excavations (Dearman 1991). The water table
depth map was elabored based on the values of static levels groundwater published



18 D. SOUISSI ET AL.

Table 3. Details of the data’s.

Data Name Type Source Resolution
Rainfall Climate data GDWR 10 m
Temperature Climate data NIM 10 m
Groundwater depth Hydrogeological data GDWR 10 m
Abstraction of the phreatic water table  Hydrogeological data GDWR 10m
Flood hazard index DOI: 10.1080/10106049.2019.1566405 10 m
Geology Lithostratigraphy NIM 10 m
Elevation Topographic SRTM 30m
Slope Topographic SRTM 30 m
Magnitudes seismotectonic data NIM 10 m
Swelling of soil data Geotechnical data CGGS -
Percent of gypsum Geotechnical data CGGS -
(5031 Geotechnical data CGGS -
Allowable bearing capacity Geotechnical data CGGS 10 m

NIM: National Institute of Meteorology, GDWR: General Department of water Resources, CGGS: Company of
Geological and Geotechnical Studies.

by the General Directorate of Water Resources (GDWR) in 2015. Thus, the Figure 10
shows that the underlying zones to the shallow foundations where the static level varying
between 0 and 5m occupying the plain. These zones are characterized by an urban exten-
sion and high concentration of people. A second areas where static level varying between 5
-10m. The third zones are characterized groundwater depth deeper than 10 m.

4.1.6. Swelling potential of soils

The swelling of soils is a significant factor in geotechnical studies, due of its influence the
buildings stability (Tadios 2013). The swelling potential map in this region was deter-
mined through soil specimens’” analysis taken from test core drillings of the first meters.
After determining the clay rate (%) and plasticity index (%) of the soils samples, these
values were evaluated by using standards (Tables 4, 5). The local phenomenon swelling
is related to clays, muddy and silts containing smectites, or in residual non-consolidated
material. This process can be produced in three ways: the low, medium and high swel-
ling potential classes. The plasticity diagram published by Casagrand in 1932 (Figure 11)
shows that the soil samples from the cities of Sobkhas, Sidi Boulbaba, Gabes (Bab bhar,
El Manzel, Jara, Kornich), Omar Ibn el Khattab Avenue, Erriadh City, et El Amel City
are characterized by a high swelling potential that may cause cracks in the constructions
in the case of humidification and drying of these materials.

4.1.7. Soils agressivity

Gypsum (CaSO42H,0) is readily soluble in water (Cooper 2008). It is present in the
bedrock, either as massive beds or as large beds (Mekrazi 1975). It can be associated
with sulphate-rich groundwater that can be noxious to concrete (Marteau 1993;
Thierry et al. 2009). Hence, the dissolution of gypsiferous beds can leave a weak
resistance of residue, which also produces poor ground conditions for buildings,
bridges and roads construction (Wei et al. 2020). In order to prevent the damage
associated with subsidence and collapse a result of the dissolution of gypsum, it is
strongly recommended you take precautions of dealing with the safety problems arise
in gypsiferous soil. The investigation on the gypsiferous soils is accomplished in order
to elaborate the soil aggressivity map. A chemical analysis of the representative water
and soil samples of different test pits of the Gabes area was performed. Then, an
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evaluation and classification of the obtained results were performed according to the
of soils aggressivity classification standards (Tables 6, 7). The mapping also revealed
the subsidence risk potential areas.
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Figure 10. Water table level (2015) map of the Gabes area.

From the point of view of geo-mechanicals, soils agressivity susceptibility map is
classified in three classes:

Very strongly aggressive soils (A4): represents areas that are with high proportion
of gypsum in soil (10% < gypsum < 50%) and a high concentration of sulphate
[SO37] in water that exceeds 3000 mg/l.

Strongly aggressive soils (A3): represents areas, which have [SO3”] equals 3000 mg/l
and a high gypsum content.

Moderately aggressive soils (A2): environments, which are characterized by [SO37]
varying between 600 and 3000 mg/l in water and the gypsum content is less than 10%
(Figure 12).
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Table 4. Plasticity index of the soils (Magnan 1997).

Liquid limit (%) Classification
0-20 Non-swelling
20-35 Low swelling
35-50 Medium swelling
50-70 High swelling
70-90 Very high swelling
> 90 critical swelling

Table 5. Classification proposed by dakshanamurthy and raman for swel-
ling soils (1973).

