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 URBAN HEAT MITIGATION: 

CURRENT AND FUTURE 
TRENDS 

   Poorang   Piroozfar  and  Eric   Farr   

  Setting the scene 

 Rapid urbanization has resulted in unprecedented growth in the urban population of the world. The 
world’s population has grown from 751 million in 1950 to 4.2 billion in 2018, of which 55% are 
now living in urban areas. This is expected to increase to 68% by 2050 ( UN DESA, 2018 ). Due to 
concentration of anthropogenic activities, cities consume more than two-thirds of the world’s energy 
and account for more than 70% of global GHG emissions ( C40 Cities, 2020 ). 

 It has been argued that the city is defi ned by its buildings. This fi nds a more compelling appeal 
when the buildings are considered in association with open (or negative) spaces the city contains, 
communing to the Gestalt’s concept of fi gure-ground. The arguments for and against this view 
root in the viewpoint and the scale of perception of a city, when seen as a plan compared to when 
experienced live in 3D through the eyes of an urban space user. Recounting Jan Gehl’s “First life, 
then spaces, then buildings—the other way around never works” on the other hand, the advocates 
of placemaking argue for the people in the city beyond its physical dimensions. The former view 
may hold up as a “somatic” representation of the city in its biological supposition. But, although of 
paramount importance, the latter does not extend to the “germplasm” of a city and beyond that, to 
the metabolisms—at micro, meso, and macro levels—with which the city works to serve people and 
more importantly those that the city impacts, in its broader  territorium1  with a potential longer-lasting 
impact on the Planet Earth. Since the fi rst Industrial Revolution, our cities started extending their 
impacts beyond their conventional  territorium  wide and deep towards a global dimension. This has 
been welcomed, glorifi ed, and even theorized in its fi nancial sense during the Globalization wave. 2

Its environmental dimensions, by contrast, did not gain much traction, although it could have been 
traced back to the rise in the levels of greenhouse gases (GHGs) since instrumental temperature 
records were fi rst logged in 1850. The question of why this has not transpired earlier becomes even 
more important considering that the impact of GHG emissions on global warming and climate 
change was proven in principles around the same time. 3

 At the risk of falling into the same trap Cassandra fell into as a result of Apollo’s curse, this chapter 
aims to recap the dangers we will be facing in our cities as a result of Urban Heat Island (UHI) e� ects 
with immediate to long-term impacts on climate change in light of recent changes we have experi-
enced. Needless to say, that as closed a system as our Planet Earth’s ecosystem is, the UHI e� ects on 
climate change is not unidirectional. Acute and chronic climate changes have had and will continue 
to have clear impacts on Urban Heat Intensity, both temporary and permanent. The United States 



Urban Heat Mitigation Trends

151

Environmental Protection Agency asserts that climate change and the heat island e� ect interact in 
two important ways. First, “our warming climate will increase already higher temperatures in heat 
island areas” and second, “cooling strategies to reduce heat islands can help communities adapt to the 
impacts of climate change as well as lower the greenhouse gas emissions that cause climate change” 
( EPA, n.d .). In this chapter, however, our focus remains on UHI e� ects mitigation which we will 
investigate with a lens of what future scenarios may have to o� er for our urban, suburban, and rural 
settlements in light of the changes in and of urban areas; the changes which have recently been intro-
duced and/or deemed necessary for the future. Greenscapes; bluescapes; carshares; the phasing out of 
fossil-fueled private cars from cities; fl ying cars and taxis; electric cars and electrifi ed transportation 
systems; UAV delivery, alternative means of access including cycling, scootering, skateboarding, and 
walking; pedestrianization (in its traditional or more radical sense); heat recovery, high albedo (and 
other non-refl ective, non-absorbent) materials; passive design strategies (evapotranspiration, natural 
ventilation, etc.); 5G, APU/CPU/GPU (future of local processing), and e-living and Industry 4.0 
implications are just but a few of either totally unprecedented phenomena or rather old concepts 
recently updated or re-interpreted, re-conceptualized, re-engineered, or re-developed, with direct 
and indirect implications for mitigating UHI and urban heat stress e� ects.  

  Business as usual, perseverance, and resilience 

 The impact of greenhouse gases (GHGs) on global warming and climate change is indisputable. 
NASA records show that 2020 and 2016 were the warmest years on the record indicating a 1.25°C 
temperature rise over a century (1920–2020) with temperature reaching 1°C above the 1951–1980 
baseline ( Figure 2.4.1 ). This is a warning sign of temperature rising at an unprecedented rate. 

