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Overview

Urban Risk Module addresses the vulnerabilities cities face due to rapid urbanization,
natural disasters, and socio-economic challenges, making it vital for urban safety and
sustainability. Historically, cities like Babylon and Athens dealt with environmental degradation
and social unrest, as exemplified by the Great Fire of London in 1666, which highlighted the
need for better risk management (Friedman, 2019).

The Industrial Revolution introduced new risks like pollution and public health crises,
exacerbating overcrowding and poor sanitation, leading to outbreaks like cholera and
tuberculosis (Baker et al., 2020). In the 20th century, urbanization intensified, requiring more
effective risk management to address emerging hazards. Modern urban risks include natural
disasters (earthquakes, floods), infrastructure failures, and social challenges like inequality.
Climate change has worsened urban vulnerabilities, making risk management crucial. The
UNDRR notes that natural disasters displace millions and cause billions in economic losses
annually, emphasizing the need for resilient urban strategies (UNDRR, 2021).

Urban risk management focuses on identifying and mitigating risks through resilient
infrastructure and planning (Klein et al.,, 2020). Key factors necessitating urban risk
management include:

Population Concentration: High-density urban areas face heightened risks from
natural and human-induced disasters.

Economic and Social Impact: Disasters in major cities disrupt economies globally.

Environmental Vulnerabilities: Urbanization has increased pollution and resource
depletion, exacerbating risks.

Infrastructure Dependencies: Cities rely on complex systems that must remain
resilient during crises.

Social Equity: Vulnerable populations are often most affected by urban risks,
highlighting the need for inclusive risk management.

Climate Change: Rising risks from extreme weather events require climate adaptation
strategies.

Urban Risk Management: A Necessity for the Future

Effective urban risk management is essential for sustainable city development, ensuring
safety, resilience, and inclusivity for all residents. Proactive planning and infrastructure
development will be key to cities' long-term sustainability and livability

Objectives of the Teaching Module

The goals are to provide a comprehensive understanding of urban risks and promote
effective management strategies to enhance resilience in urban environments, focusing on
both management and prevention.

Pre-requisite Knowledges

Geomorphology, Climatology, Remote sensing, Geology, Soil mechanics
EVALUATION MODE

60% exam, 40% continuous assessment
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L. INTRODUCTION: GLOBULE CONTEXT OF URBAN RISK AND
CONCEPTUAL FRAMEWORK

Course Objectives

The examination of various terminologies has provided a foundational understanding of
key concepts utilized in urban risk assessment and disaster management. The concepts
addressed include: hazard, vulnerability, risk, capacity, and disaster, among others.

Key Points:

INTRODUCTION

1. GLOBAL CONTEXT OF URBAN RISK

2. CONCEPTUAL FRAMEWORK: BASIC DEFINITIONS

CONCLUSION

INTRODUCTION

The global context of urban risk involves understanding key concepts and definitions
related to hazards faced by cities, such as natural disasters and human activities. A clear
conceptual framework helps analyze these risks effectively. Urban risk is a worldwide issue, as
cities globally face challenges from rapid urbanization and environmental changes, making it
crucial to explore common solutions for reducing risks and enhancing resilience across different
urban settings.

1. GLOBAL CONTEXT OF URBAN RISK

Disasters are as old as human history, but the dramatic increase in their frequency and
the damage caused by them in the recent past have become a cause of national and international
concern. Over the past decade, the number of natural and manmade disasters has climbed
inexorably. The devastation and losses they cause certainly justify the attention devoted to them.
According to the United Nations Office for Disaster Risk Reduction (UNDRR), the global
incidence of disasters has more than doubled since the 1980s, with economic losses running
into trillions of dollars (UNDRR, 2020). Part of their haunting power, however, stems from the
recognition that present-day disasters may announce an even more disastrous future on Earth
in the wake of climate and ecological breakdown. Reports from the Intergovernmental Panel
on Climate Change (IPCC) emphasize that climate-related disasters, such as storms, floods, and
heatwaves, are becoming more frequent and intense, driven by rising global temperatures
(IPCC, 2021). Additionally, human-induced ecological changes, including deforestation and
loss of biodiversity, have increased vulnerabilities to disasters, contributing to a more uncertain
and hazardous future (UNEP, 2022).

This module aims to contribute to the debate on the question of the risks in urban zones.
It exposes the various approaches of this question, and focuses on the conceptual problems put
by the definition of the risks by the social sciences, in particular by the geography, also discusses
the different notions which enter in its definition. The course exposes the multiple points of
view and dimensions of the urban risk and various types of management.Generally; urban risk
refers to the vulnerabilities and potential hazards (Environmental Hazards) that urban areas face
due to their high population density, complex infrastructure, and socio-economic dynamics. As
cities grow and develop, they become more susceptible to a range of risks, including natural
disasters, technological failures, social unrest, Public Health Crises and environmental
degradation. So, effective management of urban risk is crucial to ensure the safety, security, and
sustainability of cities. By addressing vulnerabilities through careful planning, infrastructure
development, and policy-making, cities can become more resilient to crises and better equipped
to protect their populations
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1. CONCEPTUAL FRAMEWORK: BASIC DEFINITIONS
. Hazard
Hazard may be defined as “"a dangerous phenomenon, substance, human activity or
condition that may cause loss of life, injury, or other health impacts, property damage, loss of livelihoods
and services, social and economic disruption, or environmental damage." UNDRR (2017).” The
word ‘hazard’ owes its origin to the word ‘hasard’ in old French and ‘az-zahr’ in Arabic meaning

‘chance’ or ‘luck’. Hazards can be grouped into two broad categories namely natural and
manmade.

v" Natural hazards are events triggered by natural phenomena, such as meteorological,
geological, or biological processes. Examples include cyclones, tsunamis, earthquakes, and
volcanic eruptions, all of which have purely natural origins. However, hazards like
landslides, floods, droughts, and fires are considered socio-natural hazards, as they result
from both natural and human causes. For instance, floods may occur due to heavy rainfall,
landslides, or clogged drainage systems caused by human waste Fig. 01.

1

H |
Drought, Spa
Glacial lake

Category

Animal Incident,
| Disease, Insect
Infestation

Events

outburst,
Avalanche: Wildfire
snow, debris,

‘Bacterial di!ea;_e_,_'
Fungal disease,
Parasitic disease,

Coastal flood,
Coastal erosion,
Debris /mudflow
[rockfall,
Expansive soil,
Flash flood;

B 'ce jam flood,
Riverine flood,
Rogue wave,
Seiche; Sinkhole

Prion disease,
Viral disease

Subsidence

Peril/harm

Fig. 01. Natural Disasters—Origins, Impacts, Management - Scientific Figure on ResearchGate.

https://www.researchgate.net/figure/Classification-of-natural-hazards-with-examples-of-events-and-peril-
harm-

v Man-made hazards arise from human negligence and are typically linked to
industrial activities or energy production. These hazards include events such as explosions,
toxic waste leaks, pollution, dam failures, as well as conflicts like wars or civil unrest. While
the range of these hazards is extensive, with some occurring regularly and others more
sporadically, they can be systematically categorized based on their origins Figi.02.

Man-made disaster sub-group_
Industrial accident |Transport accident | Miscellaneous accident
Man-made disaster types

Chemical spill Air Collapse

Collapse Road Explosion

Explosion Rail Fire

Fire Water Other

Gas leak

Poisoning

Radiation

Other
Figi.02 Man-made disasters categorization Source: Centre for Research on the Epidemiology of Disasters
(CRED), 2015. Available from: http://www.emdat.
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e Vulnerability

Vulnerability may be defined according UNDRR (2017) as “The extent to which a
community, structure, services or geographic area is likely to be damaged or disrupted by the
impact of particular hazard, on account of their nature, construction and proximity to
hazardous terrains or a disaster-prone area.” Vulnerabilities can be categorized into physical
and socio-economic vulnerability.

v’ Physical Vulnerability: The concept involves identifying who and what could be harmed
by natural hazards like earthquakes or floods, focusing on the physical condition of at-risk
elements, such as buildings and infrastructure, as well as their location relative to the
hazard. It also considers the technical capacity of structures to withstand the forces
experienced during a hazard event, exemplified by settlements situated on hazardous

slopes.

v

v

Fig 02. Site after pressures form population growth and urbanization

Social Vulnerability: Factors like population density, age, gender, education, and
income affect how groups experience hazards. Vulnerable populations, such as the
elderly and low-income groups, are more impacted.

Economic Vulnerability: Financial stability of individuals, businesses, and
governments influences vulnerability. Poorer communities are less prepared and
struggle to recover from hazards.

Environmental Vulnerability: The natural environment's susceptibility to damage
from hazards is increased by deforestation, land degradation, and poor resource
management.

Institutional Vulnerability: Strong institutions and emergency response systems
reduce vulnerability, while weak governance can worsen hazard impacts.
Technological Vulnerability: Failures in technology, infrastructure, and
communication systems increase vulnerability to hazards.

e Capacity: it can be defined as “resources, means and strengths which exist in households
and communities and which enable them to cope with, withstand, prepare for, prevent,
mitigate or quickly recover from a disaster” (UNDRR (2017, IFRC (2020).). People’s
capacity can also be taken into account. Capacities could be:

v Physical Capacity: Individuals affected by disasters, such as cyclones or floods, can
salvage items from damaged homes and farms. Some may possess skills that allow them
to secure employment if they choose to migrate temporarily or permanently.

7
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v" Socio-economic Capacity: Disasters often result in significant physical and material
losses, with wealthier individuals typically recovering faster due to their resources and
safer living conditions. Hazards become disasters when vulnerability is high and coping
capacity is low, increasing a community's risk with the frequency of hazards and its
overall vulnerability.

o Resilience refers to a community's ability to resist, absorb, adapt, and recover from
disaster impacts efficiently. Strengthening coping capacities builds resilience, helping
communities withstand both natural and human-induced hazards(UNDRR, 2015a.

Risk: Risk is a “measure of the expected losses due to a hazard event occurring in a given area
over a specific time period. Risk is a function of the probability of particular hazardous event
and the losses each would cause.” (UNDRR, 2015 and IPCC, 2014) The level of risk depends
upon fig. 03:

« Nature of the hazard (frequency and intensify)

< Vulnerability of the elements which are affected (exposure, sensitivity and adaptive
capacity and resilience)

e N\

VULNERABILITY x
SENSITIMVITY

ADAP Intensity
CAPACITY = ]
RESILIENCE

Frequency

Fig.03. Relation between risk, hazard and vulnerability

A community is considered to be at ‘risk” when it faces exposure to hazards that could
negatively impact it. Disaster management essentially focuses on disaster risk management,
which involves strategies to minimize losses of life, property, or assets by mitigating either the
hazards themselves or the vulnerability of at-risk elements.

Disaster: he terms disaster owes its origin to the French word “Disaster” which is a
combination of two words ‘des’ meaning bad and ‘aster’ meaning star. Thus, the term refers to
‘Bad or Evil star’. Refer to the United Nations Disaster Risk Reduction (UNDRR) disaster
can be defined as “4 serious disruption in the functioning of the community or a society causing
wide spread material, economic, social or environmental losses which exceed the ability of the
affected society to cope using its own resources”.

A disaster occurs when a hazard impacts a vulnerable population, causing damage,
casualties, and disruption. It results from the combination of a hazard, vulnerability, and
insufficient measures to reduce risk. For instance, hazards like floods or earthquakes become
disasters when they affect vulnerable communities, leading to significant loss of life and
property. An earthquake in an uninhabited area, however, wouldn't be considered a disaster.
Risk analysis
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Risk analysis is a systematic process for understanding and reducing risk levels by
assessing the likelihood and consequences of incidents. It evaluates existing risk control
measures, identifies additional prevention and mitigation strategies, and ranks various risks.
This process utilizes different methodologies to measure and prioritize risks, focusing on both
physical and operational means of mitigation.

a) Quantitative Risk Assessment.

b) Qualitative Risk Assessment.

¢) Semi-quantitative Risk Assessment.

Factor that influences the selection for above technique is availability of accurate data
for risk assessment. When data source is accurate and reliable, organization will prefer
quantitative risk assessment as it will give risk value in some numeric terms like monitory
values. Monetary value is easy to evaluate to determine the risk response Fig.04

Risk Assessment, Risk Analysis and risk management

Risk
‘ Management
Policy based

Communication
Interactive exchange of information
and opinions concerning risks

Risk
Assessment

Science bosed

Pose disaster sta9®

Fig.4. Relation between Risk Assessment, Risk Analysis and risk management adapts from World Health
Organization WHO (2005)
Risk assessment is just one component of risk analysis. The other components of risk analysis
are risk management and risk communication.

v" Risk management is the proactive control and evaluation of risks while risk
communication is the exchange of information involving risks. Unlike risk analysis,
risk assessment is primarily focused on safety and hazard identification.

v Risk analysis process

+ Risk identification: Primary objective of the risk identification process is to recognize
the threats, vulnerabilities, assets and controls of the organization Fig 05.

- Step S5-
Identify
Step 4- consequences
‘ Identify
Step 3- vulnerabilities

Identify
Step 2- existing

Identify controls
Step 1- Threats
Identify Assets

Fig.05. Risk Identification Process

9
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Risk prevention and mitigation (Fig 06)

PO

ACCEPT AVOID TRANSFER REDUCE HEDGE

Fig 06: types of risk prevention and mitigation

There are four general strategies for dealing with risk, depending on whether they are negative risks
(threats) or positive risks (opportunities), fig 07. Which strategy to use depends on two factors: the
probability of the risk occurring and the impact that it would have on the project if it were to occur. For
the sake of simplicity, let’s categorize both the probability and impact of a risk into high and low
categories. Then we have the following matrix for negative risks and positive risks

Probability Impact Strategy (-) Strategy (+)
Avoid Exploit
Transfer Share
Mitigate Enhance
Accept Accept

Fig 07: general strategies for dealing with risk

Avoid Mitigate

eliminate cause of risk reduce probability or impact of risk

THREATS

Accept Transfer

contingency plans for risk have third party take on
responsibility for risk (Insurance)

Fig 08. Risk strategy by Jerome Rowley, 2013.
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Risk evaluation: Risk evaluation attempts to define what the estimated risk actually means to
people concerned with or affected by the risk. A large part of this evaluation will be the
consideration of how people perceive risks and determinate the threshes.

Fig 09. RISK EVALUATION STEPS
Dotoermine and Sort your CcComplote thoe
NS e DENEIENES build o plan
" 4§

Locate canc Parforrm ca
ccument tho threat modeling
source of such exercise

Thermes relating to urban risk

v

v

<

<

Risk assessment is the overall process of estimating the level of risk of a
particular hazard (activity of process: identification analysis and evaluation);

Hazard is a source or situation with a potential for harm in terms of damage to
the environment, injury or illness, damage to property, or a combination of the
above;

Incident is an unplanned event resulting in or having the potential to result in
damage to the environment, health, property damage or other loss. An incident
can be a single occurrence or a series of occurrences;

Risk is measured in terms of a combination of the consequences of an incident
and their likelihood;

Likelihood is the probability of occurrence;
Consequence is the severity of an outcome or incident;

Risk control is measures that eliminate or reduce the risks, associated with the
identified hazards, as far as practicable;

Risk evaluation is the process of comparing the level of risk against risk criteria;

Prevention measures lower the probability of a scenario occurring. Determines how
well the environmental risk is currently being controlled and what further action is
needed to improve risk reduction strategies; and

Mitigation measures lower the severity of the consequences. Assesses the
effectiveness of the current emergency measures in place and what further action is
needed to improve emergency planning and response strategies.
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II. GENERAL RISK ANALYSIS METHODOLOGY.
(METHODOLOGIE GENERALE D'ANALYSE DU RISQUE)

Course Objectives

The main objective of this course is to have a basic understanding methodologies of
analysis risk. This lecture aims to expose the various approaches, to provide a systematic
framework for identifying, assessing, and prioritizing risks in various contexts, and to enhance
understanding of risk assessment tools and techniques.

INTRODUCTION
1. THE CHOICE OF METHODS

2. MAIN RISK ANALYSIS METHODS
2.1.QUANTITATIVE ANALYSIS METHODS
2.2.QUALITATIVE METHODS ANALY SIS METHODS
2.3.SEMI-QUANTITATIVE ANALYSIS METHODS

CONCLUSION

INTRODUCTION

Risk analysis involves three main methods: qualitative, quantitative, and semi-
quantitative. Qualitative analysis uses subjective judgments to rate risks based on perceived
severity and likelihood, making it adaptable when precise data is lacking. Quantitative analysis
relies on numerical data for more rigorous risk measurement. Semi-quantitative methods
combine both approaches, using some data while allowing for subjective input. These
frameworks accommodate varying levels of data and complexity in risk evaluation.

