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Abstract: Geospatial data analysis can be improved by using data-driven algorithms and techniques
from the machine learning field. The aim of our research is to discover interrelationships among
topographical data to support the decision-making process. In this paper, we extracted topographical
geospatial data from digital elevation model (DEM) raster images, and we discovered hidden patterns
among this data based on the K-means clustering algorithm, to uncover relationships and find clusters
of elevation values for the area of Jordan. We introduce a method for querying and clustering geospatial
data and we built an interactive map accordingly. The method discovers hidden patterns and uncovers
relationships in given large datasets. We demonstrate the applicability of the method using the Jordan
map and we report on geospatial data analysis and retrieval improvements. The results show that
the optimal decision is in favor of four clusters (classes). The first class includes the high elevation
values, the second class includes the very low elevation values, the third class includes the medium-high
elevation values, and the fourth class includes the very high elevation values.

Keywords: K-means; DEM; topographical data analysis; data retrieval; interactive map; CSVLayer

1. Introduction

A digital elevation model (DEM) is a digital representation of the bare ground (bare
earth) topographic surface of the earth excluding trees, buildings, and any other surface
objects [1]. DEM is a 3D representation of the terrain that shows elevation data as computer
graphics. DEMs are used in many fields, such as extracting terrain parameters for geomor-
phology, modeling, terrain analysis in geomorphology and physical geography, and many
others [2]. DEMs are a critical component of the representation of the digital earth and are
frequently used in GIS, as they are the most common basis for digitally-produced relief
maps [3]. They can be represented either as a raster or as vector-based triangular irregular
network (TIN) [2].

While the term can be used for any representation of terrain as GIS data, it is generally
restricted to the use of a raster grid of elevation values [4]. DEMs are commonly built
using remote sensing techniques, but they may also be built from land surveying [5].
Working with raster datasets is different from working with vectors. Instead of having
individual geometries, you have a collection of pixels, which is essentially a large two- or
three-dimensional array of numbers. Pixel values in a digital elevation model, for example,
correspond to elevation values.

A raster dataset is made of bands instead of layers, and each of these bands is a
two-dimensional array. The collection of bands becomes a 3D array [6]. Generally, DEM
datasets only contain one band, because the elevation is the only value required to create
a useful dataset [6]. While data can be obtained from many national, provincial, and
local governments, the United States Geological Survey (USGS) (https://www.usgs.gov)
(accessed on 28 June 2021) is one of the primary sources for both U.S. and global terrain data.
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In this research, we obtained the raster DEM image of Jordan from [7] and we extracted the
needed topographical data from this image as required.

The topographical nature of the given dataset makes information extraction chal-
lenging [8]. This is due to the topographical representation of geospatial datasets. Since
raster images consist of huge data, there is a call for a suitable method that can handle
the complexity in such huge datasets. We argue that the K-means cluster is a perfect fit to
solve geospatial data-related problems and improve DEM data processing and analysis,
intending to support decision-making. K-means is an efficient algorithm that is known for
handling large and complex datasets.

DEMs were interpreted and created from digitized contour lines, stereo–aerial pho-
tographs, or direct land surveys [9]. All of these approaches are subject to inaccuracies.
For example, in a digitized contour map, there may be an error in the source map arising
from the processes of collection, recording, generalization, symbolization, and produc-
tion inherent in the cartographic process [9]. Today, DEMs are frequently created using
remote sensing rather than direct survey data [10]. Remote sensing, namely LiDAR, has
advanced efforts to improve elevation accuracy [11]. Even LiDAR, however, will include
some measurement error [12].

In this paper, we present a method for improving and supporting geospatial data anal-
ysis, decision-making, data retrieval, and mapping process in the field of GIS. We employ
the K-means clustering algorithm to take a large number of topographical observations
and classify them into groups (classes) and plot them into a novel online interactive map
of Jordan. To the best of our knowledge, our method is the first attempt to present an
interactive map of Jordan based on the following capabilities:

1. Extracting geospatial data and topographical observations from a DEM raster image.
2. Classifying Elevation and discovering hidden patterns in topographical geospatial

data by clustering data points using the K-means algorithm, to improve the perfor-
mance of the decision-making process. In this sense, each group can be analyzed
separately and more accurately, especially when the dataset is huge.

