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Abstract—This article aims to highlight the concepts developed for 

the implementation of a full-featured enterprise geospatial web 

system in Sudan, for mapping and analysis using a computer-based 

system, that includes a robust GIS server, enterprise database, and 

dedicated web-based geospatial infrastructure to organize, share, 

and integrate geospatial application and services on local network 

infrastructure. The Dams Implementation Unit as part of the 

Irrigation and Water Resources Foundation in Sudan, has performed 

many projects in the area of water harvesting and agricultural 

irrigated projects. These types of water harvesting projects need a 

large amount of geospatial data, which requires effective database 

management. The database management system has been 

conceptually modeled to effectively manage all kinds of geospatial 

data and information to establish the enterprise Dams 

Implementation Unit database system and create its web 

applications. This paper reviews a simple and easy-to-use 

methodology for creating an Enterprise geospatial web system for the 

Dam Implementation Unit in Sudan and web applications created 

and tested. 

 

Keywords— DIU, SNB, WEB, Integration, Basemap, Geospatial 
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I. INTRODUCTION  

The Dam Implementation Unit (DIU) in Sudan designed a 

geographic information system (GIS) to capture, store, 

manipulate, analyze, display, manage, and present unlimited 

water sources and geospatial [2, 4, 11]. The paper outlines the 

requirements of the database management system, used to 

store, organize, and update water sources' geospatial data 

accurately and effectively. The database management system 

offers, enormous possibilities that DIU departments its 

stakeholders, and private sector organizations can benefit from 

its services. The enterprise database management system 

provided a highly efficient means of handling multiple types 

of data, storing, organizing, analyzing, retrieving, sharing, 

integrating, and managing large amounts of spatial and non-

spatial data. 

The Ministry of Irrigation and the Dam Implementation 

Unit use a lot of geospatial information to perform their 

investigations, design, development, and project executions, 

therefore, they need to manage this geospatial data effectively 

and can be easily updated, in a secure environment. This will 

help, to avoid the current situation issues related to data access 

and duplication. In addition, currently, the data cannot easily 

be shared or integrated due to the use of different horizontal 

and vertical control data and coordinate systems. By using, an 

enterprise database management system, different departments 

would be linked by integrating their databases using a unified 

geospatial frame, standards, and specifications. 

In this study, an enterprise database was established for the 

Dams Implementation Unit (as the study case) by creating 

ArcGIS Web, and web applications, including, storing, 

organizing, analyzing, retrieving, sharing, publishing, and 

managing geospatial data. The paper presents how to create a 

GIS-Web system, using water harvesting data. 

II. SUDAN NATIONAL BASEMAP  

The Sudan National Basemap (SNB), was created to 

provide geospatial data to both, the public and private sectors 

across Sudan. This includes essential information such as the 

location of features like boundaries, water bodies, settlements, 

and basic infrastructure. Additionally, the National Basemap 

serves, as the foundational reference framework for 

integrating all other map features of a particular area, 

including ground survey control points and topographic 

features. In essence, the Sudan basemap is a federal strategy 

aimed at optimizing the value of geospatial information for 

public and private organizations. The spatial data used for the 

basemap has been collected from various government entities 

in Sudan, and both existing and missing data have been 

reviewed and validated. The mapping system specifications 

have been thoroughly analyzed and documented, 

encompassing data collection and processing modules for 

digitizing, analog data, digital data, high spectral and spatial 

images, and aerial photography. The main components of the 

Sudan National Basemap [4, 11] are summarized in Figure 3. 

Figure 4 illustrates the Sudan National Base Map showing 

the water bodies layer emphasizing the river Nile, wadis, 

streams and lakes, and the Red Sea and the islands areas [11]. 

The core business of the Sudan Survey Authority is 

focused on the SNB implementation [6] together with the 

geospatial data collection, creation, maintenance, 

management, and supply of geographic information that is 

designed to meet the needs of all aspects of national 

infrastructure requirements. SSA creates and maintains the 

definitive Basemap geographic database for Sudan from which 

its geospatial products, services, and solutions are to be 

derived. 