Plasticity index Plasticity degree
0<Pl<5 Non-plastic

5 <Pl <30 Low plastic

30 < Pl < 50 Plastic

50 < PI High to very plastic

5. Discussions
5.1. Elaboration of urban land suitability assessment model

5.1.1. Prediction of urban land suitability

Urban development and planning are dependent on the geologic environment. The
geotechnical, geological, hydrological and environmental problems may be restrictive
criterions on the process of planning (Turkmen and Taga 2005). They should be
identified, evaluated and considered in the planning process for rational urban
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Table 6. Classification of aggressivily environments (norme NF EN 206-1 Standard of the NF P 18-
011, 2009 documentation file).

Limit values for chemical attack of the surface water and the groundwater

Sub-classification

Chemical characteristics XA1 XA2 XA3

5042' (mg/l) 200 to 600 600 a 3000 3000 to 6000

pH 5.5 to 6.5 4510 5.5 41045

CO, (mg/l) 15 to 40 40 to 100 of 100 up to saturation
NH,* (mg/l) 15 to 30 30 to 60 60 to 100

Mg2+ (mg/l) 300 to 1000 1000 to 3000 of 3000 up to saturation

Table 7. Recommendations booklets (standard NF P 18-011, classification of aggressivily environ-
ments 2009).

Agressevily class Symbol Protection level
Low agressivity A 1
Moderatet agressivity A, 2
High agressivity As 2
Very high agressivity Ay 3

Legend
Agaressivelyof soils

T uongly ageressive soils (A3)
csos s
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Fine oxidized silty sand
Greenish clay $5
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Gypsum clay (greyish and plastic)

1
Slightly silty and gypsum clay
(compact and reddish)

Figure 12. (a) Agressivily soil of the Gabes area, (b) the subsidence risk model.
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development. Many planners do not understand this geo-information, for this reason,
it is strongly recommended that professionals provide a detailed Urban Land
Suitability map, which are easily used and can be considered in the urban planning
process. From this map, hydrological, geological and geotechnical hazard mapping
(Figure 13) was generated, which shows zones according to the danger levels and the
high hazards. A geological urban area suitability potential model is the best technique
to represent the geologic setting for engineering detailed (Dearman and Matula
1976). It is a type of hydro-geotechnical and geological model, which gives a very
detailed performance of all risks that damaged land-use planning, construction,
design and maintenance as applied to civil engineering in Gabes zone.

However, Gabes zone is especially a good example undergoing urban expansion where
is being expanded. The planners and decision planners and decision makers need a
Urban Land Suitability prototype showing a hydro-geotechnical micro-zoning in order to
guarantees rational urban extension. The applied process consists in superposition of
multi-thematic layers based on GIS. The result of the combination the influencing criteri-
ons shows that the Gabes area has been classified into four areas based on the risk
potential and foundation adequacy for urban spaces (Figure 13):

Area I: This zone is characterized by Neogene and Quaternary detrital materials,
which cover a vast surface. This is a floodplain characterized by the potential of flood
hazard ranging from a moderate to a very high (Souissi et al. 2019). From spatial
point of view, high flood susceptibility zones are the Residential areas (Gabes city and
its surroundings, Mareth and El Hamma cities), the zones surrounding streams zones.
Morphologically, it is characterized by low to very low elevations and slopes concen-
trating the runoff waters. It is marked by high concentration of streams Network and
a low distance between the drainage Network. In this zone, the groundwater level
depth is very low (0 and <5m). However, the substantial surface and subsurface
water flows generates instability of the buildings and soils. Hence, it is recommended
to build artificial levees along the channel, this drainage system was designed to col-
lect and redirect runoff water in order to improve the overall stability of the soils and
buildings and reduce the magnitude of flood damage.

Area II: This is an area with a minor extension from surface point of view, but it is
characterized by a high demographic and urban density. This area be part of the high
flood hazard potential zone and a low groundwater level. It is formed by quaternary and
alluvial deposits from the geotechnical perspective, clay soils present a very high liquidity
(50 <WL < 100%) that can generate geotechnical problems. These features are present
in the sector of: Sobkhat - Sidi boulbaba, Bab bhar, Jara regions, El Amel city, Omar Ibn
el Khattab and Taeib el Mehiri Avenues in Gabes city and these surroundings.

