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What is climate?

• Oxford university dictionary definition

PERSGA workshop on climate variability (

Mean seasonal cycle Average weather “over 
a long period”



The climate system

PERSGA workshop on climate variability (2011)

• Atmosphere
• Hydrosphere (oceans, seas)
• Cryosphere (sea /continental ice)
• Land
• Biosphere (sea / continents), …and 

human! We do affect climate!

• External forcing from the sun

- Externally forced variability
- Internal variability



Climate Time Scales

PERSGA workshop on climate variability (2013)
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The Greenhouse Effect

 A natural effect which makes life 

on earth possible -- keeps water 

in its liquid phase

 Certain greenhouse gases slow 

the escape of infra-red radiation 

to outer space

 Greenhouse gases include CO2 , 

O3 , NOx CH4 ,  H2O

 Fluctuations in greenhouse gas 

concentrations are observed in ice 

cores



Human influences on climate

Direct

• Aerosols -- e.g., SO2

• Modification to the Greenhouse Effect

– burning of fossil fuels

– burning of biomass

– use of CFCs

Indirect

• Land Use Change



Natural Climate Variability

• The Quaternary (last 2.58 million years)

– Ice Age to Interglacial conditions

– Global-mean temperatures of 5 to 10oC

– Global sea-level change of > 100 m

– Ocean circulation changes -- e.g. the Younger Dryas (12,000 to 

10,000 BP)



Natural Climate Variability

• The Holocene (last 10,000 years)

– All interglacial conditions (warm)

– Sea levels stabilised 6,000 to 8,000 years ago

– Fairly stable climate during which modern civilisation developed

– But some fluctuations -- the ‘Little Ice Age’



Human-Influenced Climate?

• Pre-20th Century

– Deforestation and rice paddy

• The 20th Century

– Accelerating emissions of greenhouse gases due to fossil fuel consumption

– Increasing land use changes

– Increased aerosol and soot production

• The 21st Century

– Further increases of 20th Century changes



Recent Global Warming: Observed History

Period Rate

Degrees/decade

25 years 0.177

50 years 0.128

100 years 0.074

150 years 0.045
Source IPCC AR4 WG1

Joseph Fourier (1824): gases in 

the atmosphere increase 

temperature 

John Tyndall (1862): Gases with 

large molecules (e.g. H2O, CO2)

Svente Arrhenius (1896):  Global 

worming potential by increasing 

CO2

Guy Callandar (1938):  man is now 

changing the composition of the 

atmosphere at a rate exceptional 

on the geological time scale

Charles Keeling (1960): measuring 

carbon dioxide increase 

Syukuro Manabe (1975) - modelling 

global warming



Future Climate

Global

Local

Economic Environmental

A1 world

‘World 

Markets’

B1 world

‘Global 

Sustainability’

B2 world

‘Local 

Stewardship’

A2 world

‘National 

Enterprise’

“A1 World”
– Increasing globalization /

convergence

– Rapid global economic
growth

– Materialist / consumerist

– Rapid uniform technological
innovation

“B1 World”
– Increasing global co-

operation / convergence

– Environmental priority

– Clean and efficient

technologies

“A2 World”
– Heterogeneous world

– Rapid regional economic
growth

– Materialist / consumerist

– Diverse technological innovation

“B2 World”
– Heterogeneous world /

local emphasis

– Environmental priority

– Clean and efficient

technologies

SRES Storylines: The Social World (IPCC, 2000)

 Earlier efforts during the 1990s had developed the “SRES” scenarios (Special Report Emission Scenarios)

 Used in IPCC Assessment Reports AR3 and AR4



Shared Socioeconomic Pathways (SSPs) 

 New scenarios - “pathways” that examine how global society, demographics and 

economics might change over the next century

 SSPs are now being used as important inputs for the latest climate models 

 Used in Intergovernmental Panel on Climate Change (IPCC) sixth assessment report-

AR6 (2023)