         The UN Intergovernmental Panel on Climate Change (IPCC) draws on the research carried out 
to assert that global warming beyond 2°C will have some disastrous consequences which may be 
irreversible. They also envisage that, by the end of the 21st century, the world’s surface temperatures 

Figure 2.4.1   NASA records of global temperature anomalies (1880–2020). 

 Source:  https://climate.nasa.gov/resources/global-warming-vs-climate-change/  
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will have increased by 0.3–4.8°C ( IPCC, 2014 ). From a more recent conservative standpoint,  IPCC 
(2021 ) suggests that based on the assessment of multiple lines of evidence, global warming of 2°C, 
relative to 1850–1900, would be exceeded during the 21st century under the high and very high 
GHG emissions scenarios considered in this report (SSP3–7.0 and SSP5–8.5, respectively). Among 
many others, Richard Falk tells us such a drastic rise will result in e� ects on Planet Earth that can-
not be adequately explained by natural weather cycles: extreme weather, polar and glacial melting, 
droughts and fl ooding, ocean warming and acidifi cation, desertifi cation, destruction of coral reefs 
and fi sheries. Among the predicted societal e� ects, already felt in various places, especially sub-
Saharan Africa, would be water shortage or scarcity, food insecurity, ethnic confl icts, environmental 
migrants and climate refugees, and recourse to coercive patterns of governance ( Falk, 2012 ). Despite 
the overwhelming evidence, some still either deny climate change and global warming, or are not 
completely convinced. The inherent resiliency of natural systems, giving the impression that their 
ability to bounce back into equilibrium is endless, is partially to blame. Freudian “resistance” 4  on the 
other hand has been a more substantial cause contributing to this state of denial or unwillingness to 
acknowledge, as it would have otherwise constituted succumbing to change.  

  Urban heat mitigation: hopes, pledges, strategies, and solutions 

 Direct or indirect mitigation strategies have been explored, formulated, tested, and recommended 
to control, reduce, or even reverse urban heat e� ects for the past couple of decades. The US Envi-
ronmental Protection Agency avers strategies are already being adopted and actions taken to reduce 
urban heat islands using relevant technologies ( US EPA, 2019 ). 5  Researchers have classifi ed and 
tested the resilience of urban heat island mitigating strategies to vegetation—trees, shrubs, and grass 
(TSG or greenscape); use of high albedo materials (HAM) in external building and urban space hor-
izontal and vertical surfaces; and urban inland water bodies (UIWB or bluescape) ( O’Malley et al., 
2015 ). The outcome of case-based research carried out in di� erent climate conditions across the 
world is diverse but concur, to a great extent, that those are easy wins, achievable through relatively 
simple and straightforward direct intervention and indirect incentivization. All such interventions 
have a secondary positive impact through reducing the need for MV (Mechanical Ventilation). In 
case MV is still necessary UHI e� ects can be mitigated and even reversed if the system is switched 
to MVHR (Mechanical Ventilation with Heat Recovery). However, some such measures cannot be 
expected to be put in place all around the world and merely as a good-will in favor of the environ-
ment. They may require introducing change to policy, legislation, and regulations. 

 It is believed that automation can reduce GHG emissions by half thereby contributing to lower-
ing energy use and its associated heat generation as a result. This could have some long-term impacts 
on mitigating urban heat e� ects and heat stress. Automation has already started to be trialed in our 
cities. UAV deliveries are being piloted in rural and hard-to-access areas, or cities and urban areas 
where regulations are more relaxed. The wider application of automation feeds forward to the con-
cept of smart city. 

 The smart cities market was valued at USD 739.78 billion in 2020 and is expected to reach USD 
2036.10 billion by 2026 and grow at a CAGR of 18.22% over a 5-year period (2021–2026) ( Mordor 
Intelligence, 2020 ). Research on smart cities, IoT, blockchain, and smart contracts is on the rise 
( Majeed et al., 2021  ). The link between the smart city and its building blocks, and smart buildings 
and materials, remains a major hurdle which lies with compatibility, interchangeability, and interop-
erability. There have been attempts to identify the major requirements for building smart in smart 
cities based on IoT technologies and applications. 6  If Industry 4.0 is the automation of traditional 
manufacturing and industrial processes using technologies such as Industrial IoT, big data analytics, 
artifi cial intelligence, robotics, and autonomous systems ( MathWorks, 2020 ), then it has provided us 
with the infrastructure for digital transformation to smart cities ( Figure 2.4.2 ). 
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         On the other hand it has been claimed that “Smart cities can o� er various smart applications such 
as intelligent transportation, industry 4.0, smart banking, among others, for boosting the life quality 
of citizens” ( Majeed et al., 2021  :1). If and when this seemingly wicked problem gets closer to its 
resolution, the two ends seem to be promoting one another expeditiously. However, such mutually 
enabling relationship does not necessarily automatically warrant for a less environmentally impactful 
city where the energy consumption and urban heat generation would be lower than what they cur-
rently are. Concerted e� orts and directed means are required to help deliver that end. 