Area III: The chemical analysis carried out on solid and liquid samples show that
Ghannouch and El Hamma region are characterized by highly aggressive environ-
ments with an aggressiveness degree A3. The soils of Gabes and Bouchemma cities
and the Southern Gabes are very strongly aggressive with an aggressivity degree A4.
Indeed, these sectors have a very high subsidence risk potential. Consequently, the
constructions in this zone must take the necessary precautions to adapt the founda-
tions of the works to the conditions of the site. Hence, it is strongly recommended
that: you:
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Figure 13. Urban land suitability model.

e Installation of a draining circuit or a Geomembrane in order to prevent ground-
water containing sulphates from rising into buildings as well as to guarantee the
stability of building ground.
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e Using the high resistance cements of the sulfate (HSC)
e Increase in the cover concrete section (+ 2cm) in order to prevent contact
between the sulfate groundwater and the concrete reinforcement

Area IV: The soils of Ghannouch, Bab Bhar cities and Taeib Mehiri Avenue are
marked by the presence of silt, fine sands and organic matter. In this region, the clays
are very plastic. The deposits covering El Amel City are very plastic clays with a
high-water content, moderately to highly compressible. These deposits have poor geo-
technical characteristics where they demonstrate a very high plasticity and low to
very low bearing capacity that can generate geotechnical problems. The risk of settle-
ment or different settlement is highly probable in this zone.

5.1.2. Weighted calculation

The modern Geoscience can contribute specially to finding solutions concerning the
use land use in urban environments (Huggenberger and Epting 2011). In decision-
making setting, a factor would involve classes and norms by which one factor could
be judged as more influenced than another one would. The subjective and objective
weights were computed using the ANP et CRITIC methods. According, the Game
Theory Combined Weighting (GTCW) Model the weight coefficients for the com-
bined weights have been defined to be 0.02 and 0.30. Thereafter, combination weights
have been achieved incorporation the weight coefficients into Equation 13. The
results of the combination weights process are presented in Table 8, Flood, Swelling
Potential of soils, lithology and Soil Agressivity, have important impact on the Land
suitability in urban zone of Gabes, followed by topography, while the groundwater
table and seismotectonic have the least influence. The Land Suitability was primarily
influenced hydrological and geotechnical engineering attributes, complying with the
soil bearing capacity results.

In this present study, seven significant parameters contribute in analysis of the
urban land suitability areas. The geospatial modeling method and MCDM-ANP-
CRITIC-Combined Weighting model was adopted to develop the ULS model and cal-
culate the ULS index (ULSI) in the Gabes region by:

ULSI = FH, FH, + LG, LG, + $5,SS; + AS, ASG, + WT,WT, + TP, TP, + ST,,ST;
ULSI = 0.31FH, + 0.191LG;, + 0.137SS, + 0.131ASG,, + 0.10WT, + 0.10TP, + 0.02ST,
ULSI = 3.5

Where is the FH is the Flood Hazard index, LG is the Lithology index, SS is the
Swelling Potential of soils index, AS is the Agressivity index, WT is the Water Table
index, TP is the Topography index, and ST is the Seismotectonic index.

5.2. Validation of results

In this research, were used the ROC-AUC validation method for ULSI assessment
based on the soil bearing capacity map. The bearing capacity map is prepared follow-
ing a review and assessment of a 136 boreholes relevant data. In this study, the
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Table 8. Weighted calculation.

Weight of  Subjective  Objective ~Combination

Factor Domain of effect effect weights weights weights ULS
Flood Very High 1 0.30 0.32 0.31 Very low
High 2 Low
Moderate 6 Moderate
Low 7 High
Very low 9 Very High
Lithology Alluvium + Sebkhas soils + 1 0.20 0.22 0.191 Very low

silt + eoliens deposits

loose soils and Heterogeneous 2 Low
Sandy soil 4 Moderate
Heterogeneous and 6 High
compact formation
Homogeneous and 9 Very High
compact formation
Swelling Potential High swelling 1 0.13 0.144 0.137 Very low
of soils Medium swelling 2 Moderate
Low swelling 6 High
No swelling 9 Very High
Agressivity Very high aggressively of soils 1 0.12 0.143 0.131 Very low
High aggressively of soils 2 Low
Low aggressively of soils 9 High
Water Table 0-5m 1 0.1 0.095 0.10 Very low
5-10 2 Low
10-15 4 Moderate
15-20 6 High
20->20 9 Very High
Topography 0-40 1 0.11 0.095 0.10 Very low
40-80 2 Low
80-120 4 Moderate
120-160 6 High
>160 9 Very High
Seismotectonic High seismotectonic 1 0.03 0.01 0.02 Low
Medium seismotectonic 4 Moderate
Low seismotectonic 9 Very High

bearing capacity map was classified in four categories good, moderate, poor and worst
soil conditions (Figure 14).

