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The groundwater potential zones in the Rapigh-Yanbu area, on the west coast of
Saudi Arabia, were evaluated using remote sensing and geographic information
system data leading to the establishment of major watershed development and
management strategies. Many factors, including slope, drainage density, land use,
geology, lineament density, elevation, yearly precipitation, and soil type distribution,
affect the hydrogeological characteristics of coastal aquifers. The Rabigh-Yanbu
coastline groundwater potential zones were located and mapped using these
characteristics. The annual precipitation rate is categorized into 2–28 mm,
29–52 mm, 53–76mm,77–107 mm, and 108–164 mm within the study area. The
highest elevation was ordered with the lowest rank of 1, while the lowest elevation
was given the highest rank of 5. Slopes of 0°–9° were present in the majority of the
study region, while slopes of 9°–63° were present in the northwest. Based on the
slope, the research area was separated into five classes; 0-3o; 4-9o; 10–16o; 17–25o;
26–63o. Based on the drainage density map; 0–0.36 km2, 0.37–0.53 km2,
0.54–0.73 km2, 0.74–1.32 km2, 1.33–3.31 km2. The majority of the fractures
trended NE–SW and NW–SE. A map of lineament density was made using the
line density method. This map makes it obvious that the region was divided into five
classes; 0–0.02 km2, 0.03–0.08 km2, 0.09–0.13 km2, 0.14–0.2 km2, and
0.21–0.34 km2. The classification of soil types in the study region into four
classes such as clay loam, clay, sandy clay, and loam. Accordingly, the clay soil
was ranked 1, while the loam soil was given the highest rank of 4. The Precambrian
rocks had low groundwater potential because of their reduced porosity and were
ranked 1, while Quaternary deposits had a high porosity and good groundwater
potential and were given a high rank of 3. According to the likelihood of groundwater
supply, the area is divided into four categories: very good, good, moderate, and poor.
The area with very good groundwater potential covered 1,384 km2, while the area
with good groundwater potential covered 30,498 km2, according to the findings. The
study area had 34,412 km2 of somewhat appropriate land for groundwater
development. In contrast, 1,734 km2 of the study area is scarce. The best zones
featured the lowest slopes, the least number of lineaments, and the most drainage.
The lineaments, which serve as the main conduits for groundwater flow and storage,
have significant levels of groundwater recharge capacity in the study area. Managing
groundwater according to these identified potential zones will maximize their
benefits and increase the groundwater yield. This will help in creating new
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agricultural, urban, and industrial communities in this strategic area and contribute
toward achieving the goals of Saudi Vision 2030.
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1 Introduction

One of the most significant and essential natural resources is
groundwater and exists in the subsurface geological formations (Fitts,
2002; Dailey et al., 2015). It is the main water source for home,
commercial, industrial, agricultural, and other development projects
(Pradhan, 2009; Ayazi et al., 2010; Manap et al., 2013; Nampak et al.,
2014). Groundwater occurs naturally and is distributed based on
various anthropogenic and natural factors (Banks et al., 2002;
Greenbaum, 1992; Lee et al., 2012; Mukherjee 1996; Oh et al.,
2011; Shahid et al., 2000; Saraf and Choudhury, 1998). Ground
surveys utilizing geophysical, geological, and hydrogeological tools-
which are typically pricy and time-consuming-are the mainstay of
traditional methods used to identify, delineate, and map the
groundwater potential zones (Changnon et al., 1988; Sander et al.,
1996; Sturchio et al., 2004; Kumar et al., 2005; Mall et al., 2006; Jha
et al., 2007; Singh et al., 2013; Senanayake et al., 2016; Asoka et al.,
2018; Echogdali et al., 2022a; Mondal et al., 2022a; Echogdali et al.,
2022b; Mondal et al., 2022b). On the other hand, geospatial
technologies can quickly and affordably produce and model useful
data in a variety of geoscience fields (Ganapuram et al., 2009; Oh et al.,
2011; Adiat et al., 2012; Moghaddam et al., 2015; Russo et al., 2015).
From documented reports, the groundwater potential zones have been
defined and mapped using various techniques. For instance, some
researchers have used probabilistic models like the frequency ratio
(Ozdemir 2011; Razandi et al., 2015), logistic regression (Ozdemir
2011; Pourtaghi and Pourghasemi 2014; Pourghasemi and
Beheshtirad, 2015), weights of evidence (Corsini et al., 2009;
Ozdemir 2011; Lee et al., 2012; Echogdali et al., 2023), evidential
belief function (Mogaji et al., 2015; Pourghasemi and Beheshtirad,
2015), certainty factor (Razandi et al., 2015), decision tree (Chenini
and Mammou 2010), artificial neural network model (Lee et al., 2012),
Shannon’s entropy (Naghibi et al., 2015), on the whole, remote sensing
and GIS are powerful tools that can quickly estimate natural resources.
The methods are affordable and can be utilized to successfully explore
groundwater (Faust et al., 1991; Hinton 1996; Jha et al., 2010; Benjmel
et al., 2022) before utilizing more involved and expensive surveying
techniques. The success of the application of remote sensing and
geographic information system (GIS) techniques for mapping
groundwater potential zones in various regions of the world has
been reported (Madrucci et al., 2003; Jaiswal et al., 2003; Solomon
and Quiel, 2006; Madrucci et al., 2008; Prasad et al., 2008; Chowdhury
et al., 2009; Yeh et al., 2009; Dar et al., 2010; Dar et al., 2010; Saha et al.,
2010).

