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Background

A compounded crisis has hit Lebanon over the last
few years.The Syrian war seriously affected the
country as the number of refugees registered with
the United Nations High Commissioner for Refugees
(UNHCR) in Lebanon has risen from 32,800 in April
2012 to an estimated 1.5 million in October 2018, a
quarter of the total Lebanese population’.

The current economic, political, and health

crisis further complicates the situation. Lebanon

is experiencing one of the worst economic
downturns since the end of its civil war in the
early 1990s. According to the World Bank, in 2022,
the country’s inflation is expected to average
186%, and its real GDP to contract by 5.4% further
than the years before?. Public debt was estimated
at 181% of the GDP in 20213. According to the
United Nations Economic and Social Commission
for Western Asia (UNESCWA), in 2020, more than
half of the Lebanese population lived in poverty
(55.3%), with a 37% unemployment rate 20204 The
COVID-19 pandemic increased the complications,
with Lebanon recording cases since February
2020° and suffering from several waves that added
to the burden of the authorities on the national
and local levels.

Amid the ongoing economic uncertainty and
prolonged crisis, the challenges for many
displaced refugees and Lebanese who face long-
term poverty continue to deepen. Both Lebanese
and refugees perceive those long-standing
inequalities are worsening, and competition

for shrinking job opportunities and dwindling
resources and services remains a source of
tension at the local level.

Given the complexity and accumulation of

the crises within the Lebanese context and
the additional pressure exerted on the local
authorities, municipalities, and unions of
municipalities (UoM) need the capacity, skills,
tools, etc., to adapt and respond to the current
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circumstances. The mentioned challenges
highlight the importance of evidence-based

and integrated municipal strategies and the
mobilization of sufficient resources to implement
these strategies. Those tools include but are not
limited to 1) Strategic planning, 2) Resource
Mobilization and Proposal Writing, and 3) the use
of Geographic Information Systems (GIS).

B GIS data can support evidence generation,
monitoring, and evaluation.

B Strategic Planning transforms generated
evidence into priorities and actions.

B Proposal writing and submission create
resources to implement the suggested plan.

Strategic

planning

Resource

mobilization

Source: A diagram created by the author to clarify the strategy and the
relationship between the three key components: GIS- Strategic Planning-
Resource Mobilization.



Using GIS tools in local government and
municipalities can significantly enhance workflow,
operations, and policies, particularly in three
critical areas: engineering management, financial
performance, and administrative management.

By leveraging GIS tools, municipalities can
seamlessly integrate financial and administrative
data stored in databases through maps,
unlocking new insights that would otherwise

be inaccessible without linking information

via geographical coordinates. This integration
streamlines verification and collection processes
for employees, leading to increased efficiency
and accuracy in decision-making processes.
Additionally, GIS tools support municipal
engineering departments and engineers in
analyzing citizens’ requests and complaints,
facilitating the updating of planning, road, and
infrastructure maps centrally for the benefit of all
municipal departments.

Besides, GIS is widely recognized as one of
the best tools for planning in different areas of

government. It helps local government officials,
municipal council, president and specialized
committees perform effectively by providing them
with information to make informed decisions. GIS
is one of the many tools that helps municipalities
manage human and financial resources, plan for
development and make informed decisions that
benefit the community.

GIS is an integrated set of tools for capturing,
storage, analyzing and managing spatial data

a GIS is an integrated system of computer
hardware, software and spatial data that can

be used to manage and analyses all types of
geographically referenced information to map,
analyze and present every feature, event, and
occurrence that can be associated with a specific
location. The seamless integration of financial,
administrative and engineering data can be
integrated with a geographical view and layer
using GIS, which empowers municipalities to
utilize the full potential of GIS to achieve efficient
operations, improve service delivery and enhance
strategic planning.

Geographic Information System (GIS)

Data primarily defines the era we are living in.The
recent development of the Internet of Things (loT),

where all environmental, social, economic, and
related disciplines’ information is collected over
a cloud-based system, came as an answer to the

day-by-day increase in the importance of data.The

ultimate objective would be to improve human
well-being and prepare for the rapidly arriving
future at local, national, and even global scales.

Nevertheless, the fragmented and usually
outdated information is posing a serious issue.
It is added to the fact that we already have more
data that we can handle, use or understand. This
is where the Geographic Information System
(GIS) fits perfectly, trying to close the gaps and
overcome existent limitations by providing

Nevertheless, the fragmented
and usually outdated information
is posing a serious issue.

geolocated/geo-referenced information that
can be easily compiled, updated, analyzed, and
shared. It would be vital across practically all
aspects of our society.
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Municipalities and Union of Municipalities (UoM) are
adequate entities to collect, fetch, transform, analyze,
and share GIS-based information. This is related to
their role in structuring and managing budgeting and
planning processes while prioritizing the community’s
basic needs and promoting its social and economic
development. Furthermore, municipalities and

UoM actively participate in national and provincial
development programs and policies and thus are at
the front line of any change in the future.

The recent few years have devastated Lebanese
institutions due to the collapse of the monetary
system, the large influx of Syrian refugees, and
political turmoil. Municipalities and UoM are directly
and indirectly affected. To empower them, GIS
training will be provided for multiple municipalities in
the North, South, and Mount-Lebanon regions under
the Municipal Empowerment and Resilience Project
(MERP).The training aims to regain their previous
role in collecting and updating datasets, proposing
plans, and preparing for capturing future needs.

This will positively impact the already strained local
communities and increase their resilience.

The primary audience for this introductory

training manual is Lebanese municipalities and
UoM personnel who are unfamiliar with or have
limited GIS experience. Additionally, this manual
can also benefit learners, partners, managers

and decision-makers outside municipalities and
UoM, especially those involved in development
activities, administrative management, financial
management, and engineering management.The
training manual provides a general overview of GIS
science and its related components, highlighting
its usage in municipalities and UoM, conducting
needs assessments for surveyed municipalities and
UoM, and offering solutions to overcome related
challenges. The manual aims to equip readers with
the necessary knowledge to implement essential
GIS tools, functions, and applications outlined in
the accompanying GISToolkit document. As no
direct GIS applications will be implemented under
this manual, GIS software (e.g., ArcGIS, QGIS,
GRASS GIS, ILWIS, SAGA GIS) is not needed. It will
be required in the related Toolkit document®.
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Introduction:
Importance of GIS for strategy, development
and governance

Chapter 1:
Definition, objectives of the geographic information
system for local government and municipalities.

Chapter 2:
GIS strategies, technologies and practices for Local
government and municipalities.

Chapter 3:
GIS Components and GIS file types.

Chapter 4:
Implementations prerequisites and requirements
resources.

Chapter 5:

Assessment, sustainability and guidelines for GIS installation.

Conclusion:
Core concepts across all chapters. GIS manual for
beginners and intermediate level -First edition.

Upon the completion of this manual,
participants are expected to:

B Understand the functioning of GIS, its
significance, and its applications.

B Understand best GIS practices within unions
and municipalities.

M Be familiar with GIS components, GIS file types,
and various sorts of data.: capturing, storing,
checking, displaying data in addition to project
data. Be familiar with vector and raster analysis as
well as merging and joining different types of data.

B Learn of issuing map through GIS for
practice and to be used for their job requests,
respecting the fundamentals of cartography
standards and principles.

B Recognize the prerequisites and necessary
resources for establishing a GIS unit.

B Learn how to sustain and enhance the GIS
database even after the project concludes.



Introduction: Importance of GIS for Strategy,
Development, and Governance

The usage of Geographic statistics systems (GIS) dates
back to the work of a scientific practitioner, Dr. John
Snow, who created a map in 1854 to pinpoint places
of cholera-associated deaths in primary London.

This mapping method efficiently traced the supply of
the outbreak to a contaminated well. because then,
GIS has found applications in an extensive variety

of disciplines, spanning environmental research,
coverage-making, social sciences, economics,
governmental operations, and concrete planning.

GIS encompasses equipment that capture, store,
update, analyze, manage, display, and present
statistics linked to precise location, frequently
known as geo positioned or georeferenced data.
it's composed of four key components:

M Hardware (such as computers, servers, and
printers/scanners)

B Software (including desktop, mobile, or web
GIS applications)

B Personnel

B Data

The absence of any of these components could render
the functioning of a GIS system impossible. through
GIS, we are able to gather facts approximately our
surroundings, enabling us to understand, question,
interpret, and visualize data in numerous ways that
unveil relationships, patterns, and developments via
tables, figures, maps, reviews, and charts.

