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Abstract

Improving the accessibility to archaeological sites in a desert is a crucial issue; it enhances
the landscape value and helps in achieving sustainable tourism development. El-Fayoum
Oasis and Governorate in Egypt, has a unique heterogenic environment that encom-
passes desert, lakes, agriculture lands, and urban areas. It is quite rich in historical herit-
age reflected by abundant archaeological and cultural sites, many of which fall in desert
zones. A main constraint is the poor or lack of accessibility to such sites. In this study, we
designed a geospatial model for planning a sustainable least cost tourist route (path) to link
and develop three archaeological sites namely; Madinet Madi, Watfa city and Ummal-Bari-
jat ruins. Spatial multicriteria decision analysis was integrated with the analytical hierarchy
process (AHP) and the least cost path modules. Three cost criteria themes were created
associated with economic, social and environmental costs. A cost surface and a least-cost
path were created for each criterion and for each theme. The themes were combined using
weighted linear combination to create four least cost scenarios for the path. Five preference
criteria were used to compare the four route scenarios. Results show that the environmental
scenario scored first scoring 0.69 while the economy path scores second 0.42, the equal
weights path scores third 0.40 and finally the social path comes to be the last having a
preference score 0.36. The method is flexible because priority can be changed and adapted
according to specifications and site variances. It can be helpful for decision makers and
planners in planning routes based on visual maps and priority visions.
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1 Introduction

The development of a new tourist road in a desert may greatly influence its economic, envi-
ronmental and social developments. Landscape value (especially in desert areas) can be
significantly raised by a tourist corridor located in proximity to cultural and recreational
sites. In traditional design, perception of a desert road may falsely appear to be a simple
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issue. This perception generally focuses on the abundant vacant lands, lack of land obsta-
cles, mild slopes, clear information about geology. Yet, taking the environmental, social
and economic considerations more depth could be added to the route selection issue. This
need can be efficiently satisfied by spatial analysis and least-cost path models LCP. Spatial
LCP models are based on cost surfaces. The challenge is to model a path from such surface
to link an origin point to a destination point creating a least cost path. GIS-based least cost
path models can produce a number of options and alternative solutions (paths) based on
decision makers’ preferences (Song et al., 2021). Whereas such cost maps and alternatives
are usually lacking during the traditional road design that does not utilize GIS techniques.

1.1 Review of previous studies

A review of the previous studies showed that modeling past routes or networks (of any time
period) between sites is perhaps the most common archaeological LCA utilization (Her-
zog, 2013a), there are many potential and often creative applications. Most LCP studies
cover the prediction of old routes in historical eras. Some authors (Abou Diwan and Dou-
mit, 2017) conclude that the results of validated modeled path remains hypothetical as long
as the archaeological evidence of such road remains lacking. A least cost path (LCP) is the
theoretical, most efficient route between two locations across a landscape, with respect to a
specified expense. As early as the 1970s, GIS has played a role in archaeological research.
(Schild, 2016). While LCP has been prevalent in social sciences for some time, the applica-
tion to archaeology is relatively new (and has considerably increased within the past two
decades (Herzog, 2013a, 2013b). Most previous studies emphasized on modeling move-
ment across historical landscapes.

Lewis (2017) used LCPs technique, to examine the suitability of using LCP analy-
sis to predict the location of Roman roads in two distinct zones of Roman Britain. The
researcher concluded that the social features of the study area should be well known and
able to be incorporated within an LCP calculation. Also higher resolution DEMs, gener-
ates more accurate LCPs, and that the paleoenvironmental data has to be available to con-
duct a LCP analysis for prediction of ancient historical roads. Abou Diwan and Doumit
(2017) conducted a case study to find the least cost path for the ancient road joining the
colony of Berytus to its territorial possessions in the northern Bekaa which included the
town of Heliopolis Baalbak in Lebanon. This case study aims to find the least cost path for
the road between both cities based on slope dependent functions using GIS technologies.
The authors conclude that the validated modeled path remains hypothetical as long as the
archaeological evidence of such road remains lacking. Schild (2016) conducted a study to
utilize a least cost analysis across the Amanus Mountains to map potential routes of these
merchants. The study generated individual least-cost paths for seven sets of points. The
modeled paths illuminated several passes across the mountains that were possibly utilized
in Bronze Age merchant travel.