The validation was based on predicting and proving that high risk potential is
located within lowly bearing capacity zones that corresponds to the lowly ULSI and
then poor soil conditions for the foundations. The value of an area under ROC curve
is about 78.4%, which suggests the total ULSI pixels was good-ranked by the ULSI
prototype. The results of comparison processes show that there is a high similarity
and compatibility between these two maps with the appearance a new area (Zerkine,
Teboulbou, Mareth and Kettana) identified new risk sites to shallow foundations.

However, for greater accuracy we need a geophysical investigation (Resistivity tom-
ography) for these zones, in order to test these soils and make sure these zones do
not present risks. Therefore, the results of this study are precise, specific and impor-
tant they can avoid most practical errors in developing for future projects of urban
extension (Figure 15).

Thus, in order to prevent any disasters in the future, it is necessary that in the risk
areas either should be rebuilt or reinforce the buildings by: increasing the bearing
capacity of soil foundation, stabilization using cement or calcium hydroxide, using
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Figure 14. The allowable bearing capacity map of the study zone.

the deep foundation, using hydro-isolation against the aggressivity properties of
groundwater, installation of a draining circuit and a Geomembrane, a reinforced con-
crete general raft in case of settlement or differential settlement, Injection of a rigid
polyurethane foam (PUR) in case of differential settlement.
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Figure 15. Validation of urban land suitability model based on area under curve (ROC-AUC).

6. Compare the results with the previous study

In the present study, the geo-statistical (GIS-MCDM-ANP-CRITIC) measure for
Urban Land Suitability analysis in Gabes zone (Tunisia) require the integration of
seven significant variables reflecting on topography, Soil, climate, landscape, land use,
and environment for the multi-criteria evaluation of the ULS. These include:
Flooding susceptibility, Lithology, Topography, Seismotectonic, Water table depth,
swelling potential of soils and the soils aggressively. This evaluation shows that the
used model for analyzing Urban Land Suitability of Gabes zone is acceptable (AUC=
78.4%). The Urban Land Suitability map highlighted that this zone is divided in four
areas depending on the risk potential and foundation suitability for residential areas.
Alam et al. 2023 have used a novel approach to elaborat site suitability models for
human settlement with the help of the AHP-CRITIC-MCDM method combined with
GIS. Twelve significant factors have selected in the multi-criteria evaluation (eleva-
tion, slope, precipitation, temperature, distance to road and river, groundwater, soil
texture, LULC, FVI, river shifting zone, and population density). The results of this
study shows the lower Ganga plains (India) is spatially quantified into five categories,
from unsuitable to high-suitable and the floods are considered main risk which affects
the region. In this study, the results obtained are validate by ROC curve, the ROC
values of the theoretical predicted model are high, show the perfection of the calcu-
lated model by MCDM-AHP- CRITIC method. The CRITIC is an objective weighting
model where factors weights are determined by the standard deviation of the criterion
and its correlation coefficients between all pairs of factors (Wei et al. 2020; Wu et al.
2020). The objective factor weights are more reliable than subjective factor weights
and considered with of the lack of decision-makers’ judgements (Wang et al. 2012).
In 2023, the research work realised by Sotiropoulou and Vavatsikos, to elaborated a
land use suitability mapping using PROMETHEE II and k Nearest Neighbor Machine
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Learning Models. The results can be used by spatial planners, investment developers
and decision makers to predict the the degree of suitability for future development
projects and can be combined with economic feasibility and environmental impact
assessment analyses to help decision-makers make comprehensive spatial decisions
for sustainable investments.

7. Conclusion

In the past few years, the researchers and the civil engineering experts have made a
lot of efforts in evaluating urban environment in order to ensure the adaptation of
the foundations to the characteristics of the sites. The geotechnical, geological, seis-
motectonic and hydrological risks assessment in the urban environment, may help in
construction buildings and other civil engineering structures, will adapt the founda-
tions of the structures to the geotechnical characteristics of the land, and subsequently
then will reduce the probability of loss of life and property.

