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1

Introduction

Climate change (CC) has no borders or boundaries since it has been manifested globally in most of the cities [1, 2]. Many
cities across the world suffer from CC risks and impacts; it is clear that no single city is safe from CC risks [3–5]. The
increase in urbanisation and CC impacts has a direct effect on the increase of urban temperature [6]. The urbanisation sprawl
in cities coupled with some impacts of climate change (CC) is leading to the emergence of urban microclimates [7–10].
According to the Climate Change Resilience Index (CCRI), a new framework was established by the Economist Intelligence
Unit (The EIU). Based on a study of the World’s 82 largest economies and measure their ability to conform CC, the global
economy will be 3 per cent smaller by 2050 due to CC impacts [11].
Between 2011 and 2018, the European Union (EU) initiated a major policy design project “Cleaner Energy Saving
Mediterranean Cities” (CES-MED), under the European Neighbourhood and Partnership Instrument (ENPI), to support
South Mediterranean countries to develop sustainable energy and climate action plans (SECAPs) [12]. A recent study on the
concepts and methodologies for measuring the sustainability of cities reviewed synthesises the recent development in methods being exploited to the impacts of cities on environmental sustainability [13]. Incidentally, better data and methods are
becoming available for understanding the complex and woven functioning of cities and their impact on sustainability [14].
COP 21 and Paris Agreement on Climate Change have added impetus to the necessity for pragmatic approaches in boosting the climate change adaptation (CCA), in order to increase measures and actions towards strengthening climate resilience
[15, 16]. The evolving know-how of experts from European financing institutions and the European Commission (EC) offers
insights into how these climate issues can be best integrated into projects’ development and implementation [17]. The CESMED project is a clear manifestation of such development that is aiming to assist governorates in developing sustainable
energy action plans (SEAPs) (SECAPs) and adapting to CC risks [13]. Within this framework, the “Integrating Climate
Change Information and Adaptation in Project Development: Emerging Experience from Practitioners” has been developed
to provide assistance to aid practitioners assess climate change risks and vulnerabilities and integrate adaptation measures
into project planning, design, and implementation [18, 19].
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Objective

The objective of this work focuses on the strategic renewable energy and climate action plans with emphasis on two seaside
cities in Egypt where the SEAPs and SECAPs were conducted, applied, and implemented based on each city’s strategy in
2030, and its clean energy capacity. The SECAPs for both the city of Hurghada and the city of Luxor were developed as part
of the CES-MED project, funded by the European Union between 2011 and 2018. In this paper, the SECAP for the city of
Hurghada is highlighted and discussed.

3

Methodology

The SECAP is considered as a strategic manifesto and an operational tool [12, 13]. It defines a global framework, with quantifiable objectives to be reached by 2030, based on the emissions’ reference inventory (baseline emission inventory (BEI))
and the detailed assessment of energy consumption [12, 20–23]. Diagnostic studies were carried out to identify the gap in
each city in terms of climate change and renewable energy. In this paper, the focus is given to SECAP of the city of Hurghada,
prior to providing a detailed account of the concrete measures undertaken to reduce GHG emissions and promote the development of sustainable energy. The national and regional strategies on climate change adaptation (CCA), the renewable
energy capacity, and future needs were assessed to draw the gap at the local government level. In terms of vulnerability,
climate change risks (CCRs) by sectors have been assessed and presented. To conduct the SEACP, it was vital to understand
and address the four main issues, respectively, to achieve the set mission (Fig. 1).

3.1

The Steps of the Sustainable Energy and Climate Action Plan (SECAP)

The SECAP for the city of Hurghada encompasses five main phases. Figure 2 illustrates these five phases, including the
SECAP report, CCA and analysis, and priority action plans [12, 14, 21].

3.2

National and Regional Strategies on Climate Change Adaptation

To craft and develop the sustainable energy and Climate Action Plan – SECAP for the city of Hurghada, it was imperative to
get a solid and comprehensive understanding of the national and regional strategies on climate change adaptation (CCA) as
well as sectoral policies. Figures 3 and 4 illustrate the regional CCA strategies and sectoral policies in brief. Nevertheless,
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Fig. 1 Main sections of the SECAP methodology
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Fig. 2 Steps for sustainable energy and climate action plans. (Source: http://publications.jrc.ec.europa.eu/repository/handle/JRC93697)
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Fig.3 Nationalstrategiesonclimatechangeadaptation,Egypt.(Source:http://www.ces-med.eu/publications/egypt-municipality-hurghada-sustainable-energy-
and-climate-action-plan-secap/)
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Fig. 4 National sectoral policies on climate change adaptation – CCA. (Source: http://www.ces-med.eu/publications/
egypt-municipality-hurghada-sustainable-energy-and-climate-action-plan-secap)

since the completion of the CES-MED project, more strategies on CCA have been developed and executed [24–26]. The
most recent CCA strategies were developed and implemented in March 2020, during and after the devastating severe storm
that hit Egypt between 9 and 12 March 2020 [27].

3.3

The Case Study and Considered Scope

In developing the SEACP, it was importantly needed to determine the administrative areas of the city of Hurghada, where the
SECAP and its sections will be implemented. Thus, the following areas are presented below after consultation with the senior
officials of the Governorate of Red Sea. Figure 5 presents the administrative areas of the City of Hurghada for climate risks’
assessment, climate adaptation action (CAA), and vulnerability analysis.