SNBS should be viewed as a mapping function of SSA 

that can uniquely portray the geospatial data and information 

stored by SSA and its strategic stakeholders in Sudan. The 

ability to view data in a spatial dimension has always made 

geospatial systems a valuable tool [5, 9]. 
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Figure 3: shows the main components of the Sudan National Base map 

 

 
Figure.4: shows the water bodies layer of the National Basemap 
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Figure 5 Sudan National Basemap data sharing and data integration process 

 

To integrate SNBS, SSA maintains the idealistic viewpoint 

that the National Basemap System can be considered a 

scientific tool and a technology that can influence the basic 

services to all stakeholders in the well-known procedures and 

methodologies of work [12, 15]. The conditions of SSA 

regarding the implementation and development of Sudan 

geospatial information shall be assessed by examining the 

major factors that have been identified including factors that 

affect the implementation of geospatial technology in Sudan 

organizations [6]. These are: (1) Organizational 

characteristics, (2) Current Activities and potential GIS 

applications, (3) Data availability and quality, (4) Human 

resources, (5) Financial resources, and (6) GIS Support.  

III. WATER RESOURCES GEOSPATIAL INFORMATION  

The 18 states of Sudan are divided into localities, with 

each locality further subdivided into Administrative Units 

(AUs). These AUs are then subdivided into village councils 

and neighborhood councils. At each administrative level, there 

are assemblies of elected members. There are significant 

variations in the population sizes of the states and localities. 

The impacts of drought and climate change, are experienced in 

most of Sudan's states, excluding those in the Nile River 

Basin. This led to the fact that the competition for water 

resources has increased significantly and necessitated the 

importance of water resources assessment and development. 

Great pressure is exerted on the federal and state governments 

to seek immediate actions, for water sector reforms and 

institutional capacity development programs, to contribute 

towards building resilient and sustainable water for the 

satisfaction of all citizens, farmers, and animal producers or 

beneficiaries in Sudan to contribute to peacebuilding, 

improving livelihoods and building resilience against climate 

variability and change.   In this regard, the paper focuses on 

developing geospatial information for water harvesting and 

monitoring water resources in Sudan. 

The main DIU hydrologic activities taken into 

consideration for hydrologic investigations and water 

harvesting can be summarized as, hydrological investigations 

required information, spatial data for the assessment of surface 

water resources and identification of priority areas, estimation 

of the annual yields of the river Nile, and the main Wadis and 

water courses, and identification of areas for construction of 

earth dams and/or water harvesting facilities for water supply, 

agriculture and animal production. In this study, satellite 

images and Radar, topographic data have been used to obtain 

the relevant water source information, hydrological 

characteristics, land use, and land cover 

The geospatial information included here is mainly for the 

surface water development as manifested in River Nile and 

other rivers, Wadi, Turda’s, and Hafeers. Dams, khors 

crossing, Lakes for water harvesting for humans, and animals, 

irrigation along fisheries. The geospatial information used in 

this study also highlighted the population movements and 

updating of socioeconomic information which is vital for 

water harvesting projects, as population movement is one of 
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the processes that significantly change the size and 

composition of a population in a given area of a country. 

Generally, the geospatial information is also required for 

Environmental Social Impact Assessment (ESIA) alongside, 

the Environmental Management Plan (EMP) present measures 

and actions to reduce negative socio-economic and 

environmental impacts and to maximize the benefits of water 

harvesting projects.  

The main objectives of the study, are the provision of 

geospatial information for water harvesting services to carry 

out detailed engineering design of water distribution networks 

and water transmission lines for water supply systems, 

agriculture, and animal production within the territories of 

Sudan [13, 16]. The Sudan National Basemap also includes 

information, about the soil, geology, and hydrology.

 

 
Figure 6 Shows samples of watercourses that could be used for rural water harvesting projects 

 

 
Figure 7 shows the variation in Climate and Weather in the country 

 

Water resources in Sudan out of river Nile planes include 

rainfall, surface runoff, and groundwater.  Groundwater and 

surface water are very much constrained by climate change, 

wide seasonal and annual variations, poor accessibility, 

limited capacities of water storage facilities, and inadequate 

infrastructure and databases to plan for water development and 

management. These result in localized water abundance but 

supplies remain scarce in both time and place and they are 

vulnerable to climatic fluctuation and changes.  Despite these 

constraints, if water resources are properly utilized, developed, 

and managed, they can sustain livelihoods, improve the 
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environment and natural resources, secure subsistence food 

production, and ultimately reduce conflicts in the state.  

The main causes of conflicts over land and natural 

resources in Sudan can be summarized as follows: mechanized 

agriculture expansion at the expense of natural ranges and 

animal migratory routes, shortage of water supply at such 

routes, and on top of that water centers are unevenly 

distributed, cultivation of itineraries that lead to water centers, 

local conflicts over land tenure [7]. 