The demand for water resources has grown dramatically over time
in Saudi Arabia. Between 2011 and 2015, the overall water demand in
Saudi Arabia increased from 19.2 BCM to 24.6 BCM, with an average
annual growth of 7%. The demand decreased to 17.4 BCM in 2019, but
the demand has increased since then (Owuor et al., 2016). The key
sectors with high demands are agriculture (84% of the demand), urban
(13%), and industrial (3%). Although almost everyone in the nation
has access to fresh water, numerous major concerns persist, including

excessive per capita water use, lack of reliable renewable water sources,
depleted groundwater supplies, and unsustainable use in agriculture
(Jat et al., 2017). This has led Saudi Arabia to use additional water
harvesting techniques such as seawater desalination. However, this
strategy costs much and is not environmentally friendly, as it uses
10%–20% of the country’s energy (Scott, 2018). The nation’s
population is expected to increase along the Red Sea coast due to a
number of development projects that aim to draw people and foreign
investment. One of the most ambitious projects in the Middle East is
the Red Sea Development, which is anticipated to make Saudi Arabia
one of the world’s most popular tourist destinations (Samanta, 2012).
The Saudi Arabian government fully backs it, and the Red Sea
Development Company runs it. Because of their strategic
placement, Rabigh and Yanbu are significant industrial cities for
the Red Sea Development (Alyusuf, 2021). At present, these cities
have a combined population of over 250,000, but they are anticipated
to accommodate up to 4.5 million people and provide around
1.3 million new jobs.

Studies of water resources have taken a new direction because of the
use of remote sensing and geographic information systems (GIS).
Generating the baseline data for groundwater targeting involves
analyzing remote sensing data along with topographical maps,
auxiliary data, and collateral information with essential field
verifications. Based on an indirect study of directly observable terrain
features such as geological formations, geomorphology, and their
hydrologic characteristics, groundwater potential zones can be
identified using remote sensing data. Similarly, lineaments are crucial
for finding groundwater in all kinds of terrain. For multi-criteria
analysis in resource appraisal and hydrogeomorphological mapping
for water resource management, GIS and RS applications can also be
taken into consideration. As a result, the primary goal of this study is to
create a digital database and thematic maps that consider the variables
(Slope, Lineament Density, Lithology, Elevation, Soil, Land Use/Land
Cover, Precipitation, and Drainage Density) that affect groundwater
potential and use GIS software to delineate groundwater potential zones
in the Rapigh-Yanbu area. Decision-makers, government agencies,
stakeholders, and the host community will be able to use the
research’s findings to design sustainable groundwater management
strategies and determine the best places to dig boreholes.

2 Study area

2.1 Geographic location

The study area was set to Rabigh and Yanbu and extends between
latitudes 22.80489o–24.31324oN, and longitudes
38.48264o–40.88616oE (Figure 1). The city of Rabigh is 13 m above
sea level and close to Madinah Province. Because of its advantageous
location along the coastline of the Red Sea, it is the home of various
high-profile projects such as King Abdullah Economic City and Petro
Rabigh. Furthermore, Aramco, the Saudi Oil Company, chose the city
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as the location for the new port and refinery, while the city of Yanbu
belongs to Al Madinah Province in western Saudi Arabia. The distance
from Jeddah to it is about 300 km. Yanbu is the second-largest Saudi
Arabian city within the coastline of the Red Sea. Three oil refineries, a
plastics plant, and other petrochemical facilities are located in Yanbu,
which also serves as a significant petroleum shipping terminal.