3. Visualizing geospatial data on a novel interactive map, which respond to user actions
by presenting the needed content as interactive features. Due to the huge number
of data points from a DEM raster image, there is a need to use an efficient data
presentation way. Rather than a static map, the interactive map improves the quality
(look and feel) of geospatial data visualization, readability, and analysis. Specifically,
we exploit Python and JavaScript to represent the “shape” of elevation data on an
interactive real map of Jordan.

4. Querying information on a real interactive map. It provides an accessible way to see
and understand geospatial data from DEM raster images, and understand topograph-
ical data correlation. We believe that interactive features enhance map accessibility
and readability, and clarify the message of the map.

In this paper, we present the K-means algorithm, and we highlight the need for using
the K-means clustering technique in GIS applications, and how this adds values to the
map visualization process in Section 2. Section 3 highlights ongoing research in different
fields that use the K-means clustering technique. Section 4 presents our method. Section 5
discusses the results. Section 6 evaluates the final clustering results. Finally, Section 7
concludes and presents some future ongoing research.

2. Data Clustering Using K-Means Algorithm

The K-means clustering algorithm is a famous partitioning algorithm. K-means is
a popular algorithm and known for its speed and simplicity. The use of the K-means
algorithm was introduced by James MacQueen in 1967 [13], to solve the problems that are
related to similarity grouping or clustering. Clustering is the assignment of objects with
similar features into groups (clusters). K-means classifies objects (data), based on some
features, into K clusters (K should be a positive integer). The K-means clustering technique
is capable of presenting data in a structured way, which enables the decision-maker to
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investigate the structure of each group (cluster) in the given dataset. K-means handles very
large datasets efficiently. It is a member of an unsupervised machine learning family [14].
It is known to be a nondeterministic polynomial time problem (NP-hard) [15].

Figure 1 illustrates the K-means clustering algorithm. The algorithm takes two inputs:

1. A set of data points.
2. The number of clusters (K).

Then, it clusters data points into K clusters using a specific distance function. In the
first round, some data points are chosen as centroids for each cluster randomly. Then,
the distance between centroids and each data point is calculated. After that, data points
are allocated in clusters based on the shortest distance from the selected data point to the
closest centroid. After assigning all data points into clusters, centroids are recomputed
again for each cluster. This is repeated until one of the stopping conditions takes place [13],
these are:

1. Data points are not reassigned to other clusters anymore (or minimum re-assignments);
or

2. Centroids are not recomputed anymore (or minimum change).

The output of this algorithm is a matrix of clusters indices (classes) for each data point
in the provided dataset.

Figure 1. K-means Clustering Algorithm Flowchart.

2.1. Number of Clusters (K)

There are many ways to recognize the most suitable number of clusters for a given
data points the most well-known ones are: (1) elbow method [16] and (2) silhouette
coefficients [17].

(1) Elbow method: elbow is a heuristic method that is used in cluster analysis for the
purpose of determining the suitable number of clusters in a given dataset [16]. The output
is a figure that shows the cut-off point of the curve (elbow) that indicates the optimal
number of clusters. It is based on the percentage of variation by plotting the variation as a
function of the number of clusters. In this sense, the optimal number of clusters reveals
that adding more clusters will not provide much improvement to data/dataset modeling.
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Many recent research works have used the elbow method, such as Bholowalia and
Kumar [18], Syakur et al. [19], Abdullah et al. [20], Kong et al. [21], Thamrin and
Wijayanto [22].

(2) Silhouette coefficients: silhouette is used to plot clustered data points. Silhouette is
a graphical representation of data points in each cluster [17]. It shows whether data points
are well-positioned in each cluster or not.

2.2. Motivation: K-Means in GIS

In our context, geolocations can be classified into different groups based on some
topographical attribute similarities. The idea is to discover hidden patterns in large datasets
by fetching data structure and finding similarities, such as elevation values. K-means
clustering algorithm organizes data points (geolocations) into similar groups (clusters).
Accordingly, data points in one cluster have similar topographical characteristics and data
points in different clusters have different ones. Hence, data clustering comes with some
challenges; this is related to finding the optimal number of groups (K) and the suitable
distance function. In our context, a wrong number of classes (K) may create a misleading
map and change the look of the map, and this conveys a wrong message, accordingly.