GIS serves as a conventional visible language that
transcends organizational barriers and connects
human beings global. today, limitless organizations
leverage GIS in nearly every element of human
activity, revolutionizing how the world operates. it's
miles a powerful device for automatic mapping and
spatial evaluation, imparting skills to capture, store,
query, analyze, display, and output geographic data.

Implementing GIS in local government and
municipalities advantages all departments with the
aid of integrating various sources of geographical,
administrative, economic, and engineering data.
This integration streamlines data processing,
reduces duplication of efforts, cuts costs, and
ensures efficient data collection, conversion,

and evaluation.The technology permits the
incorporation of financial and administrative data
into databases, covering a wide array of municipal
activities, such as finance, administration, tourism,
environment, culture, engineering, urban planning
and infrastructure management.

In conclusion, GIS is an indispensable tool for
planning and decision-making across multiple
sectors. It supports local governments, municipal
councils, and specialized committees by providing
critical information for informed decision-making.
The following GIS manual aims to educate
employees in local government and municipalities
on fundamental GIS operations and components. It
is structured into five main chapters:

Chapter 1:

Definition and objectives of Geographic
Information Systems for local government and
municipalities

Chapter 2:
GIS strategies, technologies, and best practices for local
government and municipalities

Chapter 3:

GIS components and file types

Chapter 4:
Implementation prerequisites, resource requirements, and
guidelines

Chapter 5:

Assessment, sustainability, and guidelines for GIS installation.
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In recent years, local government bodies,
specifically in Lebanon, were confronted with
tough decisions because of restricted resources,
together with limited budget, foreign money
devaluation, and a shortage of human assets
and volunteers. The adoption of Geographic
information system (GIS) can have a positive
impact on community finances by way of either
saving costs related to body of worker’s time
and costs or improving resources via an efficient
taxation system.

Moreover, the increasing complexity and
uncertainty of the community’s destiny necessitate
using GIS competencies for service delivery and
planning. Luckily, GIS technology has evolved
extensively over the years, becoming more
accessible, fee-effective, faster, and user-friendly.
The growing adoption of GIS by communities
nationally and globally reflects the alignment of
these evolving needs with the progressed ease of
GIS development.

Additionally, the development and application of GIS in/by municipalities are crucial to achieving

Efficiency increase High-quality decisions Service improvement and
making processes development

That is possible because:

B GIS is an archive system enabling the
production of primary, significant, enduring,
shareable, and multipurpose databases that
can be used by staff and dwellers, researchers,
scholars, policymakers, and decision-makers,
as well as by private and public companies
and institutions. An example would be the
Beirut Built Environment Database (BBED)’,
collecting information on 50+ Beirut buildings
constructed between 1996 and 2021.

B GIS is an analytical system emerging from the
archival system described above, enabling
analytical and research applications, going
way beyond the simple database query
demands. It usually generates small, brief,
particular-purpose databases with a strong

GEOGRAPHIC INFORMATION SYSTEM (GIS) 9



emphasis on modeling and statistical
information analysis. For example, mapping
the Beirut port explosion and operational
zones was critical to coordinate efforts and
providing sustainable assistance.

B GIS is a Decision Support System (DSS) aiding
in the decision-making process by allowing
alternative outcomes to be projected, debated,
and revised so that informed decisions can be
taken. It is usually linked to multiple databases
and models and oriented towards actions. An
example would be a disaster support system
(e.g., SUNAR system at the Lebanese National
Council for Scientific Research (CNRS-L))®
aiding in mitigating and alleviating the impacts
of disasters as much as possible.

Geographic Information Systems (GIS) offer
a comprehensive framework for managing,
analyzing, and visualizing spatial data, which
makes them indispensable to municipal

operations and local government. In this context,
improving efficiency, decision-making procedures,
and service delivery within local communities

is the main goal of GIS systems. GIS serves as

an archival system that makes it possible to
create reliable, shareable databases that are
available to a wide range of stakeholders, such as
businesses, residents, researchers, policymakers,
and municipal employees. This encourages
transparency in governance and helps make
well-informed decisions. Furthermore, GIS is an
analytical tool that supports the development and
planning of evidence-based policies by enabling
sophisticated data analysis and modeling.
Additionally, GIS gives decision-makers the ability
to project and assess alternative scenarios as a
Decision Support System (DSS), resulting in more
efficient and sustainable. Overall, GIS systems in
local government and municipalities contribute

to improved operational efficiency, resource
management, and governance practices.

Action

. A
~  Analysis

\ VA
ooo IS

Source: GIS application from the archive to action, Eastman et al., 1993.

10 Building the capacity of municipalities and unions of municipalities



02.

GIS strategles




Geographic Information System (GIS)
technology has revolutionized the way local
governments and municipalities operate

by providing a powerful tool for improving
workflow, operations, and policies. In particular,
GIS systems play a crucial role in enhancing
financial performance, administrative
management, and engineering management

Financial Performance

Efficient Tax Administration, Including
Tax Base Identification, Collection, and
Grievance Mechanism

Efficient tax administration, including tax

base identification, collection, and grievance
mechanism can be enhanced by GIS technology.
This can be achieved through two main
approaches: accurately calculating taxes

for residential and industrial properties in a
timely manner. Initially, this involves creating
databases of buildings and parcels or utilizing
existing databases within the financial and
administrative systems of municipalities and
linking them to geographical layers such

as parcels and buildings on the map. These

map layers can be established using aerial or
satellite imagery or by extracting data from land
registries. Additional details about property
owners and properties, similar to the Beirut
Built Environment Database (BBED) model (refer
to the map below), can also be incorporated.
Moreover, tax billing should be automated.

Another way GIS can improve efficient tax
administration and transparency is by mapping
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within these organizations. By leveraging the
capabilities of GIS, local governments can make
more informed decisions, streamline processes,
and ultimately deliver better services to their
communities. Through GIS, municipalities can
significantly improve their task and workflow
efficiency in administrative, financial, and
engineering domains.

and monitoring the tax payment process and
status. This enables close monitoring of the
financial condition and forecasting future rates
for a more sustainable expenditure of public
funds. Through a web-based GIS platform, this
information can be made accessible to the
public and implement transparency.

(I

Additional details about
property owners and
properties, similar to the Beirut
Built Environment Database
(BBED) model, can also bhe
incorporated. Moreover, tax
billing should be automated.




Source: Beirut Urban Lab, 2022, American University of Beirut, Maroun Semaan Faculty of Engineering and Architecture. Lebanon.

Monitoring and Auditing

Enabling the verification employee in the
municipality to compare information on
calculating fees, rental value, building permits,
advertisements, geographical maps, and others.

Facilitate the task of the verification officer and
provide him with information and map before
inspecting the site.

Assisting the task of the verification officer to
clarify matters for the stakeholders.

Tax Collectors

Distribute the process of collecting fees to
collectors and provide them with a geographical
map indicating the amount to collect and the
geographical location.

Follow up on the collection process and track
the remaining amounts (refer to the
map below).

I]

Efficient tax administration,
including tax base
identification, collection, and
grievance mechanism can be
enhanced by GIS technology.

Print maps to be used during tours by
tax collectors.

Evaluate the effectiveness of fee collection
based on collectors, regions, range of amount
and types of fees on a daily, monthly, and
annual basis, and knowing who paid the tax
which aids in decision-making (refer to the map
below), and tax collector.

GEOGRAPHIC INFORMATION SYSTEM (GIS) 13



Collect and uncollect values of municipal revenue collection

Source: A mock-up GIS maps created by the author are based on the provided financial data existing in the Municipality. These map are linked with the geographic
position and parcel layer to highlight the tax collection process, including the collected and uncollected amounts, as well as the range of trade values necessary to
boost the income of municipalities revenues.

Administrative Management

Facilitating and Monitoring Municipal Enable competent employees to view advertising sites for
. which investment fees are due (refer to the map below).
Transactions
Check each advertisement promptly, review
Secure maps of permanent or temporary detailed information related to it, and issue
billboard locations. regulations for compliance.
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Source: A mock-up GIS map created by the author that allows administrative staff and municipality police to view advertising sites for which investment fees are
due. The map is associated with the geographic position, parcel, and building layer and is based on administrative data provided by the municipality.