1. THE CHOICE OF METHODS

The choice of methods in risk analysis should consider their relevance and suitability. If
doubts arise, alternative methods should be compared. When integrating results from different
studies, methodologies and data must be compatible. Once a risk analysis is decided and
objectives defined, methods should be selected based on the following factors:

» Development Phase: Use less detailed methods early on and refine them as new
information emerges.

» Study Objectives: The analysis goals influence the methods; coarse models may
suffice for unaffected system parts.

» Type of System and Hazard: Consider the specific context.

> Potential Severity Level: The depth of analysis should reflect initial perceptions of
consequences.

> Resource Needs and Expertise: Simple, well-implemented methods often yield
better results than complex ones applied poorly.

» Information Availability: Different methods require varying amounts of data.

» Update Requirements: Some methods are easier to modify for future adjustments.

» Regulatory and Contractual Requirements: Compliance must be ensured.

2. RISK ANALYSIS METHODS
Risk analysis is a systematic process used to identify, evaluate, and prioritize risks,
facilitating informed decision-making. Various methodologies exist, each tailored to specific
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contexts and needs. The primary methods include: quantitative, qualitative ans semi-
quantitative methodes Fig. 01.

Risk Analysis
[ 2 1
Qualitative Quantitative
Risk Analysis Risk Analysis
Qualitative Risk Analysis Quantitative Risk Analysis
Risk Register ) Sensitivity Analysis
Probability-Impact (P1) Matrix () ) DecisionTree Analysis
Risk Catergorization () () ScenarioAnalysis
Expert Judgement () () Latin Hyper Cube Simulation

) Monte Carlo Simulation

Fig. 01. Risk Analysis Methods

2.1.QUANTITATIVE ANALYSIS METHODS

The principal urban risk analysis methods associated with quantitative risk it uses if the
various components of the risk equation can be spatially quantified for a given set of hazard
scenarios and elements-at-risk, the risk can be analyzed using the following equation:

P'|-=1

Risk = 2 ( P—LOP(T[HS, *(Z (Pespusy * (Agriusy * V{ERIHSI”)

All hazards All EaR

In which:

P(Ta”,HS) = the temporal probability of a certain hazard scenario (HS). A hazard scenario is a
hazard event of a certain type (e.g. flooding) with a certain magnitude and frequency;

P(Sa”,HS) = the spatial probability that a particular location is affected given a certain hazard
scenario;

A(ERa”,HS) = the quantification of the amount of exposed elements-at-risk, given a certain
hazard scenario (e.g. number of people, number of buildings, monetary values, hectares of land)
and

V(ER&”,HS) = the vulnerability of elements at risk given the hazard intensity under the specific
hazard scenario (as a value between 0 and 1). The method is schematically indicated in Fig
2(C.J. van Westen, 2014).
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Fig 2: Schematic representation of Quantitative Risk Assessment. by van Westen, C.J. 2014

+

Event-tree approaches

A number of hazards may occur in chains: one hazard causes the next Fig 03.

Event tree analysis

= o 2 2
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4 | e P1*(1-P2)

= +P1°P2°(1-P3)
P3
P1'P2'P3
Fig3: Schematic representation of an event-tree analysis by van Westen C.J., 2014
+ Probabilistic Risk Assessment (PRA)

This method estimates the likelihood and impact of urban hazards (e.g., floods,
earthquakes) by analyzing historical data and environmental conditions. It quantifies risk by
calculating the probability of different disaster scenarios and their potential impact on urban
areas, helping to guide mitigation strategies.

2.2.QUALITATIV ANALYSIS METHODS

Qualitative risk analysis provides a comprehensive framework for identifying potential
challenges and opportunities in a business environment. This approach focuses on non-

numerical insights, primarily leveraging expert opinions, historical data, and intuitive
judgment. Let's explore some of the key methods in more detail:
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Risk Probability and Impact Assessment matrix:

Evaluates risks based on their Probability and Impact Matrix
likelihood of occurrence and potential e
impact on project objectives, typically 5 ™ T i
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Fig 05: Risk Probability and Impact Assessment matrix

Risk Categorization: Grouping risks by type (e.g., technical, operational, external) to
help identify patterns and focus efforts on specific areas.

Risk Ranking and Prioritization: Risks are ranked based on their probability and
impact ratings to determine which ones require the most attention and resources.

Expert Judgment: Leveraging the knowledge and experience of experts to assess risks,
especially when there is a lack of hard data.

2.3.SEMI-QUANTITATIVE RISK ANALYSIS METHODES

The urban risk analysis methods associated with semi-quantitative risk analysis are:

> A root cause analysis (RCA) Root Cause Analysis (RCA) aims to identify
and eliminate the fundamental causes of problems to prevent their recurrence. By addressing
the ineffective systems that contribute to issues, RCA helps organizations avoid future
complications. This systematic approach often utilizes various techniques, such as the 5 Whys
and Fishbone Diagram (Ishikawa), to trace problems back to their source, ensuring that
solutions target underlying issues rather than merely addressing symptoms (Akao, 1990;
Ishikawa, 1986). It's important to note that RCA is not intended to assign blame or to identify
individual failings but rather to foster a culture of continuous improvement within organizations
(Harris, 2017). By understanding the root causes of issues, organizations can implement
effective strategies to enhance processes, reduce risks, and improve overall performance.

> Failure Mode and Effect Analysis (FMEA): Commonly used in engineering
and infrastructure risk assessments, FMEA identifies potential failure points in urban systems
(e.g., transportation, utilities). Each failure mode is scored based on three factors: severity,
occurrence, and detection. The scores are combined to prioritize risks and improve urban system
resilience. Generally, Failure Modes & Effects Analysis (FMEA) is a risk management tool that
identifies and quantifies the influence of potential failures in a process. FMEA analyzes
potential failures using three criteria:

% Occurrence (failure cause and frequency)

¢ Severity (impact of the failure)
% Detection (likelihood of failure detection)

Once assessed, prioritized failures are addressed with mistake-proofing for preventable
failures and contingency plans for unpreventable risks Fig 06
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Fig 06. Example of Failure Mode and Effect Analysis template

Risk register is a document that is used as a risk management tool to identify potential
setbacks within a project. This process aims to collectively identify, analyze, and solve
risks before they become problems

RISK ASSESSMENT FORM
S.4 | Activity | Hazard | Associated | Persons InitialfActual Risk Control Residual Risk Responsible
Involved Risk at Risk | Likelihood | Severity | Risk Measures | Likelihood | Severity | Risk Person
Value Value

Fig.01. Risk registre

PEAK / These semi-quantitative methods bridge the gap between qualitative and fully

quantitative approaches. The risk matrix assessment can used as quantitative, qualitative and
semi quantitative module at often fig .08.
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Risk ASSESMENT
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Fig.08. Risk assessment methods by M. Dziubinski [19]

CONCLUSION

Risk analysis methods in urban settings are selected based on their relevance to study
goals, system phases, hazard types, and resources. Quantitative methods like Probabilistic Risk
Assessment (PRA) estimate disaster likelihood and impact, while qualitative methods such as
Risk Matrices depend on expert judgment. Semi-quantitative methods combine qualitative
insights with numerical scoring.

Additionally, Failure Mode and Effects Analysis (FMEA) identifies potential failure
points in infrastructure. Collectively, these methods enhance urban risk assessment and support
informed decision-making in planning and disaster preparedness.
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III. NATURAL RISK

Course Objectives
The course aims to analyze the impact of atmospheric phenomena while developing
strategies for risk mitigation through enhanced forecasting and community preparedness. It
investigates the relationship between natural hazards and atmospheric conditions to identify
patterns that can inform effective risk management. The course also assesses the impact of land
degradation on ecosystems and livelihoods, promoting sustainable land management practices
to mitigate risks. Additionally, it studies erosion and desertification in urban areas, focusing on
developing control measures and sustainable land-use practices. Lastly, the course emphasizes
understanding climate variability's contribution to natural risks and advocates for adaptive
management strategies in response to changing climate conditions.
Kye Points:
INTRODUCTION
1. NATURALRISKS RELATED TO ATMOSPHERIC PHENOMENA. (RISQUES
NATURELS LIES AUX PHENOMENES ATMOSPHERIQUES)
2. NATURAL RISKS AND ATMOSPHERIC PHENOMENA. (RISQUES
NATURELS ET PHENOMENES ATMOSPHERIQUES)
3. NATURAL RISKS RELATED TO CLIMATE VARIABILITY. (RISQUES
NATURELS ET VARIABILITE CLIMATIQUE)
4. NATURAL RISKS RELATED TO LAND DEGRADATION (RISQUES
NATURELS RELATIFS A LA DEGRADATION DES TERRES)
4.1. DESERTIFICATION. (DESERTIFICATION)
4.2. EROSION (EROSION)

CONCLUSION

INTRODUCTION

Each hazard has its own characteristics. To understand the significance and implications
of various types of hazards we must have a basic understanding about the nature, causes and
effects of each hazard type and the mitigation measures that need to be taken up. In this chapter,
we would discuss the following hazards namely earthquake, tsunami, landslide, flood, cyclone
and drought that we normally face in our country.

1. NATURAL RISKS RELATED TO ATMOSPHERIC PHENOMENA.

Atmospheric phenomena are natural processes and events that occur in the Earth's
atmosphere. While many of these are part of everyday weather, some can lead to extreme
conditions that pose significant risks to life, property, and ecosystems. The key atmospheric
hazards include:

e Hurricanes and Typhoons: Hurricanes (in the Atlantic) and typhoons (in the Pacific)
are powerful tropical storms that develop over warm ocean waters. High winds, torrential
rainfall, and storm surges can cause extensive flooding, damage to infrastructure, and loss
of life. Example: Hurricane Katrina in 2005 caused widespread devastation in the U.S.,
particularly in New Orleans.

e Tornadoes: Tornadoes are rapidly rotating columns of air that extend from thunderstorms
to the ground. With wind speeds exceeding 300 km/h, tornadoes can destroy homes, uproot
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trees, and throw debris over great distances. Example: The 2011 Joplin tornado in
Missouri was one of the deadliest in U.S. history.

e Floods: Floods occur when water overflows onto normally dry land due to heavy rainfall,
storm surges, or snowmelt. Flooding can lead to property damage, loss of agricultural
lands, water contamination, and health hazards due to waterborne diseases.

e Droughts: A prolonged period of abnormally low rainfall, leading to water shortages.
Droughts result in crop failures, food and water scarcity, and increased risks of wildfires..

e Heatwaves: A prolonged period of excessive heat, often combined with high humidity.
Heatwaves can lead to heat exhaustion, heat stroke, and exacerbate cardiovascular
diseases, especially in vulnerable populations.

e Thunderstorms and Lightning: Thunderstorms produce lightning, heavy rain, and
sometimes hail and strong winds. Lightning can cause fires, while flash floods and hail
damage property and agriculture.

a b

P .

Sources: NOAA; National Weather Service, , CEM ===

4 Coldair
— Strong wind

Cloud of Hot air
iy and dust

= =, = i -
Fig.01. natural risks related to atmospheric phenomena

2. NATURAL RISKS AND ATMOSPHERIC PHENOMENA.

Natural risks associated with atmospheric phenomena refer to weather-related events
that can lead to significant environmental, economic, and social impacts. These phenomena,
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caused by the dynamics of the Earth’s atmosphere, include a wide range of events such as
storms, droughts, floods, and extreme temperature changes. The primary atmospheric risks
include:

Tropical Cyclones (Hurricanes and Typhoons):These are intense low-pressure
systems that form over warm ocean waters, characterized by strong winds, heavy rains,
and storm surges.

Impacts:

Coastal flooding due to storm surges: Wind damage to buildings, infrastructure, and

agriculture

Loss of life and large-scale displacement of people

Tornadoes: Tornadoes are violent rotating columns of air extending from
thunderstorms to the ground.

Impacts:
— Severe damage to buildings and vehicles
— Uprooted trees and flying debris, leading to injuries and fatalities
— Short-term but intense devastation in small areas

Floods: Floods occur when there is an overflow of water onto normally dry land due to
excessive rainfall, storm surges, or river overflow.

Impacts:
— Destruction of homes and infrastructure
— Loss of crops and livestock
— Water contamination, leading to health risks

Droughts: A drought is a prolonged period of abnormally low rainfall, leading to water
shortages. Its impacts:

— Agricultural losses due to crop failure

— Water scarcity for humans and livestock

— Increased wildfire risks and desertification

Heatwaves: Heatwaves are extended periods of excessively high temperatures, often
accompanied by high humidity. Its principal impacts are:

— Increased mortality rates due to heatstroke and heat-related illnesses

— Strain on energy and water resources

— Increased wildfire risk and crop damage

Thunderstorms and Lightning: Thunderstorms are storms characterized by thunder,
lightning, and usually heavy rainfall, sometimes accompanied by hail. Its principal
impacts are:

— Lightning can cause wildfires and structural damage

— Heavy rains can lead to flash floods

— Hail can damage crops, vehicles, and property

Blizzards and Winter Storms: Blizzards are severe winter storms with strong winds,
low temperatures, and heavy snowfall. the principal impacts are:
— Disruption of transportation and supply chains
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— Power outages due to ice accumulation on power lines
— Increased risk of accidents and hypothermia

3. NATURAL RISKS RELATED TO CLIMATE VARIABILITY
Natural risks associated with climate variability encompass a range of hazards that can
impact ecosystems, human health, and infrastructure. These risks stem from fluctuations in
climate patterns, which can lead to extreme weather events and other environmental changes.
Key natural risks include:
e Flooding: Increased precipitation and changes in rainfall patterns can result in more
frequent and severe flooding, impacting communities, agriculture, and infrastructure.
¢ Drought: Prolonged periods of low rainfall can lead to water shortages, affecting
agriculture, drinking water supplies, and natural ecosystems.
e Heatwaves: Rising temperatures and increased frequency of heatwaves can pose health
risks, particularly for vulnerable populations, and can exacerbate drought conditions.

e Hurricanes and Storms: Changes in climate can increase the intensity and frequency of
hurricanes and tropical storms, leading to significant damage and loss of life.

e Wildfires: Higher temperatures, prolonged dry spells, and changes in vegetation can
contribute to more frequent and intense wildfires, threatening ecosystems and human
settlements.

e Sea-Level Rise: Climate variability can result in rising sea levels, increasing the risk of
coastal erosion, flooding, and loss of habitat in coastal areas.

e Ecosystem Disruption: Changes in climate can alter habitats and affect biodiversity,
leading to shifts in species distribution and the potential extinction of vulnerable species.

e Understanding these natural risks is crucial for developing effective mitigation and
adaptation strategies to minimize their impacts on communities and the environment.

4. NATURAL RISKS RELATED TO LAND DEGRADATION.

Land degradation refers to the long-term decline in the productive capacity of the land.
It is often driven by natural processes, including extreme weather events like droughts,
desertification, floods, Landslides salinization and soil erosion. While land degradation can be
exacerbated by human activities (overgrazing, deforestation, etc.), understanding the natural
processes is crucial for effective mitigation.

4.1. DESERTIFICATION: CAUSES., EFFECTS, AND CONTROL MEASURES

Amongst several risk threaten the world last centenary is desertification about 45% of
world land is at risk and about 55% is threaten by desertification. The process of desertification
is complex, involving interaction between many factors, both environmental and
anthropogenic.

v Desert is a large area large portion of the earth’s surface consists of arid, semi-arid and
hyper-arid lands. Life in these regions is profoundly challenged by harsh environmental
conditions of water limitation, high levels of solar radiation and temperature
fluctuations, along with soil salinity and nutrient deficiency, which have serious
consequences on plant growth. (Zhang K. et al., 2019; Delgado-Baquerizo et al.,
2020;Jiao and Lu, 2020D).
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v Desertification: desertification, the process by which natural or human causes reduce
the biological productivity of drylands (arid and semiarid lands). Declines in
productivity may be the result of climate change, deforestation, overgrazing, poverty,
political instability, unsustainable irrigation practices, or combinations of these
factors. The concept does not refer to the physical expansion of existing deserts but
rather to the various processes that threaten all dryland ecosystems, including deserts as
well as grasslands and scrublands figi.02.
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A global distribution of the desert areas according to their Aridity index. Deserts
distribution throughout the land surface, making up 33% of the total land area (Alsharif et al.,
2020). The map indicates the most famous deserts in each continent, Figure 3.1.
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Figure 3.1 Geographical distribution of drylands, delimited based on the Aridity Index. The classification of

the aridity index (Al) is: Humid AI>0.65, Dry sub-humid 0.50 < Al < 0.65, Semi-arid 0.20 < Al < 0.50, Arid

0.05 < Al <0.20, Hyper-arid Al <0.05. Data: TerraClimate precipitation and potential evapotranspiration
(1980-2015) (Abatzoglou ct al., 2018)
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Desertification, a phenomenon of loss of land productivity, is both an environmental
and a development issue (Cornet, 2002). It is linked to anthropogenic action and climatic
variability, but also to changes in biodiversity, particularly in the Maghreb (Hobbs et al, 1995).