We applied the K-means clustering technique, based on the standard Euclidean dis-
tance, to present topographical data in a structured way. K-means data points are clustered
into groups. Each group contains locations with similar features. In this paper, latitude
and longitude are classified into different groups based on their elevation similarities.

We highlight the need for using the K-means algorithm in the field of GIS, as follows:

1. K-means is an efficient algorithm that is suitable for handling large and complex
datasets. It is capable of presenting data in a structured way. It is efficient at segment-
ing large datasets into groups based on some attribute similarities.

2. K-means is used to discover hidden patterns in geospatial datasets. We argue that
K-means is capable of making the correlation in elevation values explicit by finding
structures and similarities in geospatial data in a given dataset.

3. K-means improves data-retrieval potentials of our method by classifying elevation
values into clusters. The resultant clusters facilitate the geospatial data interpretation
and querying processes. Consequently, it will be easier to consider the context of
location and features mapping in our interactive map.

4. The K-means algorithm improves clustering accuracy. It improves the relevancy of
the retrieved data from a given cluster. Moreover, it increases the recall metric by
increasing the percentage of the relevant retrieved data in a given cluster.

3. Related Work

K-means clustering techniques have been used in different fields in the literature. This
section presents a summary of some of the available research work in in literature that used
K-means clustering techniques. The common factor in such works is to find similarities
among data in a given dataset, but each work has its own domain and application.

Some work has used K-means clustering to find some structure in data that is related
to geographical locations. For example, Tessa Anderson [23] presented a methodology
for identifying road accident hotspots based on K-means using geographical information
systems and kernel density estimation to study the spatial patterns of injury-related road ac-
cidents in London, UK. Specifically, Anderson employed the K-means clustering techniques
to identify similar zones and to create a classification of road accident hotspots based on en-
vironmental data from 1999 to 2003. In line with Anderson’s work, Eghtesadifard et al. [24]
present an integrated method for selecting the proper site for the disposing of solid waste
based on K-means clustering and multi-criteria decision-making methods relying on GIS.
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K-means clustering has been used in data analysis and prediction for the purpose of
having preventive systems, in case of catastrophic events. For example, Annas and Rais [25]
presented a preventive approach based on K-means clustering for mapping natural disaster-
prone areas in Indonesia, by grouping such areas based on their similarities. In addition,
they combined K-means and GIS to improve clusters visualization

Burrough et al. [26] presented an approach for topoclimatic data classification using
fuzzy K-means and allocation procedure to help in forest mapping. They built their ap-
proach based on data derived from 100 m gridded digital elevation models (DEMs). In line
with Burrough, Lemenkova [27] presented an approach based on the K-means algorithm
using R programming, for evaluating the similarities in a given geological data by analyz-
ing some attributes, such as geology (sediment thickness), tectonics, volcanism, bathymetry,
and geomorphology. Piloyan and Milan [28] presented a semi-automatic method based on
K-means unsupervised classification to analyze geomorphometric features as landform
elements in Armenia. They extracted data layers from DEM, then K-means algorithm was
used for classifying landform.

Bholowalia and Kumar [18] developed a hybrid model based on the K-means cluster-
ing technique to produce a new cluster scheme for wireless sensor networks (WSNs).

In addition, K-means clustering was used in many other fields, such as system man-
agement [29], energy consumption [21], service selection [30,31], and technical debt man-
agement [32]. For instance, Brentan et al. [29] presented a hybrid approach to improve
planning, operation, and management in water distribution systems based on K-means
clustering. Recently, Kong et al. [21] proposed an energy consumption structure anal-
ysis method based on the K-means clustering algorithm. They used elbow and con-
tour coefficient methods for data analysis. In line with the usage of the elbow method,
Syakur et al. [19] presented an approach for customer mapping using K-means clustering.
They employed K-means clustering techniques based on the elbow method for the purpose
of grouping customer profiles to facilitate analysis and policy generation.

Furthermore, K-means clustering has been used in classifying cities based on certain
factors. For example, Thamrin and Wijayanto [22] conducted a study for classifying cities
based on the level of welfare. They used elbow, silhouette, and gap statistics to determine
the optimal number of clusters. They conducted a comparison between soft and hard
clustering based on a case study on welfare levels in cities in Java Island.