Building Permits verification department and municipal police
during site visits.
Enter information about building permit issuance

date and expiration date to track permit deadlines, Defining the location of informal buildings in relation
linked with geographical positions for follow-up to administrative inspection matters involves building
and tracking. codes and urban regulations. This will help in

deciding whether to demolish informal buildings or
Enable the Engineering Department to issue modify them to comply with the law and regulations,
maps of building or restoration permit sites, and facilitate payment of damages to the municipality
benefiting other departments such as the for the violations (refer to the map below).
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Source: A mock-up GIS map created by the author that allows administrative staff and municipality police to check the geographical location of informal buildings
The map is associated with the geographic position, road, parcel, and building layers and is based on administrative data provided by the municipality.

Land Administration and Property Taxation

Land administration is the process by which
the rules of land tenure are implemented

and put into practice. This involves various
activities such as transferring land rights from
one party to another through sale, lease, loan,
gift, and inheritance; regulating land and
property development; managing land use and
conservation; generating revenue from the
land through sales, leasing, and taxation; and
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resolving conflicts related to land ownership
and use. GIS technology enhances the cadastral
workflows of land administration stakeholders,
enabling them to effectively manage their land
information assets. GIS can accurately capture
relevant data, and the resulting database can
serve as the foundation of a taxation system. To
effectively collect property taxes, information
on property characteristics and ownership or
occupancy status is essential. This information
is utilized in taxation laws to determine tax



rates. A complete and accurate database
can lead to increased revenue generation. It
can also be used for land data assessment,
updating tax maps, issuing property tax
bills, collecting taxes, and preparing new tax
base projections for budgeting purposes.
Additionally, GIS can integrate the existing
taxation system in municipalities with the
cadastral map to enhance tax collection
processes and land use management.

Planning

GIS innovation is a valuable and essential
tool in land use planning. It empowers the
overlaying of different types of data within
the frame of maps to demonstrate how the
land is utilized, including the locations of
residential and commercial areas, open spaces,
water sources, landfills, and agricultural and
industrial facilities. It also helps distinguish
any conflicting issues among land uses, such
as industrial zones encroaching on residential
areas or informal settlements encroaching on
agricultural land.

GIS innovation facilitates spatial analysis of
socio-economic and environmental information
to determine the suitability of different areas or
areas for various land uses.

Facilitate the tasks of the municipal council and
planning staff:

GIS can accurately capture
relevant data, and the resulting
database can serve as the
foundation of a taxation system.

B Determine roads and their expropriation.

B Classify agricultural, industrial, and
residential areas.

B Select locations for public gardens and
distribute them in neighborhoods.

B Identify afforestation sites on sidewalks
and public areas.

B Establish natural reserves.

B Determine construction areas, maximum
height, zoning laws, and regulations (refer
to the map below).

B Allow viewing of real estate areas before
and after being affected by planning.

B Analyze land use percentages in each
category, density levels by neighborhood,
threats to residential amenities, and
proximity to locally unwanted land uses.
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Source: A mock-up GIS map created by the author that allows engineers, administrative staff and municipality police to identify construction zones, height
restrictions, and zoning laws and regulations. The map is based on administrative urban laws and regulations data that the municipality provides and is linked to the

geographic locations of parcels and zoning region layers.

Transparent Project Monitoring

By utilizing a dedicated web portal, municipalities
and UoM can enhance the transparency of public
funds expenditure. This portal/website can clearly
display the locations of past and ongoing projects,
the progress achieved to date, the allocated budget,
the entities responsible for project implementation,
and more. Such a portal/website (refer to the
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map below) showcases transparent governance
practices and functions as a monitoring tool for city
government and senior management. Through a
participatory approach from the grassroots level,
public engagement can be broadened by enabling
users to share their comments and suggestions

on the website or through social media accounts

of municipalities. Furthermore, web-based project
monitoring can position municipalities or UoM as a
trustworthy destination for investors and donors.



Source: WFP Lebanon Operational Dashboard, 2022.

Solid Waste Management

Municipal solid waste management is a critical
public service that, when it fails, can quickly
overwhelm communities and authorities, leading
to significant impacts on both the environment
and public health. Solid waste management is a
key responsibility of municipalities in Lebanon,
with a significant portion of their income allocated
to private companies for waste collection and
landfill management, particularly in densely
populated areas like Beirut and Mount Lebanon,
where numerous households, hotels, restaurants,
industries, universities, and hospitals contribute
to waste generation. The influx of Syrian refugee
waste further strains municipal finances and
exacerbates environmental pollution.

The issue of solid waste management in Lebanon has
garnered significant attention since the 2015 “waste
crisis,” which directly resulted in the closure of one

of the country’s largest landfills in Naameh and a
sudden halt in waste collection services, leading to
garbage accumulation in the streets of Beirut and
Mount Lebanon®. Fortunately, Geographic Information
Systems (GIS) can play a crucial role in enhancing

solid waste management practices and preventing
future crises. GIS can achieve this by aiding decisions
on suitable landfill locations and monitoring disposal
sites, including landfills, over time, in conjunction
with effective planning and legislation. This was
partially done in the recent MASAR project, of

which one activity aimed principally at assisting

local governments in improving their solid waste
management by reduction of waste, but more
importantly, by developing waste collection plans and
procedures. In parallel, the Ministry of Environment
has already produced a solid waste infrastructure
types map covering the whole of Lebanon’s boundary
as of 2018 (refer to the map below).

B
e

Solid waste management
is a key responsihility of
municipalities in Lebanon.
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Source: Map produced by Rita Nasr, Ministry of Environment, Head of
Municipalities, 2018, Lebanon.

Health and Medical Mapping and Planning

The COVID-19 pandemic, which originated

in China in the Fall of 2019, officially reached
Lebanon in the second half of February 2020 and
quickly spread across all regions, resulting in
significant social, economic, and psychological
impacts. The epidemic struck Lebanon amidst

an unprecedented financial and political crisis,
marked by the devaluation of the local currency.

Municipalities in Lebanon play a crucial

role as a vital link between the central
government and the local population, serving
as autonomous entities with extensive financial
and administrative authority at the local level.
In response to the COVID-19 crisis, municipal
councils in Lebanon have expanded their
responsibilities beyond their traditional roles
to contain the spread of the virus within the
community. These measures have included
raising awareness, implementing a “track,
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isolate, test, and treat” strategy, promoting
social distancing, enforcing home quarantine
measures, regulating business operating
hours, providing community assistance such as
financial aid, food distribution, and distributing
free vouchers, along with offering various
essential services as required™.

Geographic Information Systems (GIS) are
valuable tools for managing and tracking health
and medical issues by linking health data to
geographical positions, ensuring accurate follow-
up and efficient tracking.

The COVID-19 pandemic has underscored the
disparities and insufficient investments in
medical facilities and resources globally. GIS
can be leveraged to monitor current medical
conditions and resources, evaluating their
adequacy for future needs. Identifying and
addressing potential gaps in the healthcare
supply chain, including long distances between
residential areas and primary healthcare
facilities, is crucial for improving the healthcare
sector. This can be achieved through detailed
mapping of hospitals, medical facilities,
pharmacies, emergency centers, and other
healthcare institutions, integrating information
on Land Use and Cover (LUC), population
density, vulnerability, and demographic data.
(refer to the map below).

The COVID-19 pandemic, which
originated in China in the Fall
of 2019, officially reached
Lebanon in the second half

of February 2020 and quickly
spread across all regions.



Source: Harb et al., 2021, American University of Beirut, Maroun Semaan Faculty of Engineering and Architecture, Lebanon.

Crisis Management

GIS can enhance resilience, response, and
recovery in real-time following a crisis.