The creation of a land use plan should take into account the contributions of
multidisciplinary scientists, the studies geological, geophysical, geo-environmental and
geotechnical carried and the conventional tools used. In the present study, the cre-
ation of an Urban Land Suitability map requires a multi-criteria evaluation of founda-
tion conditions of Urban Land Suitability investigation. Variety of methods has been
used to establish engineering-geological models. In recent time, with the development
of mathematical and statistical methods, some quantitative evaluation methods have
been introduced to Urban Land Suitability prototype, such as the ANP et CRITIC
methods. In this research, in order to determine the urban problem, a GIS-based
MCDM with seven parameters (Flooding susceptibility, Lithology, Topography,
Seismotectonic, Water table depth, swelling potential of soils and the soils aggres-
sively) were investigated. The combination of the MCDM-ANP-CRITIC- Combined
Weighting and Geographic Information System allows treating the spatial data and
calculating the rating and the weight of the relative importance of each class to each
conditional factor. An MCDM- ANP-CRITIC- Combined Weighting is a powerful
tool that has been proved useful in resolving complex problems. The analysis of the
Urban land suitability model has revealed the challenges and prospects of land use
analysis for urban extension in Gabes region.

The Urban Land Suitability map highlighted that this region is divided in four
areas depending on the risk potential and foundation suitability for residential areas.
For this particular case study, it is the first time to proceed to the identification of
current land use situations in the Gabes area using a GIS, combined with a multi-cri-
teria decision analysis approach for the existing conditions analysis by integrating
seven factors of geo-socio-economic influences. Consequently, the spatial multicriteria
evaluation of land use planning conditions presented in this research is advantageous.
It allows relatively savings in the process of building foundations, in a simple, rela-
tively fast and progressive way of evaluation data manipulation, rapid data updating
and the possibility of producing various new scenarios for the areas of land use. The
results obtained in this research provided valuable information and presented an opti-
mal base for the urban extension for planners, policy and decision makers,
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municipalities and for individual builders. It allows preventing potential damages due
to natural conditions underestimation. In order to improve the accuracy and the reli-
ability of case study, a geophysical study is strongly recommended.

Finally, the process of evaluating Urban Land Suitability conditions using
SMCDM-ANP-CRITIC- Combined Weighting can be used in general in any territory
while respecting the particularities of each zone (climatic, hydrological, geological,
geotechnical). The drawback of the methodology presented in this manuscript require
geological and geotechnical investigations as well as a big database.

The goal of the present research is to use a novel approach such as the geostatisti-
cal modeling (GIS- MCDM-ANP-CRITIC) to assess the Land Suitability Urban area
in Gabes region, to achieve adequate and sustainable development. Urban land suit-
ability analysis and assessment is a decision process that allows effective land use
planning and management. The present study took different physical, socio-economic
variables that have had an impact on Urban Land. Seven parameters (Flooding sus-
ceptibility, Lithology, Topography, Seismotectonic, Water table depth, swelling poten-
tial of soils and the soils aggressively) were investigated. Authentication of the
outcome obtained using training data and validation datasets showed that the success
rate of the GIS-MCDM-ANP-CRTIC model is 87,4% (AUC > 0.7) shows that the
used model for analyzing Urban Land Suitability of Gabes zone is acceptable. The
Urban Land Suitability map highlighted that this region is divided in four areas
depending on the risk potential and foundation suitability for residential areas.

The Gabes cities are demarcated as the area having very low adequation for urban
land planning. For this particular case study, it is the first time to proceed to the
identification of current land use situations in the Gabes area using a GIS, combined
with a multi-criteria decision analysis approach for the existing conditions analysis.

The results obtained in this research provided valuable information and presented
an optimal base for the urban extension for planners, policy and decision makers,
municipalities and for individual builders. It allows preventing potential damages due
to natural conditions underestimation. In order to improve the accuracy and the reli-
ability of case study, a geophysical study is strongly recommended.

Finally, the process of evaluating Urban Land Suitability conditions using
SMCDM-ANP-CRITIC- Combined Weighting can be used in general in any territory
while respecting the particularities of each zone (climatic, hydrological, geological,
geotechnical).
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