Recently, the COVID-19 pandemic led for the need of classifying countries, cities, and
locations. Accordingly, Abdullah et al. [20] proposed an approach for clustering provinces
in Indonesia based on COVID-19 data using the K-Means clustering technique for the
purpose of clustering the risk of the COVID-19 pandemic in Indonesia. Their research aims
to provide input to the government, in regard to making policies related to restrictions on
community activities or other policies, to overcome the spread of COVID-19.

In this paper, we formulate the problem of topological data classification as a learning
problem, and we approach it in terms of a learning algorithm. In particular, we integrate
the K-means clustering algorithm with GIS data extraction from DEM raster images for
the aim of uncovering relationships in the topological dataset for the area of Jordan, based
on elevation similarities. We argue that this integration improves the mapping process in
GIS. In addition, our method was implemented using Python and ArcGIS JavaScript API
to unlock topological data potentials and visualize them accordingly.

4. Methodology

In this section, we present a method for geospatial data analysis based on elevation
clustering using K-means algorithm and DEM raster image. Our method supports decision-
making in GIS and enhances geospatial data retrieval and visualization processes by
presenting topographical features on an interactive map.

We employed the K-means clustering algorithm and built on ArcGIS JavaScript API to
unlock potentials in geospatial data analysis, decision-making, data retrieval, and mapping
process in GIS. Our method consists of three main stages:
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1. Reading DEM raster images and extracting elevation using Python.
2. Clustering elevation based on the K-means algorithm using Python.
3. Retrieving and visualizing topographical features on an interactive map using ArcGIS

API for JavaScript.

4.1. Data Collection and Preparation

The input of our method is a DEM raster image, which was obtained from [7]. First,
we start by reading and interpreting topographic data from the acquired DEM raster image
using Python.

Figure 2 represents the DEM raster image of the land around the area of Jordan. That
is a digital representation of the bare ground topographic surface of Jordan, excluding trees,
buildings, and any other surface objects.

Figure 2. DEM raster image of the land around the area of Jordan (obtained from [7]).

Then, we customize the given DEM image as follows:

• The image is clipped according to the country shape of Jordan. Figure 3a represents
the shape of the Jordan map.

• The resultant (cropped) image is shown in Figure 3b. It represents the DEM raster im-
age for Jordan map. According to Figure 3b, the elevation values vary from (−425) me-
ters to 1718 m above sea level. The Dead Sea is the lowest point on earth [33]; this is
demonstrated on the interactive map in the results section.
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(a) (b)
Figure 3. The clipped DEM raster image based on country shape of Jordan map (obtained from [7]).
(a) Country shape of Jordan map. (b) Clipped DEM raster image of Jordan.

4.2. Dataset

We extract the needed topographical data from the cropped DEM raster image for
Jordan (Figure 3b) using the Rasterio Python library (https://rasterio.readthedocs.io). The
Rasterio library is a special Python library that assists in accessing raster geospatial data
from a disk in either reading or writing mode.

In this research, we extracted elevation information from the DEM raster image in
addition to latitude and longitude for each value (these values will be used as inputs for
the next step). The extracted file contains 85,615 records and three attributes (latitude,
longitude, and elevation value). The extracted values are then stored in a CSV file.

It is important to mention that we preprocessed the data. The original DEM raster
image file was extremely huge, about 45 MB in size, and the original resolution was
6000 × 7000 pixels. Therefore, we downsampled the original file. The current file is 19.4 KB
in size and the resolution is 373 × 345 pixels. The downsampling was performed using the
wrap function from the GDAL library in Python. Comparing the downsampled data with
the ground truth, the effect of downsampling was marginal.

4.3. K-Means Clustering

The K-means clustering technique is applied to the extracted data (from the previous
step), to discover hidden patterns and produce the needed clusters based on elevation
similarities. In this paper, we use K-means clustering for analyzing and investigating
the structure of the topographical data in the area of Jordan, and then we visualize it
accordingly.

K-means clustering was applied using the standard Euclidean as a distance function
and the elbow method for determining the optimal number of clusters. Based on the elbow
method, the optimal number of clusters is K = 4 (Figure 4). Figure 4 shows the cut-off point
of the curve (elbow) that indicates the optimal number of clusters (K = 4). It reveals that
adding more clusters will not provide much improvement to dataset modeling. We will
discuss this in the results section in addition to other test cases for K = 5 and K = 6.