However, environmental monitoring is a strategic issue for the development of the
Maghreb countries. Evidenced by the many documents and national action plans for the
environment developed since the Rio summit in 1992, and their increasing implementation
through projects for the rehabilitation of critical areas. However, to be effective, serve decision-
making and feed longer-term development visions, these information systems should be multi-
sector and regularly updated at regional, national and international levels. The role of the United
Nations Convention to Combat Desertification (UNCCD) is central in the implementation of
monitoring and evaluation of desertification.

In the Maghreb countries, the fight against desertification, traditionally defined and
organized by the central State, has recently been integrated into the rural or economic and social
development of the countries. The measurement of countries' efforts to implement the UNCCD
is based on the inventory of projects and programs undertaken and their cost. The amounts
announced for the implementation of sectoral programs for reforestation and water and soil
conservation are in fact significant. However, their effectiveness is difficult to measure: on the
one hand, because the budgets actually committed are often less, generating achievements
below forecasts and, on the other hand, because the impact on the standard of living of the
populations, the central objective of the fight against desertification, is not sufficiently well
informed. Finally

v Desertification process

The term desertification has been the subject of multiple definitions (Aubreville, 1949;
Le Houérou, 1962, 1968 and 1977; Dregne, 1977; Meckelein, 1980; Bernus, 1980; UNEP,
1991), but since the adoption of the United Nations Convention to Combat Desertification in
1994, the term refers to “land degradation in arid, semi-arid and dry sub-humid areas resulting
from various factors, including climatic variations and human activities ”.

Land degradation means "the reduction or disappearance, in arid, semi-arid and dry
sub-humid areas, of the biological or economic productivity and complexity of rainfed
cropland, irrigated cropland, rangeland, pastures.

Growing anthropogenic pressure is the main cause of desertification, with climatic
conditions only exacerbating the damage caused by human activity (Mainguet, 1994).

Soil degradation is defined as deterioration in the physical and chemical properties of
the soil due to environmental change causing soil erosion, loss of fertility and salinization
(Arnous, 2004).

v" The causes of desertification:

The natural causes of desertification are all extreme climatic phenomena linked to
climate change (recurrent droughts, low rainfall, soil erosion, etc.). Accentuated by global
warming, a consequence of greenhouse gas emissions linked to human activity, humans are
indirectly responsible for it. Thus, the causes of desertification are numerous and almost all
attributable to humans and unsuitable agricultural practices, fig.04
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Fig. 04: Analyses guide of desertification factors

v The consequence of desertification

Environmental consequences Socio-economic consequences

e Soil depletion; e Increase in poverty;

e Degradation of  ecosystems and | ¢ Deterioration of living condition;
biodiversity; ¢ Food insecurity;

e Decreased carbon storage capacity in soils | ¢ inequalities of access to natural
and accentuation of global warming resources;

e Scarcity of resources and water shortages | ¢ Population migration;
agriculture collops; e Conlflicts.

e Biodiversity loss.

v Combat Desertification

Desertification is the degradation of land in dry regions due to climate change and human
activities like deforestation and overgrazing. Effective combat strategies include
sustainable land management, reforestation, and soil conservation techniques.
Agroforestry can enhance soil fertility and water retention, while community
engagement is crucial for promoting sustainable practices. International efforts, such as
the United Nations Convention to Combat Desertification (UNCCD), are vital for
mobilizing resources and fostering partnerships to address this global issue. By
prioritizing these approaches, we can mitigate desertification's effects and promote
sustainable development in affected areas Fig 05.
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Fig 05. DESIRE Approach to Combat Desertification by Hessel, R., Reed, M.S., Geeson, N. et al. 2014).
4.2. EROSION: TYPES, CAUSES, EFFECTS, AND CONTROL MEASURES.

Erosion is the process of removing surface material from the Earth's crust, mainly
consisting of soil and rock debris, and transporting the eroded materials by natural forces such
as water or wind from their original location. It involves the wearing away and shaping of
Earth's landforms, incorporating rock weathering, material transport, and the influences of
wind, water, and glaciers. A broader term for erosion is denudation, which includes processes
like mass movement. While some definitions of erosion may not account for the transport of
material, this creates ambiguity between erosion and weathering. Erosion includes both the
disintegration and movement of material from its source but does not cover its deposition in
new locations. Erosion and deposition interact through geomorphic processes to reshape and
create landforms (Encyclopedia Britannica by John P.2024).

v

Types

Soil Erosion: Soil erosion is the
process through which the upper layer of soil
(topsoil) is removed by natural forces like
water and wind, as well as human activities
and physical conditions Fig.06. This erosion
can lead to the depletion of soil nutrients,
degradation of ecosystems, and a decline in
agricultural  productivity  (Encyclopedia
Britannica by John P.2024).

EROSION: physical
removal and transport
of rock fragments

Fig.06: Soil erosion factors
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Soil plays a crucial role in supporting plant growth, regulating water cycles, and
sustaining life. Conserving soil is vital for:
- Agriculture: Ensures food security by maintaining fertile soil.
- Environmental Protection: Prevents degradation of ecosystems.
-Water Quality: Minimizes sedimentation in water bodies.
v Causes of Soil Erosion
Natural Causes
Water Runoff: Heavy rainfall can dislodge soil particles.
Wind: In arid and semi-arid regions, strong winds can blow away loose soil.
Topography: Steep slopes increase the risk of soil being carried away by water.
Soil Type: Sandy or loose soils are more susceptible to erosion than compacted soils.
Human Activities
Agriculture: Tilling and overgrazing by livestock reduce vegetation cover.
Urbanization: Construction of roads, buildings, infrastructure and disturbs the soil.
Deforestation: The removal of trees for timber or agriculture leaves soil vulnerable.
Mining: Strip mining exposes large areas of soil, increasing erosion risk.
v’ Effects of Soil Erosion
On Agriculture:
= Loss of fertile topsoil reduces crop yields.
= Increases the need for artificial fertilizers, which can lead to soil degradation.
= Reduces soil moisture retention, leading to drought conditions.
On the Environment
= Sedimentation in rivers and lakes reduces water quality and disrupts aquatic
ecosystems.
= Loss of biodiversity as plant and animal habitats are destroyed.
= Increased carbon release from soil contributes to climate change.
* On Infrastructure
= Soil erosion can undermine roads, bridges, and buildings, leading to costly repairs.
= Landslides can occur in hilly areas, endangering lives and property.
Water erosion
Moving water is the primary natural agent of erosion and plays a significant role in
coastal erosion through the actions of sea waves and atmospheric processes like rain and frost.
Coastal erosion occurs through hydraulic pressure, wave impact, and the abrasion caused by
sand and pebbles, particularly on shores made of jointed or bedded rock that are vulnerable to
quarrying. This process leads to retrograde shorelines, which are characterized by sea cliffs,
wave-cut benches, and sea arches. Furthermore, wave-driven sediment transport contributes to
the creation of prograde shorelines, including bars, spits, and barrier beaches. The erosive
power of moving water, especially during floods and tidal flows, enhances sediment transport,
resulting in landforms such as alluvial fans, floodplains, and deltas. In contrast, areas not
influenced by rivers continue to experience erosion from rain, snowmelt, and frost, which adds
sediments to the ocean.
= Sheet Erosion: A thin layer of soil is removed uniformly over an area.
= Rill Erosion: Small channels are formed by running water, which further erodes the soil.
*  Gully Erosion: Larger, more pronounced channels are created by water flow.
= Riverbank Erosion: The banks of rivers are eroded due to the force of flowing water.
Glacial erosion
Glacial erosion takes place primarily in two ways: first, through the abrasion of surface
materials as the ice moves over the ground, with much of this abrasive action resulting from
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debris embedded in the ice at its base; and second, through the quarrying or plucking of rock
from the glacier's bed. The eroded material is carried away until it is either deposited or until
the glacier melts. (Encyclopedia Britannica John P.2024).
Wind erosion
In certain arid and desert regions, wind plays a significant role in eroding rocks by
moving sand, and the surfaces of sand dunes that are not stabilized by vegetation are vulnerable
to erosion and alteration due to drifting sand. This process erodes material through deflation—
the removal of small, loose particles—and by sandblasting landforms with wind-driven
particles. Ongoing deflation of loose materials from these landforms results in the accumulation
of larger, more resilient particles that are less susceptible to further deflation. Wind action
transports eroded material either above or along the Earth's surface through turbulent flow
(where particles move in multiple directions) or laminar flow (where adjacent layers of air slide
past each other). The movement of wind-eroded material continues until the wind's velocity can
no longer support the size of the transported particles or until these particles collide with or
adhere to surface features.
v' Deflation: Loose particles are lifted and carried away by wind.
V' Abrasion: Windblown particles strike and wear down surfaces.
v’ Saltation: Soil particles are lifted and bounce along the ground, causing further erosion.
weathering, the disintegration or alteration of rock in its natural or original position
near the Earth's surface occurs through physical, chemical, and biological processes that are
influenced or modified by wind, water, and climate.
v Control and Prevention Measures
Agricultural Practices
Contour Plowing: Farming along the contour lines of a slope to reduce water runoff.
Terracing: Creating stepped levels on slopes to slow water flow and minimize erosion.
Crop Rotation: Growing different crops in succession to improve soil structure and fertility.
Cover Crops: Planting crops like clover or legumes to protect the soil during off-seasons.
Vegetation Management
Afforestation and Reforestation: Planting trees in degraded areas to anchor the soil.
Grassed Waterways: Channels lined with grass that slow water flow and prevent gully
formation.
Windbreaks: Rows of trees or shrubs planted to break the wind and reduce erosion.
Engineering Solutions
Retaining Walls: Structures built to hold back soil on slopes and prevent landslides.
Check Dams: Small dams built across channels to reduce the speed of water and control erosion.
Silt Fences: Temporary barriers used in construction sites to prevent soil from washing away.
Policy and Awareness
Government Regulations: Policies encouraging sustainable land use and penalties for
deforestation.
Public Awareness Campaigns: Educating communities about the importance of soil
conservation.
Sustainable Development: Promoting eco-friendly construction practices and urban
planning.
CONCLUSION
Sustainable land management, responsible farming, and community efforts are key to
mitigating soil erosion. As population growth and climate change strain resources, innovative
approaches like precision farming and soil monitoring will be vital to prevent further land
degradation.
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IV. HYDROLOGICAL RISKS (RISQUES HYDROLOGIQUES)

Course Objectives

The course aims to assess water-related risks to improve urban water resource
management and disaster preparedness. It focuses on analyzing causes and impacts of urban
hydrological events like flooding, mudflows, and aquifer overexploitation, while promoting
sustainable land-use and management strategies to mitigate environmental and socio-economic
consequences.

Kye Points
INTODUCTION
1. FLOODS
2. MUDFLOWS AND OVEREXPLOITATION OF AQUIFERS.
CONCLUSION

INTRODUCTION

Hydrological risks refer to hazards caused by water-related processes, often intensified
by both natural factors and human activities. These risks include floods, mudflows, and the
overexploitation of aquifers. Each of these phenomena can have devastating environmental,
social, and economic impacts. Let’s explore each in detail:

1. FLOODS

Floods occur when excessive water submerges land that is usually dry. They can result
from heavy rainfall, river overflow, storm surges, or the failure of dams and levees. Flood
is a state of high-water level that leads to inundation of land, which is not usually submerged.
Floods may happen gradually and also may take hours or even happen suddenly without any
warning due to breach in the embankment, spill over, heavy rains etc.There are different types
of floods namely: flash flood, riverine flood, urban flood, etc.

v Types of Floods:
Flash Floods: Rapid flooding typically caused by intense rainfall over a short period.
River Floods: Occur when rivers overflow their banks due to prolonged rainfall or snowmelt.
Coastal Floods: Caused by storm surges or high tides, often exacerbated by rising sea levels.
e Causes of flooding

physical Human
* Intense precipitation. * Changes in land use
* Prolonged rainfall. * Urbanization
* Snow Melt or Ice thaw * Climate change
*  Strom Surges * Poor dam construction
* Land slide * Poverty
* Volcanic Eruptions

e Measures in order to tackle several causes and effects

v The government should convince communities suffering the consequences of floods
every year to relocate permanently.

v" The government should provide support to settle in the new location.

v' Communities should increase cultivation and vegetation practices to improve food
security. Good plans should be provided by the ministry of agriculture and
cooperatives.
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v" The government should detect the non-flood and flood-impacted areas in order to
provide temporary shelter and other facilities.

v' Also, we can save flood-affected areas by the construction of strong large dams.
Agricultural laborers can utilize stored water for irrigation.

v" We can spread awareness among people about the efficiency of tree plantation in
preventing floods. Moreover, we can encourage them to plant more trees to cancel the
effects.

v" Governmental agencies should also take early mitigation measures to warn people in
that situation.

v Achieving a flood-resistant building depends upon several things:

» Identifying the source, nature and severity of flood hazards affecting potential
building sites,

» Selecting a building site where flood hazards are eliminated or minimized,

» Determining any flood-related regulatory requirements, for example:

A. Community (and State/Regional) floodplain management regulations,

B. Applicable building code requirements, and determining design flood
characteristics anticipated at the selected site, both now and over the life of the
building

» Planning, designing and constructing the building to minimize any potential flood
damages by:

A. elevating as much of the building as possible above the design flood level,

B. designing the building foundation and any portions subject to flooding to
withstand design flood conditions and loads, and using flood-damage-resistant
materials for any portions of the building below the design flood level where
floodproofing is permitted,

C. employing appropriate methods and materials to either dry-floodproof or wet-
floodproof those portions of the building below the design flood level.

2. MUDFLOWS AND OVEREXPLOITATION OF AQUIFERS.
v" Mudflows: Rapid downslope movement of water-saturated debris, including soil, rocks,
and vegetation, primarily triggered by heavy rainfall, volcanic eruptions, or human
activities fig01.
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e Causes of Mudflows
V' Natural Triggers:

Heavy Rainfall: Sudden or prolonged rainfall can saturate the soil, reducing its cohesion
and causing it to flow downslope.

Volcanic Eruptions: Eruptions can rapidly melt ice and snow, triggering debris flows
known as lahars.

Rapid Snowmelt: A quick thaw during spring can saturate mountain soils, leading to
mudflows.

v" Human-Induced Factors:

Deforestation: The removal of vegetation destabilizes slopes, increasing the likelihood
of mudflows.

Construction and Urbanization: Poor land use planning, especially on or near slopes,
can increase mudflow risks.

Environmental and Socio-Economic Impacts

Environmental Degradation: Mudflows can bury fertile soil, destroy ecosystems, and
alter landscapes. For example, the 1985 Armero disaster in Colombia, caused by a volcanic
mudflow, buried entire towns and resulted in over 20,000 deaths (Voight, 1990).

Damage to Infrastructure: Mudflows can damage or destroy roads, bridges, and
buildings, as witnessed during the Venezuela mudslides of 1999, which affected the
infrastructure and caused significant human loss.

Agricultural Impact: Mudflows can devastate farmlands, rendering them unusable for
extended periods by depositing thick layers of mud.

v Scientific Analysis of Mudflows

Geotechnical Studies: Scientists analyze soil composition, water content, and slope
stability to predict the likelihood of mudflows.

Hydrological Models: Hydrologists study rainfall patterns and soil saturation levels to
forecast potential mudflow events.

Satellite Imagery and Remote Sensing: Advanced technologies like GIS (Geographic
Information Systems) and satellite monitoring help in tracking soil erosion, rainfall intensity,
and land-use changes that might lead to mudflows.

v' Aquifer Overexploitation: Causes, Impacts, and Analysis

Aquifer Overexploitation: The process of extracting groundwater at a rate that exceeds
the aquifer's recharge capacity can result in significant environmental issues, including water
scarcity, land subsidence, urbanization and disruptions to ecosystems. These phenomena are
closely linked to human development, agricultural growth, and climate change. Understanding
their causes, impacts, so strategies for mitigation is crucial for sustainable environmental
management and reducing risks fig .02.
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Impacts of overpumping of ground water and
ground-water depletion
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Fig.02. Illustration showing possible effects of groundwater depletion and over pumping (COA, Physical
Geography, 2018)

v' Causes of Aquifer Overexploitation

Agricultural Demands: In regions where surface water is insufficient, groundwater is
heavily relied upon for irrigation. In countries like India and Pakistan, aquifers are significantly
depleted due to irrigation for crops like rice and wheat (Rodell et al., 2009).

