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Abstract |

Natural
components of countries, due to their natural,

reserves are major economic
human, environmental and tourism importance.
Therefore, this study aims to create an
interactive map of natural reserves in Egypt,
which have 30 existing natural reserves, and 14
suggested natural reserves, On the other hand,
today's world is moving to use technology in
all directions, including maps. So, this study
depends on using Open-Source Web GIS Tools
in creating the interactive map, instead of
traditional paper maps. Web GIS is the result
of merging the advantages of geographic
information systems and the possibility of the
Internet. This creates maps of easy access and
manipulation. Open-Source tools are free to
use tools for users to develop on. This study
relies on Web design programming languages
(HTML - CSS — Java Script) for map creating
using the Leaflet.js mapping library, and type of
data Geojson, and software that uses QGIS for
mapping work, and Brackets for coding.

Key Words: Interactive Map, Web GIS,
Open-Source, Nature Reserves

Introduction |

Biodiversity loss due to human activities
has become a major environmental problem
worldwide, so establishing nature reserves
to protect species and their habitats has
historically been the cornerstone of biodiversity
conservation (Yu, B, et al, 2016). In the
management of Nature reserve IUCN has built
a map database of all protected areas in the
world and WEBGIS technology is sharing that
map information. At the website (https://www.
protectedplanet.net/en) the map information of
global protected areas in the world is shown
including boundaries, name, type, countries
area, analysis tools (Quynh, H, et al, 2016).
For decades, the main access to geographic
information has been pursued only through
desktop-based personal computers. During
this period, it has not been possible to share
information easily and efficiently with other
people and organizations (Sandinska, Y, 2016).
Google Maps and Google Earth, developed
by Keyhole and released in 2005, have
played a defining role in increasing public
awareness of geospatial data, allowing users to
browse geospatial data through web mapping
without installing conventional GIS software
(Kawasaki, A, et al, 2012).

Web GIS is a GIS applicati

on made available through a common
web browser. Together with the use of the
World Wide Web (Zerihun, M, 2017), it is an
application that can be accessed via the Internet
to manipulate, analyze, store, and use GIS
features without having to use GIS software
(Nizamuddin, 2017). Web GIS technology is
focuses on designing and mapping for a specific
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application or project in the GIS environment,
then publishes the maps on the Internet so that
an unlimited number of users can benefit from
them and obtain the spatial data they need. This
technology is used around the world in many
applications such as weather maps, traffic
maps, electronic city maps, tourist maps, and
other applications (Azaz, L, 2019). Interactive
map with its external database linking provides
an effective way to visualize spatial data

Interactive Map of Natural Reserves in Egypt Using Open-Source Weh GIS Tools

(Wang, K, et al, 2008). For the purposes of the
present work, the conception of an interactive
map has seemed the proper solution in the
perspective of producing a feasible operative
tool (Marconcini, S, 2018). With the Web,
interactive maps have become available for the
average consumer. With wireless and mobile
technologies, interactive maps have become
ubiquitous and, in some domains of life, a part
of everyday life (Sarjakoski, L, et al, 2009).

human(s)

78

user-centered

computing device

technology-centered

map

interface-centered

Fig. 1. Components of Cartographic Interaction: Cartographic interaction
is defined as the dialogue between a human (left) and a map (right) mediated
through a computing device (middle), From (Roth, R, 2012)

FEree & Open Source
GIS Software

Fig. 2. Simplified schme of the free and open-
source geographic information software for
the web. ( Romero, O, et al, 2014)

Open-source software is technically defined
as software in which the source code is
available for modification and redistribution
by the public. There are a myriad of different
open-source software licenses, and the “Open-
Source Initiative” (https://opensource.org/) has
taken on the role of general arbiter of license
correctness (Ramsey, P, 2007). Open-Source
Web GIS software systems have matured over
time and provided the functionality, elegance,
strength, and user friendliness equivalent to that
of proprietary Web GIS products (Singh, H, et
al, 2014).

In this study, we will use one of the most
famous libraries; leaflet Js, an open-source
JavaScript library for web and mobile-friendly
interactive maps (https://leafletjs.com/).

Leaflet It is one of the most popular open-
source JavaScript libraries used in (Edler, D:
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2019, Singh, H: 2018, Brambilla, G: 2017,
Farkas, G: 2017a, Peterson, G: 2014, Donohue,
R: 2014, Muehlenhaus, I: 2014 and others).
It helps create web and mobile interactive
maps. It is simple, easy to use, light in weight
and provides enhanced performance. It works
efficiently across all major desktop and mobile
platforms. As it is open-source, the developer
community has contributed to create a lot of free
plugins (Singh, H, et al, 2018). Of the 24 open-
source libraries for creating GIS applications
for the web, only five were selected which are
the most effective, among them was the leaflet
Library. They are considered the best solution
for creating web map applications (Farkas, G,
2017b). They are lightweight that provides
better performance and have been used all over
the world for making web map applications
(Teslya, N, 2014).