This is crucial as directing efforts towards
mitigating impacts and safeguarding against
the multifaceted threats and hazards in
today’s world necessitates a comprehensive
understanding of the social, economic, and
environmental systems surrounding us. A data-
driven approach facilitated by GIS can better
equip communities to prepare for and respond
to significant events. This was exemplified in
the aftermath of the devastating Beirut Port
explosion in 2020, which was ranked as the
third most catastrophic incident in history. The
explosion resulted in the loss of nearly 200
lives, injuries to over 6,500 individuals, and

rendered more than 300,000 people homeless

in the Greater Beirut area™. Approximately 80
NGOs engaged in repairing shelters in severely
affected neighborhoods. To assess, assist, and
coordinate the work of national and international
NGOs for surveying, restoration, and repair

of the damage, a map generated from the GIS
system was utilized to link data related to all
damages and estimate costs. This map facilitated
municipal authorities, decision-makers, and key
stakeholders in efficiently returning displaced
individuals to their properties, particularly those
farther from the explosion site with minimal
damage. The data and insights are presented
through mapping outputs on the Beirut Urban
Observatory (refer to the map below). GIS is
increasingly relevant in analyzing such scenarios
and extracting valuable patterns.
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Source: Beirut Urban Observatory, 2021, The Beirut Urban Observatory is a platform of geo localized urban data informing ongoing post-blast recovery effort-
American University of Beirut, Maroun Semaan. Faculty of Engineering and Architecture. Lebanon.

Engineering Management

Urban Laws and Regulations

0}

Implement the “Building, Identify real estate Assist engineer, competent
Separation, Annexation, properties within each staff, decision-makers, and
Separation, and Investment concession area. the municipal council in
System” in easement addressing issues related
areas within the municipal to land subdivision, land
jurisdiction. pricing, and investments

(refer to the map below).
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Source: A mock-up GIS map created by the author that enables and assists engineers, administrative staff, decision-makers, and the municipal council in addressing
issues related to land subdivision, land pricing, and investments. It classifies them into categories based on the ratio of subdivision and land price. The map is
developed using administrative urban laws and regulations, as well as financial data provided hy the municipality, which are linked to the geographic locations of

parcels and zoning region layers.

Leveraging Geographic Information Systems
(GIS) technology can aid in mapping land
parcels, zoning regulations, infrastructure
networks, and environmental factors,
facilitating comprehensive urban planning and
management. This integration of spatial data
with engineering management processes can
significantly improve efficiency, accuracy, and
transparency in decision-making processes for
sustainable urban development.

Coordination Between Projects

Coordinate project timelines and monitor their
progress to ensure efficient use of resources and
timely completion.

Minimize redundant construction and roadwork by
establishing a comprehensive and shared vision
of infrastructure projects, reducing costs and
disruptions to the community.

Ensure project completion and restoration of roads
to their original state after completion, promoting
safety and sustainability in urban development.

Assistance to Investors and Promoting
Investment

One of the municipalities’ goals is to finance their
administration, the maintenance of social and technical
infrastructure, public services, and any activity to
support and facilitate further community development.
GIS can improve and feed in that matter as investors
usually require good locations for specific needs.This
can be done using GIS, where multiple layers can be
used and analyzed to identify the perfect locations and
sites and provide necessary information to investors
and facilitate the selection of suitable investment

sites, considering building regulations and real estate
classifications. An example can be found below where
the most affected areas by drought were identified over
the Baalbeck-Hermel region (refer to the map below).
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Tourist Maps

Issue maps featuring religious, educational,
sports, health, cultural, commercial, and other
landmarks to enhance visitor experiences and
promote local attractions.

Publish informative online maps to provide easy
access to information for tourists and residents alike.

Enhance tourism activities through online tourist
maps, attracting more visitors and boosting the
local economy.

Geological Map and Soil Quality

Integrate a three-dimensional geological map to
provide a comprehensive understanding of the
geological features and potential risks in the area.

Provide access to informative layers for new
projects, enabling better planning and decision-
making based on geological data.

Include informative soil and geological layers
to support sustainable development practices
and minimize environmental impact in
construction projects.

Transportation Planning, Traffic Control and
Road network

Geographic Information Systems are also utilized
for transportation planning, traffic control, and
road network management. Using GIS technology,
urban roads can be easily categorized as trunk,
primary, secondary, and access roads. A road
condition survey must be conducted to gather
information on each segment of the urban roads
for a spatial database.This information can include
road (and street) names, road dimensions (width
and length), pavement type, major landmarks
along the road, and economic activities in
proximity to the road.The database is instrumental
in urban road planning, hierarchical classification,

The database is instrumental in
urban road planning.

road naming, installation of road name signage,
and addressing related issues. GIS is beneficial

for mapping road conditions, activities along

the roads, and accessibility, enabling informed
decision-making for road upgrades and prioritizing
investments in road infrastructure.

Tasks related to transportation planning, traffic
control, and road network management include:

B Creating comprehensive maps of roads,
traffic flow, and signals within the
municipality’s jurisdiction.

B Improving traffic flow by analyzing maps,
suggesting changes, and maintaining traffic
signals.

B Planning road networks, relocating traffic
mirrors, installing speed limit signs, speed
bumps, and other traffic management signs.

B Analyzing emergency impacts on exit routes
and traffic flow.

Infrastructure Maps

Geographic information systems are valuable tools
for planning infrastructure development such as
water, electricity, sanitation, sewerage, fiber optic
networks, and more, in terms of service delivery,
distribution, and location in specific geographical
areas. A GIS can map service coverage, providing
a clear understanding of which areas have access
to piped water, the layout of the water distribution
network, the extent of the sewerage network, the
presence of drainage networks, and areas in the

GEOGRAPHIC INFORMATION SYSTEM (GIS) 25



town lacking electricity. This capability facilitates
effective planning and ensures the fair distribution of
resources and services to all residents. Additionally,
coordinate all available infrastructure maps to assist
engineers, administrative staff, decision-makers, and
the municipal council in addressing issues related

to infrastructure projects. Provide information about

parcels affected by road infrastructure, related
decrees, and the amount to be paid for expropriation
(refer to the map below). Enhance public services

by updating maps from various data sources and
monitor infrastructure projects through interactive
digital maps, providing detailed information on
constructions and projects in all sectors.

Source: A mock-up GIS map created by the author that enables and assists engineers, administrative staff, decision-makers, and the municipal council in addressing
issues related to infrastructure projects. It provides information about parcels affected by road infrastructure, the related decrees, and the amount to be paid for
expropriation. The map is developed using administrative urban laws and regulations, as well as financial and administrative data provided by the municipality, which

are linked to the geographic locations of parcels.
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Land Use Planning, Natural Resources
Management, and Climate Change

GIS is the most suitable and precise tool

for creating the Land Cover/Use (LCU) map,
leveraging satellite images, aerial photographs,
and GPS data to streamline the mapping process
and enhance accuracy.

With the LCU established, land use planning,
cadastral management, and natural resource
management can be effectively carried out,
considering future needs and potential impacts of
climate change scenarios.

GIS empowers decision-makers and municipal
councils to conduct spatial and temporal

analyses of socioeconomic and environmental
data, enabling informed decision-making for
sustainable development.

By identifying the most appropriate areas

for current and future development, GIS
supports proactive planning and resource
allocation, optimizing land use and minimizing
environmental risks.

The integration of GIS in land use planning

and natural resources management enhances
efficiency, transparency, and sustainability in urban
development initiatives, ensuring a resilient and
climate-resilient future for communities. The figure
below illustrates the LCU in Beirut, Tripoli, Zahle,
and Baalbeck in 2017 (refer to the map below).

Source: LCU of Beirut, Tripoli, Zahle, and Baalbeck (the red line associated with each red square is directed towards the corresponding city, Abunnasr and Mhawej, 2021.
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Given the importance of such information in the
context of current and future climate change
scenarios, Abunnasr and Mhawej (2021) conducted
a GIS and Remote Sensing-based study focusing
on downscaling night air temperature data from
25 km to 1 km resolution up to 2070 for four

key Lebanese cities. The study utilized nearly 21
scenario models from the IPCC and revealed that
under the RCP 4.5 scenario, there were 81-km
pixels with temperatures between 22°C and 23°C,
and 13 pixels in the 23-24°C range between 2028
and 2032, representing an average for the years
around 2030. By 2050, only three pixels fell within
the 22-23°C range, while 18 were in the higher
23-24°C category. This trend of increasing pixel
temperatures intensified in the years around 2070,
with just two pixels in the lower temperature

class (i.e., 22-23°C) and 19 in the higher range
(i.e., 23-24°C). These maps, available to decision-
makers, municipal councils, planners, and urban
designers, can significantly enhance planning
and policy-making capabilities, enabling informed
decisions to address local physical, social, and
environmental contexts. Such decisions play a
crucial role in climate-proofing cities and meeting
the needs of vulnerable communities. Additionally,
this downscaling approach empowers planners
to envision and develop dynamic strategic and
regional plans that integrate local neighborhood
plans with broader territorial plans, offering a
comprehensive approach that considers both the
global impacts of climate change and the specific
characteristics of individual cities.