Urbanization and Industrialization: Growing cities require large quantities of water for
drinking, sanitation, and industry, leading to unsustainable groundwater extraction.

Climate Change: Changes in precipitation patterns reduce the natural recharge of

aquifers, while increased droughts force more dependence on groundwater sources.
v Impacts of Overexploitation

Groundwater Depletion: Excessive pumping causes a drop in the water table, leading to
water scarcity and increased costs for deeper drilling.

Land Subsidence: As water is removed from underground, the land above can collapse.
For example, parts of Mexico City have sunk over 9 meters due to overextraction of
groundwater (Méndez et al., 2016).

Saltwater Intrusion: In coastal areas, overexploitation can cause saltwater to infiltrate
freshwater aquifers, rendering them unusable for drinking or irrigation, as seen in regions of
California and Florida (Barlow & Reichard, 2010).

v Scientific Analysis of Aquifer Overexploitation

Hydrological Studies: Groundwater models help assess the rate of extraction versus
recharge, identifying areas at risk of depletion.

Geophysical Methods: Techniques like resistivity imaging and seismic surveys are
used to map aquifers and monitor water levels.

Climate Models: These models help predict changes in precipitation and potential
impacts on groundwater recharge.

v" Integrated Impacts of Mudflows and Aquifer Overexploitation
Disruptions to the Water Cycle

Overextraction of groundwater can reduce the natural flow of rivers and streams, leaving
soils dry and more prone to erosion and mudflows during heavy rains.Mudflows can alter
watershed patterns, clogging rivers with sediment and reducing groundwater recharge.
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v" Human Vulnerability

Communities facing both aquifer depletion and mudflow risks are particularly
vulnerable. For example, areas experiencing deforestation and agriculture-related water
overuse, such as parts of Central Asia and South America, often suffer from combined risks of
flooding and water scarcity.

v' Mitigation Strategies
% Mudflow Mitigation

Reforestation and Vegetation Cover: Planting trees and restoring vegetation on slopes to
stabilize soil and reduce erosion risks.

Slope Terracing and Drainage Systems: Engineering solutions like terraces and drainage
channels slow down water flow and reduce the risk of mudflows.

Early Warning Systems: Monitoring rainfall and soil moisture using remote sensing and
local data to predict and warn communities of potential mudflows.

¢ Aquifer Overexploitation Mitigation

Sustainable Water Use Practices: Implementing efficient irrigation systems like drip
irrigation to minimize water use.

Artificial Recharge: Using surface water to artificially recharge aquifers by constructing
recharge ponds or using treated wastewater.

Regulatory Frameworks: Governments should enforce stricter regulations on
groundwater extraction, including setting withdrawal limits based on aquifer recharge rates.

v Integrated Management Approaches

Catchment Area Management. Implementing watershed management practices that
integrate soil conservation, sustainable water use, and reforestation to address both erosion and
groundwater depletion.

Public Awareness and Education: Engaging local communities in water conservation
efforts, promoting sustainable agricultural practices, and raising awareness about the risks of
overexploitation and mudflows.

Technology and Innovation: Utilizing remote sensing, satellite data, and advanced
hydrological models to monitor both surface and groundwater conditions and predict risks in
real-time. The interconnected nature of mudflows and aquifer overexploitation calls for an
integrated approach to managing land and water resources.

v Sustainability and Future Outlook

As climate change continues to influence weather patterns and human pressures on
water resources grow, proactive management strategies will be essential. Sustainable
agriculture, improved land-use planning, and enhanced monitoring technologies can help
mitigate the dual risks of mudflows and groundwater overexploitation.

CONCLUSION

Hydrological risks such as floods, mudflows, and the overexploitation of aquifers pose
significant challenges to human populations and ecosystems. Effective management of water
resources, sustainable land use, and disaster preparedness are crucial in mitigating the impacts
of these risks. Understanding the causes and consequences of these hydrological hazards can
help communities build resilience and adapt to changing environmental conditions.
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V. GEODYNAMIC RISKS

Course Objectives

This course aims to evaluate the risks associated with geological phenomena, such as
earthquakes and volcanic activity, while enhancing public awareness and preparedness for
geodynamic hazards, particularly seismic risks. It will analyze the potential impacts of these
events on urban infrastructure and communities, with the goal of integrating findings into the
design of emergency response plans, monitoring systems, and evacuation strategies for at-risk
populations. Additionally, the course will cover the implementation of land-use regulations and
mitigation measures to reduce the risks associated with landslides, avalanches, and karstic
hazards. A key objective is to promote safety education and foster a culture of emergency
preparedness within vulnerable communities.

Key Points:

INTRODUCTION

1. SEISMIC RISKS

2. VOLCANISM.

3. LANDSLIDES OR LANDSLIPS
4. ROCKFALLS.

5. AVALANCHES.

6. KARSTIC RISKS
CONCLUSION

INTRODUCTION

Geodynamic risks refer to natural hazards that arise from the Earth's internal processes.
These processes are responsible for the movement of the Earth's crust, creating phenomena such
as earthquakes, volcanic eruptions, avalanches, karstic risk, and landslides. Each of these risks
can have severe consequences, often leading to the loss of life, property, and the disruption of
ecosystems.

1. SEISMIC RISKS

Earthquake is one of the most destructive natural hazard. They may occur at any time,
with sudden shaking of the earth crust. They can destroy buildings and infrastructure in seconds,
killing or injuring the inhabitants. Earthquakes may de-stabilize the government, economy and
social structure of the country. The ‘theory of plate tectonics’(Hess, H. H.1962 and Tarbuck, E.
J., & Lutgens, F. K. 2014) holds that the plates ride up on the more mobile mantle, and are
driven by some yet unconfirmed mechanisms, perhaps thermal convection currents. When these
plates contact each other, stress arises in the crust. These stresses can be classified according to
the type of movement along the plate’s boundaries: pulling away from each other, pushing
against one another and sliding sideways relative to each other.

e Causes of Earthquake : The earth’s crust is a rocky layer of varying thickness ranging
from a depth of about 10 kilometers under the sea to 65 kilometers in the continents. The
crust is not one piece but consists of portions called ‘plates’ which vary in size from a
few hundred to thousands of kilometers.

v' Tectonic Plate Movements: Earthquakes primarily occur along fault lines where
tectonic plates collide, separate, or slide past one another.

v' Human Activity: Some seismic activity is induced by human activities like mining,
reservoir-induced seismicity, and hydraulic fracturing (fracking).
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e Impacts:

v" Ground Shaking: Causes the collapse of buildings, bridges, and infrastructure, posing a
direct threat to human lives.
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Fig 03. Seismic risks Causes and impacts

v Surface Ruptures: Cracks or shifts in the Earth's surface can destroy roads, pipelines, and
buildings.

v Secondary Effects: Earthquakes can trigger landslides, tsunamis, and fires, compounding
the destruction.
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Possible risk reduction measures:

Community preparedness: Community preparedness is vital for mitigating earthquake
impact. The most effective way to save you even in a slightest shaking is 'DROP, COVER and
HOLD'.

Planning: published building codes Standards and guidelines for safe construction of
buildings against earthquakes. Before the buildings are constructed the building plans have to
be checked by the Municipality, according to the laid down bylaws. Many existing lifeline
buildings such as hospitals, schools and fire stations may not be built with earthquake safety
measures.

Their earthquake safety needs to be upgraded by retrofitting techniques.

Public education is educating the public on causes and characteristics of an Effect of
Soil type on ground shaking

Essential requirements in a Masonry building earthquake and preparedness measures. It
can be created through sensitization and training programme for community, architects,
engineers, builders, masons, teachers, government functionaries teachers and students.

Engineered structures: Buildings need to be designed and constructed as per the building
by laws to withstand ground shaking. Architectural and engineering inputs need to be put
together to improve building design and construction practices. The soil type needs to be
analyzed before construction.

Building structures on soft soil should be avoided. Buildings on soft soil are more likely
to get damaged even if the magnitude of the earthquake is not strong as shown in Figure

Similar problems persist

in the buildings on structed on the river banks which have alluvial soil.
Before the disaster:

Connections of gas lines and appliances must be made flexible.

An earthquake readiness plan must be kept ready, including locating a shelter house,
canned food and up to date

first aid kit, gallons of water, dust masks, goggles, firefighting equipment, a torch, and
a working battery-operated radio.

Architects and structural engineers must be consulted before laying the foundation of
buildings in earthquake-prone

areas. Also, the building must be manufactured as per the rules and regulations laid by
the disaster management committee.

Awareness must be spread among friends and family members about the above-
mentioned measures.

2. VOLCANISM

Volcanism refers to the eruption of magma, ash, and gases from beneath the Earth's crust
through volcanoes. On Earth, volcanism occurs in several distinct geologic settings. Most of
these are associated with the boundaries of the enormous rigid plates that make up the
lithosphere—the crust and upper mantle. The majority of active terrestrial volcanoes (roughly
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80 percent) and related phenomena occur where two tectonic plates converge and one overrides
the other, forcing it down into the mantle to be reabsorbed.

Causes:

Subduction Zones: When one tectonic plate is forced beneath another, magma is
created, which can lead to volcanic eruptions.

Hotspots: Areas where the Earth's mantle is unusually hot, like Hawaii, can also cause
volcanic activity.

Types of Eruptions:

Explosive Eruptions: Characterized by violent blasts of ash, gas, and lava, often causing
widespread devastation.

Effusive Eruptions: Magma flows more steadily, producing lava flows that can cover
large areas.

Impacts:
Lava Flows: Can destroy homes, infrastructure, and agricultural land.

Ashfall: Volcanic ash can cause respiratory problems, damage crops, and disrupt air
travel.

Pyroclastic Flows: Hot gases and volcanic material moving rapidly can obliterate
everything in their path.

plate 1 rift volcano plate 2 plate 3
ocean ridge subduction
(diverging margin) volcano

ocean trench ﬁ‘ -
transform fault (converging margin) ' —Coninern

N Nt

convection currents molten core © Encyclopzedia Britannica, Inc.

Fig.04. Volcanism Risk process

3. LANDSLIDES
Mass movement, bulk movements of soil and rock debris down slopes in response to
the pull of gravity, or the rapid or gradual sinking of the Earth’s ground surface in a
predominantly vertical direction. Formerly, the term mass wasting referred to a variety of

processes by which large masses of crustal materials are moved by gravity from one place to
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another. More recently, the term mass movement has been substituted to include mass wasting
processes and the sinking of confined areas of the Earth’s ground surface. Mass movements on
slopes and sinking mass movements are often aided by water and the significance of both types

is the part each plays in the alteration of landforms.

° What is a landslide?

Landslides are the movement of rock, soil, and debris down a slope. They are often triggered
by rainfall, earthquakes, volcanic activity, or human actions like deforestation.

v The term’ landslide’ includes all varieties of mass movements of hill slopes and can
be defined as the downward and outward movement of slope forming materials composed of
rocks, soils, artificial fills or combination of all these materials along surfaces of separation by
falling, sliding and flowing, either slowly or quickly from one place to another. Although the
landslides are primarily associated with mountainous terrains, these can also occur in areas
where an activity such as surface excavations for highways, buildings and open pit mines takes
place. They often take place in conjunction with earthquakes, floods and volcanoes. At times,
prolonged rainfall causing landslide may block the flow of river for quite some time. The
formation of river blocks can cause havoc to the settlements downstream on its bursting.

Some of the common definitions are below:

v Landslide Hazard: It refers to the potential of occurrence of a damaging landslide
within a given area; such damage could include loss of life or injury, property damage,
social and economic disruption, or environmental degradation.

v Landslide Vulnerability: It reflects the extent of potential loss to given elements (or set
of elements) within the area affected by the hazard, expressed on a scale of 0 (no loss)
to 1 (total loss); vulnerability is shaped by physical, social, economic and environmental
conditions.

v' Landslide Risk: It refers to the probability of harmful consequences-the expected
number oflives lost, persons injured, extent of damage to property or ecological systems,
or disruption of economic activity —within a landslide prone area. The risk may be
individual or societal in scope, resulting from an interaction between the hazard and
individual or societal vulnerability.

v' Landslide Risk Evaluation: It is the application of analyses and judgments
(encompassing physical, social, and economic dimensions of landslide vulnerability) to
determine risk management alternatives, which may include determination that the
landslide risk is acceptable or tolerable.

e Causes of Landslide

There are several causes of landslide. Some of the major causes are as follows:

v" Geological Weak material: Weakness in the composition and structure of rock or soil
may also cause landslides.

v Erosion: Erosion of slope toe due to cutting down of vegetation, construction of roads
might increase the vulnerability of the terrain to slide down.

v Intense rainfall: Storms that produce intense rainfall for periods as short as several hours
or have a more moderate intensity lasting several days have triggered abundant landslides.
Heavy melting of snow in the hilly terrains also results in landslide.
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Human Excavation of slope and its toe, of slope/toe, draw down in reservoir,
mining,deforestation, irrigation, vibration/blast, Water leakage from services.
Earthquake shaking has triggered landslides in many different topographic and
geologic settings. Rock falls, soil slides and rockslides from steep slopes involving
relatively thin or shallow dis-aggregated soils or rock, or both have been the most abundant
types of landslides triggered by historical earthquakes.

Volcanic eruption Deposition of loose volcanic ash on hillsides commonly is

followed by accelerated erosion and frequent mud or debris flows triggered

by intense rainfall.

e Type of Landslides: The common types of landslides are described below. These
definitions are based mainly on the work of Varnes (Varnes, D.J., 1978)

Lateral spread
Y-

Rockfall

Topple

Hartathonal Landstid,

TYPE OF MATERIAL Debris flow
J ENGINEERING SOILS
TYPE OF MOVEMENT . i NG
Pred. ly coane Pred Iy finc
FALLS Rock fall Debris fall Earth fall
TOPPLES Rock topple Debris topple Earth topple
ROTATIONAL
: is slide Earth slide
SLIDES TRANSLATIONAL Rock slide Debris slide arth slide
LATERAL SPREADS Rock spread Debris spread Earth spread
FLOWS Rock Mlow Dcbris flow Earth flow
(deep creep) {soil creep)d
COMPLEX Combination of two or more principal types of movement

Fig.05. Classification of Landslides according to Type of movement and matirial
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Falls: Abrupt movements of materials that become detached from steep slopes or cliffs,
moving by free-fall, bouncing, and rolling.

Flows: General term including many types of mass movement, such as debris flow, debris
avalanche, lahar, and mudflow.

Creep: Slow, steady downslope movement of soil or rock, often indicated by curved tree
trunks, bent fences or retaining walls, tilted poles or fences.

Debris flow Rapid mass movement in which loose soils, rocks, and organic matter combine
with entrained air and water to form slurry that then flows down slope, usually associated
with steep gullies.

Debris avalanche A variety of very rapid to extremely rapid debris flow.

Lahar Mudflow or debris flow that originates on the slope of a volcano, usually triggered
by heavy rainfall eroding volcanic deposits, sudden melting of snow and ice due to heat
from volcanic vents, or the breakout of water from glaciers, crater lakes or lakes dammed
by volcanic eruptions

Mudflow Rapidly flowing mass of wet material that contains at least 50 percent sand, silt,
and clay-sized particles.

Lateral spreads Often occur on very gentle slopes and result in nearly horizontal
movement of earth materials. Lateral spreads usually are caused by liquefaction, where

38



URBAN RISKS 30/09/2024
]

saturated sediments (usually sands and silts) are transformed from a solid into a liquefied
state, usually triggered by an earthquake

v' Slides Many types of mass movement are included in the general term “landslide.” The
twomajor types of landslides are rotational slides and translational landslides.

v Topple A block of rock that tilts or rotates forward and falls, bounces, or rolls down the
slope

Rockfall
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Fig.06. Landslides types and features

e Adverse Effects:
The most common elements at risk are:

The settlements built on the steep slopes, built atthetoe and those built at the mouth of
the streams emerging from the mountain valley. All those buildings constructed without
appropriate foundation for a given soil and in sloppy areas are also at risk.

Roads, communication lines are vulnerable.