4.4. Elevation Clusters

The output of the previous step is “elevation clusters”, which is a CSV file that contains
clusters’ classes (numbers) for each elevation feature. This CSV file is used as an input
for the next step accompanied by (1) elevation, (2) latitude, and (3) longitude values,
respectively. It contains 85,615 records and four attributes (latitude, longitude, elevation
value, and the cluster class number for each datum pixel).

https://rasterio.readthedocs.io
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Figure 4. Elbow Chart.

4.5. Features Mapping

In the previous step, we employed K-means clustering to uncover hidden patterns in
elevation values and improve the understanding of relationships among geospatial data.
In this step, we process the CSV file, which contains elevation clusters and other geospatial
data, to be plotted on our interactive map.

We built on the ArcGIS API using JavaScript and we implemented the features
mapping process based on CSVLayer and MapView techniques from arcgis.com (https:
//developers.arcgis.com/javascript/latest/api-reference/esri-layers-CSVLayer.html) (ac-
cessed on 30 June 2021). CSVLayer is a point layer that facilitates building a map based on
CSV files. We access elements from the CSV file and feed them as inputs to our interactive
map building process based on geometry services. Specifically, elevation values are pinned
onto our interactive map of Jordan as geometric objects using the MapView technique
based on the latitude and longitude values for each data point.

The beauty of using the CSVLayer is that it plots each topographic feature and maps it
to its corresponding geographic attributes; latitude and longitude, based on some built-in
properties and templates.

4.6. Interactive Map Visualization

This is the final step, where the output is generated on an interactive map. We
present topographic features on an interactive map by embedding them on a real online
map. There are many benefits of using an interactive online map, such as accessing
geospatial information easily and efficiently, querying topographic features, zoom in and
out, getting details by clicking on a specific point on the map, etc. Interactive maps can
reach a wide variety of users and can be modified to reflect changes in needs, requirements,
and objectives.

We give a specific color for each point on the interactive map. As each cluster is
represented by a class number. Each class is represented by a specific color on the interactive
map. Accordingly, each elevation level in a specific cluster has a defined color. This will be
explained furthermore in the results section.

5. Results and Discussion

We tested three values of K-number of clusters: K = 4, K = 5, and K = 6 respectively.
In this section, we present the results of the three values of K to show the differences in
clustering and to validate the optimal result (K = 4).

5.1. Elevation Clustering with K = 4

Based on the elbow method, the optimal number of clusters is k = 4 (Figure 4 in the
methodology section). This implies that adding more clusters (classes on the map) will not
add extra value to the clustering process, i.e., no more gain after K = 4. In this sense, the

https://developers.arcgis.com/javascript/latest/api-reference/esri-layers-CSVLayer.html
https://developers.arcgis.com/javascript/latest/api-reference/esri-layers-CSVLayer.html
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optimal decision is in favor of K = 4. Figure 5 represents our final interactive map, which
has a layer that consists of four classes with four different colors for each class (class for
each cluster).

Figure 5. Elevation clustering in Jordan with k = 4.

In Figure 5, each cluster is represented by a class number. Each class is represented
by a specific color on the map. Each color represents a specific level of elevation. Each
elevation value belongs to a specific categorized range of values in a specific cluster.

Accordingly, the four classes are categorized as follows:

• Class 0: High elevation values in yellow color.
• Class 1: Very low elevation values in blue color.
• Class 2: Medium–high elevation values in green color.
• Class 3: Very high elevation values in red color.

Accordingly, the elevation values range in each cluster, with k = 4 categorized as
follows:

• Cluster number 0: elevation values range = 758 to 1039.
• Cluster number 1: elevation values range = (−425) to 286.
• Cluster number 2: elevation values range = 287 to 757.
• Cluster number 3: elevation values range = 1040 to 1718.

Table 1 presents the details of the cluster elevation ranges and descriptions when K = 4.
The first column presents the cluster number. The second column presents the description
of elevation values in each cluster. The third column presents the descriptive color on
the map. Finally, the fourth and fifth columns present the lowest and highest values of
elevation in each cluster, respectively.
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Table 1. Clusters’ elevation ranges and descriptions with K = 4.