Bagli et al. (2011) studied the most suitable route for a 132 kV power line as part of an
environmental impact assessment process, where possible alternatives routes were to be
discussed and compared. An evaluation matrix was built that included the performance
scores of each path with respect to each of the comparison criteria. Comparing the four
routes, using additional criteria, the study found that small changes in the location of the
power line start and end points can result in significantly different paths, and consequently
on the levels of impacts. The researchers suggested that planners should always consider
alternative potential locations of terminals paths in order to identify the best.
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Despite the few applications that utilized LCP in tourism route design, the least-cost
path models (LCP) have been extensively employed to promote sustainable planning and
suitable design of various types of linear infrastructure. Such studies covered most applica-
tions of linear infrastructures. LCP applications have been studied by Seifrieda and Gard-
nerb (2019), Effat and Hassan (2013), Abdel Aziz (2013), Howey (2011), Atkinson et al.
(2005), Berry (2004), van Leusen (2002), Collischonn and Pilar (2000), Douglas (1994),
Lee and Stucky (1998) and many others. In general, highway planning has some strug-
gles between environmental and economic perspectives. Singh & Singh (2017) conducted
a study that combines GIS with MCDA to design the best path alignment between two sites
at Allahabad City in India. Three levels of analyses, as criteria map, surface cost, and least-
cost path, were performed. Many alternate paths can be designed using the multicriteria
decision analysis (Bagli et al., 2011; Effat and Hassan, 2013, Wahdan et al., 2019).

The analytic hierarchy process (AHP) is a pairwise comparison measurement theory
that bases priority scales on the opinions of experts. It is a well-developed method for
assigning relative weights for criteria and provides scales that measure intangibles in rela-
tive terms. The factor weights are computed using a pairwise comparison matrix. The fol-
lowing steps are included in the method: The first step is to add up the values in each
column. The second is to divide each element in the matrix by the sum of its respective
columns. The third step is to average the elements in the rows of the normalized matrix and
divide the total by the number of components. The consistency ratio should be less than
0.10, and these averages give an indication of the relative weights of the various elements
(Jiang 2009; Janda & Tan, 2017). Deriving weights from the pairwise comparison matrix
has been studied by numerous researchers (Saaty, 1980, 1990, 2008; Brazili, 1997, Alonso
and Lamata 2006, Leung & Cao, 2000, Vaidya & Kumar, 2006).

The least-cost path algorithm (LCPA) enables users to determine the "cheapest” route
connecting two points over a cost or friction surface. A raster map is used to illustrate the
cost surface, and each cell has a cost assigned to it that indicates how "expensive" it is to
pass over that cell. A line that connects a starting point with a destination can be found
using LCPA by creating an accumulated cost surface (Douglas, 1994). The cumulative cost
of each cell from the beginning point is calculated to create the accumulated cost surface
from the cost surface. Taking into account all factors influencing the routing of the linear
infrastructure and combining them through a multicriteria evaluation, the cost surface can
be determined. (Atkinson et al., 2005; Bagli et al., 2011). Finding a minimum cost path
over a surface divided into areas of varying movement resistances involves a number of
fundamental processes (Atkinson et al., 2005; Collischonn & Pilar, 2000; Douglas, 1994):
(1) Each assessment criterion results in the creation of a friction surface, where each grid
cell is given a value based on the relative cost of passing through that cell. (2) To represent
the entire cost of visiting each cell, a cost surface is made by weighting and combining
several friction surfaces. (3) To calculate an accumulated cost surface, a spreading function
joins the cost surface grid with two additional grids that represent source points and desti-
nation points. The raster of cost distance defines, at each cell, the least overall cost distance
over a cost surface to the defined source site which may be a cell or a set of cells, feature(s)
or location(s). A back link raster identifies the direction to the following neighboring cell
among least cumulative cost path from a certain cell to reach its least-cost source (Esri Arc-
GIS 10.5 help). The least-cost path between any destination point and the pre-defined start-
ing point is found by moving backwards from the destination point over the accumulated
cost surface, step by step, choosing cells at decreasing value (Singh & Sing, 2017; Yakan
& Celik, 2014; Bagli et al., 2011; Lee & Stucky, 1998). (4) The accumulated-cost surface
is traced from a departure point to a destination, finding the lowest cost line (path). A cost
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surface can be computed through accounting different parameters, such as environmental
impacts, and economic investments, social, political impacts, etc. For all factors taken into
consideration, the final path is deemed ideal (Atkinson et al., 2005; Lee & Stucky, 1998.
This process can be simply employed using the technologies of geographical information
system (GIS).

A survey of literature showed a gap in the research applications of LCP route selection
for improving accessibility in desert tourism. Reviving, linking isolated archaeology sites
and improving accessibility to such sites by designing route networks (especially in desert
regions) are quite few. It is a main objective for the current study to contribute in such an
issue.