Removal of vegetation and toe erosion have also triggered slides.Torrential rainfall on
the deforested slopes is the main factor in the Peninsular India namely in Western Ghat and
Nilgiris. Human intervention by way of slope modification has added to this effect.
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e Protective and mitigation technical measures( Fig.07)

Landslide Prevention 1

i

Gabion Wall

* Preventative measures

— Retalning walls with
drain pipes

= Terraces

— Planting fast growing
grasses and shrubs

— Sloping “sheds” or
tunnels

— Building roads in low

Crib Wall
Crib Wall is a supporting wall constructed
by laying cribs at right angle to each other

Fig.07. Principal Protective and mitigation technical measures
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3. ROCKFALLS (EBOULEMENTS)
Rockfalls are a type of mass wasting event characterized by the sudden and rapid descent of

Fig.08. Rockfalls features
rock fragments from steep slopes or cliffs. They can pose significant risks to human life,
infrastructure, and natural ecosystems. Here are key aspects related to rockfalls. Fig.08:

e Causes:

Weathering: Physical and chemical weathering processes weaken rock structures, making
them more susceptible to falling.

Rainfall: Intense or prolonged rainfall can saturate the ground and increase the weight of
rocks, leading to instability.

Freeze-Thaw Cycles: Water that seeps into cracks in rocks can freeze and expand, causing
the rock to fracture and fall when temperatures rise.

Earthquakes: Seismic activity can dislodge rocks from cliffs and steep slopes, triggering
rockfalls.

Human Activities: Construction, mining, or excavation activities can destabilize rock
formations and increase the likelihood of rockfalls.

e Impacts:

Hazards to Life and Property: Rockfalls can lead to injuries or fatalities for individuals in
the vicinity, as well as damage to buildings, roads, and other infrastructure.

Environmental Effects: The sudden movement of rocks can disrupt local ecosystems,
leading to habitat destruction and altered landscapes.

Economic Costs: Repairing damaged infrastructure and implementing preventive measures
can be costly for communities and governments.

Prevention and Mitigation:

Monitoring: Implementing monitoring systems to detect changes in slope stability can help
predict potential rockfalls.

Engineering Solutions: Constructing barriers, nets, or retaining walls can help prevent
rocks from falling onto roads or populated areas.

Land-Use Planning: Careful planning and regulation of land use in areas prone to rockfalls
can minimize risks to people and property.
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e AVALANCHES: An avalanche is a fast-moving flow of material down a slope. It
usually occurs when material on the slope detaches from its surroundings, quickly
gathering more debris as it moves downhill. Avalanches come in different forms,
including rock avalanches (composed of large fragments of broken rock), ice avalanches
(often found near glaciers), and debris avalanches (containing loose materials like stones
and soil). Snow avalanches, which are the focus of the rest of this article, are fairly
common in many mountain regions.

e Types of Avalanches:

Snow Avalanches: Occur when a layer of snow becomes unstable and slides down the
mountain.

Debris Avalanches: Include rock, soil, and vegetation mixed with snow or ice.

Impacts:

Loss of Life: Avalanches can engulf people, vehicles, and structures in their path,
making rescue operations extremely difficult.

Destruction of Infrastructure: Roads, railways, and buildings can be wiped out by the
force of an avalanche.

Economic Consequences: Avalanches can disrupt tourism in mountainous regions and
impact transportation networks.

e KARSTIC RISKS (RISQUES KARSTIQUES)

Karstic risks refer to hazards associated with karst landscapes, which are characterized
by soluble rock formations such as limestone, gypsum, and salt that undergo significant erosion
due to chemical weathering. This process creates unique geological features, including
sinkholes, caves, and underground rivers. However, karst regions also present specific risks,
particularly to infrastructure, water quality, and safety. Here are key aspects related to karstic
risks:

Causes:
Dissolution of Soluble Rocks, Heavy Rainfall, Human Activities.
Types of Risks:

Sinkholes, Ground Subsidence, Pollution of Water Sources, Cave Collapse.
Impacts:

Hazards to Life and Property

Economic Costs

Environmental Concerns
Prevention and Mitigation:

Site Assessment. Conducting thorough geological surveys and risk assessments can help
identify potential hazards.

Monitoring: Implementing monitoring systems to detect changes in ground stability.

Engineering Solutions: Designing infrastructure with consideration for karst features

Public Awareness: Educating communities about karstic risks can enhance preparedness
and reduce the likelihood of incidents.

CONCLUSION

Geodynamic risks such as seismic activity, volcanic eruptions, landslides, rockfalls, and
avalanches are driven by the Earth's internal processes. These natural hazards are often
unpredictable and can lead to significant loss of life and damage to infrastructure. Preparedness
and mitigation efforts, such as early warning systems and land-use planning, are essential to
reducing the risks and impacts of these geodynamic events.
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VI. NATURAL RISKS IN COASTAL AREAS: LITORAL EROSION, , PROTECTION
PORTURE FACILITISES, INTERACTION AIRE SEE, AND SALTWATER INTRUSION)

Course Objectives

Assessing risks from coastal erosion, storms, and sea-level rise is essential for protecting
coastal areas. Developing sustainable management and disaster response plans helps mitigate
these threats. Coastal erosion impacts both habitats and human settlements, requiring protective
measures and restoration projects. Port facilities face risks from natural hazards and human
activities, so analyzing these threats and creating resilience strategies is critical. Air-sea
interactions, which influence coastal risks, must be studied to inform effective risk management
policies. Finally, addressing saltwater intrusion is crucial to protect freshwater resources and
ecosystems, necessitating management practices to mitigate its impacts.

Key Points
INTRODUCTION

1. COSTAL EROSION

2. PROTECTION OF PORT FACILITIES
3. INTERACTIONS AIR /SEA

4. SALTWATER INTRUSION

CONCLUSION
INTRODUCTION

Coastal regions are among the most dynamic and vulnerable ecosystems on Earth. These
zones are the intersection of oceanic, atmospheric, and terrestrial processes, where the effects
of climate change, saltwater intrusion, tsunamis, and human activities converge.

1. COASTAL EROSION

Coastal erosion refers to the gradual removal of land along the coastline. It involves
the displacement of sediments from beaches, dunes, cliffs, and coastal wetlands, primarily due
to wind, waves, high tides, and storms. While coastal erosion is a natural process that helps
shape coastlines, it also presents a major environmental concern.

e Coastal Erosion Processes

v" Corrasion: This occurs when powerful waves hurl beach materials, such as pebbles,
against the base of cliffs, slowly eroding them and forming a wave-cut notch (a small,
curved indentation at the cliff’s base).

v' Abrasion: Waves carrying sand and larger debris wear away the base of cliffs or
headlands in a manner similar to sandpaper, a process that becomes more intense during
strong storms.

v' Hydraulic Action: When waves crash against cliffs, they compress air within cracks and
joints. As the waves retreat, the compressed air is released forcefully, causing sections of
the cliff to break apart. Weathering further weakens the cliff, making this process more
effective.

v Attrition: This process happens when waves cause rocks and pebbles to bump into each
other and break up.
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e CAUSES OF COASTAL EROSION

v Waves: Powerful waves can erode coastlines through abrasion, corrasion, and
hydraulic action. For example, the cliffs of Dover in England are being eroded by the
constant action of the English Channel’s waves.

v

Tides: High and low tides can affect the amount of erosion, particularly in areas with
significant tidal ranges. For instance, the Bay of Fundy in Canada experiences extreme
tides that can significantly erode coastlines.

Wind and Sea Currents: These can cause gradual and long-term erosion. On the
Tamil Nadu coast, for most of the year (eight months), wind and sea currents move
from south to north, carrying sand along the coast. During the northeast monsoon (four
months), this direction reverses.

Hard Structures: Ports, breakwaters, and groynes interfere with the natural movement
of sand, causing erosion on the down-current side and sand accumulation on the up-
current side. Groynes are low-lying wood or concrete structures designed to trap
sediment and dissipate wave energy.

Development Projects: Infrastructure projects aimed at boosting economic growth are
exacerbating erosion by altering the shoreline. For example, land reclamation in places
like Mumbai causes erosion in nearby coastal regions.

Port Expansion: When ports and harbours are expanded, structures like breakwaters
and jetties block the natural movement of sand and sediment along the coast. This can
lead to sediment accumulation on one side of the structure and increased erosion on the
other side. For instance, Ennore Port and the Adani Kattupalli Port in Tamil Nadu.

e Impacts of Coastal Erosion
> Loss of Land: Erosion can lead to the loss of valuable coastal land, affecting property

and infrastructure. For example, the loss of land along the Marina Beach area in Chennai

has severely affected property and public spaces.
Impact on Coastal Ecosystems: Erosion can destroy habitats such as mangroves, salt
marshes, and sand dunes, which are crucial for various species. For instance, in the

Sundarbans region of West Bengal, erosion has led to the loss of mangrove forests.

+ Flooding Risk: Erosion can reduce the natural barriers that protect coastal areas
from flooding. In coastal regions of Kerala, erosion has increased the risk of
flooding, affecting low-lying areas and exacerbating the impacts of heavy rains
and storms.

+ Displacement of Communities: Erosion can force communities to relocate,
leading to social and economic disruption. For example, coastal erosion in the
Andaman and Nicobar Islands has led to the displacement of local communities,
particularly on smaller islands where land loss is more pronounced.

+ Salt Water Intrusion: Coastal erosion can lead to the salinisation of agricultural
land, reducing crop yields. In Andhra Pradesh, saltwater intrusion has negatively
affected crop yields and reduced the productivity of farmland.

» Impact on Marine and Coastal Biodiversity: Coastal erosion can alter ecosystems and

food chains. For instance, it has hampered the health of marine ecosystems in the
Lakshadweep Islands

e Measures to prevent Coastal Erosion (Fig.01)

Vegetation: Strategic planting of seagrass and other coastal plants helps prevent

erosion. The roots of these plants help anchor the sand and ensure that it is not washed away.

45



URBAN RISKS 30/09/2024
]

Beach Nourishment: Nature-based or “green infrastructure” protection measures
enhance the natural ability of shorelines to absorb and dissipate storm energy without interfering
with natural coastal processes. For example, planting mangroves to serve as a buffer against
erosion.

Coastal Restoration: This involves restoring habitats such as wetlands to benefit
marine and coastal species by providing important nursery grounds. It also has environmental
benefits like carbon sequestration and the restoration of open spaces.

Regulatory Measures: Zoning laws, building codes, and maintaining a minimum
distance from the shoreline for new buildings or infrastructure facilities help regulate coastal
development.

Demand for Space & Resources

Rich &

Productive

~. Coastal -
Serene & ! /" Critical &
Beautiful ' Changing

- Environment

Tourism Potential
Needs Protection &
Conservation

Globally
Significant

Fig.01. Disaster management cycle

2. PROTECTION OF PORT FACILITIES

Ports are vulnerable to a range of security threats due to their strategic location, the large
volume of cargo, and the diverse nature of activities that occur.

e Protection of Port Facilities

Port facilities are vital for international trade, security, and the economy. They function
as key centers for maritime transport, facilitating the movement of goods, people, and resources.
Due to their significance, safeguarding these facilities from various threats is crucial for
maintaining secure and efficient supply chains, as well as ensuring national and global stability.
This course will focus on the essential elements of port security, addressing challenges,
environmental risks, and strategic defense tactics.

A breakwater is an artificial offshore structure designed to shield a harbor, anchorage,
or marina basin from waves. By intercepting longshore currents, breakwaters help reduce beach
erosion. However, in the long run, erosion and sedimentation processes cannot be fully
controlled by altering currents and sediment flow. Sediment accumulation in one area is
typically offset by erosion in another, whether a single breakwater or multiple structures are in
place. This effect can be compared to that of a jetty.
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e Environmental Risks of Ports Facilities

Ports face various natural and environmental risks, including climate change, extreme
weather events, and pollution. Key risks include:

Storm Surges and Rising Sea Levels:

Coastal ports are highly vulnerable to rising sea levels and storm surges caused by
hurricanes or cyclones. These events can lead to flooding, damaging port infrastructure and
disrupting operations.

Ports need to adapt to changing sea levels by reinforcing seawalls, improving drainage
systems, and ensuring that critical facilities are elevated above flood levels.

e Natural Disasters:

Earthquakes, tsunamis, and other natural disasters can severely damage port facilities.
Ports located in earthquake-prone regions, such as Japan or California, require specialized
construction and emergency plans to mitigate the risk.

Pollution and Environmental Contamination:

Ports generate pollution from ships, industrial activities, and land transportation. Oil
spills, chemical leaks, and air pollution pose significant risks to both the marine environment
and nearby communities.

Proper waste management, spill containment systems, and environmental monitoring
are essential to mitigate these risks.

e Strategic Defense and Protection Measures
Protecting port facilities requires a combination of physical security, advanced
technology, and regulatory frameworks. Key protective measures include:
v" Physical Barriers and Access Control:
Ports must have secure perimeters with controlled access points to prevent unauthorized entry.
This includes fences, gates, surveillance cameras, and armed security personnel.
Access to critical areas, such as cargo handling zones and control rooms, must be tightly
regulated and monitored.
v" Surveillance and Monitoring Systems:
Advanced radar, sonar, and surveillance systems can detect potential threats from the sea,
including unauthorized vessels or suspicious activities.
Drones and automated surveillance systems are increasingly being used for monitoring large
areas of port facilities.
v' Port Security Plans (PSP):
Under international frameworks like the International Ship and Port Facility Security (ISPS)
Code, ports are required to implement security plans that address potential threats and outline
response strategies.
Port security plans involve regular risk assessments, emergency preparedness drills, and
coordination with local and national law enforcement agencies.
v" Cybersecurity Measures:
Given the increasing reliance on digital technologies, ports must adopt robust
cybersecurity protocols to protect against hacking and data breaches.
This includes regular software updates, encryption of sensitive data, and continuous
monitoring for cyber threats.
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Training and Preparedness:

Security personnel must be well-trained in identifying and responding to potential
threats. Regular drills and simulations help ensure that port workers are prepared for
emergencies. Collaborative exercises with local law enforcement and international partners
enhance the overall security framework.

e Collaborative Efforts and International Regulations

International Maritime Organization (IMO):

The IMO plays a critical role in regulating port security, particularly through its ISPS
Code, which sets standards for the protection of ships and port facilities.

Countries must work together to share intelligence, best practices, and resources to
combat global maritime threats.

Public-Private Partnerships (PPP):

Many ports operate through a combination of public and private stakeholders. Ensuring
that both sectors collaborate on security initiatives is essential for the overall protection of port
facilities.

Private companies often manage the logistics and operations of ports, while government
agencies handle security and regulatory compliance.

Technological Advances in Port Protection

Advancements in technology play a crucial role in enhancing port security. Emerging
technologies include:

Automated Identification Systems (AIS): AIS technology helps track the movement
of ships entering and leaving ports, ensuring that only authorized vessels gain access to port
areas.

Biometric Access Control: Biometric technologies, such as fingerprint and facial
recognition systems, are used to enhance access control and ensure that only authorized
personnel can enter restricted areas.

Artificial Intelligence (AI) and Data Analytics: Al systems can analyze vast amounts
of data to identify unusual patterns or behaviors, helping detect potential security threats before
they materialize. Predictive analytics can also help port operators optimize logistics and
anticipate risks.

Platform, Docks and quays, Gravity walls, Concrete monoliths, Concrete caisson
walls, The piled jetty, The sheet-piled quay, Structural reinforcement.

3. INTERACTION AIR /SEA

The air-sea interface is the boundary between the atmosphere and ocean waters, and
it represents one of Earth's most active physical and chemical environments. This area is
essential for supporting much of marine life. In tropical regions, the atmosphere absorbs heat
from the ocean through back radiation, while at higher latitudes, the atmosphere transfers
heat to the ocean’s surface. Atmospheric movement at this interface generates waves and
currents, and it also gains moisture and energy from water evaporation in the form of latent
heat. A significant exchange of oxygen and carbon dioxide occurs between the ocean and
atmosphere at the interface, benefiting marine life.

Climate conditions at the interface regulate the salinity and temperature of surface
waters, which in turn determine the density of seawater and how deep-water masses can
travel in the ocean. Photosynthesis, the foundation of oceanic life, takes place just below the
interface, where sunlight, carbon dioxide, and nutrient-rich seawater salts are present.
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Climate influences at the air-sea interface regulate the salinity and temperature of surface
ocean waters, which in turn affect the density of seawater.