 The SSPs are based on five narratives describing broad socioeconomic trends that could 

shape future society

 Compared to previous scenarios, SSPs offer a broader view of a “business as usual” world 

without future climate policy, with global warming in 2100 ranging from a low of 3.1 C to a 

high of 5.1 C above pre-industrial levels



SSP1

Sustainability –

Taking the Green 

Road (Low 

challenges to 

mitigation and 

adaptation)

SSP2

Middle of the Road 

(Medium challenges 

to mitigation and 

adaptation)

SSP3

Regional Rivalry – A 

Rocky Road (High 

challenges to 

mitigation and 

adaptation)

SSP4

Inequality – A Road 

Divided (Low 

challenges to 

mitigation, high 

challenges to 

adaptation)

SSP5

Fossil-fueled 

Development –

Taking the Highway 

(High challenges to 

mitigation, low 

challenges to 

adaptation)

A world of 

sustainability-

focused growth and 

equality

A world where 

trends broadly 

follow their historical 

patterns

A fragmented world 

of “resurgent

nationalism”

A world of ever-

increasing inequality

A world of rapid and 

unconstrained 

growth in economic 

output and energy 

use

SSPs narratives 





Different emissions trajectories 
broken out by SSP, as well as 
indicating the level of adaptation 
and mitigation challenges 
associated with each. 

In general, SSP1 (bottom left 
box) has faster emission 
reductions and less negative 
emissions required later in the 
century under deeper mitigation 
scenarios, compared to other 
SSPs.



Climate Change Impacts
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The ocean is a fundamental climate regulator 

Heat, water, and biogeochemically relevant gases (e.g., O2 and CO2) 

exchange at the air-sea interface, 

Ocean currents and mixing caused by winds, tides, wave dynamics, 

density differences and turbulence redistribute these throughout the 

global ocean 

Seawater has a heat capacity four times larger than air and holds vast 

quantities of dissolved carbon. 

The ocean has absorbed over 90% of the heat from climate change, 

It is the sink for roughly 30% of human-caused carbon dioxide emissions

Marine Environment and Climate Regulation



IPCC Ocean and Cryosphere Report (2019)



Sea level Rise

• Coastal low-land inundation 

• Coastal erosion 

• Storms frequency & intensity

• Shore-line retreat

• Saline water intrusion

Ocean warming
• Distribution of marine species

• Ice melting/ freshwater/ volume

• Changes in currents and waves

• Coral bleaching

Ocean Acidification
• Impacts on calcareous biota, e.g. corals, 

shelled animals

• Impacts on reproduction, growth and behavior 

of marine fauna

Marine Environment and Impacts of Climate Change



Frequency of marine mitigation and adaptation categories in NDCs

Because of ocean importance for Climate Change adaptation and mitigation,

most of the NDCs for Climate Action (70%) include marine issues

Source:



Potential for Ecosystem-based Adaptation and Mitigation

salt marshes 
mangroves 

seagrass beds
coral reefs

Shoreline 

protection and 

Soil Stability

Fish Nursery/ 

Breeding 

habitats

Biodiversity 

Support

Water 

Purification  

and quality

Carbon 

Capture & 

Storage

Livelihood support 

(fishery, tourism)
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Key Concepts

What is vulnerability?

The degree to which a system is susceptible to, or unable to cope with, 

adverse effects of climate change.

It may include for example, a whole vulnerable area such as a low-lying

island or coastal town,

or certain negative impacts of climate change such as drop in

productivity, salt water intrusion into coastal aquifer, etc



Key Concepts

What influence vulnerability of a system?

Degree of its exposure:

how frequent and to what extent it will be exposed to the impact.

Its sensitivity: 

different systems have different sensitivities to the impact.