1.2 The Need for LCP in El-Fayoum desert

Egypt contains a number of untapped tourist and archaeological destinations. El Fayoum
Governorate, is chosen for the case study, for it is endowed with rich natural and cultural
heritage providing high potentials for both eco and cultural tourism. However, most of its
unique potentials have not yet contributed in its economy (Ramzy, 2017). One constraint
is accessibility to such locations. Accessibility to remote desert heritage and cultural sites
is a key factor for achieving sustainable tourism development. It is an aim of the cur-
rent research to propose a least-cost path to link and provide accessibility between three
archaeological sites in El-Fayoum desert zones. The first site is Madinet Madi, one of El
Fayoum’s most impressive monuments and a temple from the Middle Kingdom with enor-
mous cultural significance. The second site is Watfa city ruins which are the remnants of
the Romanian-Greek era; the third site is Ummal-Barijat ruins, a large temple of the god
Sobek from the beginning of the Ptolemaic period. The three sites are located in the desert,
in the vicinity of the cultivated lands and in proximity to the lakes thus they provide a great
opportunity for developing cultural and eco-tourism zones. Since the study is conducted on
a desert zone, the proposed LCP is supposed to provide accessibility and to be a base for
eco and cultural tourism development and for supplying the region with the needed infra-
structures and services. Another objective of the current study is to use geospatial models
in creating a flexible model for planning a LCP route. The model can be helpful for deci-
sion makers and planners in planning routes based on visual maps and priority scenarios. It
is worth to mention that the whole Governorate would benefit from developing a new tour-
ist corridor, as it can provide jobs and income to the population who work mostly in land
cultivation. Yet, such issue was not within our objectives, as it needs extensive data which
was not available to the current study.

2 Description of study area

The Western desert’s El-Fayoum Governorate is located in a depression. Arable areas,
lakes, natural preserves, villages, sand dunes, and desert all make up its distinctive land-
scape. The study area is located between latitudes of 29°N and 29.5°N; longitudes of
30.15° E and 30.50° E. It covers an area of about 1483 km?2. The land-cover encom-
passes sand dunes, nature reserves, such as Lake Wadi Al-Rayan, part of Lake Qaroun
and archaeological sites. In 2005, the UNESCO designated Whale Valley, also known as
"Wadi El Hitan," as a World Heritage Site (Eraqi, 2007). Three historical sites namely
Ummal-Barijat monuments, Madi City Temple monuments, and watfa City monuments
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in El-Fayoum Governorate exist in the study area and provide potentials for the planning
and development future tourism in the region.

Watfa city ruins are the remnants of the Romanian-Greek era surrounded by a trac
dedicated to conducting and performing exercises, as well as a place that was used per-
haps as a swimming pool, indicating that there may have been an Olympic village on
this site. Located 30 km south-west of Fayoum is Ummal-Barijat ruins were found on a
large temple of the god Sobek from the beginning of the Ptolemaic period. It was found
in a large number of Greek and Demotic papyri, First century AD. The remains of the
temple and the city of Umm al-Buraijat, the Roman ruins, have recently been unearthed
in the remains of its ancient temple (Ayoub and Tawab 2017). Madi city or Narmuthis
(Latin name) is an ancient city in the southwest of Fayoum Governorate. It contains the
ruins of temples built by the Pharonic kings Amenemhat III and Amenemhat IV from
the Twelfth Dynasty dedicated to the goddess Subak (crocodile) and Rennot (snake).
Additions in the Roman era were added, where it placed statues of lions with human
heads, and is the largest temple of the rest of the central state in Egypt. The idea of
linking the three sites through a tourist desert path would revive and accelerate tourism
activities in such locations such as local Bedwian oriental handicrafts and tourism ser-
vices. Such idea is the objective of the current study. The study area location along with
its main land-cover features is shown in Fig. 1.