This density determines how deep-water masses can move within the ocean.
Photosynthesis, the essential process for sustaining oceanic life, occurs just below the
interface, where sunlight, carbon dioxide, and nutrient-rich seawater salts are readily
accessible figi.02

Process of saltwater intrusion into a coastal aquifer
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Fig.02.process of salwater intrusion into a ccoastal aquifer

4. SALTWATER INTRUSION

Ecological problem produced by the encroachment and infiltration of salt water
(typically brackish water or seawater) into the fresh surface water and groundwater supplies of
coastal areas. Saltwater intrusion can alter the landscape, damage the potential to use the land
for agriculture, and contaminate freshwater supplies. it has become a serious issue in several
seaside communities around the world, including China’s Yangtze River estuary, the East Coast
of the United States, the Netherlands and Italy in Europe, and Algeria and Egypt in North
Africa. The effects of saltwater intrusion can be as varied as economic losses caused by the
fouling of once arable land and substantial humanitarian crises created by a declining supply of
potable water. Since each location is characterized by a unique set of geographic, climate,
natural resource, and population circumstances, the scope and effects of saltwater intrusion may
differ between sites, but increased salinity can ruin wells, groundwater basins, and aquifers, all
of which can lead to a scarcity of freshwater resources used for drinking and irrigation.
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e Causes of Saltwater Intrusion:

Groundwater Over-extraction:

Rapid urbanization, industrialization, and population growth lead to a higher demand
for water, which often results in over-extraction of groundwater. This over-pumping lowers
water levels in aquifers, causing a pressure imbalance that enables seawater to infiltrate
freshwater aquifers.

Sea-Level Rise:

Sea-level rise, primarily caused by climate change and the thermal expansion of
seawater, can greatly increase the hydrostatic pressure on coastal aquifers. As the sea level rises,
the denser seawater exerts more pressure on the typically less dense freshwater aquifers. This
pressure imbalance pushes the freshwater-seawater boundary inland, allowing seawater to
move further into freshwater zones.

Reduced River Flows:

Rivers naturally release freshwater into coastal regions, maintaining a delicate balance
that keeps saltwater from moving inland. This freshwater flow creates hydraulic pressure that
acts as a barrier, preventing saltwater from intruding into estuaries and coastal aquifers.
However, when rivers are dammed or diverted, the reduced freshwater flow weakens this
protective buffer, allowing saltwater to move further upstream and invade previously freshwater
ecosystems.

Consequences of Saltwater Intrusion:

Freshwater Contamination: Intrusion compromises freshwater availability for drinking
and irrigation, impacting water security for coastal populations.

Agricultural Damage: Salinization of soils reduces crop yields, negatively impacting
livelihoods in coastal agricultural areas.

Ecosystem Disruption: Wetlands, estuaries, and freshwater ecosystems face habitat loss
and biodiversity decline due to increased salinity.

Solutions to Combat Saltwater Intrusion:

Sustainable Groundwater Management. Reducing groundwater extraction through
regulation and water-saving technologies.

Artificial Recharge of Aquifers: Injecting freshwater into coastal aquifers to maintain
the freshwater-saltwater balance.

Managed Aquifer Recharge (MAR): Storing excess surface water during wet periods
to recharge groundwater during dry spells.

CONCLUSION

The protection of port facilities is essential for maintaining global trade and ensuring
national security. As threats become more complex, from terrorism to environmental risks and
cyberattacks, ports must adopt a multi-layered approach to security. This involves physical
security, technological innovations, environmental resilience, and international collaboration.
Proper training, regulatory compliance, and investment in infrastructure will ensure that port
facilities remain safe and operational even in the face of evolving risks.
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VII. IMPACT OF CLIMATE CHANGE
Course Objectives

The course offers a comprehensive understanding of climate change, focusing on its
causes, impacts, and interactions with geological and biological factors. Participants will
analyze the effects of rising temperatures and sea-level rise on coastal ecosystems, highlighting
wetland and coral reef loss and its implications for biodiversity. The course examines natural
hazards, particularly tsunamis, and their impact on coastal regions and infrastructure. Human
adaptation and mitigation strategies will be assessed, comparing hard engineering solutions to
ecosystem-based approaches. Additionally, the ecological significance of mangroves in coastal
protection and biodiversity will be explored, along with the threats they face. Community
preparedness and the role of emergency alert systems in disaster risk reduction will be
emphasized. Finally, the course will promote international cooperation through initiatives like
the Paris Climate Accord for sustainable coastal management.

Key Points

INTRODUCTION

1. MANGROVES(Mangroves)
2. TSUNAMI(Tsunami)
CONCLUSION

INTROCUCTION

Climate change, periodic modification of Earth’s climate brought about as a result of
changes in the atmosphere as well as interactions between the atmosphere and various other
geologic, chemical, biological, and geographic factors within the Earth system. Rising Global
Temperatures and Sea-Level Rise: Over the past century, global temperatures have risen by
about 1.2°C due to increased greenhouse gas emissions. This warming leads to the thermal
expansion of ocean water and melting of polar ice caps, contributing to sea-level rise. By 2100,
sea levels could rise by up to 1 meter, depending on emissions scenarios, further threatening
low-lying coastal regions.

Climate-Induced Extreme Weather, Increased Story, Intensity Altered and Rainfall
Patterns, they can affected the coastal ecosystem:

Loss of Coastal Wetlands: Wetlands and marshes are among the most affected
ecosystems, as rising seas drown these habitats, reducing biodiversity and affecting species that
rely on these areas.

Coral Reef Bleaching:

Warmer sea temperatures lead to coral bleaching, weakening reefs that serve as
natural coastal barriers.

Human Adaptation and Mitigation Strategies:
Coastal Defense Structures:

v' Hard engineering solutions like sea walls, levees, and dikes provide short-term protection
but often lead to increased erosion and environmental degradation over time.
v Ecosystem-Based Adaptation (EBA):
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v Promoting the restoration of natural systems such as mangroves, dunes, and coral reefs to
create sustainable, long-term coastal defenses.

International Cooperation:

Agreements like the Paris Climate Accord aim to limit global warming to below 2°C,
reducing future sea-level rise and its associated impacts.

AN

1. MANGROVES:

Guardians of the Coast

"Guardians of the Coast" represents the vital role of communities and organizations in
protecting coastal ecosystems. This highlights the importance of environmental conservation,
showcasing efforts to preserve mangroves, coral reefs, and marine wildlife while addressing the
challenges posed by climate change and pollution (UNEP, 2021). It emphasizes community
involvement, traditional knowledge, and cultural heritage, illustrating how local populations
are essential stewards of their coastal environments (Berkes, 2012). By advocating for
sustainable practices and effective policies, "Guardians of the Coast" aims to raise awareness
and foster a collective responsibility for the health and resilience of our coastlines (IPCC, 2019).

Ecology and Distribution: Mangroves are salt-tolerant trees and shrubs that flourish in
tropical and subtropical coastal areas. These ecosystems are commonly found in regions like
Southeast Asia, the Caribbean, and East Africa.

Fig 01. Mangroves photos

Importance of Mangroves:

Coastal Protection: Mangrove roots stabilize sediments, reducing erosion and
protecting coastal areas from storm surges and tsunamis.

Carbon Sequestration: Mangroves are highly effective at absorbing and storing carbon
dioxide, making them critical in combating climate change (often referred to as "blue carbon"
ecosystems).

Biodiversity Hotspots: Mangrove forests provide essential habitats for fish, birds, and
other wildlife, supporting both marine and terrestrial biodiversity.

Mangroves and Saltwater Intrusion: Mangroves help maintain the balance between
freshwater and saltwater in coastal ecosystems. By preventing coastal erosion and maintaining
the structure of coastlines, they reduce the likelihood of saltwater penetrating into inland
freshwater systems.

Threats to Mangroves:

Deforestation, Pollution, Climate Change, Conservation and Restoration, Community-
Based Mangrove, Restoration, engaging local communities in replanting mangroves and
managing coastal ecosystems.
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International Initiatives: Programs like the UN’s Mangrove for the Future aim to
protect and restore mangrove ecosystems across the globe.

2. TSUNAMIS
¢ What are Tsunamis?

Tsunamis are powerful ocean waves caused by sudden disruptions, such as undersea
earthquakes, volcanic eruptions, or underwater landslides. Unlike regular ocean waves,
tsunamis possess tremendous energy and can travel rapidly across entire ocean basins. Although
they are sometimes called tidal waves, this term is inaccurate, as tsunamis have no relation to
tides.

¢ Origin and development

After an earthquake or similar event, a tsunami produces progressive oscillatory waves
that travel across the ocean at speeds of up to 800 km/h (500 mph) and can have wavelengths
greater than 500 km (310 miles). While the wave amplitudes in deep water are relatively small
(ranging from 30 to 60 cm or 1 to 2 feet), their long periods (from five minutes to over an hour)
can make them difficult to detect among wind waves. As tsunamis approach shore, friction with
the ocean floor slows them down, causing their wavelengths to shorten and wave heights to
increase, potentially reaching up to 30 meters (100 feet) within 10 to 15 minutes. The resulting
"run-ups" can cause extensive damage, uprooting trees, displacing buildings, and eroding
coastlines. The impact of a tsunami varies based on coastal topography, and the initial wave
that arrives may sometimes be a trough, which can expose the seafloor and attract individuals
who may later be overwhelmed by the following crest, as seen in the 1755 Lisbon earthquake...
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e Impact on Coastal Regions:

Destruction of Infrastructure: Tsunamis can wipe out entire coastal cities, destroy
buildings, bridges, and roads, and disrupt communication and transportation networks.

Ecosystem Damage: Coastal ecosystems, including mangroves, coral reefs, and
wetlands, suffer severe damage from the force of the waves and the subsequent flooding.

Long-term Impacts: Saltwater from the tsunami can flood freshwater ecosystems and
agricultural land, leading to long-term soil and water salinization.

The Role of Mangroves in Reducing Tsunami Impact:

v’ Natural Barriers: Mangrove forests act as buffers, absorbing and dissipating the energy of
incoming waves, reducing the impact on inland areas.

v’ Ecosystem Services: Mangroves provide additional benefits such as protecting shorelines
from erosion, improving water quality, and supporting biodiversity.

v' Emergency alert systems, National public warning systems are utilized by local authorities
to communicate critical information to citizens and communities during emergencies, such
as natural disasters or child abductions. Alerts are initiated by government officials and
emergency management personnel and can be disseminated through various channels,
including radio and television broadcasts on satellite and cable networks, as well as text
messages sent directly to mobile devices. These emergency alert systems have played a
significant role in reducing fatalities from natural disasters globally.

Reduction in
coastal erosion. Coastal protection

Carbon storage. from flooding from
storm surges.

Supports biodiversity.

Fig03. The Role of Mangroves in Reducing Tsunami Impact

In conclusion, addressing the challenges posed by climate change and natural disasters
requires a comprehensive understanding of ecological dynamics and the implementation of
sustainable practices. Protecting and restoring coastal ecosystems, particularly mangroves, and
fostering international cooperation will be essential in building resilient coastal communities
capable of adapting to a changing climate.
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VIII. URBAN TRAFFIC RISK (RISQUES DE LA CIRCULATION URBAINE)

Course Objectives

This course focuses on evaluating the safety and security implications of urban traffic
patterns. It aims to develop measures to reduce traffic-related risks and enhance urban mobility
by implementing policies that improve traffic safety and security in urban areas. Participants
will identify effective strategies for preventing and managing various urban risks while
promoting community involvement and awareness in risk management efforts. By addressing
these critical aspects, the course seeks to foster safer, more secure urban environments and
improve overall mobility.

Kye Points

INTRODUCTION
1. SECURITY IMPACT OF URBAN TRAFFIC PREVENTION AND
MANAGEMENT MEASURES

1.1.  URBANIZATION IN SEISMIC ZONES
1.2.  URBANIZATION IN FLOOD-PRONE AREAS
1.3.  URBANIZATION IN WIND-EXPOSED AREAS
2. USE OF DATA IN DECISION-MAKING AND POLICY CHOICES.
3. REDUCTION OF OCCURRENCE AND/OR EFFECTS OF RISKS
(PREVENTION/MITIGATION).
4. CONSIDERATION OF COMMUNITY PERCEPTIONS, INFORMATION,
AWARENESS, EDUCATION.
5. EARLY WARNING (INCLUDING INFORMATION FORMS,
TRANSMISSION MEDIA, RESPONSE CAPABILITY).
6. EMERGENCY PLANNING AND CRISIS MANAGEMENT
7. POST-CRISIS MANAGEMENT AND EVALUATION.
CONCLUSION

INTRODUCTION

Urbanization and traffic management are central to the functioning of modern cities, but
when this growth extends into areas prone to natural hazards like seismic activity, floods, and
wind exposure, significant risks to public safety emerge. Managing these risks requires a
comprehensive approach that integrates urban planning, disaster risk management, and
community engagement. This lecture will explore the security impact of urban traffic in
hazardous zones, the role of data in policy-making, and strategies for risk reduction, all
supported by key theoretical and bibliographical references.

1. SECURITY IMPACT OF URBAN TRAFFIC PREVENTION AND

MANAGEMENT MEASURES

Traffic refers to the movement of people and goods along designated pathways or
guideways, which can be physical, such as railroads, or electronic/geographical, as in aviation
or maritime routes. This movement typically involves vehicles designed for transporting either
people, goods, or both, categorized into modes such as road, rail, air, and maritime. Traffic
arises from the human need to shift locations for activities or to enhance the value of goods.
Unlike phenomena in physical sciences, traffic behavior is primarily influenced by human
decisions and social dynamics.

55



URBAN RISKS 30/09/2024
]

The main challenges in traffic control are ensuring safe and efficient movement.
Efficiency is assessed based on the ability of transportation systems, like railroads, to meet
customer needs at minimal costs. Conversely, safety aims to reduce accidents by providing
timely warnings, such as high winds for pilots or hazardous road conditions for drivers. The
dual objectives of efficiency and safety often conflict; for example, airlines may delay takeoff
to ensure manageable traffic levels at the destination airport, balancing operational efficiency
with safety protocols.

Security Impact of Urban Traffic: Prevention and Management in Seismic Zones

Urban expansion into seismic zones presents profound challenges for traffic systems
and infrastructure. Earthquakes can cause severe damage to roads, bridges, and tunnels,
disrupting essential transport services. The densification of cities in seismic zones increases the
vulnerability of both people and infrastructure Fig. O1.

Fig. 01. Examples or traffic disruption due to key network component failures (bridges, tunnels and slopes by
Kilanitis, I., Sextos, A. 2019

Seismic Urban Resilience highlights that urban areas in seismic regions must be designed to
absorb, adapt, and recover from earthquakes. This involves strict enforcement of building
codes and traffic infrastructure standards that can withstand seismic shocks.

Prevention and Management Measures:

PRIOR TO AN EVENT +  DURING AN EVENT +  AFTER AN EVENT
The abilty to absorb + Theability to manage a s The ability to get back
shocks and keep operaling = disruption as it unfolds +  tonormal as quicky

E E as possible

INCIDENT [iteshess Resourcefulness Rapid Recovery
FOCUSED
POST-INCIDENT

LEARNING Adaptability / Lessons Learned
The ability to absorb new lessons after a disaster

Source: NIAC 2010

Fig.02. Resilience principles in sequence by Hughes, JF and K Healy (2014)

Seismic-Resistant Infrastructure: Incorporating earthquake-resistant design in roads,
bridges, and traffic systems is critical for minimizing the impact of seismic activity on urban
mobility (FEMA, 2020).

56



URBAN RISKS 30/09/2024
]

Evacuation and Traffic Control: Effective evacuation routes and emergency traffic
management are necessary during seismic events to ensure the safety of residents (Burby,
1998).

Policy Implications: Urban planning must integrate seismic risk assessments into the
design of traffic systems, with policies that regulate construction in high-risk zones.

1.1. URBANIZATION IN SEISMIC ZONES

Urbanization in seismic zones presents significant challenges, as these areas are prone
to earthquakes that can cause widespread damage to infrastructure and loss of life. Effective
urban planning in such regions requires implementing stringent building codes, seismic-
resistant construction techniques, and land-use regulations to minimize risks. The
vulnerability of densely populated areas to seismic activity increases due to unregulated
construction and inadequate preparedness measures. To mitigate these risks, cities in seismic
zones must adopt resilient urban development practices, including retrofitting older
buildings and incorporating advanced engineering solutions for new developments. Public
awareness campaigns and emergency response planning are also critical to ensuring
communities are prepared for potential seismic events. Research emphasizes the importance of
integrating seismic risk assessments into urban planning to protect lives and reduce economic
losses (Wald et al., 1999; Porter, 2003). By prioritizing risk reduction, urbanization in seismic
zones can be made safer and more sustainable.

1.2.  URBANIZATION IN FLOOD-PRONE AREAS

Urbanization in flood-prone areas poses significant risks to both infrastructure and
human safety. Rapid development in these zones often disrupts natural drainage systems,
increases impervious surfaces, and exacerbates flood hazards by preventing water absorption
into the ground. Effective urban planning in flood-prone areas requires integrating flood risk
assessments into development strategies. This includes the construction of flood defenses, as
well as implementing zoning laws that restrict development in high-risk zones. Moreover,
sustainable urban design strategies, like green infrastructure, can help manage excess rainwater
and reduce flood risks. Adaptation measures: elevated buildings, early warning systems, and
emergency response plans are also essential. The impact of climate change, which is increasing
the frequency and intensity of flooding events, further underscores the need for resilient urban
planning in these regions (Ahern, 2011; D1 Baldassarre et al., 2010).

