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Greenhouse gas emissions keep growing. 
Global temperatures keep rising. And our 
planet is fast approaching tipping points 
that will make climate chaos irreversible. 
We are on a highway to climate hell with 
our foot on the accelerator.
– António Guterres, Secretary-General  

of the United Nations

Authors dedicate this book to the world to 
assist governments, local authorities, 
professional architects, urban designers, and 
planners, as well as experts and researchers 
in mitigating global climate change and 
adapting to its severe, destructive, and 
extreme events through the reduction of urban 
heat island (UHI) and heatwaves by 
exploiting and increasing urban green 
coverage and blue and green infrastructures 
in addition to substituting grey infrastructure 
to ultimately achieve livability in urban areas, 
cities, and regions. Such actions contribute to 
attaining the United Nations Agenda 2030 
and the Sustainable Development Goals 
(SDGs), primarily SDG 3 – Good Health  
and Well-being, SDG 11 – Sustainable Cities 
and Communities, SDG 13 – Climate Action, 
and SDG 15 – Life on Land.

Authors
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Preface

The era of global warming has ended; the era of global boiling has arrived.
– António Guterres, United Nations Secretary-General,  

on Thursday, 27 July 2023.

In the past five years, climate change (CC) extreme events globally have exacer-
bated in an unprecedented rate leaving cities and regions worldwide with devastated 
impacts and dangerous destruction, but these are coupled with the deadly pandemic 
COVID-19 that hit the world severely in 2020. Also, the notion for this book 
emerged in 2020 in view of global warming, CC, severe manifestation, and impacts 
worldwide causing enormous risks due to extreme events as well as the global boil-
ing in the third quarter of year 2023.

This book is also a continuation of the previous book Biomimetic Architecture 
and Its Role in Developing Sustainable, Regenerative, and Livable Cities: Global 
Perspectives and Approaches in the Age of COVID-19, which is published by 
Springer in September 2022, https://link.springer.com/book/10.1007/978-3-031- 
08292-4, but is a wider perspective.

With the large impact of human activities on natural resources, which are 
depleted and becoming scarce due to rapid population growth worldwide, especially 
urban population; this would pose huge pressure on cities and local governments to 
cope with such population increase. In this context, the share of the world’s popula-
tion living in cities is projected to increase to reach 80% by 2050, compared to the 
current share of 55% (World Economic Forum – WEF). Such population increase 
would lead to huge energy consumption in cities in addition to more than double 
global material consumption to about 89  billion tonnes (the UN International 
Resource Panel). Another challenge in cities is the rise of air pollution due to human 
activities, mainly from vehicular transportation, which elevates pollution and dete-
riorates air quality that impacts health and well-being in urban areas. An additional 
challenge is the urban heat islands (UHIs) in cities, which affect inhabitants severely 
in terms of heat stress, morbidity and mortality rate (World Health Organization – 
WHO), specifically with less public green spaces and urban greening to reduce 
urban heat islands effect (UHIE). In this context, nearly all of the world’s population 
(99%) breathe air that surpasses the WHO guideline thresholds and holds high 
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levels of pollutants, with low- and middle-income countries suffering from the high-
est exposures (WHO data 2023). Since air pollution including smog over cities 
causes problems to human health; more interventions to increase blue and green 
infrastructures are required to offset such impacts. Moreover, around 2.4  billion 
people worldwide are vulnerable to dangerous levels of indoor air pollution as well, 
hence impacting the health and well-being of people living in cities and urban areas. 
Additionally, the effect of fine particulate matter in ambient air pollution in both 
cities and rural areas resulted in strokes, heart diseases, lung cancer, and acute and 
chronic respiratory diseases (WHO 2023). Furthermore, seven million premature 
deaths are recorded annually because of outdoor and indoor air pollution (WHO).