Cluster Description Colour Lowest Highest

0 High Yellow 758 1039

1 Very Low Blue −425 286

2 Medium High Green 287 757

3 Very High Red 1040 1718

Table 2 presents a sample of longitude and latitude points on the map, accompanied
by a specific elevation value, either the lowest or the highest value in each cluster when
K = 4.

Table 2. Elevation—lowest and highest value–longitude and latitude samples in each cluster with
K = 4.

Class L/H Elevation Longitude Latitude

0 Lowest 758 38.71458333 33.32541667

0 Highest 1039 35.76458333 32.37541667

1 Lowest −425 35.41458333 31.53541667

1 Highest 286 35.67458333 32.29541667

2 Lowest 287 35.49458333 30.63541667

2 Highest 757 38.67458333 33.28541667

3 Lowest 1040 37.00458333 32.33541667

3 Highest 1718 35.50458333 30.37541667

5.2. Elevation Clustering with K = 5

Figure 6 shows the map that represents elevation values clustering based on K-means
clustering with K = 5 (for comparison). The five classes are categorized as follows:

• Class 0: Medium–high elevation values in green color.
• Class 1: Very low elevation values in blue color.
• Class 2: High elevation values in yellow color.
• Class 3: Very high elevation values in red color.
• Class 4: Low elevation values in pink color.

The elevation values range in each cluster with k = 5 is categorized as follows:

• Cluster number 0: elevation values range = 411 to 772.
• Cluster number 1: elevation values range = (−425) to (−72).
• Cluster number 2: elevation values range = 773 to 1053.
• Cluster number 3: elevation values range = 1054 to 1718.
• Cluster number 4: elevation values range = (−71) to 410.

Table 3 presents the details of the cluster elevation ranges and descriptions when
K = 5. Table 4 presents a sample of longitude and latitude points on the map, accompanied
by a specific elevation value, either the lowest or the highest value in each cluster when
K = 5.
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Figure 6. Elevation clustering in Jordan with k = 5.

Table 3. Clusters information with K = 5.

Cluster Description Color Lowest Highest

0 Medium High Green 411 772

1 Very Low Blue −425 −72

2 High Yellow 773 1053

3 Very High Red 1054 1718

4 Low Pink −71 410

Table 4. Elevation—lowest and highest value–longitude and latitude in each cluster with K = 5.

Class L/H Elevation Longitude Latitude

0 Lowest 411 35.93458333 32.70541667

0 Highest 772 37.52458333 32.65541667

1 Lowest −425 35.41458333 31.53541667

1 Highest −72 35.53458333 31.08541667

2 Lowest 773 38.65458333 33.28541667

2 Highest 1053 35.79458333 32.37541667

3 Lowest 1054 36.95458333 32.29541667

3 Highest 1718 35.50458333 30.37541667

4 Lowest −71 35.75458333 32.73541667

4 Highest 410 35.70458333 32.48541667
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5.3. Elevation Clustering with K = 6

Figure 7 shows the map that represents elevation values clustering based on K-means
clustering with K = 6 (for comparison). The six classes are categorized as follows:

• Class 0: High elevation values in yellow color.
• Class 1: Very low elevation values in blue color.
• Class 2: Very high elevation values in red color.
• Class 3: Low high elevation values in beige color.
• Class 4: Low elevation values in pink color.
• Class 5: Medium–high elevation values in green color.

The elevation values range in each cluster with k = 6 is categorized as follows:

• Cluster number 0: elevation values range = 838 to 1086.
• Cluster number 1: elevation values range = (−425) to (−89).
• Cluster number 2: elevation values range = 1087 to 1718.
• Cluster number 3: elevation values range = 365 to 681.
• Cluster number 4: elevation values range = (−88) to 364.
• Cluster number 5: elevation values range = 682 to 837.

Figure 7. Elevation clustering in Jordan with k = 6.

Table 5 presents the details of the cluster elevation ranges and descriptions when
K = 6. Table 6 presents a sample of longitude and latitude points on the map, accompanied
by a specific elevation value, either the lowest or the highest value in each cluster when
K = 6.
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Table 5. Clusters information with K = 6.

Cluster Description Color Lowest Highest

0 High Yellow 838 1086

1 Very Low Blue −425 −89

2 Very High Red 1087 1718

3 Low High Beige 365 681

4 Low Pink −88 364

5 Medium High Green 682 837

Table 6. Elevation—lowest and highest value–longitude and latitude in each cluster with K = 6.