3 Methodology
3.1 Data sets and pre-processing

(1) Acquired in February 2000 by the Shuttle Radar Topography Mission (SRTM). With a
sampling of 1 arc-second, or roughly 30 m (98 feet), the latest data, which were published
in 2014, show the entire resolution of the initial measurements. The data was freely down-
loaded USGS EROS data center (https://www.usgs.gov/centers/eros). (2) Free downloads
of two multispectral Landsat 8 images covering the entire El-Fayoum Government region
in August 2021 are available at http://glovis.usgs.gov. There are two scenes that make up
the study area: 177-39 and 177-40. Each scene was individually subjected to radiometric
calibration and atmospheric correction, and a mosaic was produced before being cropped
to alter the size of the research region. To create a map of land use and cover, supervised
classification was used with the Maximum Likelihood Classifier. Field validation visits
were elaborated to confirm the accuracy of classification. Accuracy assessment was car-
ried out using 310 field validation points located within the whole Governorate classified
image. The overall accuracy obtained was 85.9%. (3) The paths layers were obtained in a
shapefile format from the Governorate of El-Fayoum. (4) Digital faults and classifications
of rocks were drawn using the 1987 geological map scale 1:500,000 (CONOCO Coral)
(EGPC, 1987). (5) The Egyptian Environmental Affairs Authority (EEAA) provided the
map of the natural protectorates as part of a 1998 report. A feature class was created by
reproducing, and correcting, and digitizing this analogue map. 6) The General Organiza-
tion for Physical Planning (GOPP, 2007) provided the archaeological sites layer, which was
used to map the archaeological sites. Data layers were imported into the geographic data-
base and projected to the zone 36N of the Universal Transverse Marketer (UTM) projec-
tion. 100 m was utilized as the cell size for the raster layers format.
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Fig.1 a Location of El-Fayoum Governorate and the three archeological sites b Madinet Madi archaeo-
logical site (Madinet Madi Archaeology Site, 2013) Source: https:/fayoumegypt.com/medinet-madi-narmo
uthis/

3.2 Methods

Spatial multicriteria analysis SMCA and least-cost path LCP were combined to generate
model a least cost path, to create scenarios for the path based on cost themes, to identify
and compare such alternative paths. First, three cost criteria themes were defied. Second,
Criteria were standardized and assigned weights using the AHP. Third, Spatial multicri-
teria analysis was conducted to produce a cost surface reflecting such criteria in a theme.
This was done for each criterion in the three themes; the Environmental, the Economic
and the Social theme. Aggregation of the standardized weighted criteria in each theme was
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done to create a cost surface for such theme. Fourth, an analysis of least-cost path (LCPA)
was done to find the “cheapest” paths to link the three archaeological sites (two at a time)
within a cost surface. An origin and destination point (archeology sites) was input and the
accumulated cost surface for each of the three themes was modeled. Subsequently, a least
cost path was modeled linking the archeological sites in each theme. Finally, a MCE was
used to compare the alternatives, and rank them according to their overall suitability.

Following is a detailed description of the LCP applied method modified after (Seifried
abd Gardner 2019): LCP is analyzed using ArcGIS (ESRI, 2004). The comparison of alter-
native was conducted using definite software.

3.2.1 Modeling the least cost path for linking the three archaeological sites

Step 1: Defining the Themes and the related Cost Criteria sets: Three themes and their
related cost criteria were defined to model the least cost paths. Such themes are associated
with economic, social and environmental costs, such themes are depicted in Table 1 and
Fig. 2.

Step 2: Define and a create cost raster surface for each criterion in each theme: A cost
surface (friction) was created for each single evaluation cost criterion, where each cell in
the grid is assigned a value based on a relative cost of traversing that cell. Using the origin
and destination points, the least cost path was also created for each criterion (Fig. 2).

Step 3: Calculate a least-cost path for each criterion in each theme: The least cost (path)
is traced down the accumulated cost-surface from an origin point representing each of the
three archaeological sites. This step was done for Um El-Brijat (origin) to Madi for destina-
tion and from Madi (origin) to Watfa (destination).

Step 4: Calculate an accumulated cost surface and backlink raster: The accumulated
cost surface was calculated by combining all criteria in each of the three themes.

Step 5: Calculate a combined least-cost corridor for each theme: The pairwise compari-
son matrix (Saaty 2000; Sadasivuni et al., 2009) was used to calculate the weights of the
cost surfaces of the standardized criteria within a theme. A weighted linear combination
function was used to combine the criteria in such theme. The step was repeated to create
the social, economic and environmental themes. As a result, a least-cost path was gener-
ated for each theme.

Step 6: Creating the LCP Scenarios.

The three themes were combined to create priority scenarios for the path. Maximizing
the weight for the social theme produced LCP for the social vision. This was repeated for
the economic and environmental themes, in addition to the equal weight theme resulting in
four alternatives (scenarios) for the path. The values were assigned using the direct weights
for each scenario.

To create the Environmental scenario, we assigned a weight of 0.70 to the Environmen-
tal theme, 0.20 to the Economic theme and 0.1 to the Social theme. For creating the Econ-
omy scenario, we assigned 0.70 to the Economy theme, 0.20 to the Environmental theme
and 0.10 to the Social theme. For the Social scenario, a value of 0.70 was assigned to the
Social theme, 0.20 to the Economic theme and 0.10 to the Environmental theme.