1.3.  URBANIZATION IN WIND-EXPOSED AREAS

Urbanization in wind-exposed areas poses significant risks, particularly from high
winds, storms, and hurricanes. Expanding cities must prioritize wind-resistant infrastructure,
adhering to stringent wind-load standards and using durable materials. Site selection is
critical; planners should avoid the most exposed areas and incorporate natural windbreaks,
like trees, to reduce wind impact. Aerodynamic building designs can further enhance
resilience, while emergency preparedness and early warning systems are essential. As
climate change intensifies extreme wind events, these strategies are vital (Tomic, 2008; Kareem
etal., 2010).

1. USE OF DATA IN DECISION-MAKING AND POLICY CHOICES:

Data plays a crucial role in urban traffic management, especially in high-risk zones.
The use of real-time data, predictive modeling, and geographic information systems (GIS)
allows policymakers to make informed decisions that enhance public safety.
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Application in Decision-Making: Traffic Data Monitoring: Real-time data collected
from sensors can help reroute vehicles away from danger zones during emergencies (Batty et
al., 2012).

Predictive Analytics: Using predictive models based on historical disaster data allows
city planners to forecast the impact of natural hazards on traffic systems and plan accordingly
(Kitchin, 2014).

2. REDUCTION OF OCCURRENCE AND/OR EFFECTS OF RISKS

The reduction of risks is central, particularly in areas vulnerable to natural hazards. This
involves both preventing disasters where possible and mitigating their effects when they occur.

e Prevention and Mitigation Strategies:

Land-Use Planning: Preventing urban development in high-risk zones is one of the
most effective ways to reduce disaster-related traffic disruptions (UNISDR, 2015).

Infrastructure and building Adaptations: Retrofitting existing infrastructure with
disaster-resistant materials can mitigate the impact of natural hazards (Satterthwaite, 2010).

3. CONSIDERATION OF COMMUNITY PERCEPTIONS, INFORMATION,
AWARENESS, AND EDUCATION

Engaging local communities in disaster preparedness and management efforts is
essential for building resilience. Communities that are informed and educated about risks are
more likely to take proactive measures.

e Engagement Strategies:

Public Awareness Campaigns: Educational programs about traffic risks in hazard-prone
areas can significantly improve community responses to disasters.

Training and Drills: Conducting regular evacuation drills and traffic safety exercises
enhances community readiness (Shaw et al., 2012).

Early Warning Systems: Information Forms, Transmission Media, and Response
Capability.

4. EARLY WARNING STRATEGIES
Early warning systems are crucial for managing urban traffic in disaster-prone areas. These systems
rely on timely information dissemination to alert the public and emergency services.

Information Dissemination: Using SMS, radio, and social media to transmit warnings

about traffic disruptions due to natural hazards.

Response Capability: Ensuring that emergency response teams and traffic managers can
quickly react to early warnings and implement safety protocols (World Bank, 2010).

5. EMERGENCY PLANNING

Emergencies can take many forms—natural disasters, industrial accidents, health crises,
or even cybersecurity breaches. Proper planning helps to reduce the chaos and confusion often
associated with emergencies, ensuring a faster and more effective response.

¢ Benefits of Emergency Planning:
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Minimizes Risk: Anticipating and planning for potential risks helps prevent further harm
to people, property, and the environment.

Ensures Efficient Response: Well-prepared teams can respond quickly and effectively,
saving lives and resources.

Promotes Resilience: Planning enables organizations and communities to recover faster
and emerge stronger after a crisis.

Facilitates Coordination: Emergency plans define roles and responsibilities, improving
coordination among various stakeholders during a crisis.

e Kev Phases of Emergency Plannin

Effective emergency planning follows a structured framework, typically divided into

four key phases Fig 01:
~ G

Emergency
Planning

\J&)

Fig 01. Phases of Emergency Planning

A. Mitigation is the Reduce or eliminate risks before an emergency occursby:

4 Conduct risk assessments to identify potential hazards (e.g., earthquakes, floods,
cyberattacks).

v Implement measures to reduce the likelihood or impact of emergencies (e.g.,
flood barriers, fire alarms, cybersecurity protocols).

v Build community awareness and resilience through education and preparedness
training.

B. Preparedness is the develop capabilities and readiness to respond to emergencies by:

4 Develop and maintain emergency response plans for various scenarios.

v Conduct regular training and drills for emergency personnel and the community.

4 Establish communication systems for alerting and informing people during a
crisis.

v Stockpile necessary resources (e.g., medical supplies, food, water, backup
power).

C. Response is the execute the emergency plan to manage the immediate effects of a
crisis.

v Activate emergency response teams and coordinate with local authorities.

v Evacuate or shelter populations if necessary.

4 Provide immediate assistance, including medical care, search and rescue

operations, and damage control.
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v Maintain clear communication with the public to provide updates and
instructions.

D. Recovery is the restore normalcy after an emergency and rebuild resilience.

4 Repair or replace damaged infrastructure and resources.

v Provide psychological and social support to affected individuals.

4 Conduct post-incident evaluations to learn from the crisis and improve future
emergency plans.

4 Support economic recovery efforts, including rebuilding businesses and public
services.

+ Emergency Planning in Algeria focuses on preparing for natural and man-made
disasters, such as earthquakes, floods, and industrial accidents. The country has
implemented national strategies, including early warning systems and risk mapping,
under the framework of the Civil Protection Agency. These efforts aim to reduce
vulnerabilities, enhance disaster preparedness, and coordinate responses across agencies.
Algeria also participates in regional and international collaborations to improve its
emergency response capacity, focusing on public awareness, infrastructure resilience, and
rapid response to protect communities from emerging threats.

e Critical Situation Management:

Critical situation management goes beyond planning and requires decisive actions
during and after an emergency. It involves organizing resources, people, and processes to limit
damage and manage the crisis effectively.

A. Situation Awareness : Staying informed about the evolving nature of the crisis and
its impacts is crucial for making timely and appropriate decisions.

v Gathering Information: Collect data from the field (e.g., reports, satellite images,
eyewitness accounts) to understand the situation.

v Analyzing Data: Analyze the incoming information to assess the severity, scope,
and potential impacts of the crisis.

v Continuous Monitoring: Regularly update the situation to adapt to changing
conditions.

B. Leadership and Decision-Making: Strong leadership and quick decision-making
are essential for controlling critical situations and minimizing confusion.

v Clear Chain of Command: Establish a well-defined hierarchy for decision-
making during a crisis.

v Decisiveness: Leaders need to make informed and swift decisions to address
immediate threats.

v Collaboration: Effective leadership involves collaboration with emergency
teams, government authorities, and other stakeholders.

C. Resource Coordination: Proper management and allocation of resources, including
personnel, equipment, and financial support, is crucial during emergencies.

v Logistics Management: Ensure that emergency teams have access to critical
supplies, such as medical equipment, transportation, and food.
v Resource Prioritization: Prioritize resources based on the severity of the

situation and areas of greatest need.
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v Interagency Cooperation: Coordinate with local, national, and international
agencies to pool resources and expertise.

D. Communication and Public Information: Effective communication during a crisis
is critical to ensure that stakeholders, emergency personnel, and the public have accurate and
timely information.

4 Public Information Campaigns: Use mass media, social media, and emergency
alert systems to inform the public about the crisis and provide instructions.

4 Crisis Communication Plan: Develop a pre-established communication protocol
for both internal and external communication during an emergency.

4 Managing Misinformation: Combat rumors and false information to prevent
panic or confusion.
e Types of Emergency Plans

Emergency plans vary depending on the nature of the organization, community, or crisis.
Common types of emergency plans include:

A. Natural Disaster Plans

Prepare for and manage the impact of natural disasters such as earthquakes, hurricanes,
floods, and wildfires.

v Early warning systems and evacuation plans.
v Emergency shelters and medical facilities.
v Post-disaster recovery and reconstruction strategies.

B. Public Health Emergency Plans

Respond to pandemics, epidemics, or other public health crises.

4 Disease surveillance systems and healthcare preparedness.
v Distribution of medical supplies, vaccines, and treatments.
v Quarantine protocols and public health messaging.

C. Industrial or Technological Disaster Plans

Address accidents or failures in industrial processes, such as chemical spills, nuclear
accidents, or power grid failures.

Hazardous material response teams.

Safety protocols and containment strategies.

Coordination with local authorities and environmental agencies.
D. Cybersecurity Emergency Plans

Protect organizations from cyberattacks, data breaches, or technological disruptions.

v Incident response teams and rapid recovery protocols.
4 Backup systems and data protection strategies.
v Public and stakeholder communication in case of a major breach.

e Challenges in Emergency Planning and Critical Situation Management

While emergency planning is crucial, there are significant challenges in implementation
and management:
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A. Uncertainty and Unpredictability

Crises are often unpredictable, making it difficult to plan for every possible scenario.
Flexibility and adaptability in plans are crucial.

B. Resource Constraints

Limited resources, especially in developing countries or underfunded organizations, can
hinder the effectiveness of emergency planning.

C. Interagency Coordination

Different organizations and government agencies may have conflicting priorities,
making coordination during a crisis challenging.

D. Public Awareness and Engagement

Ensuring that the public is aware of emergency plans and knows how to respond can be
difficult, particularly in communities with low engagement or trust in authorities.

In Algeria, Types of Emergency Plans include national contingency plans, sector-specific plans,
and local disaster response strategies. National plans, coordinated by the Civil Protection Agency,
cover responses to natural disasters like earthquakes and floods. Sectoral plans focus on specific
industries, such as oil and gas, addressing industrial accidents and hazardous material spills
(ANRH, 2015). Local plans are tailored to regional risks, ensuring community-level preparedness
and resource mobilization (Toumi, 2019). These plans integrate early warning systems and public
awareness campaigns to enhance resilience.

7. POST-CRISIS MANAGEMENT AND EVALUATION.

Crises are often characterized by disruption, uncertainty, and negative outcomes for
individuals, organizations, and societies. Once the immediate danger or emergency is under
control, the post-crisis situation begins, focusing on recovery, rebuilding, and evaluating the
effectiveness of the response. Post-crisis management is a critical phase, determining how well
affected parties can recover, what lessons can be learned, and how future risks can be mitigated.

Stabilization: Controlling the immediate aftermath of the crisis and preventing further
damage.

Recovery: Rebuilding physical, social, and economic systems.

Evaluation: Assessing the response to the crisis and drawing lessons for future
preparedness.

Resilience: Implementing measures to prevent or mitigate future crises.
e Objectives of Post-Crisis Evaluation

Post-crisis evaluation is essential to improve future responses, restore trust, and ensure
long-term recovery.

Assessing the Crisis Response:

Review the effectiveness of the crisis management efforts.

Identify strengths and weaknesses in the response strategy.

Understanding the Impact:

Analyze the social, economic, environmental, and psychological effects of the
crisis.

ANENENENAN
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v Quantify the losses and the broader consequences for communities,
organizations, or nations.

Improving Future Preparedness:
Develop strategies and contingency plans to better handle similar events in the future.
Strengthen risk management systems based on lessons learned.

Accountability:

Ensure that those responsible for crisis management (e.g., governments, organizations) are held
accountable for their actions.

Provide transparency in the decision-making process.
Rebuilding Trust:

Post-crisis evaluation is essential to restoring the confidence of stakeholders, affected
populations, and the general public.

e Phases of Post-Crisis Evaluation

The post-crisis evaluation process typically follows a structured approach, with each
phase focusing on a different aspect of the crisis response. These phases include:

A. Immediate Response Assessment
Timeframe: Days to weeks after the crisis.

Purpose: Assess the immediate response to determine whether the actions taken were
effective in containing the crisis.

B. Medium-Term Evaluation
Timeframe: Weeks to months after the crisis.

Purpose: Examine how well recovery efforts are progressing and identify areas where
further improvement is needed.

C. Long-Term Evaluation and Learning
Timeframe: Months to years after the crisis.

Purpose: Conduct a deeper analysis of the long-term consequences of the crisis, and
how they influence future planning and crisis management frameworks.

e Methods for Post-Crisis Evaluation

Several methods can be used to conduct thorough post-crisis evaluations, ensuring a
comprehensive understanding of the crisis and its aftermath.

A. After-Action Reviews (AAR)

Description: A structured review process conducted by those involved in managing the
crisis, aimed at identifying what worked, what didn’t, and why.

Benefits: Provides immediate feedback from those on the frontlines, offering practical
insights into how the crisis was handled.

B. Surveys and Interviews
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Collect feedback from affected populations, employees, and stakeholders through
surveys, interviews, and focus groups to gain multiple perspectives on the crisis response.

Benefits: Provides qualitative data from a variety of sources, giving a more complete
picture of the crisis impact.

C. Data Analysis and Impact Assessment

Analyze quantitative data (financial losses, death tolls, environmental damage, etc.) to
measure the tangible effects of the crisis.

Benefits: Offers a precise evaluation of the costs of the crisis and provides a basis for
comparison with future incidents.

D. Scenario Analysis

Description: Explore different “what-if” scenarios to understand how alternative actions
might have changed the outcome of the crisis.

Benefits: Provides a learning tool to prepare for future crises by understanding what
might happen under different circumstances.

E. Expert Reviews and Independent Audits

Engage external experts or third-party auditors to conduct an independent review of the
crisis management process and its aftermath.

Benefits: Ensures an objective assessment, free from internal bias.
e KEY COMPONENTS TO EVALUATE IN POST-CRISIS SITUATIONS

Post-crisis evaluation should focus on several key areas to provide a comprehensive
understanding of the response and its effectiveness.

A. Leadership and Decision-Making
Evaluate how leaders managed the crisis:
Were decisions made in a timely and effective manner?
Did leadership adapt to changing circumstances?
Were stakeholders engaged in decision-making processes?
B. Resource Management
Evaluate the allocation and use of resources:
Were sufficient resources (financial, human, technological) available?
How effectively were resources distributed to those most in need?
Were there any gaps in logistics and supply chains?
C. Communication and Information Sharing
Evaluate how information was communicated:
Was communication clear, accurate, and timely?
How well were stakeholders, the public, and media kept informed?

Was misinformation or disinformation effectively countered?
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D. Stakeholder Coordination
Evaluate coordination among different stakeholders

E. Psychological and Social Impact
Evaluate the support provided to affected populations:
Was there adequate mental health support for those impacted by the crisis?
How were vulnerable groups protected or assisted?
Did social cohesion improve or deteriorate in the wake of the crisis?

e CHALLENGES IN POST-CRISIS EVALUATION

While post-crisis evaluation is essential, it comes with its own set of challenges.
Evaluators must be aware of these potential hurdles:

A. Lack of Data: In the chaos of a crisis, data collection may be inconsistent, making
it difficult to conduct a comprehensive evaluation. Missing data can hamper an accurate
understanding of the situation.

B. Time Constraints: Evaluations often need to happen while recovery efforts are still
ongoing, meaning that resources are stretched thin. Immediate evaluations may miss long-term
impacts.

C. Stakeholder Bias: Stakeholders involved in managing the crisis may be defensive
or reluctant to admit mistakes. This can lead to biased assessments or underreporting of failures.

D. Political or Organizational Pressure: In some cases, political or organizational
interests may influence the evaluation process, particularly in high-stakes crises. Independent
and impartial evaluations are critical in such scenarios.

CONCLUSION

Addressing the challenges of urbanization in high-risk zones—especially in seismic,
flood, and wind-exposed areas—requires acknowledging the security impact of traffic
prevention and management measures, which enhance safety and urban resilience. Integrating
data into decision-making is crucial for informed policy choices that mitigate risks.

Effective risk reduction strategies must emphasize both prevention and mitigation,
ensuring communities are prepared for disasters. Considering community perceptions is vital
for the success of these initiatives, as information dissemination, awareness, and education
empower effective emergency responses.

Additionally, robust early warning systems are essential for timely information delivery
and response capability. By combining traffic management, data-driven decision-making, risk
reduction strategies, community engagement, and early warning systems, cities can create safer,
more resilient urban environments equipped to handle natural hazards.
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IX. MAJOR RISKS: ANALYSIS, PREVENTION, MANAGEMENT)
COURSE OBJECTIVES

The goal of this course is to provide a comprehensive understanding of the types of
major risks, their potential impacts, and the strategies used for managing them.