All indicated threats and risks highlight the important and significant role of 
urban greening (UG) and increase of urban green coverage (UGC) through exploit-
ing green infrastructure (GI), such as parks, gardens, trees, green roofs, and living 
walls; and blue infrastructure (BI), such as water bodies, lakes, wetlands, and foun-
tains in cities and regions. Thus, it is imperative to state that urban greening (UG) 
have enormous benefits for health and well-being, not to only have large number of 
urban green spaces (UGSs) in cities and urban areas, but also to enable citizens to 
visit UGSs and facilitate accessibility to experience less heat stress since UGSs 
lessen outdoor thermal discomfort during heatwaves – the book highlights all these 
benefits. Moreover, based on the fact that GI could attain 80% of the SDG 11 – 
Sustainable Cities and Communities’ targets, it is vital to capitalize on transforming 
gray infrastructure into blue and green infrastructures (BGI) in urban areas exploit-
ing UGC, especially in existing urban areas and cities, through nature-based solu-
tions (NbSs) and ecosystem services-based solutions (ESbSs) in the design, 
planning, and implementation process.

In articulating this book, authors envisaged the key topics of livability, climate 
change mitigation and adaptation, UHIs, UG, and livable cities since they are stead-
fast and laying in the forefront worldwide attention, particularly amid urban climate 
crisis globally and persisting and mounting challenges facing large- and megacities, 
especially post COP21 – Paris, France (2015), COP26 Glasgow, UK (2021), and 
COP27 – Sharm El Sheikh, Egypt (2022). Thus, we developed this book to focus 
mainly on livability in urban areas and how UHIs mitigation through greening 
large- and megacities can contribute to climate change adaptation (CCA).

Indeed, the colossal challenges for governments worldwide are immense, in 
view of the current crises, which the globe is currently witnessing and experiencing 
between 2020 and 2023, predominately COVID-19, energy prices and supply, cli-
mate crisis, food shortages and supply, and above all, the severe heatwaves in 2019, 
2021, and the sweltering and unprecedented heat in 2023, and the recent hurricane 
and devastated that slash Derna city in Libya, where 25% of the city has been 
destroyed. In fact, more than 11,300 people reported dead plus over 20,000 citizens 
are missing (the United Nations Office for the Coordination of Humanitarian Affairs – 
UNOCHA report, September 17, 2023). In addition, more than 38,640 people dis-
placed in the most devasted areas in northeastern Libya (the International 
Organization for Migration – IOM). In this context, seven catastrophic and destruc-
tive floods also hit many countries in the first 10  days of September 2023, 
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specifically Central Greece, Central and Coastal Spain, northwest Turkey, and 
southern China, including Hong Kong, as well as southern Brazil and southwestern 
the United States. Such unprecedented events, in a very short period of time 
(11 days), raise alarm to the world to act quickly to save the plant from climate 
change extreme events and risks; otherwise, it would be too late, and more destruc-
tion is anticipated.

Therefore, the book highlights “Livability,” “Urban Livability and Livable City,” 
“Urban Heat Island Effect,” and “Urban Greening” as great sources for knowledge 
to enhance health and well-being as well as mitigate UHIs in cities to encounter the 
challenges facing governments and local authorities to create a livable built environ-
ments and enhance existing ones.

In fact, livable cities, UG, and BGI are aligned with the United Nations’ 2030 
Agenda for Sustainable Development and SDGs, particularly, goal 11 – Sustainable 
Cities and Communities, goal 13 – Climate Action, and goal 15 – Life on Land. 
Thus, it is essential that international institutions address the advantages and fea-
tures of UG and BGI in the national strategies, policies, and action plans to counter-
balance CC and mitigate extreme UHIs in cities to bring about a livable future 
for all.