Study Area |

A web Gis application is created for the Arab
Republic of Egypt where there are 30 natural
reserves. Ras Muhammad is the oldest nature
reserve that was declared in 1983, while the
Nayazik Jabal Kamil natural reserve is the most
recent; declared in 2012. It also varies according
to area. El-Gelf El-Keber nature reserve is the
largest with an area of 48523 km2. On the other
hand, Salouga and Ghazal is the smallest; less
than 1 km2. Natural reserves vary according to
type, geological and desert is considered the
most common sort of natural reserves. There
are also 14 suggested natural reserves that have
not been declared yet as shown in Fig. (3).

o

7 Existing nature reserves

B suggested nature reserves
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Fig. 3. Study Area Existing and Suggesting Nature Reserves
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Objectives |

There are three objectives for this Study:

* Create an interactive map of natural reserves
in Egypt that will be accessible at any time and
place.

* [Illustrate the stages of producing an
interactive map using open-source tools

* Increase awareness about the natural reserves

in Egypt.

Methodology

1- Data Collection:

There are two types of data used: Spatial data
and Attribute data. Spatial data is a map (.jpg) for
all natural reserves, used to create shapefile by
using QGIS (open-source software). Attribute
data is divided into two subtypes: qualitative
data which includes reserves' names, type,
picture name and articles, and quantitative data
which includes date of the declaration and area of
the natural reserve. All data was collected from
the Egyptian environmental affairs agency’s
official website. Using this information, Spatial
and Attribute data were combined. All the
previously mentioned data is just for existing
natural reserves, and in the case of suggested
natural reserves, only names are available.

2- Data Processing:

While creating a web GIS application, all
shape files are uploaded to website using the
PostGIS or Geo Server software, but a different
approach was taken on this study, which is to
convert shape file to GeoJson file (by QGIS),
as shown in Fig. 2. Then all the data are added
to application using Leaflet Ajax (Metcalf, C,
2016). GeoJSON is a specialization of the JSON
data interchange format that can manage geo-
referenced data using a subset of instructions
provided by the JavaScript language (Pasquale,
D, et al, 2013), as shown in Fig. (4)

Toggs e adn it of  oorde| 5072863 | sel|:5w3ere = | (@ Mot 1008 |3 Rotten 2Vt Bescons @

Fig. 4. Converting shape file to Geojson file
using QGIS software

3- Web Site Creation:

When creating the Web site home page in
most Web GIS applications, the map covers
the entire interface, and a group of buttons are
added to the sides or at the top to perform tasks
such as showing the map legend or showing
tables and other media used. HTML - CSS - JS
were used to design home page for interactive
map, and several buttons were added on the
left or right side (depending on the language)
to do many tasks. Leaflet Library files have
been downloaded from The official website of
the Leaflet library, then added to HTML file, as
shown in Fig. (5).

4- Web Map Creation:

The Leaflet library helps create the framework
for adding maps created with name (mymap),
after that adding base maps. Three different
maps have been added (Open Street Map,
Topographic Map, Imagery), and then layers
of natural reserves, existing and suggesting, as
shown in Fig. (6).
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M 2 ¥V <html lang="en">
o ]
o 3 ¥ <head>
= 4 <meta charset="UTF-8">
£ 5
g 6 <I--  *x*%x%x Add page name *xx*x%x ——>
g 7 <title>Nature Reserves In Egypt</title>
fi 8
= 9 <l-- *xxxx Add the Leaflet library Style x%xxx -->
ﬁ 10 <link rel="stylesheet" href="src/leaflet.css">
<
= 11
12 <style>
13 /* *x%xxx CSS Code Here x*x%xx %/
14 </style>
15 </head>
16
17 v <body>
18
19 <l-— *%%xxx HTML Code Here x%x*xx —-->
20
21 <l-- x%%x%x* Add the Leaflet library JS|A~*«* =
22 <script src="src/leaflet-src.js"></script>
23 <script>
24 // *x*x% Java Script Code Here xx%xx
25 </script>
26  </body>
27
28  </html>
Line 21, Column 44 — 2 INS UTF-8 v HTML ¥ Spaces: 4