Step 7: Comparing the LCP Scenarios and selection of the most optimum route

The four alternative paths were compared based on the path length, length of path sec-
tor passing through protectorate and sand dunes. The comparison and ranking of the paths
were conducted by using a set of additional criteria. Criteria included was the length of the
paths, the length of the path sector crossing sand dunes and the length of the path sector

@ Springer



H. A. Effat et al.

(L102
€ 19 Ye[[BJRI(]) "SAJIAIS pue AJ[IQISSAIIE 10J IS0 MO] PAIIPISUOD SI JI0MIOU peOI JUNSIX 0) AJIWIX0I]

901AI0S pue AJI[nn peol Surpraold I0J S0 MO[ PAIAPISUOD B SBaIe UeqIn 0} AJIUIX0I

(€107 ‘Z1ze[opqy)
*peOI Ay} 0] JBAIY) JUSWYOROIOUD JUNP JO 9SNBIAQ IS0 YTIY PAISPISU0D SI saunp pues y3noay) Suissed

PeOI 9y} JO 2INJEU-ONSLINO] Y} 0) NP JSOJ MO[ B PAIAPISUOD ST B[ Y} 0} AJTWIX0I
(€10€ ‘z1ze[opqy)
*JUSWIUOIIAUD [BINI Y} JO SOUBQINISIP YY) 0} NP 100 YSIY B PAISPISUOD ST pue| pajeAn[nd ysnoiy) Sursseq

(L102T
& 32 Ye[[eJRI() "1S00 YSIY B PAIOPISUOD SI pUB 0URQINISIP [BIUSWIUOIIAUD 9sned Aewl SWeans o) AJurxold

SISLINO} 0} UOTIORINIE UR ST 9Je10)0dj01d
9y} pue peoI dY) JO INJEU [EIN)[NI-O1ISLINO) Y} 0} NP JSOI MO[ B PAIPISUOD ST )e10309)01d yons urssor)

(€10T ‘uessey pue 1eyy)
*SONTEA OTWIOUO0? YSTY SBY YIIYM SPUB] d[qeIe JO SSOJ anp 109 YSTY B ST SPue| pAjeAn[nd ysno1y) Juisseq

SJUSWIIEAI} PUB UOHBZI[IQE)S SUNP PAdU ABUI 3SAY) SB JS00 YSIY B PISPISUOD ST saunp pues JuIssor)
(6102 “T& 32 uepyeAy) 100 YSIY B PAISPISUOD ST WEans & Jurssor)

(£10T ‘Z1Ze[opqy) "SISO [[J PUE INd 0} anp 3500 YSIY PIIapISUOd I8 Seare ANO0Y

(L10T “Te 12 Ye[ejor() seSpriq Io s[ouun) paou Aew £oy) Sk JS00 YSIY I8 SUOT)OASIONUI Peoy

(L00T “aerreul(q) 1509
Sur[eA9] punoi3 pue uononnsuod-a1d axow a1mbar sadoys doa)s se 1500 Y31y paropisuod are sadoys doayg

speoy Sunsixyg
seaIy ueqin) [e100§

saun( pues
saye]

pue[ pajeAnny
SIoMmIoU Weans
Q)BI0)09)01 [BINIEN [IUSWUOIIAUL

osn pue|
saunp pues 3uIssor)
sweans Surssor)
adA7, yooy

speoy Surssor)

adors JIOU09Y

150D

UOLINID QATIRUION Y

SO[NI SISOO PUE BLINLI) | 3|qeL

pringer

Qs



Geospatial modeling for planning an optimum and least-cost...

Nowar | [™s==)  Standardized & Weighting (AHP)
Protectorate
4
Land we
Calculate Weights Standardization to
Ervironmental Stream
(Pairwise matrix) cost scale (1:9)
Lakes
3
Sand Dunes Combine Maps (Weighted Overlay)
for each theme
Rock Type '
I & ! 1
i Slope
Envir t Ec y Social
= 3
Pieter Cost Map for each theme
Urban Areas 3
iz, < Existing _ —» Cost Distance Function
Roads
1
Cost Distance Cost Backlink
1
5 Cost Path Function
|
Cost Path for each theme and
alternative
I I 4 1 1
Envir tal Ec Social Equal
I
Raster to Polyline Function
3
Least Cost Path
1

Comparison and ranking of the routes

Fig.2 Flowchart for the applied methodology

crossing the natural protectorate. Proximity to sand dunes, cultivated land and proximity to
lakes. The result of ranking the three scenario paths was calculated using DEFINITE soft-
ware (Janssen et al., 2001). A standardized effects table was created for comparing the four
alternative paths. A spatial benefit is defined as a criterion.