During the development of this book, which took almost 3 years of extensive 
work, the authors faced many challenges. First, the book proposal was prepared in 
September 2020, and the  book contract was signed in August 2021. All these took 
place during the deadly pandemic Coronavirus (COVID-19), but due to the govern-
ments’ confinement policy and lockdown in 2020 and partially in 2021, this resulted 
in many delays in articulating the book. Second, we encountered another challenge. 
We initially planned to delve into the comparison between three large cities (Cairo, 
Egypt and Lagos, Nigeria – the largest cities in Africa, and Rome, Italy), but the 
types of data that were available from sources in Abuja, the capital of Nigeria, were 
not exactly the one what we needed for the simulation comparison. Thus, we decided 
to eliminate the comparison into only two large cities (Cairo and Rome). Third, the 
process of obtaining the data for the large city of Rome (15 municipalities) in the 
Lazio region, Italy, to compare with city of Cairo (41 districts) in the Greater Cairo 
region, Egypt, took more time than that planned due to unforeseen reasons. Fourth, 
the author received her first baby boy at the end of March 2023. That’s why the book 
was delayed from its original date of publication (November 2022 and April 2023), 
but it has finally materialized, thanks to all authors and support team who made this 
book come true.

The main emphasis of this book, under its broad umbrella, is “Livable Cities” 
and related UHIE, health and well-being of inhabitants, and exploiting UGC. Thus, 
the book “Livable Cities: Urban Heat Islands Mitigation for Climate Change 
Adaptation through Urban Greening” is structured into two main parts encompass-
ing a total of seven chapters that concentrate on issues of vital topics: “Livable 
Cities,” “Urban Heat Islands Mitigation,” “Urban Green Coverage,” “Climate 
Change Adaptation,” “Health and Well-being,” and “Regulations and 
Recommendations of UGC Post COVID-19.”
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Such topics are currently gaining the world’s attention and that of the interna-
tional organizations amid the unprecedented heatwaves that hit most of Europe, 
Mediterranean region and North Africa, Japan and West part of the United during 
July 2023 and the global boiling which risk the attainment of the SDGs. The book 
furnishes the information needed to understand UHIs and their causes, as well as the 
parameters affecting heat islands. Also, it highlights the mitigation strategies for 
UHIE in cities.

The book coverage also demonstrates the need for new approaches to attain sus-
tainability, livability in cities, and sustainable development goals (SDGs) by 
addressing the role of UHI mitigation in built environments. The coverage also pres-
ents the livability definitions and livable city index (LCI), as well as the ranking of 
livable cities worldwide. The book also tackles an important question: “Can urban 
green spaces and urban green coverage as features of green infrastructure assist in 
achieving healthier and livable cities and regions? What is the role of urban green 
coverage in urban design and planning?” In addition, the book illustrates the key 
role of livability in improving the health and well-being of cities’ inhabitants and 
the relationship between CC, air pollution and UHI, and the urgent need for climate 
adaptation, as well as the part of UGC role in the crafting of the post-COVID 
regulations.

As per the aforementioned narrative, all these defy hinder the global effort to 
attain the United Nations Agenda and the SDGs by 2030. Therefore, UG, increasing 
UGSs, and doubling the current UGC in cities are a must to curb CC and extreme 
events manifested worldwide. Moreover, NbSs and ESbSs have many potentials and 
inspirations for future sustainable living. The green and inclusive recovery of 
COVID-19 has been focusing largely on CC, but less attention has been paid toward 
biodiversity and UG. Thus, post-COVID regulations should simultaneously address 
CC measures and actions on biodiversity loss to create and achieve livable, sustain-
able, and resilient cities. In any post-COVID regulations, biodiversity loss and cli-
mate action should be mutually tackled and addressed as part of wider efforts to 
attain a green, sustainable, and resilient recovery in order to attain COP26 out-
comes, primarily the Glasgow Climate Pact and Climate Neutrality by 2050, and the 
outcomes of COP27 for climate adaptation measures and funding.