4

Sustainable Energy and Climate Objectives: City of Hurghada

Keeping in mind its specific values and the local context, the City of Hurghada develops a strategy consistent with Egypt’s
Vision 2030, energy strategy 2035, and the Sustainable Development Strategy – SDS 2030 [28–31]. This strategy is structured around two levels, as shown in Fig. 6. In 2019, the Governorate of Red Sea, nonetheless, reported that three green
buildings were developed in the city of Hurghada, where green roofs were implemented, and renewable energy was integrated [32]. However; the SECAP study indicated that more measures were to be taken for climate change adaption (CCA)
[20, 21].
The city of Hurghada plan encompasses short- and medium- to long-term strategic objectives:
Short-term objectives in 2020:
–– Reduce energy consumption across the board by around 10 per cent to 15 per cent
–– Mitigate GHG emissions by 10 per cent in 2020, compared to the business as usual (BaU) scenario of the 2015 baseline [21]
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Fig. 5 The administrative areas of the City of Hurghada for climate adaptation and vulnerability analysis. (Image source: https://satellites.pro/
Hurghada_map.Egypt)

Fig. 6 Actions taken by the City of Hurghada (municipality) to reduce energy use in all sectors. (Image source: https://www.egypttoday.com/
A r t i c l e / 1 / 5 2 7 6 9 / I n -p i c s -E g y p t % E 2 % 8 0 % 9 9 s rooftops-going-green)

Medium-term and long-term objectives in 2030:
–– Boost efforts to reduce energy consumption and improve efficiency, resulting in a continuous trend of improvement in
energy intensity (energy consumption compared to the gross domestic product (GDP)).
–– Continue reducing the GHG emission with the objective of reaching at least a reduction of 27 per cent by 2030 and if
possible, going to a 30 per cent reduction, compared to the BaU scenario. Such an effort will place the city of Hurghada
in the appropriate trajectory to match the collective target agreed at COP 21 end of 2015 and that of Paris Agreement.
–– Improve the quality of life in Hurghada and optimise service delivery to inhabitants and all stakeholders in order to speed
up the energy transition towards sustainable development,
–– Develop renewable energy production capacities in and around the city as well as in the southern region of the Governorate,
as presented in Fig. 7 [21].
Prior to the climate adaptation actions (CAAs), it was necessary to calculate the baseline emission inventory (BEI), which
is part of the preparation for SECAP of the city of Hurghada. The BEI is based on the calculation of greenhouse gas emissions (not a measure) and covers eight sectors: (a) residential buildings; (b) tertiary buildings and public lighting; (c) industry; (d) transport; (e) waste and water management; (f) agriculture (crops, animal production, and fishing); (g) tourism; and
(h) renewable energy [20, 21]. The scope and methodological principles of the GHG emissions are based on the data collection and BaU scenario forecasts for the city can be found in the CES-MED publications of the SECAP documents [20, 21].
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Targets (2016-2022)

Increase the
installed capacity
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13.03 MWp
to generate
electricity from
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sources, including:

Upgrade the
5 MWp solar
power plant in
Marsa Alam to
10 MW

Raise the 5
MWp solar
power plant in
Al-Shalateen
to reach
20 MW

Upgrade the
1 MWp solar
Power plant in
Halayeb to
5 MW

Expand the public
street lighting from
27 kWp from solar
energy stretching
along 3.00 km and
using LED lamps
to 100 kWp

Advance the 2
MWp solar
power plant in
Abou Ramad to
5 MWp

Raise Solar
power supply of
electricity for
local residents’
in Arab Saleh
(south region)
by 50 % from
250 to 500
kWp

Fig. 7 Anticipated renewable energy needed capacities in the city of Hurghada and south Region of the Governorate of Red Sea. (Source:
Developed by authors based on official meetings with Hurghada’s municipality senior staff)

5
5.1

SECAP Development: Case Study
Adaptation Cycle-Specific Steps (ACSS)

It is imperative to develop the adaptation scoreboard of the Adaptation Cycle-Specific Steps for the city of Hurghada. This
scoreboard was based on the European Commission Joint Research Centre (EC-JRC) guidelines that include six steps utilised to assess the city’s climate actions [33, 34].

5.2

Risk Assessment and Vulnerability Analysis

The risk assessment and vulnerability analysis, which are based on the Future Cities Adaptation Compass Tool (FCACT)
[35, 36], Governors’ (Mayors) Adapt [37], and European Climate Adaptation Platform (ECAP) [38, 39], were conducted
using a set of parameters and interviews with local government officials.