Source: Averaged night air temperatures change in Beirut under the RCP 4.5 scenario in three different time frames surrounding 2030, 2050, and 2070, Abunnasr and

Mhawej, 2021.
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The Geographic Information System (GIS) aims to
incorporate layers that can easily accommodate
additional geographical information, enabling
the establishment of global standard coordinates
within the system.This data is linked to system
protocols and updated regularly. Informative
geographical layers can be enriched with aerial
photos, satellite images, and additional spatial
data to accurately record municipal financial,
administrative, and engineering information such
as building permits, zoning, transaction statuses,
and fee collections...

The GIS system improves municipal operations
by increasing clarity and efficiency in daily

chores. Employees may accelerate transaction
processes, improve strategic decision-making,
and improve planning, transparency, and
surveying procedures by following the GIS system
and the municipal council’s guidance.The GIS
system aims to centralize all municipal projects,
including supervision, regulatory enforcement,
fee management, judicial enforcement,
investigations, and property verification operations.
Furthermore, the GIS system helps to validate
building and rental licenses, calculate fees, and
retrieve comparative data. Geographic maps and
advertisements can be effortlessly integrated

into the system, providing pre-disclosed site
information and making verification easier

for municipal authorities. The GIS system also
attempts to clarify property ownership issues and
streamline employee verification procedures.

By utilizing a centralized Geographic Information
System (GIS) repository in municipalities and UoM
that links geographical, administrative, financial,
and engineering information at both levels, the GIS
system must be implemented based on a unified set
of standards that allow for the integration of data
from various databases and systems. This approach
reduces redundancy, minimizes costs, and ensures
efficient data collection and conversion.

GIS is operational and considered an essential
system in numerous Lebanese municipalities
and UoM, including Beirut, Bourj Hammoud,
Sin EI Fil, Beit Meri, Tripoli, Tyre, Abra, Amioun,
Choueifat, Hadath, Al Qrayyeh, Barja, Barr Elias,
Bebnine El Aabdeh, Chekka, Halba, Jezzine,
Qob Elias, Tannourine, and Zahleh, among
others. GIS is increasingly playing a pivotal

role in municipalities and UoM, particularly in
enhancing financial performance, administrative
management, and engineering oversight by
linking all data on one screen.
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The Internet of Things (loT) refers to the
network of interconnected devices, sensors,
and objects that collect and exchange data
over the internet. This network can measure
virtually everything that moves and changes
on the planet, utilizing a web of connected
instruments to gauge water flows, document
climate changes, and pinpoint the locations of
people and objects. The Internet of Things (loT)
is rapidly expanding, with more connected
devices worldwide than there are people.

The use of loT has underpinned the remarkable
expansion of data that can be harvested for any
GIS application. It allows easier implementation of
GIS systems through management by separation
of data into discrete layers, all or some of which
are spatially referenced and accurately located to
a geographic context. GIS remains a technology-
based science, and this data overload combined
with scientific-based analysis facilitates exploring
and describing relationships and patterns.

Internet of

Geographic Information Systems (GIS) integrated
with 10T offer a powerful combination to transform
the ways in which we collect, analyze and use
spatial information. loT can link numerous
physical devices and sensors to the internet.

As such, one can collect geospatial information

on a multitude of environmental parameters,
infrastructure conditions and human activities in
real time. For example, regarding environmental
monitoring, GIS and loT can integrate to research
environmental and social sustainability, including
climatic change, pollution, population density and
urbanization, designed to discover approaches for
sustainable planning and development. GIS and
loT ultimately facilitate decision-making processes
by allowing users to explore the spatial patterns
and relationships represented in their data that
may not be obvious and help understand the
context of all different information. Moreover, their
use should not be disconnected from the human
interaction with the geospatial data elements.

GIS, loT and geospatial technologies serve as a
knowledge base and a lens to increase spatial
understanding and knowledge.

Geographic datasets are presented in GIS as a
series of dynamic, stacking map layers that cover
a given extent or area.These layers can depict
virtually any object, fixed or moving, boundary,
event, or spatial phenomenon, including, among
many others, the following:

GIS World Model
Data Slices
Imagery
Elevation
Transportation
Addresses
Boundaries
Water Features
Survey Control
Your Data

The Real World

Source: The Internet of Things (loT), fleet complete. mx.

Source: The notion of layers in GIS, RAD-AID International.
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Buildings

Demographic
data

Vegetation
health

Roads Trees

The world we live in is a product of many
properties, and their complex interaction
results in the heterogeneity we observe. We
can divide the world into a set of properties,
with each one represented in a separate layer.
Overlaying these layers regenerates the world.

Common GIS File Types

Geodatabase: The personal geodatabase, or
geographic database, file is called the “modern
container for GIS data” and is specific to ARCGIS
(i.e., feature, raster, relationship, measurements,

attributes, etc) inside either a Microsoft Access (.mdb)

or a full relational database (SQL, Server, Oacle,
Informix or DB2....) The geodatabase is a collection

of data sets and acts as a container for data. Facilitate

data management (editing, multi-user, etc.) and
improve data integrity, consistency, speed

Shapefiles: A shapefile format is widely adopted
standard and comprises three or more associated
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Satellite
imagery

Unity
networks

Maps serve as graphic representations of the
real world and are a means of communicating
spatially related information about our
environment. They act as models of the
world. GIS organizes the world into ‘layers’ of
geographic objects that share similarities.

files. They will have a variety of file extensions:
shp.shx., dbf., and sometimes others. The
shapefile and the personal geodatabase designed
to hold geographic data. This type is readable by
any GIS system.

Layer: According to ESRI, the layer (. lyr) stores
symbology, symbology classifications, labelling
properties, scale dependency and definition. If
you save something in this format it means that,
unlike shapefiles, colors and other characteristics
are saved and will appear the same every time
you open it.



Coverage: A coverage stores a set of thematically
associated data considered to be a unit. It usually
represents a single layer, such as soils, streams,
roads, or land use. In a coverage, features are
stored as both primary features (points, arcs,
polygons) and secondary features (tics,

links, annotation)'2.

CAD (computer-aided design): A computer —
based system for the design, drafting and
display of graphical information. Although

most commonly used to support engineering,
planning, surveying and illustrating activities,
these files can be used in a GIS. Note that the
majority of municipalities in Lebanon have their
maps created in AutoCAD software.

Image formats: GIS systems accepts and uses a
variety of image files (.tiff, .jpg, .jp2, .png, etc.)

Excel file: (with x, y coordinates) Microsoft Excel is
a popular format for storing and analyzing tabular
data and can be converted into layer and features
classes in GIS system.

GIS Terminology

There are two types of data that can be viewed in

a GIS system: vector and raster. Vector data is a
format in which points, lines, and polygons are used
to represent real features on the earth'’s surface,
such as an address location, a street, or a zip code
area. Raster data is a continuous image of a portion
of the earth’s surface, made up of grid cells or pixels,
such as an aerial or satellite image™. When both

vector data and raster data are georeferenced to the
same position, they can be used in the same view,
allowing data to be overlapped and analyzed.

The two main model of GIS layers:

B Vector: including points, lines, and polygons.

Points: Points represent a specific latitude and
longitude. Points do not have any length nor
do they have area for example; addressing,
landmark, and manhole ...

Lines: Lines have length but no width, and
represent things such as transects or roads...

Polygons: Polygons are anything with an area
— buildings, municipal boundaries, cadastral
boundaries, zoning or water bodies....

All also known as features.

B Raster/Image: including cell/matrix and
pixels. Raster are used to model spatial
phenomena that vary continuously over
a surface and that do not have discrete
dimension for example: Elevation,
Temperature, Rainfall, Noise Levels....

In addition, vector data is typically created

using a Global Positioning System (GPS) or by
digitizing old paper maps, cadastral maps that
exist in the Lebanese governmental administrative
departments, Lebanese municipalities, UoM,

or any airborne or satellite images (refer to the
figure below). Vectors closely resemble the real
world. On the other hand, raster data is usually
produced through imaging or sensing, where
areas are divided into pixels or cells, with each cell
containing a value.