Fig. 5. HTML) structure index page and links to leaflet.js
and leaflet.css files

25 Y <script>
26 // Create my map

false});
28
29 // create Basemap

33
34 /| create Layer

) .addTo (mymap) ;
36
37 var allProtectedFuture =

38

27 var mymap = L.map('mapdiv', {center: [27, 30.83], zoom: 6, zoomControl:

30 var lyrOSM = L.tilelLayer.provider('OpenStreetMap.DE').addTo(mymap);
31 var lyrTopo = L.tilelLayer.provider('OpenTopoMap');
32 var lyrImagery = L.tilelLayer.provider('Esri.WorldImagery');

35 var Protectorates = L.geoJSON.ajax('myData/allProtectedl4.geojson',
{style:protectedNonClassified,onEachFeature:protectedLabel}

L.geoJSON.ajax('myData/allProtectedFutureNewl.geojson',{style:
{fillColor:"#dc3545" ,color:"#82101b" ,weight:"1",fill0pacity:0.4},onEachFea
ture:protectedFuturelLabel}).addTo(mymap) ;

Fig. 6. Create map and add base map and natural reserves layers

5- Control tools Creation:

The aim of the control tools is interacting with
the map. There are tools from the leaflet library
itself used. Other tools have been created, and
others from plugins have been developed by
programmers. All plugins were available for
use and development, proving the strength and
importance of open-source tools.

12 Vol.13 (1) March 2021

I. Base map & Layer Control

Its aim is to enable the user to control base
maps and layers, and it one of the tools from the
leaflet library. It allows choosing only one of
base map from (Radio button) and can choose
more than one in layer from (Checkbox).

I1. Side Bar Control

The sidebar is important in displaying
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information, images, and the map key, in
addition to the ability to choose one of the nature
reserves to display additional information about
it. This tool helps the user to show or hide the
sidebar.

The side bar is one of the plugins that have
been used (Bieniek T, 2020), and the button
used to show or hide side bar is called (easy
button). It has been used more than once and
it helps the designer add a button Easley. It
remains for the designer to create the function
for this button (CliffCloud, 2019).

I. Polyline Measure Control

It helps the user take measurements on the
map, and the unit is shown in meters at the
beginning. When it increases more than one
km, the unit of measure turns into a kilometre;
and it considered one of the plugins that have
been used (ppete2, 2019).

II. Home Location Control

After touring inside the map, the importance
of this tool comes by return to the basic zoom,
and map centre.

This tool is created for this map by adding
easy button and function for it.

I1I. Change Language Control

Making the map multilingual, this tool was
created, to help change the map language to Arabic
or English depending on the language used.

6- Nature Reserves Classification Functions:
When creating distribution maps using
GIS software, this is easily done using the
tools available, but when creating them
programmatically, this is done by writing codes.
There are two types of distribution maps
depending on the data type. The first type
is Category maps where the “Switch Case

function” is used when writing the code because

531

'"left'}).addTo(mymap);
54

57 sideBar.toggle();
58 },"Show /
59

61 var polylineMeasure =

62

67

72

39 // create my Basemap & Layer Control

40 ¥ var baselayers = {

41 "Open street map": 1lyrOSM,

42 "Topographic map": lyrTopo,

43 "Imagery": lyrImagery};

44

45 ¥ var overlays = {

46 "Existing nature reserves': Protectorates,

47 "Suggested nature reserves": allProtectedFuture};
48

49 var CtrlLayer = L.control.layers(baselLayers, overlays).addTo(mymap);
50 CtrLayer.setPosition("topleft");

52 //create create sideBar and add to map

53 var sideBar = L.control.sidebar('sidebar', {position:

BS //create button to toggle sidebar

56 ¥ var sidebarToggle = L.easyButton('fa-exchange', function(){

Hide Data'").addTo(mymap) ;

60 // Create button to polylineMeasure ;
L.control.polylineMeasure({position:"topleft"}).addTo(mymap);

63 //create button to home location

64 ¥ var homelocation = L.easyButton('fa-globe', function(){

65 mymap. flyToBounds (Protectorates.getBounds());

66 },"Go to Source Location").addTo(mymap);

68 //create button to change web languge
69 ¥ var changelanguge = L.easyButton('<img src="myImage/Ar.png"

width="100%">"', function(){
70 window.open("index.html","_parent");
71 },"Arbic - 4wkl 4l"),addTo(mymap) ;

Fig. 7. Create all control tools
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it depends on writing it with unique words
that are not repeated. This corresponds to the
category maps. The second type is Quantitative
maps, where the “If Else function” is used to
write the code, as shown in Fig. (8-9).

From the side bar, the user can select the
classification for nature reserves (by type, by
date of declaration, or without classification).