5.3

Climate Adaptation

In SECAP planning, a whole study and methodology of climate adaptation action (CAA) of the city of Hurghada was conducted based on the city’s vulnerability to CC, climate risk assessment, and CAA adopted. The structure of this section has
been developed based on the extensive literature review. Also, introduction to CC impacts, particularly in Mediterranean
countries with emphasis on Egypt, mainly urban areas, costal zones, agriculture, water and ecosystems, health, and tourism is
presented in [21]. This section focuses on the climate overview in Hurghada; highlighting climate trends [21]. The adopted
national and regional strategies on CCA are followed by a subsection dedicated to climate data and projections feeding in
estimations of the climate change impacts in the future presented in the SECAP documents [21]. The following section
addresses the adaptation scoreboard, including a self-assessment from the Governorate of Red Sea against the standard adaptation scoreboard in the SECAP. The CCRs by sectors in the city of Hurghada and the Governorate’s score in the adaptation
cycle-specific steps are highlighted. The risk analysis, vulnerability assessment, and risks’ assessment template are based on
the Future Cities Adaptation Compass tool. They also depict the national CCA, and mitigation measures, including the climate
change action plan (CCAP), and adopted measures within the framework of the INDCs (Intended Nationally Determined
Contributions) based on adaptation challenges in the studied four sectors. Furthermore, this section sheds lights on the national
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adaptation action plan, mainly in coastal zones, water resources, irrigation as well as agricultural, health, tourism, building,
and energy sectors. Finally, it highlights the adaptation actions in the city of Hurghada in terms of strategic actions [20, 21].
In this study, the ranking of climate change vulnerabilities (CCVs) in Egypt, based on that of the OECD, was exploited to
identify the risk in terms of three criteria: (a) certainty of impact; (b) severity of impact; and (c) the importance of resources
[21]. These factors were applied to the city’s resources and risk ranking, including: costal, water, agriculture, and energy
resources. The assessment was set on five sets of ranking scale (High, High-medium, Medium, Medium-low, and Low).
Table 1 shows the results of CCV in Egypt.
For the climate change risk (CCR) by sectors in the city, a set of indicators (High exposure, Exposed, and Low exposure)
were developed. The climate change risks by six sectors (agriculture and food security; water stress and drought; ecosystems;
tourism; urban; and health) was mapped against vulnerability. Table 3 (Appendix 1) presents the vulnerability of city sectors by CCR.
Table 1 Ranking of climate change vulnerabilities in Egypt (OECD)
Resources/
risk ranking
Coastal resources
Water resources

Agriculture

Energy resources

Risk
SLR (sea level rise)
Coastal erosion and soil salinisation
Decreased Nile flow
Low precipitation / salt water intrusion / decreased Nile flow
Low precipitation
Salt water intrusion
SLR
Soil salinisation
High temperature
High temperature
Decreased Nile flow

Certainty of impact
High-medium

Severity of impact
High

Importance of
resources
High

Medium

High

High

Medium-low

Medium-low

High-medium

Medium-low

Medium-low

Medium-low

Table 2 Governorate’s (Municipality’s) score in the adaptation cycle-specific steps (SECAP template and JRC guidelines) – City of Hurghada,
Governorate of Red Sea
Adaptation cycle steps
Actions
Step 1:
Adaptation commitments defined/integrated into the local climate policy
Preparing the ground for adaptation Human, technical, and financial resources identified
Adaptation team (officer) appointed within the municipal administration and clear
responsibilities assigned
Horizontal (e.g. across departments) coordination mechanisms in place
Vertical (e.g. across governance levels) coordination mechanisms in place
Consultative and participatory mechanisms set up, fostering the multistakeholder engagement
in the adaptation process
Continuous communication process in place
Mapping of the possible methods and data sources for carrying out a risk and vulnerability
Step 2:
Assessing risks and vulnerabilities assessment
to climate change
Assessment of climate risks and vulnerabilities undertaken
Possible sectors of actions identified and prioritised
Available knowledge periodically reviewed and new findings integrated
Full portfolio of adaptation actions compiled, documented, and assessed
Steps 3 and 4:
Identifying, assessing, and
Possibilities of mainstreaming adaptation in existing policies and plans assessed, possible
selecting adaptation options
synergies and conflicts identified
Adaptation actions developed and adopted
Step 5: Implementation
Implementation framework set up with a clear milestones
Adaptation actions implemented and mainstreamed as defined in the SECAP document*
Coordinated actions between adaptation and mitigation set of measures
Step 6:
Monitoring framework in place for adaptation actions
Monitoring and evaluation
Appropriate monitoring and evaluation indicators identified
Regular monitoring of the progress and reporting to the relevant decision-makers
Adaptation strategy and/or action plan updated, revised, and readjusted according to the
findings of the monitoring and evaluation procedure

Grades
(A–D)
A
B
D
A
A–B
B
A
A
D
C
B
D
B
C–B
C
N/A
C
C–D
C–B
A
D
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Table 3 Climate change risks by sectors – City of Hurghada, Governorate of Red Sea
Climate change risks by sectors
Agriculture and food security
Global and regional studies indicate generally deficits and decline in crops’ yields for wheat, rice, and maize.

Vulnerability

National-scale studies agree with each other that crop yields in Egypt could decline with climate change impacts.
Increasing pressures on food security as a result of climate change.
Water stress and drought
Water stress could increase with climate change.
Mean precipitation patterns could decrease with climate change.
Groundwater could experience increase of salinity due to SLR or droughts.
Ecosystems
Coral reefs’ growth suffered from underwater activities – a decline in growth by 40% during 1987–2000. A drastic decline of
~49% and 45% between 2000 and 2013, respectively. Also, coral reef bleaching in the sea areas will increase 80% by 2060.
Water acidification, which affects and treats mangroves in sea biodiversity, could include over 1000 species.
Tourism
Heat waves will affect attractiveness and tourism movement in Egypt.
Loss in beaches’ tourism due to coral reefs’ bleaching in the Red Sea area.
Urban
Increases thermal discomfort and heat strokes, particularly in urban areas due to high temperatures and pollutions.
Infrastructure failure due to storms and resulted floods.
Air quality in cities decreases due to climate change.
Health
Higher temperatures, water stress, and malnutrition increase rift valley fever, avian influenza, and diarrhoea.
Dust and sand storms affect patients with respiratory history and problems.
Heat waves and higher temperatures increase cases of heat strokes and death in elderly citizens.