 Increases in natural population, and animal stocks in 

Sudan, coupled with the degradation of land necessities the 

development of harvesting water projects in Sudan, and the 

implementation of geospatial information. 

 

 
Fig.8: Rift related basins in Sudan 

 

Therefore, the total abstraction represents only about 10% 

of the annual recharge indicating that there is still high 

potential for aquifer development. 

IV. DEVELOPMENT OF GEOSPATIAL WEB CASE USE MODELS  

The geospatial environment was initialized to create an 

enterprise database, where, ArcGIS Desktop, ArcGIS Server, 

and database management system (SQL Server) were 

installed, adding users’ permissions, versions, distributed 

database, publishing service, and developing web applications. 

Enterprise databases allow simultaneous access to a large 

number of DIU users and can be used in the future by both the 

Dam Implementation Unit (DIU) and SSA organizations, 

where it has many advantages, such as managing their huge 

collection of data effectively, being robust enough to 

successfully handle the queries of multiple users 

simultaneously, the number of users editing data at a time is 

large, data size depends on server size and type of database 

systems used [4, 6]. 

Web GIS can be defined, as any geographic information 

system that uses web technology to communicate between the 

server and the user. Web GIS is a type of, distributed 

information system that includes at least a server and the user's 

browser. Figure 5 shows the geospatial data sharing and 

integration processes that can be desktop-based, server 

applications, or mobile applications.  

4.1 Cooperative WebGIS interactive information systems for 

water resources  

The dissemination and management of water-related data 

using web-based information systems is a promising 

technological approach for sharing knowledge with water 

source developers, users, and the general public. The 

synchronous information systems facilitate spatial data and 

descriptive information sharing over the cloud and are 

accessible through common web browsers [14, 16]. The data 

harmonization is based on standards satisfying common data 

formats and transmission protocols [8, 9]. In this paper, two 

cooperative web-based information systems are described, the 

first one serves spatially distributed and descriptive 

information from national databases related to transboundary 

aquifers of the African continent. The second is a holistic 

information system for providing near real-time alerts of flood 
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events for the Greek part of the Styron transboundary river 

basin [5, 9]. In both cases, all the included data, as well as 

metadata and auxiliary information, are available to the 

stakeholders involved and they satisfy interoperability 

requirements [11]. 

Geospatial (GIS Web) exhibits characteristics common to 

both stand-alone and web-based systems making it necessary 

to apply a hybrid methodology during their development [5, 

13]. This paper, also, proposes a methodology, for developing 

Web GIS that is herein referred to as the Y-Model Web GIS 

Development Methodology (YWDM) which has been adapted 

from existing software development methodologies and 

applied to the context of Web GIS development. The paper 

details the methodology phases and its viability by testing it in 

the implementation of the Web GIS. 

4.2 Developing Map Use Model for Web Mapping and GIS 

In this paper, a model for web mapping use was considered 

based on the Sudan base map used. The model contains, the 

technology, usability, and information to be considered in the 

development and future of online geospatial mapping and 

services. Such a model assists in the design and development 

of, web mapping and GIS for informing the project directions 

being taken in a fast-evolving discipline. 

The geospatial data was collected from the Dam 

Implementation Unit (DIU), followed by intensive 

management, development, and Protection of the geospatial 

Information System. As mentioned, the data used in this study 

include the water harvesting data, including the wells, Hafeer, 

dams, drainage lines, drainage points, adjoint catchments, 

catchment areas, and other Sudan national base map data such 

as railway, river, soil texture, basin, and administrative units. 

The geospatial data also includes the coordinates indicating 

the locations of the data, the names of the localities, the names 

of wells, Hafeers, dams, the names of the basins, and some 

other data (Figure 8). Part of the data has a coordinate system 

which is a Geographic Coordinate System based on the 

WGS84 epoch (GCS_WGS_1984) and the other part has a 

coordinate system which is based on the Transverse Mercator 

Projection (WGS_1984_UTM).  The stags of Web GIS system 

creation are illustrated in Figure 8 and Figure 9. 

 

 
 

Figure.8: Database Server Creation 

 
Figure 9: Data imports into the enterprise database. 

Create the enterprise database: An appropriate environment has been configured to create the enterprise database in which the required programs were installed. The 

Arc Catalogue was used to create a new database server (Figure.8), here the x on the server means that it is offline and is linked by clicking on it twice. After the 

connection to the server, comes the stage of establishing the Enterprise database. Here, the Arc Toolbox was used to create the database. Two databases were 
created, one named PROJECT, and PROJECT2, and the data was imported into the enterprise database (Figure 9). 