Its adaptive capacity: 

capacity to cope or adapt with the change



Side Event, UNFCCC COP22/CMP12/CMA1, Marrakesh 2016

Exposure Sensitivity

Potential impacts Adaptive capacity 

Vulnerability



Coastal vulnerability
49 out of 50 countries with 

shore protection costs due to 

climate change above 0.5% of 

GDP are less developed 

countries

Poorer nutrition and 

health infrastructure 
and therefore  higher losses of 

human life

Economic structure
Larger share of the economy 

in climate sensitive sectors, 

such as agriculture, tourism

Closer to margin of 

tolerance 
for temperature and 

precipitation changes (more 

drought- and flood-prone 

areas)

Why Developing Countries Are More Vulnerable: 

a) Impacts are worse



Availability of 
technology

Institutional 
capacity

Know-how 
and education

Financial 

capacity

Why Developing Countries Are More Vulnerable:

b) Lower capacity to adapt



Adaptation in a broad sense means reducing 

vulnerability 

This implies that adaptation options may include:

Reducing exposure:

such as planting mangroves to reduce exposure to hurricanes

Reducing sensitivity: 

such as planting drought resistant or salt tolarent crops 

Increasing adaptive capacity: 

such as access to resources that could help in responding to impact (functioning 

community networks, access to services, technology, irrigation systems and 

water storage, etc.)



Vulnerability assessment is part of adaptation planning

a. Vulnerability assessment and monitoring

b. Identifying adaptation options/ responses

c. Prioritizing the adaptation options

d. Developing and implementation of an adaptation 

plan and a communication strategy

Source: adapted from UNEP IEA Modules, Nr. (9)



First:
Identify a Regional Climate Model (RCM), based on the results of the global 
scenarios and the General Circulation Models (GCMs).
• An RCM projects the climate in more precise geographical detail
• The result of the RCM provides estimates how basic climatic variables 

will develop in the future at the regional level 

a. Vulnerability assessment and monitoring 

Second:
Assess vulnerability of the local system/sector 

• based on characteristic of the system, in terms of its degree of exposure/ 
sensitivity and adaptive capacity to the given impact 



a. Vulnerability assessment and monitoring (cont.) 

Third:

Develop indicators/ indices to monitor vulnerability in space and time

• Categorize coastal parts based on their degree of vulnerability

• Predict change in vulnerability of a given system over time

Fourth:

Identify sources and factors causing vulnerability at vulnerable system/sector/ certain time etc.

• In order to provide a basis for selecting adaptation responses

Which locations or systems are vulnerable?

Vulnerable to what? Kind of impacts

To what degree? Magnitude, uncertainty

When? Time and frequency

Why? Causes of vulnerability



List all achievable responses that would reduce vulnerability:
• remove factors causing vulnerability, or moderate their intensity and 

frequency; increase adaptive capacity etc.

b. make out adaptation options/ responses

There are several categories and types of adaptation options:

• Infrastructure development: such as building dykes, flood-resistant roads and dams.

• Ecosystem-based adaptations: help to preserve and restore natural ecosystems

• Capacity-development: help communities learn new farming/fishing practices, 

technologies (processing) etc; skills to assist extension in using early warning systems 

and forecasts, etc.



c. Prioritizing the adaptation options

As many options are usually detectable, it is necessary to prioritize them 
based on certain criteria that can be grouped under several categories such 
as effectiveness, sustainability, etc. 

e.g. Through giving scores



Side Event, UNFCCC COP22/CMP12/CMA1, Marrakesh 2016

CriteriaCategory

Mitigation co-benefits

Sustainability

Environmental impacts

Equity

Implementation Cost

Operating and Maintenance Cost

Robustness
Effectiveness

Reliability

Urgency

Risk and Uncertainty Degree of risk or impact

Precautionary

Ancillary benefits

Opportunity No-regret option

Window of Opportunity

Public acceptability

Implementation

Funding sources

Capacity (information, technology, staff)

Institutional

Source: UNEP IEA Modules, Nr (9)



Scoring the criteria

Technology required Is the technology for the intervention readily available? 

1 = Not available, 2 = must be imported, 3 = available in the country,  4 = locally 

available, 5 = already installed

Additional running 

costs 

Will the intervention incur additional running costs? 

1 = High costs, 2 = Medium, 3 = Low, 4 = No O&M costs

Local employment To what extent will the intervention impact on job creation? 