Not applicable
Low exposure

5.4

Not applicable

Exposed
Exposed
Low exposure
Exposed
Exposed
Exposed
Exposed
Exposed
Exposed
Exposed
Exposed
Exposed
Exposed

Adaptation Scoreboard

The adaptation scoreboard is part of the SECAP developed by the Joint Research Center (JRC) of the European Commission
[13, 23]. The city of Hurghada has realised a self-assessment of its adaptation status, setting a grade from A to D, in line with
its progress regarding the Adaptation Cycle Steps, based on meetings and interviews with the Coordinator of Planning
Department, Governorate of Red Sea (July and August 2017). More specifically:
•
•
•
•

“A”, corresponds to completion level of 75–100%
“B”, corresponds to completion level of 50–75%
“C”, corresponds to completion level of 25–50%
“D”, corresponds to completion level of 0–25%

The city of Hurghada (Municipality) has developed a score based on grades ranging from A to D, according to the above
four grades to each one of the adaptation cycle-specific steps, as presented in the following Table 2. Nonetheless, in the age
of coronavirus (COVID-19), there are parameters in some sectors that might be reviewed, such as urban sector (air quality
in cities decreases due to CC), as well as health sector (dust and sand storms affect patients with respiratory problems). Since
the social distancing and confinement measures reduced air pollution in most of the cities globally, that may help the patients
with respiratory problems [40, 41]. However, this may all be temporarily depending on governments’ policies, regulations,
and measures developed/or to be developed during and post COVID-19.

6
6.1

Mapping Climate Change Risks by Sectors Against Vulnerability
Risk Assessment and Vulnerability Analysis

In order to conduct a risk assessment and vulnerability analysis, as a first step, the climate hazard types should be identified.
These hazard types in general for the Maghreb and Mashreq countries, in particular including Egypt, are presented in Table 4
(Appendix 1). The Governorate of Red Sea (municipality) was called in to assess the impact that each climate hazard type
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Table 4 Climate hazard types
General climate hazard
types
Extreme heat
Extreme cold
Landslides
Stormsa
Droughts
Sea level riseb
Floods
Extreme precipitation
Forest fires
Ice and snow
a

Applicable for Maghreb and Mashreq regions, Governorate of the Red
Sea, Egypt
√

√
√
√
√

Took place in Cairo, Egypt in December 2013 after 112 years and in
Alexandria in 2015 and 2016

Took place in the Governorate of the Red Sea, mainly in Ras Ghareb in October 2016
The Red Sea has very little waves and SLR is not comparable to that of Mediterranean

b

has on a series of vulnerable/impacted sectors, such as: (a) population (public health), (b) infrastructure (transport, energy,
water, and social), (c) built environment (building stock and materials), (d) economy (tourist and agriculture), and (e) biodiversity (coastal zone ecosystems and green zones/forests).
These sectors have been identified as the most relevant for the Maghreb/Mashreq region, utilising information from the
Future Cities Adaptation Compass Tool, Governors’ (Mayors) Adapt, as well as the European Climate Adaptation Platform
website and Covenant of Mayors’ (CoM’s) recommendations for the SECAPs [35–39]. Table 5 in Appendix 2 presents the
results of the risk assessment analysis which were used to conduct the vulnerability analysis formulated by the City of
Hurghada (municipality).
This exercise is based on sources such as the Future Cities Adaptation Compass Tool [35] and the United Nations
Framework Convention on Climate Change (UNFCCC). Hence, the vulnerability analysis was carried out. In order to elaborate on the risk assessment, all date and information in Tables 4 and 5 were developed and realised based on six meetings’
interviews with the Coordinator of Governorate of Red Sea. The impact of each risk is identified in the scale of High/
Medium/Low; where specific climate projections are available, a risk analysis combining probability and impact was realised;
additional information can be found in [21]. This is given in Table 5 (Appendix 2).

7

Results and Discussions

The ranking of CC vulnerabilities in Egypt was measured by five indicators (Low, Medium-low, Medium, Medium-high, and
High). It is clear from Table 1 that the ranking of CC vulnerabilities indicates that the coastal resources, in terms of certainty
of impact, severity of impact, and importance of resources, are High-medium and High. For water resources, these are
medium and high for the three criteria. Regarding agriculture and energy resources, these are Medium-low, except for the
importance of resources; it is High-medium for energy resources. It can be deduced from Table 3 that for the CCRs of the
city of Hurghada in terms of Vulnerability; Ecosystems, Tourism, Urban, and Health sectors are exposed to CCR but agriculture and food security, and water stress are at low exposure to exposed. The adaptation actions by sectors, energy supply and
renewable energy development, and project’s fiche can be found in the SECAP document, pages 106–109 and 160–170 [21].