 

4.3 Specifying Users and their Defined privileges. 

Each DIU user will be identified and set the required 

permissions. There are several DIU users; each one of them 

can be identified with different privileges, and the types of 

users were identified as:  

1. Administrator user or system administrator: The 

administrator has the privileges to control the database as a 

whole, such as erasing, modifying, or adding new data. 

2. Editor users: have the privileges of editing, erasing, and 

adding new data. 

3. Reader users: Can only read and view the data. 

All users will use their usernames and passwords, to use 

the web and to perform their work. The user names also can be 

used by system administrators to track the users, to see what 

modifications they made and when. In the DIU system, two 

enterprise databases used are in one server (i.e., PROJECT, 

PROJECT2, each database has its own data. To control and 

manage these databases, communications are established with 

the database connections for enterprise databases PROJECT 

and PROJECT2. These connections allow the administrator to 

create accounts for employees and determine and verify their 

privileges.  

4.4 Creation of Versions for Users. 
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The database is connected to the Internet and often there 

are some users connected to the database at a time when a 

database update is required. In this case, if any user has made 

any update, it will show this update to the rest of the users. In 

this case, the user updates the database in an environment that 

can be separated from the original database and then transfers 

the updates when it is finished to the original database. This 

process is done by creating versions. Versions are a reflection 

of the database; it gives the current form of the database. So 

one should keep in mind the following information that, If 

another user updates the original database, the update will not 

be visible in the other user's version, and vice versa. Versions 

are created through connections, so each user has their 

version. 

There are three permissions for a version: (a) Private: only 

the creator and the administrator can see it, (b) Public: visible 

to everyone, and (c) Protected: visible to everyone and can 

only be modified by the creator and the administrator. In 

certain situations, the administrator will create the main 

version, and each employee will be required to make a sub-

version of it. An example demonstrating how versions 

function is shown in Figure 10, where the user (Editor) has 

added the "Khartoum" dataset from the Project Editor 

Database to the ArcMap. 

 

 
Figure 10: Shows Web Change Version 

 

 
Figure 11: shows the reader checking Khartoum data processes 
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Figure.12 illustrates, the user, adding five new wells to Khartoum's existing wells map. 

 

This data modification will appear only in this version and 

does not appear in the rest of the versions until compatibility is 

done between versions, and then sends the modification to the 

parent version. If the user wants to send the modifications 

made in his version (Figure 11), to the administrator version of 

Figure 12, it will be updated by adding new features such as 

the five wells. 

4.5 Creation of Distributed Geodatabases:  

The principle for updating two or more databases, each of 

the two databases should be linked and considered as a pair, 

all updating in the first database will be transferred to the 

second database. Distributed geodatabases can be used to give 

a replica of the parent Database (Figure 13), or for data shared 

between two departments or institutions. In such cases, 

updates can be directly done between the two institutions' 

databases. There are three relationships for the link between 

pairs: 

(i) Check out the relation: It links between the SDE database 

and any other type of database and allows the database, to 

be updated only once. 

(ii) One-way relation: It links between the SDE database and 

any other type of database that allows the database to be 

updated more than once. 

(iii) Two-way relation: It connects only between SDE databases 

and updates can be sent from the first database to the 

second and vice versa. 

To establish the relationships mentioned above, the data in 

each pair of databases needs to be identical and to create 

distributed geodatabases, two conditions must be met: the data 

must be registered as a version and global IDs must be added 

to ensure each feature has a unique key that does not repeat. 

4.4 Creation of site for ArcGIS Server manager 

First, the site has been created, and its settings have been 

adjusted, from this site, one can manage the server and control 

the privileges and services, and the services page, where each 

service will be displayed and published.  

 

 
Figure. 13: Creation of Replica for the database 
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Figure 14: Databases Updating Each Other 

 

 
Figure 15 Entering ArcGIS server username 

 

A feature was added to the first database and second 

database, and both databases have been updated by each other 

(Figure 14). 

The user publisher has all permissions on the services, but 

the rest of the user's permission will be controlled by the 

administrator (Figure 15). Each user who does not have 

permission to publish cannot access the site, but they can use 

the services via ArcGIS Desktop. Finally, the GIS server is 

added to the manager, user publisher, and user viewer. 