4 Results and discussion

Tables 2, 3 and 4 depict the results of the standardization process of the criteria attrib-
utes into a cost value scale that range from 1 to 9 the higher the value, the higher the
cost. The criteria and cost rating in the Social theme are depicted in (Table 2). The dis-
tance to urban areas, a distance less than 0.3 km was considered a high cost due to noise
nuisance. Proximity to the road network was another factor, it is considered a favor for
the new path to be close to roads, therefore, a distance more than 3 km or more was
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Table 2 Standardization of

Social theme criteria and Alternative  Criteria Attribute category Cost value
attributes to cost values Social Urban areas (km) 0-0.1 9
0.1-0.2 6
0.2-0.3 3
>0.3 1
Distance to Roads 0-1 6
(km) (Diefallah et al., 1_3 1
2017) >3 9

Table 3 Standardization of Environmental theme criteria and attributes to cost values

Alternative Criteria Attribute category Cost value

Environmental Distance to Cultivated land (km)  0-0.1
(Abdelaziz, 2013) 0.1-0.2
0.2-0.3
>0.3
Distance to Streams (km) (Diefal- 0-1
lah, et al. 2017) 1-2
2-3
>3
Distance to lakes (km) 0-1
1-2
2-3
>3
Distance to sand dunes 0-0.1
0.1-0.2
0.2-0.3
>0.3
Protected area Inside core area
Inside protectorate
Inside proposed area
Outside

O QN W = = LW A O ONW = O = WA O —~ WA O

considered a high cost and vice versa. The criteria within the Environmental theme are
depicted in (Table 3). The path should not pass by cultivated land, therefore, a distance
of 0.3 km from the path or more was considered the least cost value. Same distance was
considered for the sand dunes as the road should not pass through sand dunes. A buffer
zone was (considered a high cost) after which the proximity to sand dune is consid-
ered a least cost. The lakes was considered a high cost within a distance of one kilom-
eter (protective buffer zone favorable for pedestrian and tourism commercial activities).
After the buffer, a least cost distance is between 1 and 2 km is considered a least cost
(benefit) distance. The distance from stream is considered highest within a buffer of one
kilometers and decreases till it reaches the least cost value at distance of 3 km and more.
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Table 4 Standardization of Economy theme criteria and attributes to cost values

Alternative theme Criteria Attribute category Cost value

Economy Slope (Djenaliev, 2007) 0-3
3-5
5-8
8-10
10-15
15-18
18-20
20-24
>25
Land-use (Effat and Hassan, 2013) Water
Urban
Agriculture
Desert
Stream network (Adel Karim 2013) Stream
No streams
Existing roads (Diefallah et al., 2017) Roads
No roads
Rock Type (Abdelaziz, 2013) Lake
Agriculture
Shale
Clay
Marl
Gypsum
Lime Stone
Pebbles
Sand Sheets
Sand Stone
Natural Protectorates Wadi El-Rayan
Protectorate under study

_ O = N W R N NN RO = O = O = WO O O 00NN R W -

Non-protectorate

Passing inside the core of the protectorate is considered a least cost (benefit). The path
being a tourist path can promote tourism activities inside the protectorate, such as res-
taurants and bazaars.

Criteria and cost rating within the Economy theme are depicted in Table 4. Slope angles
more than 25 degrees are considered a high cost. For land-use criteria, the cost of passing
through water was rated the highest, while desert zones were the lowest. Intersections or
passing through streams and paths were considered a high cost and vice versa. The rock
type criteria were ranked highest for lakes and cultivated lands, while sand stone and sand
sheets were assigned a least cost. Results of the current study revealed several intermediate
sub-model results. Creating a cost surface for each individual criterion in the three themes
and finding the least cost path for such criterion is depicted in Fig. 3 for Economy theme,
Fig. 4 for Environmental theme and Fig. 5 for Social theme. The LCP for passing through
or cutting the least possible streams is depicted in Fig. 3a, LCP avoiding the cultivated
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Fig.3 LCP paths created from cost (friction) surface for each criterion in Economy theme

land (Fig. 3b), LCP passing through Marl and sand (Fig. 3c). Figure 3d depicts the LCP
passing through protected zones which is considered a low cost because having a new path
develops the tourism activities in the protected zones. The LCP for slope angles and paths
are depicted in Figs. 3.e and 3.f consecutively. The result of the weight calculations using
pairwise matrix are depicted in Tables 5a, 5b and 5¢

Criteria and cost rating within the Economy theme are depicted in Table 4. Slope angles
more than 25 degrees are considered a high cost. For land-use criteria, the cost of passing
through water was rated the highest, while desert zones were the lowest. Intersections or
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Table 5a AHP Pairwise comparison matrix: Economy theme