8

Conclusions

The SECAP for the City of Hurghada, Governorate of Red Sea was developed as part of the CES-MED project, funded by
the European Union. The CES-MED project provided policy design support for the Municipality and the City of Hurghada
in developing the SECAP, which has been pursued and coordinated with the National Committee of the Ministry of Foreign
Affairs (National Focal Point) in collaboration with the Ministry of Local Development and in close coordination with the
Governorate of Red Sea. The SECAP structure has been crafted, including four sections: (i) Governorate Climate and Energy

Transport

Population

Infrastructure

Water

Energy

Receptors
Public health

Droughts

Floods
Extreme heat

Storms

Sea level rise (Significantly fewer waves due to coral reef)

Droughts

Extreme heat

Floods

Droughts
Sea level rise (Significantly fewer waves due to coral reef)
Storms

Extreme heat

Floods

Storms

Sea level rise (significantly fewer waves due to coral reef)

Droughts

Weather sensitivity
Extreme heat

Table 5 Risk assessment of the city of Hurghada
Future risk
Increased number of deaths
Reinforcement of heat stress
Increased infectious diseases
Altered allergic patterns
Increased allergic incidents
Decreased air quality
More respiratory problems
Increased incidents of asthma and pneumonia
Increased waterborne diseases
Limitations to the healthcare access
Limitations to the healthcare access
Increased numbers of injuries and deaths
Limitations to the healthcare access
Increased numbers of injuries and deaths
Damages on roads
Modification of transport frequency and means
Air quality problems
Higher maintenance costs
Difficult transport of bulk material
Damages
Damages
Mobility problems
Damages
Mobility problems
Blackouts and inability to cover demand load
Damages, especially in the thermal power plants
Blackouts and inability to cover demand load
Higher maintenance costs
Cooling problems in power plants
Damages
Shutdown of power plants near rivers, etc.
Operational difficulties
Higher maintenance cost
Damages/failures in the production facilities and
distribution grid/power cuts
Damages/power cuts
Water scarcity (desalinated water)
Water quality issues (bottled water)
Water scarcity (desalinated water)
Medium
Low
Low
N/A

Impact/
risk
Low
Medium
Low
Low
Low
Low
Medium
Low
Low
Low
Low
Low
N/A
N/A
Low
Low
Low
Low
Low
N/A
Low
Low
Low
Low
N/A
N/A
N/A
N/A
N/A
Low
Low
Low
Low
Low

(continued)

N/A

Medium
Low

Low

Low

N/A

N/A

Low

Low
N/A
Low

Low

N/A

Low

Low

Low-medium

Impact
Low-medium
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Built environment Buildings’
stock and
materials

Social

Receptors

Table 5 (continued)

Floods

Storms

Droughts
Sea level rise (Significantly fewer waves due to coral reef)

Extreme heat

Floods

Storms

Sea level rise (Significantly fewer waves due to coral reef)

Extreme heat
Droughts

Floods

Storms

Sea level rise (Significantly fewer waves due to coral reef)

Weather sensitivity

Future risk
Water quality issues (desalinated water)
Increased underground water salinity
Water management issues
Damages
Water quality issues
Higher maintenance costs
Increased damages and related maintenance costs
Water management issues
Increased damages and related maintenance costs
Water management issues
Water quality issues
Increased need for air-conditioned public spaces
Increased numbers of people presenting respiratory
problems and burdening the healthcare facilities
Inability to cover the water demand
Difficulties in the operation of certain facilities due to
lack of water (e.g. swimming pools)
Potential damages in the coastal area facilities
Loss of coastal public spaces (beaches)
Damages
Increased maintenance costs
Damages
Increased maintenance costs
Flooding at the city level of the afflicted public building
infrastructure (schools, hospitals, etc.) – Difficulties in
providing the envisaged services
Concrete’s damages
Increased cooling demands
Higher maintenance costs
Urban heat island effect
Higher water demand
Sinkholes collapse
Extensive damages/loss of property
Impact on coastal zone economy
Damages
Increased maintenance costs
Damages
Increased maintenance costs
High
High
High
High
Medium
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low

Low
Low

Impact/
risk
N/A
Low
Low
Low
Low
Low
Low
Medium
Low
Low
Low
Medium
Low

Low

Low

Medium
Low

High

Low
Low

Low

Low

Medium
Low

Low

Medium

Low

Impact
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Biodiversity

Economy

Green zones/
forests

Coastal zone
eco-systems

Agriculture

Receptors
Tourism

Storms
Floods

Storms
Floods
Extreme heat
Droughts
Sea level rise (Very less waves due to coral reef)

Extreme heat
Droughts
Sea level rise (Significantly fewer waves due to coral reef)

Floods

Storms

Sea level rise (Significantly fewer waves due to coral reef)

Droughts

Extreme heat

Storms
Floods

Sea level rise (Significantly fewer waves due to coral reef)