Term Definition

View a collection of themes Beirut, Lebanon
Theme asingle layer of data Housing
Attribute a defined characteristic of a theme Year built

Value A specific quality or quantity assigned to an 1920

attribute, for a specific instance
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While raster datasets are predominantly analysis
oriented, having a structure closely matches

the architecture of digital computers and vector
systems is widely used. This is usually described

as networks (refer to the figure below) and tends
to be more database and management-oriented

in municipal applications. A comparison between
these two types can be found in the table below:

Vector Raster

Advantages Limitations
A good representation of data  Complex data structure
Smaller file size Expensive technology

Accurate map output Analysis is complex

Advantages

Simple data structure

Cheap technology

Limitations

Requires basic knowledge of
Remote Sensing techniques

Large data volume

Less accurate or attractive
maps

Analysis is simple and fast

Source: Representation of vector vs. raster, gisgeography.com.
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GIS Components

Hardware

} ()
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() [ ]
J (RPN Y Software

Source: A diagram created by the author to clarify the four main components
of GIS and their relationships.

The components of GIS work together to provide
a powerful and comprehensive tool for managing
and utilizing geographic data.

Here are the main components of GIS: Hardware,
software, data, people (human ware), procedure
and network (internet).

1. Hardware

The hardware component of GIS encompasses the
physical tools and equipment required to collect,
store, and process geographic data. These tools
include computers, servers, GPS devices, scanners,
printers, and other peripherals. GIS hardware
should be capable of handling large volumes of
data and running software applications smoothly.
Some essential hardware components of GIS are:

BM GPS Devices: Global Positioning System (GPS)
devices are crucial hardware components of
GIS that facilitate the collection of spatial data
with high precision. GPS devices can determine
the location of an object or point in space,
making them vital for mapping and geolocation

applications and surveying processes.

B Scanners: Scanners are utilized to convert
paper maps, drawings, and other hard-copy
materials into digital formats that can be stored
and analyzed in GIS software. Scanners are
essential for converting legacy data into a
digital format.

B Computer Systems: GIS software necessitates
robust computer systems to operate
effectively. The hardware components of
these systems include processors, RAM, hard
drives, and graphics cards, among others.
The system should be powerful enough to
manage large datasets and run complex GIS
software applications.

2. Software

GIS software comprises a suite of computer
applications used to manage, manipulate, analyze,
and visualize geographic data. These applications
enable users to conduct spatial analysis, create
maps, and perform other GIS-related tasks. Some
essential software components of GIS are:

B Desktop GIS Software: Desktop GIS software
is installed on a computer and employed
for mapping, data analysis, and data
management. This software includes tools
for creating and editing maps, querying data,
and analyzing spatial relationships. Popular
desktop GIS software includes ArcGIS, QGIS,
and GRASS GIS.

B Web GIS Software: Web GIS software is
accessed through a web browser and utilized to
share, collaborate, and publish geographic data
over the internet. This software enables users
to create interactive maps and conduct spatial
analysis. Popular web GIS software includes
ArcGIS Online, Google Maps, Open Street Map,
and Open Layers.
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B SURVEY 123: Survey 123 is a
specialized tool for conducting surveys
and data collection in the field. It
integrates with GIS system to gather
spatially-referenced information
efficiently. This software streamlines the
surveying process and enhances data
accuracy for GIS applications.

3. Data

GIS data pertains to the geographic
information utilized in GIS software
applications. This data can be categorized
into two main types: spatial data and
non-spatial data (attribute data). Spatial
data refers to the geographic features
and locations represented on a map,
while attribute data refers to the non-
spatial information associated with
those features. Some essential data
components of GIS are:

B Spatial Data: Spatial data encompasses
the geographic features and locations
represented on a map. This data can
include information about the physical
characteristics of an area, such as
elevation, terrain, and land use.

B Attribute Data: Attribute data comprises
the non-spatial information linked
with geographic features. This data
can include details such as population
demographics, infrastructure data, and
other data points not depicted on a map.

4. People and Users

People are the most crucial component of
GIS. Without skilled personnel to update,
collect, manage, and analyze geographic
data, GIS would be ineffective. The people
component of GIS refers to the individuals
involved in designing, developing, and
implementing GIS projects.

Methods Component of GIS

The methods component of GIS

refers to the various analytical and
processing techniques used to interpret
and manipulate geographic data. This
component is vital in ensuring that GIS
is able to provide useful insights and
solutions. Some of the methods used in
GIS include:

Geocoding

Geocoding is the process of assigning
geographic coordinates to non-spatial
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data, such as addresses or place names.
This process allows the data to be
plotted on a map and used for spatial
analysis.

Spatial Analysis

Spatial analysis involves the examination
and manipulation of geographic data

to identify patterns, relationships, and
trends. Spatial analysis techniques
include spatial statistics, network analysis,
and terrain analysis.




Remote Sensing

Remote sensing involves the use of sensors, such
as satellites or drones, to collect data about the
Earth’s surface. This data can be used to create
detailed maps and to monitor changes in the
environment over time.

Cartography

Cartography is the art and science of map-making.
Cartographers use GIS software to create and

design maps that are accurate, informative,
expressive and visually appealing based on the
cartography components and norms.

Data Visualization

Data visualization involves the use of

charts, graphs, and other visual aids to
present geographic data in a clear and
understandable way. This technique is used to
communicate complex information to non-
technical audiences.

The Collabhorative Components of GIS

The components of GIS collaborate to

create a robust platform for spatial data
management, analysis, and visualization. The
workflow of a GIS system typically involves
the following steps:

Data Acquisition

The initial step in GIS is data acquisition. Spatial
data can be sourced from various outlets such as
GPS devices, satellite imagery, and surveys.
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Data Entry

Data entry entails inputting the acquired data into
the GIS system. This can be accomplished using
input devices like digitizers or by importing data
from other origins.

Data Management

Data management encompasses storing,
organizing, and retrieving spatial data. This
is achieved through a Database Management
System (DBMS) that facilitates efficient data
storage and retrieval.

Data Analysis

Data analysis involves applying statistical and
spatial analysis tools to the data.This process
allows users to discern patterns, trends, and
relationships within the data.

Data Visualization

Data visualization entails presenting and
displaying the analyzed data in a visual format.
This can be accomplished through the creation of
maps, charts, and graphs™.

Importance of GIS Components in Mapping

GIS components play a pivotal role in mapping by
enabling the collection, analysis, and visualization
of spatial data from diverse sources. Leveraging
geospatial technology, location-based analysis,
cartography, and remote sensing, accurate and
informative maps are created and updated to
enhance our understanding of the world. These
maps aid in identifying patterns and trends over
time, supporting informed decision-making in
urban planning, transportation, natural resource
management, and more. The significance of GIS
components in mapping lies in their ability to
provide a comprehensive understanding of our
environment. By analyzing data based on its
location, valuable insights into the relationships
between different factors can be derived, leading to
informed decisions on community management.

Whether it involves identifying areas at risk of
flooding, desertification, analyzing landslide or
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earthquake risks, or monitoring vegetation changes
over time, GIS components assist in visualizing
complex data and understanding its real-world
implications. Ultimately, the utilization of GIS
components in mapping can enhance decision-
making efficiency and effectiveness, benefiting
various stakeholders, including municipalities and
Unions of municipalities. GIS serves as a powerful
tool for managing, analyzing, and visualizing
spatial data, with its components serving as

the foundational elements of the system.These
components, such as computer hardware, input
devices, output devices, GIS software, database
management systems (DBMS), remote sensing
software, and spatial analysis software, work
together harmoniously to provide a robust
platform for spatial data management, analysis,
and visualization.



04.

Prerequisites




Six main preconditions are required to be fulfilled before setting up GIS in municipalities. These conditions

are listed below.

Top Management Support

While a high understanding of GIS is not required
at the top management, total support is crucial
to enable GIS-involved staff to access required
infrastructure/hardware, use available software,
and collect information from within or outside
the institution. This support is particularly

needed when conducting GIS work outside the
municipality’s jurisdiction and deemed necessary
for the results. Top management support also
includes communicating and disseminating the
main findings and results to decision-makers and

policymakers. Thus, it has the most significant
impact on the successful applications of GIS.
The head of institutions can also provide support
through human resources, time, infrastructure,
financial means, and responsive-quick decisions.
It would be recommended, though, to keep

the top management updated with the current
and proposed future GIS projects succinctly

and realistically, thus increasing its interest and
facilitating the successful implementation of the
GIS tools and techniques.