Economy theme

FACTORS Slope Landuse Rocktype Natural Stream  Existing Roads ~ Weight
Protector-
ate
Slope 1.00 033 1.00 0.33 3.00 3.00 14.4%
Land use 3.00 1.00 3.00 1.00 3.00 3.00 28.7%
Rock type 1.00 033 1.00 0.33 3.00 2.00 13.2%
Natural Protectorate ~ 3.00 1.00 3.00 1.00 3.00 3.00 28.7%
Stream 0.33 0.33 0.33 0.33 1.00 2.00 8.2%
Existing Roads 0.33 0.33 0.50 0.33 0.50 1.00 6.7%
100

Table 5b  AHP Pairwise comparison matrix: Environmental theme

Environmental theme

Factors Dist. to lakes Dist. to Dist. to Streams Dist. to Weight%
agriculture Sand dunes
Distance to lakes 1.00 4.00 3.00 2.00 46.6
Distance to streams 0.25 1.00 0.50 0.33 9.6
Sand Dunes Dist 0.33 2.00 1.00 0.50 16.1
Distance to agriculture land 0.50 3.00 2.00 1.00 27.7
100

Table 5¢ AHP Pairwise

. . . Social theme
comparison matrix: Social theme

Factors Dist. to Urban Dist. to Road Weight%

Distance to urban 1.00 2.00 66.70

Distance to roads 0.50 1.00 33.30
100.00

passing through streams and paths were considered a high cost and vice versa. The rock
type criteria were ranked highest for lakes and cultivated lands, while sand stone and sand
sheets were assigned a least cost. Results of the current study revealed several intermediate
sub-model results. Creating a cost surface for each individual criterion in the three themes
and finding the least cost path for such criterion is depicted in Fig. 3

Figure 4 depicts the LCP paths generated for each criterion in Environmental theme.
Figure 4a the LCP for proximity to agriculture land where the optimum path (least cost)
should avoid passing agriculture land, yet passes in its proximity (Fig. 4a). Cost distance to
streams (Fig. 4b) depicts the least surface and path avoiding streams within a buffer zone
of one kilometer. Cost distance to protectorates (Fig. 4c) points out the least cost path to be
passing in proximity to the lake and passing through the protected area. A protection lake’s
buffer of one kilometer is supposed to be preserved for pedestrian activities and amenities.
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Proximity to the lake’s buffer is considered a least cost due to the nature of the road being
a tourist service road. Figure 4d depicts the least cost surface and path for the road to avoid
passing through a sand dune body.

Figure 5 depicts the cost surface and LCP paths generated by modeling LCP for each
criterion in Social theme. Figure 5a shows the cost of passing in proximity to the urban
areas considering a distance of 300 m or more as the least cost to avoid nuisance. Fig-
ure 5b depicts the cost surface and least cost path for proximity to the existing paths. A
distance of 300 m was considered a least cost while a distance more than 3 km or more
was considered a high cost. Result of criteria overlay for creating the three (combined)
themes is depicted in Fig. 6. Results of the four visions created by prioritizing the themes
are depicted in (Figs. 7-8). Such visions (scenarios) resulted by changing priority weights
to the three themes. In the Economy vision (Fig. 7a) the path pursues the least economic
costs. In Fig. 7b, the path peruses the least environmental cost and passes in proximity to
the lake. In Fig. 7c, the path pursues the least cost for social criteria and approaches the
urban areas. In Fig. 7d, the path depicts the least cost for the equal weights scenario. The
four paths avoid passing through the cultivated lands.

A simple bar graph (Fig. 9) is used to visually represent the outcome of the multicriteria
evaluation utilizing the effect table and derived weights (Fig. 9). All options are listed on
the X-axis, while the ranking value is listed on the Y-axis. The length of the bar indicates
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Fig.7 The four visions a Economy theme b Environmental theme, ¢ Social theme, d Equal weight vision

how preferred the choice is. Better options equate to higher bars. Following is an explana-
tion of how the ranking for each cost criterion was analyzed:

In order to create the four scenarios or visions for the modeled routes, we exaggerated
the importance of each theme. Weights can be set by direct assessment, we assumed that
the direct weight assignment method would provide a set of weights with maximum prefer-
ence value to a specific theme. A set of weight was proposed by the expert panel. The set of
weight we used aimed to assign a high preference to each scenario; for the Environmental
scenario: The environment theme was assigned 70%, the economy 20% and the social 10%.
For the Economy scenario, the economy theme, was assigned a 70% importance, the envi-
ronment theme 20% and the social theme 10%. For the social scenario, the social theme
was assigned 70%, the economic theme 20% and the social theme 10%. For the equal
weight theme all themes were assigned 33%. We realize that the possibilities of changing
the weights are endless and the direct weight assignment method may be subjective, yet,
our point of view was to try a simple, fast and a most comprehensive method for a decision
maker. We tried to get a biased result for each scenario.