1 = Loss of jobs , 2 = Neutral, 3 = Few jobs (<10), 4 = Many jobs (10-30)

Local capacity to 

implement 

What level is the institutional capacity currently at with respect to the intervention? 

1 = Very low, 2 = Low, 3 = Adequate, 4 = High

Acceptability to local 

community 

What is the consumer acceptability of this intervention in terms of additional cost to 

them and convenience?

1 = None (high additional costs) , 2 = Low (some additional costs or inconvenient), 3 

= Neutral, 4 = High (no additional costs)

Long term applicability What is the period of impact of the intervention? (short - long term) 

1 = <2 years, 2 = 2-5 years, 3 = 5-15 years, 4 = 15-25 years, 5 = >25 years



d. Developing an implementation plan and 
communication strategy

Following selection of appropriate adaptation options an implementation plan and 
communication strategy among the co-implementing agencies,  sectors and 
stakeholders should be developed 

• Interactive in both of its development and implementation processes;

• Consider monitoring and assessing the impacts of adaptation
responses;

• Dynamic.
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Definitions

Ecosystem approach:

A strategy for the integrated management of land, water and living resources that provides

sustainable delivery of ecosystem services in an equitable way (CBD Secretariat 2000).

Ecosystem services:

Benefits people obtain from ecosystems. These include:

Provisioning services such as food and water;

Regulating services such as regulation of floods, drought, land degradation and disease;

Supporting services such as soil formation and nutrient cycling; and

Cultural services such as recreational, spiritual, religious and other non material benefits

(Millenium Ecosystem Assessment 2005).



Ecosystem-based adaptation (EBA): The use of biodiversity and ecosystem services to
help people adapt to the adverse effects of climate change (SCBD 2009).

Ecosystem-Based Adaptation



Key Ecosystems in the Tropical Coasts

Salt marshes

Seagrass beds Mangroves

Coral reefs



Ecosystem Based Mitigation

 Enhanced protection and improved management of natural ecosystems that contribute both
to reductions of GHG emissions and to carbon sequestration.

 Offer cost-effective and substantial solutions that significantly contribute to Climate Change
mitigation, and complement other mitigation measures.

 Can occur through:

1. Sequestration by increasing the size of the carbon pool. (afforestation, reforestation

and restoration of natural habitats).

2. Maintenance of existing carbon pools (conserve existing forests and wetlands).

3. Maintenance of ocean carbon sinks, and

4. Substitution of fossil fuel with cleaner technology based on biomass.

World Bank (2010)



Blue carbon in coastal ecosystems versus terrestrial forest

Mangroves are most efficient in carbon sequestration. 
They have the ability to absorb up to four times more carbon dioxide by area than upland terrestrial forests 
(Donato et al., 2011)

Nature Based Solutions

Mangroves, Seagrass Meadows and Tidal 
Marsh are much more efficient than 
terrestrial vegetation in carbon storage



Regional Potential for Nature-based Solutions (Ecosystem-based Adaptation and Mitigation)

salt marshes 
mangroves 

seagrass beds
coral reefs

Shoreline 

protection and 

Soil Stability

Fish Nursery/ 

Breeding 

habitats

Biodiversity 

Support

Water 

Purification  

and quality

Carbon 

Capture & 

Storage

Livelihood support 

(fishery, tourism)



Regional Climate Change Strategy and

Program initiated since 2008

Specialized Programs to support and 

facilitate implementation of the Regional 

Convention and Protocols

Legal base is Jeddah Convention (1982)

Four Regional Protocols developed:

1. Pollution by Oil and Harmful Substances

2. Biodiversity Conservation and MPAs

3. Protection from Land Based Activities

4. Management of Fisheries and Aquaculture

An intergovernmental organization dedicated for conservation of marine

environment in the region

The Regional Organization for the Conservation of the Red Sea and Gulf of 

Aden (PERSGA) 

PERSGA Interventions Addressing Climate Change



Control Pollution, 
Sustainable 
Fisheries

Key Habitats,
Water quality,
SOMERSGA

Alternative Livelihoods 
projects, e..g. low 
impact fishery, 
ecotourism

Action Plans for Key 
Habitats and Species
Blue Carbon

Training Workshops & 
Regional Meetings

Building Resilience for Climate Change: Red Sea and Gulf of Aden

How PERSGA  Regional Efforts Contribute?