2.2 Geologic setting

Geological mapping and delineation of the depth, viscosity, parallel
and perpendicular continuities of the rock layer, layers of superimposing
deposits, and seawater penetration have all been done in the research
region (Alyousef et al., 2015). Tertiary and Quaternary deposits are
anticipated in the region. The Red Sea floor, a thin plain with a
consistent width of 5–10 km, has deposited varying thicknesses of
2.0–5.0 m (Kahil et al., 2015). Syn-depositional tectonic activities in
the Red Sea were used to gauge the dispersion of the deposits. The
region’s coastal lowlands comprise coralline reef terraces several meters
in length that were primarily produced by marine Quaternary deposits.
The lowest zones are characterized by alluvial deposits, particularly silt,
loose sand, gravel, and mud (Fnais et al., 2010; Almadani et al., 2015).
Under the discernible projection in Yanbu’s metropolitan area, the vault
is abruptly faulted in wedges (Alyousef et al., 2015). The Red Sea’s
formation and growth are related to the surrounding landscape. Most of
the boreholes dug in the area are between 20 and 60 m deep. The
shallowest layer, filled with silty sand, has revealed a shallow
groundwater table that is often less than 1 m deep (Nofal and
Abboud, 2016). This confirms that deposits were penetrated by
seawater from Yanbu Port, which is more than 100 m to the west.

2.3 Topography, climate, and hydrology

The Rabigh–Yanbu area is distinguished by a low-lying, flat coastal
plain constrained by a string of tall, craggy mountains to the east. The
Arabian Shield has a slope that goes from north to south. Most valleys
receive water from these western mountains, which travel across the
coastal plain to its final destination which is the Red Sea (Harris et al.,
2014). Most of the towns and cities in the coastal plain are lateral to or
near the mouths of these valleys. Because of the dryness of the area and
lack of long-term planning, most of the population clusters along the
trails and margins of the valley.

3 Materials and methods

Remote sensing (RS) is a favored technique for quickly collecting
spatiotemporal data of large areas based on analysis of specific and
consistently perceptible ground topographies (Alesheikh et al., 2007).
RS can deliver substantial hydrogeological monitoring data in the
spatial and temporal domains to develop and validate water resource
models. The ability of satellite imagery to capture enormous spatial
scales is essential to describing physiographic elements of basins, such
as the slope, land cover, and drainage mass, as well as geologic
structures like fractures, cleavages, and faults (Subyani et al., 2009;
Visalatchi and Padmanaban, 2012). Such information is essential for
assessing and investigating groundwater resources.

In this study, the following spatial products and datasets were
created. A 30-m-resolution digital elevation model (DEM) was
obtained to extract the study area’s primary watersheds, slope
distribution, and drainage density. Such a DEM and resolution are

FIGURE 1
Location map for the Rapigh-Yanbu study area.
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crucial for mapping and evaluating disaster risks as well as for
preparing for, responding to, and preventing disasters. Each pixel
in the DEM was used to represent an elevation value (Al-Djazouli
et al., 2020). In addition, the Copernicus DEM was used, which is an
updated digital surface model that perfectly captures Earth’s surface
with vegetation, infrastructure, and buildings (Green and Cruise, 2005;
Petry et al., 2005). The Copernicus DEM GLO-30 provides complete
topographical data at a 30-m resolution.

Subsequently, 10-m-resolution land-cover maps from the
Environmental Services Research Institute (ESRI) were obtained for
the study area. The most recent land-cover map from ESRI uses
Sentinel-2 imagery from 2020 and is publicly available through an

online portal (Hantson and Chuvieco, 2011). The Food and
Agriculture Organization (FAO), which until recently was one of
the only worldwide overviews of soil resources for continents and
significant regions, provided digital soil maps at a scale of 1:5,000,000
(Heyns, 2020). Because North and Central Asia was the main area of
this investigation, the FAO digital soil maps were studied. The
Ministry of Environment, Water, and Agriculture provided
information on precipitation for the research area.