The book also explores the socioeconomic impact of UHIE and its livability on 
cities and citizens. The seven domains of a livable city are presented. The coverage 
also includes ways in which GI can foster healthy, livable, and green cities. It is 
imperative to link concepts such as livability and UHIE to the SDGs to ensure their 
attainment. In addition, this book demonstrates several examples of how UHIs are 
manifested worldwide. It also presents the UHI definitions and sheds light on its 
causes, parameters affecting it, and its impact on cities and residences. It explains 
the factors influencing UHIs’ impact on health including heat exposure, vulnerabil-
ity, and behavioral exposure. Nevertheless, it portrays that most actions should be 
directed toward the vulnerable categories of society, such as the very young, elderly, 
and socioeconomically disadvantaged. The book also explores various strategies for 
mitigating high temperatures in cities, including the use of reflective materials, 
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permeable and water-retaining materials, UGC, as well as other effective measures, 
and presents their cooling effect in different climates.

More and above, the book concentrates on the implementation of UGC as a miti-
gation strategy by presenting an environmental framework of five steps for UGC 
application that can aid urban planners in greening implementation. Also, it explains 
the cooling benefits of various UGC types, such as trees, vertical greening (vege-
tated façades and living walls), green roofs, and UGSs, by reviewing various studies 
globally to identify the gap. It also furnishes and provides readers with the needed 
solutions and recommendations on the key points for the application of various 
types of UGC. Furthermore, the coverage provides better understanding of the link 
between UHIs and CC. It also sheds light on global cities’ plan to reduce air tem-
peratures by implementing UGC. These plans are manifested in six global cities: 
Chicago City (the United States of America), Curitiba City (Brazil), Stuttgart City 
(Germany), Tokyo City (Japan), Melbourne City (Australia), and Johannesburg 
(South Africa). The book also concentrates on large cities by conducting UHIs’ 
mapping and UGC assessments in two cities (Cairo and Rome). Comparative analy-
sis was conducted between the two cities to enable mapping of hot spots that need 
intervention.

In addition, the book focuses on applying the environmental framework to miti-
gate high temperatures and land surface temperature (LST) in cites by implement-
ing UGC, specifically in Cairo and Rome. Heat vulnerability index (HVI) maps 
were created for these two cities in order to prioritize the hot spots. Also, the cooling 
benefit of the proposed UGC was simulated to test and assess its role on the urban 
microclimate. Moreover, the framework was tested in future CC scenarios to deter-
mine its effectiveness in mitigating CC.

The book also presents guidelines for healthier UG in the age of post-
COVID. Moreover, it depicts the regulations and recommendations to create sus-
tainable, livable, and resilient cities. These include regulations and recommendations 
for UGC and GI in developing new cities and improving existing ones. Finally, the 
book closes by delving into global patterns of public green spaces (parks and gar-
dens, nature areas, playgrounds, water bodies, and forests) and presenting the rank-
ing of European Green Cities scores based on the European Environmental Agency.

Thus, the book “Livable Cities: Urban Heat Islands Mitigation for Climate 
Change Adaptation Through Urban Greening” is organized into two main parts: 
Part I delves into some of the key issues related to UHIE in urban areas and cities. 
It reveals the threat to the world’s rapidly growing urban population and cities 
resulting from extreme heat exposure from both CC severe events and the UHIE. It 
also highlights a theoretical approach of UHIE, its causes, and the factors influenc-
ing its impact on human health as well as how urban development resulted in mas-
sive loss of vegetation to the global UHIE.  In addition, it portrays the factors 
influencing the severity of UHI and the strategies for mitigating high temperatures 
in cities, besides the cooling effect of mitigation strategies in different climatic 
zones. This volume also furnishes a full comprehension of UHIE and its impacts 
and suggests ways to surmount such effects in urban areas and cities alike. While it 
shows the significant role of implementing UGC to mitigate UHIE and CC in cities. 
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It sheds light on a broad review of the UHIE and how implementing UGC can cool 
cities and significantly reduce high temperatures in cities. Moreover, this part 
depicts the environmental framework for applying UGC to mitigate UHIE through 
many steps, mainly neighborhood scale and street scale, and to identify specific 
UGC, which fits best at certain locations in the street. Additionally, it illustrates fac-
tors influencing the cooling effect of UGC types as well as the lessons learned about 
the cooling benefits of UGC types.