Capacity 

Building and 

Regional 

Coordination 

Conservation & 

Restoration 

Ecosystem and 

Habitats

Support 

Livelihoods for 

Vulnerable 

Communities

Monitoring to 

support 

management 

policies

Reducing Non-

Climate 

Change 

Stressors



PERSGA capacity building workshops on Climate Change adaptation and mitigation



Ecosystem Based Adaptation and Mitigation (Climate Actions)

• Restoration of Ecosystem (Jordan and Djibouti) 

• Regional workshops on coral reefs resilience

Adaptation: Mangrove/Coral Reefs/Sea-grass for coastal protection, 
soil stabilization, and support livelihoods of vulnerable communities

Mitigation: Blue Carbon (mangroves and sea-grass protection and 
restoration) to increase carbon sink

• Building Partnerships: UN Environment, Islamic Development Bank, 

ISESCO, NDC-Partnership (PERSGA is institutional member)

• Regional workshops on NDCs and blue carbon (at present)

Main 
Interventions

PERSGA has established Regional Initiative since 2013



 Regional and national policy assessment studies

 Capacity building workshops

 Side events in UNFCCC COPs with PERSGA member states

 Awareness and outreach materials: video films, leaflets, 
posters, media articles 

PERSGA Regional Blue Carbon Activities (established 2013 in collaboration with UNEP)

https://www.facebook.com/PERSGA.MC/vi
deos/2167737673524923/

https://www.facebook.com/PERSGA.MC/videos/2167737673524923/


PERSGA countries were insightful to consider 

marine issues in NDCs 



Enhancing Conservation & 
Restoration for Ecosystem 

Resilience  Specific Conservation Plans for Key Habitats (coral reefs, mangroves
and seagrass beds)

 Guidelines and technical assistance for restoration of key coastal
habitats

 Inclusion in the MPAs, and MPAs Networking

 Environmental education and awareness

 Community based restoration projects

Building Ecosystem Resilience for Climate Change 
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Djibouti City Mangroves 

2005
2010

2020

Restored through a demonstration project by PERSGA in collaboration with the World Bank in 2005 
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Djibouti Khor Angar Mangroves 
Restored by a NAPA project executed Djibouti Ministry of Environment 
PERSGA assistance and the Support of UNEP during 2011-2014 

Cleaning activities

Community training

Rehabilitation of 120 ha of 
the mangrove area

Involving community in 
planting and hydrological 
restoration activities

Nursery and planting activities 



Robert et al 2017

MPAs Promote Climate Change Adaptation and Mitigation



PERSGA Strategic Ecosystem Management 

Regional Project (SEM project) in Collaboration 

with World Bank (2014-2018)
Capacity building workshops; regional guidelines: 2012-2014 

Mainstream Principles of Ecosystem based Approach in national policies 

and management practices for marine environment

MPAs Management Effectiveness 

Alternative Livelihood Options Complying with Ecosystem Approach

PERSGA established initiative since 2012

Maintain ecosystem integrity and services for Climate Change resilience, sustainable livelihood from 

fisheries, aquaculture, tourism, etc.



At Moucha Maskali Islands Marine National Park (Djibouti)

fishermen get effectively engaged in environmental and fisheries

monitoring and MPA activities in cooperation with government

agencies. This was facilitated by PERSGA through establishing a

fishermen center, equipped with solar energy and other amenities and

training program. The facility enabled fishermen to run tourism

venture for visitors of the island, as s a prime tourist attraction. This

provided them with substantial alternative livelihood option

At Wadi el Gemal National Park (Egypt), PERSGA demo activies

changed a small community settlement into pioneer eco-village in the

Regional MPA network, in collaboration with EEAA, local NGOs and

grassroots society. The Qulaan village is fully serviced by solar energy

for powering houses, freshwater desalination, tourist facilities (tents

and cafeteria), fish cold storage, etc., creating the first community-

based tourism venture in Egypt to reduce pressure by marine fisheries.