Institutional Structure Reorganization

As previously shown, GIS can save time,
personnel costs, and resources. This would have

a direct impact on the working procedures and
organizations. While this is encouraged in the

long term, it may create confusion and conflicts

in the short term.This is where an aptitude for
reorganizing the institutional structure is essential.
The reorganization can include changes in
administrative procedures, physical relocation of
individuals or teams, and shifts in positions. It would
be necessary to note, however, that establishing a
GIS department or unit would undoubtedly assist
in sharing GIS information and statistical findings
between concerned staff and departments, as well
as other governmental and non-governmental
institutions. Moreover, this GIS department or unit
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can develop, maintain, update, and assess current
and future GIS-based information.

~

This GIS department or unit can
develop, maintain, update, and
assess current and future GIS-
based information.



Intranet (Local Network) and Internet Support

With the evolvement of technology and the requiring additional programming/scripting skills,
increase of higher resolutions of data, if GIS mainly found on different websites and blogs over
personnel are not connected to a local network the internet. Furthermore, the increased open-

and internet, the success and positive impact access and freely-available policies have made

will be minimal. Having a broadband connection several much-required products available and free
(intra- and inter-net) is pivotal to sharing and of charge online.The products include the Digital
disseminating results between staff, institutions, Elevation Model (DEM)'S, Land Cover/Use (LCU)'S,
and other interested entities. It is essential to carry pervious/impervious layer, and building shapes and
out advanced spatial and temporal assessments locations, to name only a few.

Adequate Knowledge Sharing and Transfer

Sustainably transferring GIS knowledge would making process and the way problems are
enable its users to take full advantage of the addressed. This can be done in four
capabilities of GIS by enhancing the decision- actions, including:
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1. Develop information with end users and third
parties in mind, which would be well described,
with backward compatibility, easy to assimilate,
and reproduced in other formats.

2. Have several copies of the GIS database on
different servers to avoid sudden data loss.

Adequate System Design

A different set of criteria should be present to
develop a good system design, including:

1. A technically functional system to meet the
information needs and goals of the organization.

2. Anintuitively accessible, easily operated, and

3. Adopt new technology, techniques, and approaches
and try as much as possible to be up to date.

4. Understand that the GIS technique is not a
black box, and sometimes, it requires advanced
skills, which can be learned, to answer some
encountered problems.

exploitable system by any staff member, top
management, decision-makers, and researchers.

3. A participatory system where multiple players/
stakeholders are involved in accommodating
their ever-changing demands and needs.

The Requirements Needed to Set Up a GIS Framework
in Municipalities and Union of Municipalities

Setting up a GIS framework in municipalities and
Union of Municipalities requires careful planning
and implementation. Given that GIS technology
is underutilized in Lebanon, it is essential for

staff and decision-makers to have a thorough
understanding of the technology and its benefits.
A framework tailored to the specific needs and
context of the municipality must be identified. The
GIS implementation should be viewed as a tool to
enhance the capacity of municipalities and local
governments to achieve their goals and meet the
institutional development objectives of stakeholders.

Before establishing a GIS framework, the following
steps should be taken into consideration:

B Data Collection and Analysis: Identify the types
of data related to administrative, financial, and
engineering aspects that need to be integrated
into the GIS system for municipalities and
Union of Municipalities.
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B Map Digitization: Verify the status of existing
maps and digitize them into layers, including
municipality boundaries, cadastral boundaries,
parcel boundaries, building boundaries, streets,
etc., with geo referencing to ensure a base map.

Setting up a GIS framework

in municipalities and Union of
Municipalities requires careful
planning and implementation.



Data Integration: Link administrative, financial,
and engineering data to the primary layer,
such as parcel data. Consider developing a
customized system for dynamic data merging
with map layers to facilitate analysis, storage,
and utilization of data across all department
units within the local government.

Staff Recruitment: Hire qualified staff to set
up and operate the GIS system. Ensure that at
least one staff member is dedicated to system
operation and maintenance.

Hardware and Software Procurement: Acquire
necessary hardware and software components,
such as computers, printers, GPS devices,

and GIS software like ArcGIS. Consider other

software options like QGIS, GRASS GIS, ILWIS,
Adventure GIS, etc.

B Data Collection: Collect various types of data
essential for GIS, including field surveys,
municipality databases, digitized hard copies, and
raster data like aerial photos and satellite images.

B StaffTraining: Provide intensive training to all
GIS unit staff on GIS concepts, selected software
packages, and data collection methodologies.

By following these steps and ensuring proper
planning and execution, municipalities and Union
of Municipalities can successfully establish a
robust GIS framework to enhance decision-making
and operational efficiency.
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Needs assessment is usually needed for multiple
reasons, including:

» [Establish an inventory of existing
geographic information and those in the
development pipeline.

» Identify GIS capability within the institution in
terms of hardware, software, and experts.

» Understand strengths and weaknesses in the

existing map resources and GIS databases.

» Understand the current GIS data structure
and propose others answering future needs,
aspirations, and motivations.

» Increase communication and collaboration on GIS
between multiple departments and institutions.

» Understand the sharing policy of the institution
to steer future initiatives.

Key Factors Influencing the Sustainability of GIS in
Municipalities and Unions of Municipalities

Campaigning or awareness is key, as decision
makers and top management are also not
always aware about possibilities of GIS
innovation. Coordination is required — not

only between municipal departments but also
moreover with the potential data consumers.
Resolutions of the municipal council or laws
may be necessary to formalize the coordination
aspects and the roles and responsibilities.
Therefore, workshops for the senior
management should be conducted in arrange
to showcase the possible and quantifiable
impact of GIS and inter-institutional cooperation
for getting their support. A GIS innovation
awareness campaign is also essential.

Continuous, on-the-job training is necessary,

as skills and experiences are essential to the
maintenance of GIS: this is the only way to
guarantee sustainable life of the framework and
selected technological trends.

To maximize its use, a set of procedures regulating
the maintenance and updates of the spatial

database should be cultivated. This will ensure
that the database undergoes cost-effective regular
updates to reflect the spatial realities, keep itself
complete, and ensure that information contained
in it is of the highest accuracy possible. Arguably,
nothing that hinges on a GIS’s geographic

reality for a functional reliability depends on the
completeness and accuracy of its database.

Upgrading the system through the appropriation
of effective tools and strategies. GIS innovation
is developing rapidly, and there is a need to
constantly upgrade the system in line with
technological changes.

Training, workshop, GIS Manual and GIS toolkit are
essential components.

Financial assets are required to maintain a GIS,
and therefore, an adequate budget needs to
be allocated.

The location of the GIS office within the local
government is important, as it is not a new
department but rather a support office directly
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beneath the mayor. It must have a cross-cutting
function to serve and support all departments.
The GIS unit and staff will be working across all
departments within the municipality.

Based on the above, several meetings were held
with municipalities and UoM considered in the
MERP project. The main gaps and needs and how
to address them can be found in the table below.

GIS gaps and needs Propose

GIS software license ending soon

License available, but an old ArcGIS version exists

Not enough computational capability

0ld and outdated database

Duplicated fragmented database

Current and previous projects do not provide their data

Lack of share ahility, communication, and outreach

Not enough personnel

Staff require additional GIS experience

GIS data privacy
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Many open-source GIS software (e.g., QGIS, SAGA GIS, GRASS
GIS) are freely available for support by anyone in their
respective communities

The latest ArcGIS version can be freely downloaded online; the
installation guide is as follows: https://desktop.arcgis.com/en/
arcmap/latest/get-started/installation-guide/introduction.htm

Web GIS or cloud computing, such as the Google Earth Engine
(GEE) platform, can be used instead of local workstations

Crowdsourcing can be used as a practical and cost-friendly
collection approach

The physical or virtual GIS office should handle all data, including
improvements and duplication removal

An initial agreement can be made when signing the contract
highlighting the sharing of information in GIS format at the
middle or end of the project

The preconditions found in section 7 of this report need to be
met, from top management support to institutional structure
reorganization and the establishment of a physical or virtual
GIS unit, etc.