Droughts

Weather sensitivity
Extreme heat

Future risk
Change of the tourism season – lower touristic flows
Reduction of the tourism-related economy
Increased water supply costs
Potential increase of indirect costs for the tourists
(infrastructure related) and reduction of touristic flows
Damages and even complete destruction of touristic
infrastructure, nearby coastal areas and deltas
Damages to touristic facilities
Damages to touristic facilities
Potential effects on the touristic flows, in areas with
flooding history
Changes in growth cycle
Damages/loss of harvest
Livestock loss and impacts on health
Lower crop yields
Increased fire risks
Damages/loss of harvest
Lower crop yields
Livestock loss and impacts on health
Land degradation
Increased fire risks
Damages/loss of harvest in areas near delta, sea etc.
Increased water salinity will result in existing crops’
long-term destruction
Damages/loss of harvest in afflicted areas
Surface soil erosion
Damages/loss of harvest in afflicted areas
Livestock loss
Surface soil erosion
Loss of specific species (fish, etc.)
Increase of coastal water salinity
Loss of specific species (fish, etc.)
Soil erosion
Water salinisation
Soil erosion
Soil erosion
Fires and destruction of the ecosystem, flora and fauna
Fires and destruction of the ecosystem, flora and fauna
Increase of underground water salinity and destruction of
the ecosystem
Destruction of trees and other damages
Destruction of trees and other damages
N/A
N/A

N/A
N/A
N/A
N/A
N/A
Medium
Low
Medium
Medium
Medium
Medium
Medium
N/A
N/A
Low

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Medium
Medium
Medium

Medium

Impact/
risk
Medium
Medium
Low
Low

N/A
N/A

Medium
Medium
N/A
N/A
Low

Medium
Low
Medium

N/A

N/A

N/A
N/A

N/A

N/A

Medium
Medium

Medium

Low

Impact
Medium
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Strategy [21]; (ii) BEI [20, 21]; (iii) Actions Planned Section [20, 21]; and (iv) Climate Adaptation. However, the CCA suggested that more actions are needed, especially in the time of COVID-19.
Acknowledgments Authors would like to thank the European Union; ENPI-South, EuropeAid/132360/C/SER/Multi; Contract No.: ENPI
2012/309-311 for funding the CES-MED Project. We also thank the Directorate-General for Neighbourhood and Enlargement Negotiations
(DG-NEAR) for supervising this project and to CES-MED Team Leader, Transitions and Energies Demain teams for developing the SECAP with
me and for their hard work, support, and cooperation throughout of this ongoing project. We express our sincere thanks to H.E. General Ahmed
Abdullah, former Governor of Red Sea and General Abdelfattah Tamam, Secretary General – Governorate of Red Sea, and Dr. Mohamed Badr,
former Governor of Luxor for their support and cooperation. Thanks go to Eng. Ayman Sultan Planning Department – Governorate of Red Sea and
Dr. Ramdan Seddik, Director of Environmental Affairs – Governorate of Luxor for their assistance and collaboration in project. We are thankful
to Ambassador Abu Bakr Hefny Mahmoud and Ambassador Adel Ibrahim, former Deputy Assistant Minister for EU Affairs and Counsellor
Mohamed El-gammal, Ministry of Foreign Affairs – Egypt for their endless support and follow-up during the period from May 2016 to April 2018.
Last but not least, we are grateful to Dr. Ahmed Azzam for facilitating the CES-MED project (2015–2018).

Appendices
Appendix 1

Appendix 2

References
1. The United Nations: Sustainable Development Goals (2020) Climate change knows no national borders, UN Chief says. [Online], available at:
https://www.un.org/sustainabledevelopment/blog/2015/11/climate-change-knows-no-national-borders-un-chief-says/. Accessed 12 Sept 2020
2. ACTIONAID (2016.) Climate change knows no borders – an analysis of climate-induced migration, protection gaps and the need for solidarity
in South Asia, Report, 8 December 2016, [Online], available at: https://actionaid.org/publications/2016/climate-change-knows-no-borders/.
Accessed 12 Sept 2020
3. Mohsen M. Aboulnaga, Amr F. Elwan, and Mohamed R. Elsharouny (2019) Urban climate change adaptation in developing countries –
policies, projects, and scenarios, Ch.2, doi https://doi.org/10.1007/978-3-030-05405, ISBN 9783030054052 [Online], Springer. Available at:
https://rd.springer.com/book/10.1007/978-3-030-05405-2#siteedition-corporate-link/. Accessed 28 Jan 2019
4. Nicholls RJ, et al. (2007) Ranking of the world’s cities most exposed to costal flooding today and in the future, OECD, [Online], available at:
https://www.oecd.org/environment/climte-change-risks/. Accessed 12 Sept 2020
5. CDP (2020) Cities at risk: dealing with the pressures of climate change, [Online], available at: https://www.cdp.net/en/research/global-reports/
cities-at-risk/. Accessed 12 Sept 2020
6. Chapman, S., et al., (2017). The impact of urbanization and climate change on urban temperature: a systematic review. Landscape Ecol,
Aug 2017, Springer Sciences & Business Media B.V. 2017, [Online], available at: https://doi.org/10.1007/s10980-017-0561-4/. Accessed 12
Sept 2020
7. Tahir AA, et al. (2014) Impact of rapid urbanization on microclimate of urban areas of Pakistan. Air Quality Atmosphere & Health 8(3), July
2014, [Online], available at: https://doi.org/10.1007/s11869-014-0288-1/. Accessed 12 Sept 2020
8. Paranunzio R, et al. (2019). Evaluating the effects of urbanization evolution on air temperature trends using nightlight satellite data, Atmosphere
10, 117; doi: https://doi.org/10.3390/atmos10030117, MDPI, [Online], available at: https://www.mdpi.com/journal/atmosphere/. Accessed 12
Sept 2020
9. Revi A, Satterthwaite DE, Aragón-Durand F, Corfee-Morlot J, Kiunsi RBR, Pelling M, Roberts DC, Solecki W (2014) Urban areas. In: Field
CB, Barros VR, Dokken DJ, Mach KJ, Mastrandrea MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, Genova RC, Girma B, Kissel ES, Levy
AN, MacCracken S, Mastrandrea PR, White LL (eds) Climate change 2014: impacts, adaptation, and vulnerability. Part A: global and sectoral aspects. Contribution of working group II to the fifth assessment report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge and New York, pp 535–612.10. Available at: https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-Chap8_
FINAL.pdf. Accessed 12 Sept 2020
10. Rosenzweig C, Solecki W, Romero-Lankao P, Mehrotra S, Dhakal S, Bowman T, Ibrahim SA (2015) ARC3.2 summary for city leaders. Urban
Climate Change Research Network, Columbia University, New York. [Online], available at: https://pubs.giss.nasa.gov/docs/2015/2015_
Rosenzweig_ro02510w.pdf. Accessed: September 10, 2020