This also raised community stewardship of the MPA natural resources,

enhancing their rights and positive stance towards MPA objectives, also

to improve their livelihood sustainably.

At Dungonab Bay and Senaneeb National Parks in Sudan, PERSGA collaboration with
national agencies supported development of integrated management plan, and
establishment of several livelihood community-based ventures, enhancing MPA
management effectiveness, which facilitated inscription of the two parks together as a

UNESCO Natural Heritage since 2016.

Building Resilience for Climate Change 

Alternative Livelihood 
Options for Coastal 
Communities based on 
MPAs.

Examples from PERSGA 
MPAs Network 
implemented through 
the SEM Project.



Reducing Non Climate 
Multiple Stressors

Control of Pollution from Sea Based Activities

Building Resilience for Climate Change 

 Protocols Concerning Oil & HNS (1982); Exchange of Equipment during Emergency
(2011)

 Contingency Planning and On-job Training on Pollution Combating

 Hydrographic Surveys and Navigation Aids and Reduction of Navigation Risks

 Protocol concerning Pollution from Land Based Activities -LBA (2005)

 National LBA Programs of Actions; Marine Litter initiative

 Guidelines and training for sustainable wastewater management in coastal cities

 Protocol concerning Cooperation in Management of Fisheries & Aquaculture;

 Ecosystem Approaches to Fisheries and Aquaculture
ROUTEING MEASURES – SOUTHERN RED SEA 

GENERAL LAYOUT OF MEASURES 

 

 

Control of Pollution from Land Based Activities

Support sustainable fisheries and aquaculture



Control of Sea Based Pollution (reducing non-climate stressors)

• Update National Marine Contingency plans.

• Develop a Regional Marine Contingency Plan.

• Capacity Building for effective implementation of IMO/MEAs 

• Oil tracking and chemical dispersion models to assist effective 

responses.

• Red Sea as a special area to be effective (current survey of PRF)

Reduce Non Climate Stressors



Partnerships with 
regional and international 

organizations

PERSGA with WB and GEF
 Strategic Action Program (1999-2004)- and SEM (2014-

2018GEF project

with IAEA

 Adaptation to the impacts of Ocean Acidification: regional
capacity building workshops 2015-2018

with UNEP (UN Environment)

 Regional seas: blue carbon policy assessment; LBA planning,
wastewater, marine litter management, EBM training

with IsDB

 Since 1999 (SAP project)
 Capacity building: Current initiative on NDCs

with IMO

 Long term technical cooperation program (ongoing training
workshops; GloBallast project; Glo-fouling project

with UNIDO

 Reduction of POPs emissions in PERSGA region- GEF project
2012-2014; Proposal on sustainable coastal cities

with UNESCO-IOC

UN Decade of Ocean Science for SD (2021-2030)



Regional Initiative On Marine Ecosystem Approach in Nationally 

Determined Contributions “NDCs” for Climate Action

Two  Regional workshop on 

“Ecosystem Approach in Nationally Determined 

Contributions (NDCs) for Climate Change Adaptation and 

Mitigation in Coastal Areas” 

held in October 2017 and December 2019

 Support implementation of ecosystem approach in NDCs for coastal

and marine areas, presenting guidelines, global standards and case

studies.

 Linking coastal NDCs actions with other related efforts, such as 

SDGs.

 Support joining regional efforts of adaptation and mitigation actions, 

and cooperation to mobilize regional projects/ impact programs in 

order to extend paybacks and effectiveness of coastal NDCs in 

shared water bodies and ecosystems.

 Sharing experience and knowledge in planning and implementation 

of Climate Change NDCs for coastal and marine environment



Thank You…

www.persga.org