Online Publishing: )

It is the last stage in which the map designs (all
HTML, CSS, JS files) and all data are uploaded
to the host website. Netlify is one of the hosts
that allow free space for small website, so we
used it. The interactive map of natural reserves
in Egypt is now available on this link: (https://
nature-reserve.netlify.app/ecopy).

Results: )

e The most important result of the study is
the production of an interactive map of natural
reserves in Egypt. The map provides the user
with data for any natural reserve by selecting
its name. The information will be shown on the
side area, which includes Name, Type, Date of
Declaration, and Area, in addition to an article
explaining the importance of the reserve. Its
image will also be viewed, as shown in Fig. 7.

* The map is available in both English and
Arabic and can be viewed in either language.

* The website is responsive and can be easily
accessed via PC, Laptop, Tablet and Mobile.

* When choosing a natural reserve, a “More”
button appears. The function of this button is
to go to another page with more information,
articles, and pictures of the natural reserve.
However, this page is available in Arabic only
now.

100 1}

92 function protectedYearClassified(json){

93 var att = json.properties;

94 if (att.Year > 2010) {var YearColor = "#9e0d05"}

95 else if (att.Year > 2000) {var YearColor = "#b84d1if"}
96 else if (att.Year > 1990) {var YearColor = "#dba642"}
97 else {var YearColor = "#ffff66"}

98

99 return {fillColor:YearColor

,color:"#444" ,weight:"0.2",fillOpacity:0.8};

Fig. 8. Using (if else) function for creating Coroblth maps

20 }

73 ¥V function protectedTypeClassified(json){

74 var att = json.properties;
75 ¥V switch (att.n_Type){
76 case 'Archeology': var TypeColor = "#fb7813" ; break;
77 case 'Wetland': var TypeColor = "#17706e" ; break;
78 case 'Nature': var TypeColor = "#053a6f" ; break;
79 case 'Marine': var TypeColor = "#cc1818" ; break;
80 case 'Heritage': var TypeColor = "#dc6a9b" ; break;
81 case 'Development': var TypeColor = "#9d29de" ; break;
82 case 'Geological': var TypeColor = "#0fdeda" ; break;
83 case 'Desert': var TypeColor = "#dcfbie" ; break;
84 case 'Multipurpose': var TypeColor = "#lee20d" ; break;
85 case 'Cultural': var TypeColor = "#dc9b1l5" ; break;
86 case 'Biosphere': var TypeColor = "#6¢c757d" ; break;
87 case 'Landscape': var TypeColor = "#856404" ; break;
88 }
89 return {fillColor:TypeColor
scolor:"#333",weight:"0.2",fill0Opacity:0.8};

Fig. 9. Using (Switch Case) function for creating category maps

74 Vol13 (1) March 2021
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B 8| O NaweReservesintay X |+ v

< O @ | B hupsy/nawre-reservenetlify.app/ecopy

Nature Reserves Classification

By datc

Nature Reserves By Date

To provide protection for natural resources and biological
diversity and to preserve the environmental balance, the
idea of declaring the so-called natural reserves that refiect
the beauty of nature emerged as an element of natural
resources, and for the maintenance of those resources, Law
No. 102 of 1983 was Issued regarding natural reserves,
then Law No. 4 of 1994 wa

matter of e

Mersin

Zypern
Kinpog
Kibris" Libanon

SAMSUNG

Sudan
Jissdl— Knartum

Leafiet | © OpenStreetiap contribitors

Fig. 10. The interactive map after publishing online displayed on more than one device

buttons tasks

Open the list of:
1-Basemaps (osm, topo map and imagery) Y —
*‘ (User can choose only one) O Topographic map
& i
2- Layers (existing and targeted nature reserves) © Imagery
(User can choose more than one) & Existing nature reserves
Suggested nature reserves
Open the sidebar, which displays all the information about the reserves, in addition to
- Legend
Measuring distances, and measurement starts in meters, and also measuring in km
[ o J
— Helps the user to return to the original zoom, and map centre.
Q
— Language switch from English to Arabic, which is a single button that switches
- the language according to the language selected

Fig. 11. Control tools to interact with the map
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Recommendations:

* Reviewing the Natural Reserves map of the
Environmental Affairs Agency, as the study has
discovered a difference between it and an open
street map.

* Adding interactive maps applications to the
geography department’s courses in Egyptian
universities, in addition to the Geographic
Information Systems programming courses.

* Relying on interactive maps and atlases in
spreading geographical knowledge in all fields
including education, health, tourism, industry,
and others.

» Raising geographical research interest in
recent topics related to Geographic Information
Systems such as (Big Data - Internet of Thing
(IOT) - Smart City).
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