Climate Change Adaptation: Renewable Energy and Climate Actions in Cities to Mitigate Climate Change and Enhance…

381

11. Resilience to Climate change (2019) Global economy will be 3 percent smaller by 2050 due to lack of climate resilience. The Economist
Intelligence Unit [Online], available at: https://www.eiu.com/n/globale- economy-will-be-3-percent-smaller-by-2050-due-to-lack-of-climate-
resilience/. Accessed 21 Nov 2019
12. The Cleaner Energy Saving Mediterranean cities, CES-MED, [Online], available at: https://www.ces-med.eu/. Accessed 4 Apr 2018
13. Integrating climate change adaptation into project development: emerging experience. Available at: http://www.afd.fr/lang/en/home/projets_
afd/changement_climatique/. Accessed 15.08.2016
14. Guidebook – ‘How to Develop a Sustainable Energy Action Plan (SEAP) in South Mediterranean Cities’, 2014. European Commission, EUR
27016 EN – Joint Research Centre – Institute for Energy and Transport, ISBN 978-92-79-44693-1; Doi: https://doi.org/10.2790/392701,
[Online], Available at: http://publications.jrc.ec.europa.eu/repository/handle/JRC93697/. Accessed 1 Apr 2019
15. The United Nations: Climate Change (2020) What is the Paris Agreement? Art.7, [Online], available at: https://unfccc.int/process-and-
meetings/the-paris-agreement/what-is-the-paris-agreement/. Accessed 13 Sept 2020
16. The United Nations: Climate Change, (2020). What do adaptation to climate change and climate resilience mean? Framework Convention on
Climate Change, UNFCCC, [Online], available at: https://unfccc.int/topics/adapatation-and-resilience/the-big-picture/what-do-adaptation-to-
climate-change-and-climate-resilience-mean/. Accessed 13 Sept 2020
17. European Commission EC (2018), Europe is ready for climate impacts: Commission evaluates its strategy, [Online], available at: https://
ec.europa.eu/clima/news/europe-ready-climate-impacts-commission-evaluates-its-strategy_en/. Accessed 13 Sept 2020
18. The Cleaner Energy Saving Mediterranean cities, CES-MED [Online], available at: https://www.ces-med.eu/. Accessed 4 Apr 2018
19. Aboulnaga, M. 2016. Recommended national sustainable urban and energy savings actions for Egypt, cleaner energy saving mediterranean cities (CES-MED), ENPI 2012/309-311, EU funded project, EuropeAid/ 132630 /C/ SER/Multi, Hulla & Co. Human Dynamics – KG, October
10, 2016, Available at: http://ces-med.eu/. Accessed 27 Feb 2019
20. Aboulnaga M, Amin N, Rebelle B (2020) Climate adaptation action: the role of clean energy and strategic action plans of south Mediterranean
cities. In: Sayigh A (ed) Green buildings and renewable energy – innovative renewable energy. Springer, Cham, pp 11–33. Available at: https://
doi.org/10.1007/978-3-030-30841-4_2/. Accessed 13 Sept 2020
21. Sustainable energy & climate adaptation plan (SECAP), City of Hurghada, Governorate of the Red Sea – Egypt, cleaner energy saving
and Mediterranean cities CES-MED, [Online], available at: http://www.ces-med.eu/publications/egypt-municipality-hurghada-sustainable-
energy-and-climate-action-plan-secap/. Accessed 22 July 2020
22. Sustainable energy & climate adaptation plan (SECAP), City of Luxor, Governorate of Luxor – Egypt, cleaner energy saving and Mediterranean
cities CES-MED, [Online], available at http://www.ces-med.eu/publications/egypt-municipality-luxor-sustainable-energy-and-climate-action-
plan-secap/. Accessed 22 July 2020
23. Bertoldi P, Cayuela DB, Monni S, de Raveschoot RP (2010) JRC scientific and technical report: existing methodologies and tools for the
development and implementation of sustainable energy action plans (SEAP), Italy, [Online], available at: https://publications.jrc.ec.europa.eu/
repository/bitstream/JRC56513/reqno_jrc56513_existing_methodologies_and_tools_for_the_development_and_implementation_of_sustainable_energy_action.pdf/. Accessed 15 Oct 2016
24. Egypt’s national strategy for adaptation to climate change and disaster risk reduction (NSACCDRR), 2011. Available at: http://cairoclimatetalks.net/sites/default/files/Adaptation%20Strategy%20-%20Final%20-%20E.pdf/. Accessed 24 Aug 2016