ArcGIS was used to create the essential features for analysis. A
geodatabase was built to house the datasets created for spatial analysis.
The geodatabase collected datasets on several types of geographic
information. It was with numerous sophisticated capabilities so GIS
behavior in the study area could be modeled with networks and
topographies (Sankar, 2012). Raster datasets were created for the
slope, drainage density, and watersheds. The raster datasets
included numerical data and pictures. Raster datasets describe any
raster data model kept on a disk or in a geodatabase (Al-Djazouli et al.,
2020). The information was stored in a matrix with rows and columns,
where each cell represented the data (slope, drainage density, and
watersheds). Thematic and continuous data were used to depict
elements, including satellite photos, soil data, and data on land use.

After the precipitation data were reclassified and converted to a
raster format, vectors were created from the data. The soil and land
cover data were converted from vector to raster format in two phases.
The first phase was to create a standard grid frame using the FISHNET
module in ArcGIS, with each grid having a length and breadth of 1 km
and being identified by a single ID. Then, the grid frame was
georeferenced at a scale of 1:10,000 to the sink border map. In the
second phase, the land usage data were connected to the grid frame,
and the input data was assembled into each cell (Wilk and Anderson,

FIGURE 2
Flowchart of the methodology of this study.

FIGURE 3
The annual rate of precipitation map in the area.
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2012). To identify and reinforce the conversion path, the area ratio
vector data were finally transformed into a grid raster. The Universal
Transverse Mercator projection was used to create the products for

spatial analysis. The spatial datasets were weighted based on their
significance to identify the desired phenomena.

These thematic layers were then subjected to a weighted overlay
analysis. The area ratio vector data were finally transformed into a grid
raster to identify and reinforce the conversion path. Then,
groundwater potential zones were located using the overlay analysis
tool in ArcGIS (Figure 2). Areas on the map were classified into five
types depending on potential: very good, good, moderate, poor, and
very poor.

4 Results

The description of various thematic maps generated for
groundwater potential zone mapping is given below. The number
of theme layers utilized in this investigation affected the quality of the
findings. This study was limited to the yearly precipitation, slope,
drainage density, land use/land cover, geology, lineament density, and
geomorphological parameters based on the information and resources
available. The following spatial products and datasets were obtained.

4.1 Annual precipitation

The climate of Saudi Arabia varies widely depending on the region
and time of year where Saudi Arabia has a desert climate. The highest
intensity of rainfall is in the spring and winter. Saudi Arabia has
sporadic, infrequent rainfall, usually from October to April (Ministry
of Agriculture and Water, 1984). Figure 3 displays the annual
precipitation rate for the research area (Ministry of Environment,
Water, and Agriculture, 1984). The annual precipitation rate is
categorized into 2–28 mm, 29–52 mm, 53–76 mm, 77–107 mm, and
108–164 mm within the study area. Accordingly, the lower rate of
precipitation was given the lowest rank of 1, while the highest rate of
precipitation was given the highest rank of 5 (Table 1).

4.2 Elevation

The research area’s elevation ranges from 2348 m above mean sea
level to a minimum of 13 m (Figure 4). Generally, the ground’s surface
slopes toward the Red Sea. The study area’s elevation was divided into
five categories (Table 1). Accordingly, the highest elevation was
ordered with the lowest rank of 1, while the lowest elevation was
given the highest rank of 5.

4.3 Slope

The slope degree greatly impacts how much surface water
infiltrates into the ground. When it comes to groundwater, the
regions with low slopes may hold the rainwater and allow it to
percolate into the subsurface, replenishing the groundwater.
However, a steep slope causes runoff to travel more quickly,
allowing less time for water to settle on the ground surface and
consequently lowering the capacity for groundwater recharge.
Because the slope depends on the elevation, this information
requires recognizing topographic features. In the study area, the
slope ranged from 0° to 63° (Figure 5). Slopes of 0°–9° were present

TABLE 1 Ranks and weights for conditioning and triggering factors and their
classes in accordance with their relative impacts on groundwater potential
zones.