Part I is outlined into three chapters: Chap. 1 “Livability: The Direction to 
Mitigating Urban Heat Islands’ Effect, Achieving Healthy, Sustainable, and 
Resilient Cities, and the Coverage,” while Chap. 2 “Understanding Urban Heat 
Islands Effect: Causes, Impacts, Factors, and Strategies for Better Livability and 
Climate Change Mitigation and Adaptation,” and Chap. 3 “Urban Green Coverage 
as a Strategy for Mitigating High Temperatures in Cities.”

Part II encompasses four chapters dedicated mainly toward the global plans to 
mitigate UHIE through the exploitation of UGC. It also highlights the assessment of 
UHIs and UGC in megacities, specifically in Greater Cairo, Egypt and Rome, Italy. 
This part also illustrates an overview of UGC plans of six global cities, and it 
divulges on UHI and extreme high temperature (EHT) in cities, while it presents the 
answers to an important question: “Can blue and green infrastructures assist in low-
ering surface temperatures and mitigate UHIE yet create healthier and livable cit-
ies?” In addition to authors’ thoughts, it raises a question: “Can green-blue 
infrastructures substitute grey infrastructure to reduce the impact of intensified 
UHIs in urban areas and cities?” Moreover, it addresses nature-based solutions 
(NbSs) as a significant strategy to achieve livable and resilient cities’ and followed 
by elucidating UGC and its role in post COVID-19 regulations and recommenda-
tions for better future. Part II is outlined into four chapters: Chap. 4 is entitled: 
“Global Cities’ Plans to Mitigate Urban Heat Islands Effect Exploiting Urban Green 
Coverage,” while Chap. 5 “Assessment of Urban Heat Island in conjunction with 
Green Coverage in Large Cities: Cairo, Egypt, and Rome, Italy”, and Chap. 6 
“Environmental Framework for Mitigating High Temperatures in Global Cities 
Exploiting Urban Greening: Two Case Studies: Cairo, Egypt, and Rome, Italy,” 
finally Chap. 7 “Urban Green Coverage and Its Role in Post-COVID-19 Regulations 
and Recommendations.”

At the end of this book, an important question is highlighted: “Can blue and 
green infrastructures and city innovation assist in mitigating UHIE and creating 
livable, sustainable and resilient cities?” The answers have been narrated in 
this book.

With the contributions from the lead author (an international and national expert 
who has more than 37 years of experience in higher education, government, senior 
management, and consultancy in strategy and policy related to sustainable urban 
development, sustainable energy policies, and CC mitigation and adaptation), as 
well as other three authors’ qualifications and wide experiences; this book portrays 
indispensable and in-depth knowledge on the topic “Livable Cities: Urban Heat 
Islands Mitigation for Climate Change Adaptation Through Urban Greening.”
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The authors strongly believe that the book is a useful source of learning and 
knowledge, which would support policymakers, governments and  local authorities. 
The book also provides knowledge to professionals, research centers, libraries, and 
academicians, as well as researchers, and students who are involved in this field. In 
addition, this book would assist industry’s stakeholders involved in the development 
of cities to attain livability, CCA, and the SDGs by 2030.

Transforming gray infrastructure and maximizing the exploitation of NbSs, 
ESbSs, and BGIs in large cities and regions are also vital, not only to mitigate and 
counterbalance CC risks but also increase cities’ livability and resilience.

The readers of the book are most welcome to contact the lead author through his 
e-mail address: maboulnaga@eng.cu.edu.eg to share their thoughts and comments, 
which will be addressed in due course.

Giza, Greater Cairo, Egypt� Mohsen Aboulnaga 
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