Crowdsourcing can be used as a practical and cost-friendly
collection approach

On-the-job training from several research institutions can be
found, and assistance in GIS workshops focusing on applications
would be very beneficial

Unfortunately, GIS's most commonly used types (shapefiles,
rasters, geodatabases) cannot be encrypted independently.
This should be made based on a standalone program outside the
GIS software.
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The introductory training manual is designed

for personnel from municipalities and Union of
Municipalities who may have limited experience with
GIS. It provides a detailed overview of GIS science
and its various components, with a specific focus

on how it can be used in these organizations.The
manual includes: A needs assessment of surveyed
municipalities and Union of Municipalities- Strategies
to address challenges identified in the assessment

Its objective is to empower users with the
knowledge and skills needed to implement
essential GIS tools, functions, and applications
outlined in the accompanying GIS Toolkit
document. This resource is valuable for:
Managers, employees, and decision-makers
within municipalities and Union of Municipalities-
Individuals involved in infrastructure, social
development, or natural resources management
activities outside these organizations.

The manual explores the importance of GIS in strategy
development and governance, explaining the main
goals of the GIS component for local government and
municipalities. It discusses various subjects such as
GIS components, files, implementation requirements,
and essential resources for long-term viability and
improvement. Participants will learn about GIS
capabilities, effective methods, data organization,

map design principles, setting up a GIS team, and
maintaining a reliable database.

GIS is a powerful tool that connects different
information in a spatial context, allowing users to
understand their relationships and make informed
decisions. It is widely used in government decision-
making at all levels, highlighting its role in
improving quality, efficiency, and effectiveness. GIS
can be applied in various ways, including:

Keeping track of resources and infrastructure
Planning transportation systems

Improving service delivery

Managing land records

Generating revenue

Promoting economic activities
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By implementing GIS systems, local governments
and municipalities can streamline their work
processes, operations, and policies. This is
especially beneficial in areas such as financial
performance, administrative management, and
engineering operations.

GIS is a powerful tool that connects different
information in a spatial context, allowing

users to understand their relationships and
make informed decisions. It is widely used

in government decision-making at all levels,
highlighting its role in improving quality,
efficiency, and effectiveness. GIS can be applied
in various ways, including:

Keeping track of resources and infrastructure
Planning transportation systems
Improving service delivery

Managing land records

Generating revenue

Promoting economic activities

By implementing GIS systems, local governments
and municipalities can streamline their work
processes, operations, and policies. This is
especially beneficial in areas such as financial
performance, administrative management, and
engineering operations.

LA

By implementing GIS systems,
local governments and
municipalities can streamline
their work processes,
operations, and policies.




Lebanese local authorities are facing challenges
due to crises and increased pressure, requiring
municipalities and Union of Municipalities to have
the capacity, skills, and tools to adapt and respond
effectively. It is imperative to have evidence-

based municipal strategic planning and resource
mobilization, which includes using GIS data to
address these challenges. GIS data plays a key role
in generating evidence, monitoring, and evaluating
progress, while strategic planning and resource
mobilization are essential for successful plan
implementation. To ensure municipal sustainability
and resilience in the face of challenges, it is crucial
to diversify resource mobilization avenues and
develop detailed plans.

GIS helps municipalities and local governments
collect and store different types of data from
various categories, including:

Financial Resources-Administrative Information-
Engineering Data-Natural Resources-Cultural
Resources-Human resources

In-kind Resources-Social Data-Urban Resources-
Expertise and Knowledge-Relationships
and partnerships.

With GIS, all this data can be displayed on

one screen, allowing municipalities and local
governments to analyze it easily. This is beneficial
for: Resource mobilization Strategies-Financial and
administrative resource planning.

GIS plays a pivotal role in the three stages of a
resource mobilization strategy. In the first stage,
it helps in developing resource mobilization
objectives based on specified actions in strategic
plans.The second stage involves developing an
efficient strategy by leveraging GIS’s ability to
combine and analyze information from various
sources. Finally, in the third stage, GIS assists in
transforming strategy activities into actionable
plans with timelines and resource requirements.

Strategic planning is crucial for municipalities
and Union of Municipalities (UoM) to: Address

6_=
=00

GIS helps municipalities and local
governments collect and store
different types of data from
various categories.

residents’ needs Effectively-ldentify priorities-
Allocate resources efficiently. It plays a vital

role in preventing organizations from failing by
establishing clear organizational elements such

as: Vision Goals- Values-Strategies- Accountability
mechanisms. Additionally, strategic planning helps
in: Mitigating risks- Managing Crises-Attracting
Funding-Aligning organizational priorities with local
needs. By proactively identifying issues and trends,
UoM and municipalities can become more efficient,
effective, and responsive to local demands.

In order to achieve successful resource mobilization,
municipalities and Unions of Municipalities should
prioritize strategic planning, resource mobilization
strategy, implementation plans, funding mapping,
and current resource mapping. It is essential to
identify funding goals, potential funding sources,
and existing resources as crucial steps in obtaining
financial, material, and human resources. The use
of GIS systems strengthens efforts in resource
mobilization by effectively capturing, visualizing,
analyzing, and interpreting resources. The capacity
of GIS to integrate data from diverse sources
contributes to balancing priorities, addressing
complex issues, and optimizing strategies to
enhance governance and service delivery.

Municipalities need to utilize GIS technology to
identify key projects for enhancing their areas and to
collect essential data for developing proposals and
securing funding. This also shows funding agencies
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the planned direction and how their support can aid
in accomplishing objectives and ensuring project
success. Additionally, GIS helps in identifying

and ranking activities for funding during different
emergencies, including environmental, economic,
and urban challenges, and assists in determining
the necessary resources while providing clear and
trustworthy information to achieve strategic goals
and obtain funding from diverse channels.

Strategic planning, with the help of GIS, is
essential for municipalities and local governments
to effectively meet the needs of their residents. It
enables the identification of needs, prioritization
based on available resources, and the
establishment of key organizational elements
such as vision, goals, values, strategies, and
accountability mechanisms. Strategic planning
aids in avoiding failures, creating clear paths to
achieve priorities, efficient resource allocation,
and maintaining focus on overarching goals. It
changes the approach from reactive problem-
solving to proactive planning and implementation,
recognizing the interconnectedness of projects.

In addition, effective strategic planning is crucial
for reducing risks and managing crises, allowing
municipalities to navigate unforeseen circumstances
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more effectively. While it cannot anticipate every
challenge, thorough planning can decrease the
probability and severity of these challenges,
establishing the foundation for efficient responses.

By showcasing a deep comprehension of local
priorities and aligning actions with overarching
goals, strategic plans assist municipalities in securing
financial support from donors and the government.
This proactive method of identifying issues and
trends is vital for improving the efficiency, efficacy,
and adaptability to local requirements.

In conclusion, GIS is an essential tool in
contemporary government planning, enabling
local authorities to function with efficiency and
efficacy. Through the use of GIS technology,
municipalities can effectively respond to
emerging crises, foster social unity, enhance
transparency, improve municipal services,
access varied funding streams, and incorporate
a human rights-centered framework into their
governance systems. This holistic approach
guarantees strong social cohesion, upholds
diversity, advances gender equality, and protects
the rights of disadvantaged and marginalized
populations, ultimately promoting inclusive and
sustainable development.
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Lebanese Crisis Response Plan (2017-2020) (2019) UNHCR. Available at: https://www.unhcr.org/lb/wp-content/.
uploads/sites/16/2019/04/LCRP-EN-2019.pdf (Accessed: January 20, 2023).

Lebanon Economic Monitor, World Bank, Fall 2022.

Lebanon’s Crisis, World Bank, 2022.

UNESCWA Policy Brief No 15/2020: Poverty in Lebanon.

WHO Lebanon COVID-19 Daily Brief for July 5, 2021.

QGIS open-source GIS software can be downloaded from https://www.qgis.org/en/site/forusers/download.html.
Responding to the lack of accessible raw data about the built environment in Lebanon’s capital city, the Beirut
Built Environment database brings together a collection of maps, documents, and surveyed indicators about
actors (e.g., builder, developer, landowner) as well as spatial (e.g., vacancy, floors, parking) and environmental
characteristics (e.g., water, greenery, infrastructure lines) that can inform ongoing research, public policymaking,
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http://rsensing.cnrs.edu.lb/geonetwork/srv/eng/search.

Waste management crisis in Beirut, Lebanon: https://www.ecohubmap.com/hot-spot/waste-management-crisis-in-
beirut-lebanon/84yymlcrx75u9.

Epidemics and local governments in struggling nations: COVID-19 in Lebanon: https:/www.ncbi.nlm.nih.gov/pmc/
articles/PMC8794115/.
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