Key Points:
INTRODUCTION

1. CATEGORIES OF MAJOR RISKS

2. RISK ASSESSMENT AND ANALYSIS

3. RISK MITIGATION STRATEGIES

4. CRISIS MANAGEMENT AND CONTINGENCY PLANNING

CONCLUSION
INTRODUCTION

Risk is an inherent part of decision-making, and all individuals, organizations, and
nations must navigate uncertainties. Risk management involves identifying, assessing, and
prioritizing risks, followed by the application of resources to minimize, monitor, and control
the probability or impact of these risks. Major risks refer to significant threats that can have
severe consequences if not managed effectively. These risks can arise from various sectors,
including economic, environmental, geopolitical, technological, and social domains.

1. Categories of Major Risks

Major risks can be classified into different categories based on their source and the
nature of the impact. Below are the primary types of risks:

A. Economic Risks

Economic risks affect the financial health of a country, organization, or individual and
may result in large-scale financial crises.

Examples: Recession and Economic Slowdowns: Global or local economic downturns
leading to loss of jobs, reduced income, and weakened markets. Inflation: Rising prices erode
purchasing power and affect economic stability. Market Volatility: Sharp fluctuations in stock
markets, commodities, or exchange rates. Credit Risks: The risk that borrowers will default on
their obligations, affecting the banking sector and leading to financial losses.

Economic risks can cause widespread poverty, job losses, business closures, and long-
term damage to financial markets.

B. Environmental and Climate Risks

Environmental and climate risks pose a significant threat to ecosystems, human health,
and global economies due to the increasing frequency and intensity of natural disasters and
long-term climate change effects.

Natural Disasters: Earthquakes, floods, hurricanes, tsunamis, and wildfires.
Climate Change: Rising sea levels, extreme weather patterns, droughts, and heatwaves.

Biodiversity Loss: Habitat destruction, pollution, and unsustainable resource use
leading to species extinction.
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These risks can lead to loss of life, displacement of populations, damage to
infrastructure, and food and water shortages.

C. Geopolitical Risks

Geopolitical risks stem from conflicts, political instability, and global power shifts that
affect national and international security.

Examples: War and Conflict: Armed conflicts between nations or within a country can
destabilize regions and lead to humanitarian crises.

Political Instability: Changes in government, coups, or social unrest that disrupt
governance and economic stability.

Terrorism: Acts of terrorism that cause destruction, fear, and loss of life.

Impact: Geopolitical risks can lead to economic sanctions, disruptions to global trade,
security threats, and mass migration.

D. Technological Risks

Technological risks are associated with the increasing reliance on technology and
innovation, particularly as society becomes more interconnected.

Examples:

Cybersecurity Threats: Data breaches, ransomware attacks, and other forms of
cybercrime that compromise digital systems. Al and Automation: The risk of job displacement
and ethical concerns around artificial intelligence.Zechnology Failures: Failures in critical
infrastructure like power grids, communication networks, or transportation systems due to
technical issues or cyberattacks.

Technological risks can lead to data loss, financial fraud, loss of intellectual property,
and business disruptions.

E. Health and Social Risks

Health and social risks relate to threats that affect public health, social structures, and
the well-being of individuals and communities.

Examples : Pandemics: Global health crises, such as COVID-19, that spread rapidly
and overwhelm healthcare systems. Social Inequality: Growing disparities in wealth, education,
and access to services that lead to social unrest. Mental Health Crises: Increases in stress,
depression, and anxiety among populations due to socioeconomic, or environmental pressures.

Health and social risks can cause loss of life, disrupt economies, lead to social unrest,
and place immense pressure on healthcare systems.

2. RISK ASSESSMENT AND ANALYSIS

Managing major risks effectively begins with a thorough risk assessment process, which
involves identifying, analyzing, and prioritizing risks. This process can be broken down into
several key steps:

A. Risk Identification
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Identify potential risks: Organizations, governments, or individuals must first identify
all possible risks they may face. This can be done through brainstorming, scenario analysis, and
consulting with experts in various fields.

- Tools for Identification:
SWOT Analysis: Analyzing strengths, weaknesses, opportunities, and threats.

PESTLE Analysis: Evaluating political, economic, social, technological, legal, and
environmental factors.

Historical Data: Reviewing past crises and their impact to anticipate future risks.
B. Risk Analysis

Evaluate the likelihood and impact: Once risks are identified, the next step is to assess
how likely each risk is to occur and what impact it would have if it did. This often involves both
qualitative and quantitative analysis.

- Risk Analysis depends on:
Probability: The likelihood that a risk event will occur.

Severity/Impact. The potential consequences of the risk in terms of financial loss,
damage to reputation, or harm to the environment or society.

- Methods for Analysis:

Qualitative Analysis: Using expert opinions or scoring systems to rank risks based on
likelihood and impact.

Quantitative Analysis: Using mathematical models or simulations to estimate potential
losses or disruptions.

C. Risk Prioritization

Prioritize risks: Not all risks are equally important. By ranking risks based on their
likelihood and impact, decision-makers can prioritize which risks need to be addressed first and
allocate resources accordingly.

Risk Matrix: A risk matrix plots the likelihood of a risk against its potential impact to
help prioritize risks.

3. RISK MITIGATION STRATEGIES

Once risks have been identified, analyzed, and prioritized, the next step is to develop
strategies to mitigate these risks. Below are common strategies for managing major risks:

A. Risk Avoidance

Description: Avoiding risky activities or decisions altogether to eliminate the risk. This
approach is typically used for high-probability, high-impact risks.

Example: A company may avoid investing in a politically unstable country to prevent
the risk of expropriation or conflict.

B. Risk Reduction

Description: Taking proactive steps to reduce the likelihood or impact of a risk. This
involves implementing safety measures, changing policies, or modifying processes.
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Example: Strengthening cybersecurity measures to reduce the risk of data breaches or
adopting sustainable farming practices to reduce environmental degradation.

C. Risk Sharing

Description: Sharing or transferring part of the risk to other parties, such as through
insurance or partnerships. This reduces the burden of risk on a single entity.

Example: Companies purchase insurance policies to transfer the financial risk of natural
disasters or supply chain disruptions to insurers.

D. Risk Acceptance

Description: Accepting that certain risks cannot be entirely avoided or mitigated and
planning for how to deal with the consequences if the risk materializes.

Example: In industries like oil and gas, companies may accept the risk of fluctuating oil
prices but implement strategies to manage costs when prices drop.

E. Risk Diversification

Description: Spreading risk across different investments, markets, or projects to reduce
the overall exposure to any single risk.

4. CRISIS MANAGEMENT AND CONTINGENCY PLANNING

To effectively manage major risks, it is crucial to have a crisis management plan and
contingency planning in place. These ensure that, in the event of a crisis, there are clear
procedures and resources available to minimize the impact.

A. Crisis Management Plan

Description: A structured approach for responding to an emergency or unexpected risk
event, aimed at minimizing the immediate impact and preventing escalation.

v Emergency Response Team: A designated team responsible for managing the
crisis and making rapid decisions.

v Communication Protocols: Clear guidelines for internal and external
communication during a crisis.

v Resource Allocation: Pre-determined allocation of resources (e.g., finances,
personnel, equipment) for crisis management.

B. Contingency Planning

Developing alternative plans or backup strategies that can be quickly implemented if a
risk event occurs. Example: Businesses often create contingency plans to deal with supply chain
disruptions by identifying alternative suppliers or stockpiling critical materials.

CONCLUSION

Managing major risks is critical for the survival and success of organizations,
governments, and individuals. By identifying potential risks, analyzing their likelihood and
impact, and implementing effective mitigation strategies, decision-makers can reduce
uncertainty and enhance resilience in the face of future crises. Risk management requires
continuous assessment and adaptation, especially in a rapidly changing world where new risks,
such as those associated with technology or climate change, are constantly emerging. Effective
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risk management not only protects assets and people but also fosters long-term sustainability
and success.

X. DECISION SUPPORT: MULTICRITERIA ANALYSIS METHODS (MCDA)
COURSE OBJECTIVES

The objective of this course is to explore multicriteria analysis (MCA) methods for
evaluating risk management options, with a focus on facilitating informed decision-making in
urban risk management. Students will gain a comprehensive understanding of various MCA
techniques, enabling them to assess and compare different risk management strategies based on
multiple criteria, including environmental, social, and economic factors. Through practical
applications, such as case studies and real-world scenarios, students will develop critical
thinking and problem-solving skills necessary for effective urban risk management.
Additionally, the course will emphasize the importance of collaboration among stakeholders,
ensuring that diverse perspectives are integrated into the decision-making process to enhance
the effectiveness of risk management strategies.

Key Points:

INTRODUCTION

1. THE MCDA PROCESS FOR DECISION MAKING
2. COMMON MCDA METHODS

3. Applications of MCDA in Decision Making
CONCLUSION

INTRODUCTION

Decision-making is a process of selecting the best course of action among several
alternatives to achieve a desired outcome. In complex situations, decision-makers often face
multiple conflicting objectives that require a systematic approach to make informed choices.
Multi-Criteria Decision Analysis (MCDA) is a powerful decision-support tool designed to
handle complex decisions involving multiple, often conflicting, criteria. MCDA enables
decision-makers to:

+ Evaluate alternatives by considering a variety of factors (environmental, economic,
social, etc.).

+ Incorporate both quantitative and qualitative information.

+ Weigh trade-offs between conflicting criteria (e.g., cost vs. environmental impact).

+ Engage stakeholders and integrate their preferences into the decision-making process.

MCDA is particularly useful in complex fields such as urban planning, environmental
management, infrastructure development, and natural disaster management, where decisions
have long-term implications and involve multiple stakeholders.

1. THE MCDA PROCESS FOR DECISION MAKING

The MCDA process consists of several structured steps, ensuring that all aspects of the
decision are considered systematically. This method helps to identify the best alternative from
a set of options based on multiple evaluation criteria Figi.01.
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Figi.01: The flow chart of the MCDA PROCESS .

Step 1: Define the Problem and Objectives

Clearly define the decision problem: The first step is to clarify what decision needs to
be made. Is the objective to select a sustainable land-use option, choose a technology, or
prioritize investment in infrastructure? The problem definition should include the main goals
and the context. Example: Choosing the best flood mitigation strategy for a coastal city facing
rising sea levels.

Step 2: Identify Decision Alternatives

List potential alternatives: Decision alternatives represent the different options available
to achieve the objectives. These can be technical, policy-related, or strategic actions.

Example: For flood mitigation, the alternatives might include building sea walls,
restoring wetlands, relocating communities, or developing early warning systems.

Step 3: Determine Criteria for Evaluation

Establish evaluation criteria: These are the key factors that will be used to assess each
alternative. The criteria should reflect all relevant dimensions of the problem (e.g.,
environmental, economic, social, and technical factors).

Common criteria in environmental or engineering decisions include:
Environmental Impact. Effects on ecosystems, carbon emissions, water resources.
Cost: Initial investment, maintenance costs, cost-effectiveness.
Social Impact: Effects on local communities, public health, social acceptance.
Technical Feasibility: Ease of implementation, available technology, maintenance
requirements.Example: For flood mitigation, evaluation criteria could include the cost of
construction, environmental benefits (e.g., habitat restoration), social impact (e.g.,
displacement of people), and technical effectiveness (e.g., flood prevention efficiency).

Step 4: Weight the Criteria

Assign weights to each criterion: Not all criteria have the same level of importance.
Weighting allows decision-makers to express the relative importance of each criterion.
Weighting may be based on expert opinions, stakeholder preferences, or organizational
priorities.

Methods for assigning weights:

- Stakeholder surveys: Gathering preferences from affected communities or decision-
makers.
- Analytic Hierarchy Process (AHP): A pairwise comparison method to systematically
determine the importance of each criterion.
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- Expert Judgement: Consulting domain experts for insights on which criteria should be
prioritized. Example: If flood mitigation is primarily concerned with preventing loss of
life, public safety might be weighted higher than cost considerations.

Step 5: Score the Alternatives

Evaluate each alternative: For each criterion, assign a score to each alternative,
representing its performance. Scoring can be:

Quantitative: Using measurable data (e.g., cost in dollars, carbon emissions in tons).

Qualitative: Using subjective assessments (e.g., public perception, visual appeal).

Normalization: In cases where criteria are on different scales (e.g., cost vs.
environmental impact), scores can be normalized to ensure comparability. Example: Scoring
might involve assigning a 1 to 5 scale to measure each alternative s effectiveness in reducing
flood risks, where 1 is ineffective and 5 is highly effective.

Step 6: Combine Weights and Scores

Aggregate scores: The scores for each criterion are combined with their respective
weights to calculate an overall score for each alternative. The alternatives are then ranked based
on their total weighted scores.

Methods to combine scores include:

Simple Additive Weighting (SAW): Scores are multiplied by their corresponding
weights and summed to produce a total score for each alternative.

Weighted Sum Model (WSM): Similar to SAW, but scores are normalized to ensure
comparability.

TOPSIS (Technique for Order Preference by Similarity to Ideal Solution): This method
ranks alternatives by their closeness to the ideal solution and their distance from the worst-case
scenario. Example: After scoring each alternative for flood mitigation and applying the
weights, the total scores would determine which alternative (e.g., sea walls vs. wetland
restoration) ranks highest.

Step 7: Conduct Sensitivity Analysis

Sensitivity analysis tests how changes in the weights or scores affect the final ranking
of alternatives. It identifies how robust the decision is and helps understand the influence of
different criteria. Example: If the ranking changes significantly when the weight of the social
impact criterion is increased, it suggests that social factors are critical in the decision.

Step 8: Make the Decision

Select the best alternative: Based on the final ranking and the results of the sensitivity
analysis, decision-makers select the most favorable option. However, practical considerations
(such as political feasibility, funding availability, or stakeholder preferences) may also play a
role in the final decision.

2. COMMON MCDA METHODS

Several methods are commonly used in MCDA. The choice of method depends on the
complexity of the problem, the number of criteria, and the preferences of the decision-makers:

A. Analytic Hierarchy Process (AHP)

Description: AHP (Roy B., (1985), Saaty T L., (1977, 1984,1993,2001), is one of the
most widely used MCDA methods. It helps break down a complex decision problem into a
hierarchy of goals, criteria, and alternatives. Decision-makers then use pairwise comparisons to
rank the importance of criteria and the performance of alternatives. Fig. 02.
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Fig. 02. AHP process

Application: AHP is often used in urban planning, project evaluation, and resource
management.

B. TOPSIS (Technique for Order Preference by Similarity to Ideal Solution)

Description: TOPSIS ranks alternatives by their distance from the ideal solution (best
possible score) and the negative ideal solution (worst possible score). It is useful for decisions
with a clear "ideal" outcome in mind.

Application: TOPSIS is applied in risk assessment, environmental management, and
engineering projects.

C. PROMETHEE (Preference Ranking Organization Method for Enrichment
Evaluations)

Description: PROMETHEE is an outranking method that compares alternatives
pairwise, determining a preference ranking. It is flexible and can handle both quantitative and
qualitative criteria.

Application: PROMETHEE is used in supply chain management, policy-making, and
strategic planning.
D. ELECTRE (Elimination and Choice Expressing Reality)

Description: ELECTRE eliminates alternatives that perform poorly on one or more
criteria, focusing on a smaller set of viable options. It is particularly useful when decision-
makers need to reduce the number of alternatives quickly.

Application: ELECTRE is used for infrastructure planning, resource allocation, and
project prioritization.

E. Simple Additive Weighting (SAW)

Description: SAW is one of the simplest MCDA methods, where the weighted sum of
scores is calculated for each alternative. It is straightforward but requires that all criteria are
expressed in comparable units. Application: SAW is commonly used in cost-benefit analysis
and budget allocation decisions.
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3. APPLICATIONS OF MCDA IN DECISION MAKING

Environmental Management :

Example: In selecting a site of suitable land full, MCDA can be used to evaluate factors such
as cost, environmental impact, social acceptance, and technical feasibility.

Landfill site selection
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Fig.3. Flowchart of the MCDA (AHP) methodology by Agaguenia S. 2024

B. Infrastructure Development

Example: When planning a new transportation system, MCDA helps balance factors like
construction costs, environmental degradation, and long-term maintenance needs.

C. Urban Planning

Example: In designing a city’s green spaces, decision-makers can use MCDA to consider
aesthetic value, ecological benefits, and community needs.

D. Disaster Risk Reduction

Example: MCDA helps evaluate different strategies for reducing risks from natural disasters,
such as early warning systems, structural defenses, or ecosystem restoration.

CONCLUSION

MCDA is an essential tool for decision-makers facing complex, multi-dimensional
problems. By considering multiple criteria, assigning weights, and systematically evaluating
alternatives, MCDA supports transparent and informed decision-making that balances
competing objectives.
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