4.6 Publish Maps Services 

To publish any data in the form of a maps service, the map 

must be saved in a .mxd file (Figure 16), such as the Gazera 

map and Sudan map were saved in the mxd file and then 

published. While the maps service appeared in the ArcGIS 

Server in Arc map. 
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.  

Figure 16: Saving the available maps such as Gazera and Sudan Basemap 

 

After the service has been published, it will appear in the 

Server Manager site i.e. the Sudan map and Gazera map 

services will appear in the Server Manager site. 

4.7 Account Creation in ArcGIS Online 

An account in ArcGIS Online will be created, Figure 17. 

The Sudan map (Figure 18) and Gazira map (Figure 16) 

services were opened in ArcGIS online map, and saved in 

ArcGIS online account. 

 

 
Figure 17: Shows Account creation in ArcGIS 

 

 
Figure 18: ArcGIS Server - Sudan map service 

 

4.8 Creation of the Web Application. 

The web application will be created and the basic viewer 

application will be selected, to launch for example the Sudan 

Map applications. 

V. WATER HARVESTING WEB IMPLEMENTATION: 

The Dams implementation Unit has an enterprise water 

harvesting database for DIU data Figure 21. The two 

enterprise databases are ready for use, containing the data of 

the dam implementation unit, the first database contains data 

with the coordinate system GCS_WGS_1984, and the second 

database contains data with the coordinate system 

WGS_1984_UTM_Zone_36N. The enterprise database allows 

managing data effectively, in terms of data storage, retrieval, 

analysis, and data sharing.  The editing system includes users 

who use the system, versions where any user has their version, 

distributed geodatabase where each two databases is linked 

and considered as a pair.   

The DIU Enterprise geodatabase system (Figure 22) now 

supports simultaneous access for a large number of users, 

simultaneous modification, simultaneous updating, and 

backups can be created, users are monitored so there is no 

random modification of data, and the administrator has all the 

powers to manage the database more effectively. The Web 

GIS Server will be working allowing the service maps to be 

published and managed (Figure 23). 



International Journal of Multidisciplinary Research and Publications 
 ISSN (Online): 2581-6187 

 

 

226 

 
Fatima Ali A. Ali Nawai and Kamal Abdellatif A. Sami, “Towards Enterprise Geospatial Web for Sudan Water Harvesting,” International 

Journal of Multidisciplinary Research and Publications (IJMRAP), Volume 7, Issue 1, pp. 216-229, 2024. 

The web GIS provides Maps, which gives a new paradigm 

for how people everywhere access and use geographic 

information (Figure 24). They can use GIS Maps on their 

desktops, web, tablets, and smartphones for a variety of 

activities to apply advanced geographic information and the 

Web application will be ready for use. 

 

 
Figure 19: basic Web Viewer application 

 

 
Figure 20: Launch configuration of Sudan map applications 
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Figure 21: Components of Water Harvesting Database Server 

 

 
Table 22: shows part of DIU Enterprise geodatabase 

 

 
Figure 23: ArcGIS server Manager Services 
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Figure. 24: Shows sample of the Web application 

 

The web application opens maps, making it easier and 

faster than opening them from known GIS programs. It is 

accessible via computers or smart mobile phones. 

VI. CONCLUSION  

The Dams Implementation Unit as part of the Irrigation 

and Water Resources Foundation in Sudan, has performed 

many projects in the area of water harvesting and agricultural 

irrigated projects. These projects need a large amount of 

geospatial data, which requires effective database 

management. Therefore, a database management system has 

been conceptually modeled to effectively manage all kinds of 

geospatial data and information implementing web 

applications. Currently, the irrigation data of Sudan data 

cannot easily be shared or integrated due to the use of different 

horizontal and vertical control references and coordinate 

systems. By using an enterprise database management system, 

different departments would be linked by integrating their 

databases using a unified geospatial frame standard, and 

specifications. 

This article aims to showcase the DIU full-featured 

enterprise geospatial web system, which is usually used for 

mapping and analysis through a computer-based system. This 

system includes a robust GIS server, enterprise database, and 

dedicated web-based geospatial infrastructure. Its purpose is to 

organize, share, and integrate geospatial applications and 

water services on a local network infrastructure. The article 

also discusses how to create a GIS-Web system for managing 

water harvesting data in Sudan. Additionally, it reviews a 

simple and easy-to-use methodology for creating enterprise 

geospatial web systems and web applications that have been 

created and tested to address issues related to data access and 

duplications in the current situation. 
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