Parameter Weight (%) Classes Rank

Drainage density (km2) 20 0–0.36 5

0.37–0.53 4

0.54–0.73 3

0.74–1.32 2

1.33–3.31 1

Lineament density (km2) 5 0–0.02 1

0.03–0.08 2

0.09–0.13 3

0.14–0.2 4

0.21–0.34 5

Precipitation (mm) 15 2–28 1

29–52 2

53–76 3

77–107 4

108–164 5

Elevation (m) 15 −13–241 5

242–591 4

592–883 3

884–1,123 2

1,124–2,348 1

Lithology 20 Quaternary 3

Tertiary 2

Precambrian 1

Slope (Degree) 10 0–3 5

4–9 4

10–16 3

17–25 2

26–63 1

Soil 5 Clay 1

Sandy clay 2

Clay loam 3

Loam 4

Land use land cover 10 Residential 2

Agricultural 3

Barren land 1
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in the majority of the study region, while slopes of 9°–63° were present
in the northwest. Based on the slope, the research area was separated
into five classes; 0–3°; 4–9°; 10–16°; 17–25°; 26–63°. According to Lone
et al. (2013), the category with a lower slope (0°–3°) was given the

highest rank of 5, whereas the range with a higher slope (26°–63°) was
given the lowest rank of 1 (Bagyaraj et al., 2013). These groups have
thus been given ratings of very good, good, moderate, poor, and
very poor.

FIGURE 4
The digital elevation model map for the area.

FIGURE 5
The slope variation map of the study area.
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4.4 Drainage density

Groundwater occurrence in the area is greatly influenced by
drainage and drainage density. The amounts of surface water

runoff and infiltration into the subsurface increased with the
drainage density. If drainage density is higher, they will be less
infiltration of water into the subsurface (Horton, 1945). Moreover,
the topography and slope affect a region’s drainage. Figure 6 shows the

FIGURE 6
Drainage density map of Rapigh-Yanbu area.

FIGURE 7
Lineament density map of the Rapigh-Yanbu area.
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drainage density as determined by the kernel density approach to help
visualize the watershed’s ability to collect groundwater. Five categories
are used to categorize the area based on the drainage density map;

0–0.36 km2, 0.37–0.53 km2; 0.54–0.73 km2; 0.74–1.32 km2;
1.33–3.31 km2. Accordingly, these classes have been assigned very
good, good, moderate, poor, and very poor categories, respectively.

FIGURE 8
Lithology map of the Rapigh-Yanbu area.

FIGURE 9
Soil types map of the Rapigh-Yanbu area.
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FIGURE 10
Land use/Land cover map of the Rapigh-Yanbu area.

FIGURE 11
Groundwater Potential zones (GWPZ) map of the Rapigh-Yanbu area.
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4.5 Lineament density

The porosity and permeability of the underlying materials are
reflected by lineaments, which are the surface manifestation of
subsurface geologic structures (Subba Rao, 2006). Around the
world, the main channels for groundwater flow and storage are
joints and faults in impermeable rocks (Preeja et al., 2011). This
study used a geological map, satellite photos, and on-site
observations to identify the lineaments in the studied area. The
majority of the fractures trended NE–SW and NW–SE. A map of
lineament density was made using the line density method (Figure
7). This map makes it obvious that the region was divided into five
classes; 0–0.02 km2; 0.03–0.08 km2; 0.09–0.13 km2; 0.14–0.2 km2,
and 0.21–0.34 km2. Accordingly, the lowest class was given the

lowest rank of 1, while the highest class was given the highest
rank of 5.

4.6 Lithology

The groundwater conditions in an area can be studied by geological
mapping. The geological units that influence groundwater’s occurrence,
flow, and quality should receive extra consideration. Precambrian,
Tertiary rocks, and Quaternary deposits were the three primary
types of lithological units in the study area (Figure 8). The
Precambrian rocks had low groundwater potential because of their
reduced porosity and were ranked 1. Generally, consolidated rock lacks
porosity, and groundwater can only penetrate because of secondary
porosity formed by fractures and weathering (Vittala et al., 2005). The
Quaternary deposits (Table 1) had a high porosity and good
groundwater potential and were given a high rank of 3.

4.7 Soil

Figure 9 illustrates the classification of soil types in the study
region into four classes such as clay loam, clay, sandy clay, and loam.
Accordingly, the clay soil was ranked 1, while the loam soil was given
the highest rank of 4 (Table 1).

TABLE 2 Groundwater Potential zones are based on Table 1.