25. EgyptToday (2109) Egypt, UK tackle resilience, adaptation at UN climate change summit, [Online], available at: https://www.egypttoday.com/
Article/1/75087/Egypt-UK-tackle-resilience-adaptation-at-UN-climate-change-summit/. Accessed 13 Sept 2020
26. The United Nations Development Programme - UNDP (2019). INDC Project Actions and Impacts: Egypt (2019), [Online], available at:
https://www.ndcs.undp.org/content/ndc-support-programme/en/home/impact-and-learning/library/indc-project-actions-and-impacts-egypt.
html/. Accessed 13 Sept 2020
27. Baldi M, et al. (2020) Climatology and dynamical evolution of extreme rainfall events in the Sinai Peninsula – Egypt. Sustainability 2020,
12, 6186; doi.org/10.3390/su12156186/ [Online], available at: https://www.mdpi.com/journal/sustainability/12-06186-1/pdf/. Accessed 13
Sept 2020
28. Egypt’s Vision and SDS 2030 (2016), [Online], available at: https://arabdevelopmentportal.com/sites/default/files/publication/sds_egypt_
vision_2030.pdf/. Accessed 20 Mar 2019
29. Sustainable Development Goals Knowledge Platform - Egypt, United Nations (2020). Voluntary national review 2018: key massage of Egypt
VNR 2018, [Online], available at: https://sustainabledevelopment.un.org/memberstates/egypt/. Accessed 13 Sept 2020
30. Ministry of Planning, Monitory, and Administrative Reforms (2018) Egypt’s voluntary national review 2018, [Online], available at: https://
sustainabledevelopment.un.org/content/documents/27736Egypt_VNR_Presentation_Script.pdf. Accessed 13 Sept 2020
31. State Information Service (2020).Egypt to update 2030 vision amid coronavirus crisis, 2 June 2020, [Online], available at: https://www.sis.gov.
eg/Story/147408/Egypt-to-update-2030-Vision-amid-Coronavirus-crisis?lang=en-us/. Accessed 14 Sept 2020
32. Egypt Today (2019). [Online], available at: https://www.egypttoday.com/Article/1/52769/In-pics-Egypt%E2%80%99s-rooftops-going-green/.
Accessed 8 Sept 2020
33. European Commission (2020) Adaptation preparedness scoreboard: country fiche for The Netherlands. [Online], available at: https://ec.europa.
eu/clima/sites/clima/files/adaptation/what/docs/country_fiche_nl_en.pdf. Accessed 14 Sept 2020
34. Shakou LM, Wybo JL, Reniers G, Boustras G (2019) Developing an innovative framework for enhancing the resilience of critical infrastructure to climate change. Saf Sci 118:364–378. [Online], available at: https://doi.org/10.1016/j.ssci.2019.05.019/. Accessed 14 Sept 2020
35. Future Cities Urban Networks to face climate change (2016) The future cities adaptation compass: a guidance tool for developing climateproof city Regions, [Online], available at: http://www.future-cities.eu/fileadmin/user_upload/pdf/FUTURE-CITIES_Adaptation-Compass_
Guidance.pdf. Accessed 14 Sept 2020
36. Solecki W, Seto KC, Balk D, Bigio A, Boone CG, Creutzig F, Zwickel T (2015) A conceptual framework for an urban areas typology to integrate climate change mitigation and adaptation. Urban Clim 14:116–137. [Online], available at: https://doi.org/10.1016/j.uclim.2015.07.001/.
Accessed 14 Sept 2020
37. Covenant of Mayors - COM, [Online], available at: https://www.covenantofmayors.eu/en/. Accessed 5 Oct 2016
38. European Commission - Climate Adapt (2020) [Online], available at: https://climat-adapt-eea.europa.eu/about/. Accessed 14 Sept 2020

382

M. Aboulnaga et al.

39. Wrobel M, Bisaro A, Reusser D, Kropp JP (2013) Novel approaches for web-based access to climate change adaptation information –
MEDIATION adaptation platform and ci: grasp-2. In: Hřebíček J, Schimak G, Kubásek M, Rizzoli AE (eds) Environmental software systems. Fostering information sharing. ISESS 2013. IFIP advances in information and communication technology, vol 413. Springer, Berlin,
Heidelberg. [Online], available at: https://doi.org/10.1007/978-3-642-41151-9_45/. Accessed 14 Sept 2020
40. Startoulias D et al (2020) Air quality development during the COVID-19 pandemic over a medium-sized urban area in Thailand. Sci Total
Environ 746:141320. https://doi.org/10.1016/j.scitotenv.2020.141320/. Accessed 14 Sept 2020
41. Broomandi P, Karaca F, Nikfal A, Jahanbakhshi A, Tamjidi M, Kim JR (2020) Impact of COVID-19 event on the air quality in Iran. Aerosol
Air Qual Res 20(8):1793–1804