Class L/H Elevation Longitude Latitude

0 Lowest 838 38.81458333 32.63541667

0 Highest 1086 35.75458333 31.08541667

1 Lowest −425 35.41458333 31.49541667

1 Highest −89 35.61458333 31.94541667

2 Lowest 1087 35.74458333 30.47541667

2 Highest 1718 35.50458333 30.37541667

3 Lowest 365 35.79458333 32.62541667

3 Highest 681 38.11458333 32.82541667

4 Lowest −88 35.61458333 31.46541667

4 Highest 364 35.03458333 29.37541667

5 Lowest 682 38.06458333 32.98541667

5 Highest 837 38.83458333 32.64541667

5.4. Interactive Data Visualization and Retrieval

Finally, we deal with elements from CSV files as geometric objects and feed them as
inputs to our interactive map. The interactive map is customized based on data from the
CVS file. This will add value in terms of geospatial data retrieval, querying, and analysis.
This increases the quality of responses to users’ actions by presenting the needed content
as interactive features. Rather than a static map, the interactive map improves the quality
(look and feel) of the retrieved geospatial information and reveals topographical data
correlation instantly.

Figure 8 represents the interactive map of Jordan when elevation is clustered into
four classes. Figure 9 represents a sample of some interactive features on the map, which
allow users to access the map using different scales. Zoom in and zoom out indicate
increasing and decreasing the scale of the map, respectively. Figure 10 represents the “more
details” view whenever the user clicks on any geolocation pixel on the map.
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Figure 8. Elevation clustering in Jordan with k = 4.

Figure 9. Zoom in/out feature.

Figure 10. More details feature.
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6. Evaluation

Silhouette is one of the most popular and effective measures for evaluating clustering
validity when comparing different values of K [34]. Silhouette coefficients are used to test
whether if data points are well clustered. It quantifies which data points lie well within the
cluster and which ones are merely somewhere in between clusters.

Figure 11 represents the silhouette plot for elevation clusters with k = 4. Figure 12
represents the average silhouette value when k = 4. The x-axis represents the silhouette
width S(i). It quantifies how well data points are clustered based on the following values:

1. If the S(i) value is close to 1, it means that the sample data are “well-clustered” and
each datum point is assigned to an appropriate cluster.

2. If the S(i) value is almost zero, it means that the sample data could be assigned to
another cluster and the sample data lie equally far away from both clusters.

3. If the S(i) value is close to −1, it means that the sample data are “misclassified” and is
merely somewhere in between the clusters.

Figure 11. Silhouette diagram for elevation clusters when k = 4.

Figure 12. Average silhouette value when k = 4.

7. Conclusions and Future Work

We presented a method for topographical data clustering in Jordan, based on elevation
similarities using the K-means algorithm. We also presented a novel interactive map for
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enhancing geospatial data retrieval and visualization by presenting topographical features
on it and responding to user actions by presenting the needed content as interactive features.
We highlighted the need for using the K-means clustering technique in GIS applications
and how this adds value to the map visualization and interactivity processes.

Our method provided insights into data analysis by discovering hidden patterns in
geospatial data and topographical features. It also facilitated decision-making by clustering
geospatial data into homogeneous groups. It revealed the optimal clustering of elevation
values for the area of Jordan based on the DEM raster image. The goal of clustering is
achieved by exposing homogeneous elevation values on an interactive map and enhancing
data retrieval and visualization accordingly. The results show the final output as a colored
interactive map and prove that the optimal clustering decision is in favor of K = 4, i.e.,
four clusters (classes).

In this research, we crafted the methodology to deal with elevation values from
DEM and we will build on it in future work to deal with the aspect and slope. More
research is currently underway, seeking to utilize the usage of DEM raster images and
how to quantify several key topographic metrics from DEMs, such as slope, aspect, flow
direction, flow accumulation area, topographic index, etc. We focus on extracting slope and
aspect from DEM to support decision-making and geospatial data analysis in many fields,
such as agriculture, roads and bridges, engineering, highway construction, maintenance,
management, etc. We argue that presenting topographical features on an interactive map
unlocks the potential of geospatial data analysis and retrieval.
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