Class Category Area (km2)

1 Poor 1734

2 Moderate 34412

3 Good 30498

4 Very good 1384

FIGURE 12
Field Verification for the results.
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4.8 Land use/land cover

In terms of how much water seeps into the ground, land use and
land cover of an area reflect its reliance on groundwater. Present Land
use/land cover (LU/LC) is assessed for suitability for groundwater
prospects. LU/LC controls many hydrological processes like;
evapotranspiration, runoff, and recharge of the groundwater system
(Chaudhary and Kumar, 2018). The climate and accessibility of water
sources affect crop patterns, where the main source of income is
agriculture and related activities. The study area is primarily divided
into three classes, as shown in Figure 10; barren land, residential areas,
and agricultural land. Accordingly, the barren land was ordered the
lowest rank of 1, the residential land had a moderate rank of 2, and the
agricultural land was given the highest rank of 3.

5 Groundwater potential zonation

Several factors can be used to determine groundwater potential. Based
on RS data and GIS methods, five features were used in this study to
evaluate the groundwater potential. For computational simplicity, each
thematic layer’s unique features and sub-features were ranked. The
groundwater potential zones were determined after a weighted overlay
of the thematic layers (as shown in Table 1). There were weightings and
rankings assigned to each parameter. Lineament density and soil received
lower weights, while drainage density and lithology received higher
weights. After assigning weight to different parameters, individual
ranks were assigned to classes within those parameters. The highest
possibility is that groundwater will be rated at a maximum of 5. The
minimum rank is assigned to the lowest potential of groundwater. Table 1
shows the category-wise description of rank and weightage. The final
groundwater potential zone map is created and may be seen in Figure 11
once all criteria have been given weight and rank. The details of the
category are shown in Table 2.

According to Figure 11, the study area can be subdivided into four
categories based on groundwater potential: bad, moderate, good, and very
good. Both the very good and good groundwater potential areas were
1,384 km2 and 30,498 km2, respectively. The study area had 34,412 km2 of
appropriate land for groundwater development. In contrast, 1,734 km2 of
the study area was in scarcity. Areas with shallow slopes had high
groundwater potential. However, the groundwater potential was
unaffected by lineaments. Groundwater was only present in the
geomorphological pediplains, valleys, and pediments. Precambrian rocks
could primarily identify areas with low groundwater potential zones. The
study area’s complex geology, geomorphology, and land use were thus
represented in the area’s different levels of groundwater potential.

5.1 Validation of the results

The research results were verified by conducting a field trip to the
study area to compare the potential groundwater zones resulting from the
study with the presence of farms and groundwater wells on the ground.
The field trip was focused on two regions, southeast of Rabigh and east of
Yanbu, due to their accessibility, while the other regions were found to be
located in hard-to-reach areas. During the trip, it was found that the two
areas contain farms and groundwater wells, where groundwater levels
range from 30 m to about 190 m below the earth’s surface (Figure 12).

6 Conclusion

Mapping the potential groundwater zones in the Rabigh-Yanbu
region was constructed using slope, drainage density, precipitation,
elevation, land use, geology, lineament density, and soil type. The
assessment shows that zones with very good groundwater potential are
1384 km2, while areas with good groundwater potential are
30,498 km2. In addition, about 34,412 km2 of land was appropriate
for groundwater development, whereas around 1,734 km2 was in
poverty. The assessment revealed that appropriate locations for
groundwater development had minor slopes, low lineament
density, and high drainage density, which are common
characteristics of agricultural areas with high groundwater
potential, whereas areas with low potential concentrate in
Precambrian rock areas. The majority of the research region has a
significant capacity for groundwater recharge. The research’s outcome
was validated in the field by farms and groundwater wells in the
suggested areas.

Such investigations will significantly benefit the area’s agronomists
in terms of further targeting sites under various zones for groundwater
exploration. Municipalities and decision-makers can also use the
findings of this study to streamline planning and management. In
addition, this study will assist the community in general, and farmers
in particular, by providing them with other probable locations for the
presence of groundwater, particularly in remote areas that have not
previously been used.

Future work is required to confirm the potential groundwater
zones found in the present study in remote areas using electrical and
magnetic geophysical surveys. Also, it is essential to investigate the
possibility of saltwater intrusion that may occur if the shallow coastal
aquifer is exploited.
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