To compare the four modeled path scenarios (visions) we used an effect table in DEFI-
NITE software (Singh & Sing, 2017; Yakan & Celik, 2014). The comparison was based on a
set of five criteria: “Passing through sand dunes"; "passing through protectorates"”, "proximity
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Fig. 8 An overlay of the four least-cost paths results of the four alternative routes (scenarios)

to cultivated land", proximity to lakes and "route length". Table 6 depicts the comparison cri-
teria results and Fig. 9 depicts the result of the comparison graphically. It is observed from
Fig. 9 that the graphical presentation of all the criteria was sufficient in this case to rank the
alternative four paths vision.

Prioritizing the weight for the cost criteria ‘‘Passing through sand dunes’’, the Environmen-
tal scenario path scores 0.71 and ranks first. Prioritizing the weight for the cost criteria ‘‘Route
Length’’, the Economy and Social scenario paths score the best. Prioritizing the weight of
the criteria "cost of crossing a protected area’’ the environmental path scores best (1.0). The
Equal-weights path ranks second with score (0.75), both the Social and Economy paths score
(0.72) meaning an equal preference. Prioritizing the criteria “Proximity to cultivated land”, the
Social path scores first with a score of (1.0), followed by the equal path option scoring (0.97),
the Economy path comes third (0.56) while the Environmental path comes last (0.21). A mul-
ticriteria evaluation resulted in ranking the Environmental path as first (0.69). "Proximity to
lakes", the Environmental path ranks first (1.0) while the Economic path comes in the second
position (0.43). For the overall cumulative effect, the Environmental path ranks first choice
while the Economy path ranks second (0.42), the Equal path ranks third (0.40) and finally,
the Social path ranks last scoring (0.36). The shortest path is the Equal weights scenario path
53,324 m followed by the Environmental path 53,654 m.
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Fig.9 comparison results of MCE a Testing the weights of the evaluation criteria on ranking of the three
route alternatives. b Result of ranking of the three alternative routes using DEFINITE software

Table 6 Criteria for comparison and ranking of the four scenarios for the three LCP routes

Attribute MCDA

Economy Environmental Social Equal
Passing Through Sand dunes (m) 23,407 6,847 23,407 15,884
Passing Through Protectorates (m) 11,005 15,192 11,005 11,333
Proximity to cultivated lands (m) 4,156 1,516 7,393 7,168
Proximity to lakes (m) 3,866 9,015 0 0
Route Length 54,475 53,654 54,475 53,324

@ Springer



Geospatial modeling for planning an optimum and least-cost...

5 Conclusion

A study conducted by De Lima et al. (2016) to choose transmission line routing indi-
cated that the classical approaches based on paper maps, aerial photographs and field
visits can generate inconsistent results. They explained that it is a costly process being
a time consuming and requires intensive labor. A study by Bagli et al., (2011) indicates
that different route alternatives have to be compared in order to arrive to avoid negative
impacts, and to choose the most appropriate path. The authors agree that the evaluation
of different visions is useful to adapt the decision and solve any problem in different
contexts. Both studies also agree that the use of geospatial models is crucial to route
planning, comparison of alternatives and in environmental impact assessment. Although
the current research proposes a tourism route to improve access ability to heritage sites
in a desert. It experimented a combined method using geographic information systems
(GIS), multi-criteria assessment (MCA) and analytical hierarchy process (AHP) to gen-
erate time and cost savings solution of four alternatives. Such alternatives can be a shed-
ding light for the planning and environmental impact assessment decisions.
We therefore conclude:

(1) The aim of the current study is to apply geospatial methods to provide accessibility
and to link three archaeological sites in El-Fayoum a desert zone. The first site is
Madinet Madi, a temple from Middle Kingdom. The second site is Watfa city ruins of
the Romanian-Greek era and the third site is Ummal-Barijat ruins temple of the god
Sobek from the beginning of the Ptolemaic period. The proposed route is assumed to
revitalize the region by providing a base for cultural tourism and researches. It would
trigger tourism development and supplying the region with the needed infrastructures
and services.

(2) This research methodology examined the generation of various accumulated cost sur-
faces and least-cost models outputs. Multi-criteria evaluation and analytic hierarchy
process (AHP) were used to create and compare the four route scenarios (alternatives);
the social, environmental, economic and equal weights. Results of comparison revealed
that the environmental scenario route being the least cost and the most optimum path.

(3) It can be concluded that GIS, AHP and LCP models are time and cost saving decision
support tools. Such tools, if embedded in the early stages of physical planning can pro-
vide alternative solutions that reflect the decision makers’ objectives, facilitates clear
comparison, reduce arguments and foster public participation in the decision making
process.
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