 Cloud-computing seemed to be the critical foundation for developing IoT-enabled applications 
where there was a dire need for an unprecedented computing power, processing speed, and rapid 
networked decision responses. When 3G showed less than capable of procuring such an infrastructure 
for cloud-computing, 4G and 5G were argued for and conceived relatively shortly afterwards. More-
over, the concerns regarding cyber security were on the rise. Therefore, centralized computation—
cloud-computing—gave way to edge-computing, the new generation of AI-driven decentralized 
but more powerful, more reliable, and more secure systems enabled through interconnected local 
processing nodes—APUs, GPUs, and TPUs—at the edge of a network. Those processing nodes are 
locally autonomous yet centrally networkable and intra-connectable due to the physical location of 
their hardware and software, if and when needed. In theory, such technologies could have provided 
the right IT and IoT infrastructures needed for a real-time interconnected smart city; what could be 
argued to potentially have signifi cant impacts on urban heat mitigating strategies. 

 The transportation sector is the second-largest contributor to anthropogenic GHG emissions. 
Ninety-three percent of the energy used for transport comes from fossil fuels or oil-based products 
( Ternel et al., 2021  ). Although their impact on air quality indicators (e.g. CO 2 , NO X , and particulate 
matters) is more signifi cant, pedestrianization, and the use of human-powered means of transpor-
tation (e.g. bicycles, scooters, skateboards, etc.) or their electrifi ed versions (e-bikes, e-scooters, 
e-skateboards, etc.) have been claimed to improve urban mobility and transport, and contribute to 
the concept of smart cities ( Behrendt, 2019 ) and are among strategies and interventions which can 
potentially help reduce urban heat island e� ects and mitigate urban heat intensity.  Fulton (2018 ) 
however, has a more radical approach where he tells us that three revolutions in urban transporta-
tion around the world have already started through vehicle electrifi cation, automation, and shared 
(on-demand) mobility. 

 In his “Notopia”, Jonathan Glancey suggests that our cities had already started being hollowed 
out due to the loss of industries that once gave them meaning ( Glancey, 2016 ) even pre-COVID-19. 
COVID-19 stimulated hollowing out of the high streets which some analysts believe is not going 
to be reversed. Loss of high street jobs resulted in hollowing out not only high streets but also some 
middle- to upper-middle class residential areas in or around city centers. This has had some direct 

Figure 2.4.2   Four Industrial Revolutions. 

 Source:  https://uk.mathworks.com/discovery/industry-4-0.html  
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and lasting e� ects on commute, transportation, and use patterns, contributing to reduction in UHI 
e� ects and improving air quality. Counter-urbanization, deurbanization, and suburbanization have 
some direct positive bearings on urban heat mitigation. However, they may or may not be able to 
o� er a greener alternative to existing or prevailing lifestyles. New movements in Europe have already 
started gaining momentum, some of which have been accelerated due to or during E-19 while 
the others may have been slowed down as a result.  Karsten (2020 ) suggests that, underneath shared 
fi nancial argumentations, there are specifi c motivations for three types of moving families they dis-
tinguish in the Netherlands: pragmatic movers, displaced families, and happy movers. Some recent 
re-readings of deurbanization directly associate the concept of deurbanization or even attempt to 
resurrect it in line of what technology has to o� er to facilitate electric aviation as a potential response 
to the new rise in COVID-induced remote-working patterns ( Donovan, 2020 ). 

 Fleets of “Robocabs”—automated taxis—and driverless cars were promoted to have positive 
impacts on the environment, reduce tra�  c jams, fuel use, and transportation-induced GHG emis-
sions for their cloud-computing and/or AI-assisted improved e�  ciencies. However, recent studies 
have revealed that this “new” form of mobility may not be the road to sustainable mobility and 
transportation. It has been suggested that the unregulated advent of autonomous cars may result in 
disproportionate increase in demand, escalating tra�  c by up to 50%–150% by 2050 in EU cities only, 
increasing transportation-induced CO 2  emissions by up to 40% ( T&E, 2019 ). The public health and 
environmental benefi ts associated with Highly Automated Vehicles (HAV) might be di�  cult to real-
ize without considering the specifi cations of, and factors associated with, the wider context of their 
application ( Nunes and Hernandez, 2020 ). Shared mobility in forms of car-sharing, ride-hailing, 
and ride-pooling have been advocated as a solution without which vehicle use, and consequently 
emissions, could dramatically increase by 2050 ( Fulton, 2018 ). The research in this area is few and far 
between, and while the LCC (Lifecycle Costing) of the electric vehicles with large batteries is their 
defi nite Achilles heel, their wider and deeper environmental impacts beyond their GHG emissions 
throughout their lifecycle remain one of, if not the major, “Agnostos Theos” of their pro-environment 
declarations. Amongst very few others,  Bouter et al. (2018  ), for instance, tell us that electric vehicles 
with large batteries are still too expensive but also more importantly that CO 2  emissions from battery 
manufacturing processes will never be counterbalanced throughout their operation phase. Although 
there are contradictory results regarding their wider and longer-lasting environmental impacts espe-
cially on their land of origin, liquid and gaseous biofuels for mid-range passenger cars seem to still 
remain a serious competitor for electric vehicles from an LCA point of view ( Ternel et al., 2021  ). 

 Gregory Keoleian, the director of the University of Michigan’s Center for Sustainable Systems, 
asserts that fl ying electric cars could help decarbonize the transportation sector, which recently sur-
passed the power sector as the United States’ largest source of planet-warming emissions. Although 
fl ying electric cars seem to generate 35% to 52% less GHG emissions compared to traditional vehi-
cles depending on the make, the number of passengers, and the distance, even using publicly avail-
able data from leading companies, it is di�  cult to justify fl ying electric cars over battery-powered 
electric vehicles, where fl ying cars would generate 38% more to only 6% less GHG emissions. Other 
concerns regarding fl ying cars range from their impact on democracy, to widening inequity, inequal-
ity, and social, racial, and ethnic segregation; and from signifi cant impacts on suburban lands and 
greenfi eld 7  to their deeper, wider, longer-lasting environmental impacts, especially those pertaining 
to their end of their service life cycles.  

  � e overhaul 

 The 2019 world pandemic (which we will refer to as “Event-19” or “E-19” hereafter) was unan-
ticipated and caught us all by surprise. It a� ected us, the ways in which we used to see ourselves, 
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the others, and the world. It reformulated our communication protocols; reshaped our societies, 
culture, and education; and redefi ned our businesses and economies, industries, production, and 
manufacturing, even politics albeit each to a di� erent extent. It infl icted unprecedented challenges 
upon us, which as much as we would like to think we have adjusted to and well, we all hope that it 
would not contribute to our Heideggerian notion of “disclosure”— Alethia— in our collective future 
permanently. 

 E-19 obliged us to step out of our comfort zones. It made it almost inevitable for us to adopt 
new and sometimes totally unprecedented order(s) in our routines due to the new necessities of 
time, and in many occasions to adapt to them. Despite the precedent discourses under normal con-
ditions, what happened due to E-19 was independent from how the concept of “time” was to be 
defi ned and whether we had a very clear idea about it or were otherwise as undecided as Ricardo 
J. Quinones was where he asserted that “Time is change” ( Quinones, 1972 :428) then reverting 
to suggest that “Time’s nature is unchangeability” ( Quinones, 1972 :430); probably alluding to the 
fact that the nature of change is unchangeable. The connotation of time became irrelevant as the 
impacts and implications of what it yielded grew paramount importance expeditiously, above and 
beyond its own meaning. This imposition was so quick that required an immediate action which 
left little a room if any for pondering. It provided a perfect opportunity for a total overhaul by 
posing on us uncomfortable social and emotional repositioning ( Meyer and Land, 2006  ) and chal-
lenging us to overcome some cognitive barriers to information seeking ( Savolainen, 2015 ) and 
subsequently some barriers to the state of being inquisitive and to learning. This also helped us 
overcome all  Oreg (2003 ) four scales of resistance to change (see endnote 4) compellingly and rap-
idly. This had some irreversible impacts on our personal and family lifestyles, our collective social 
and urban life, and the ways in which we work, live, play, and learn. Some of such changes were 
thought to be impossible pre-E-19, while some others were longed for, for a long time; some were 
expected to cause disasters while the others were hoped to bring miracles along. Although many 
of those changes were realized as an inexorable necessity, the way in which they were realized was 
far from expected.  

  A delicate balance and high hopes 

 According to NASA 8  and NOAA, 9  the ozone depletion was limited by the warm temperature 
caused by weather systems, resulting in the 2019 ozone hole being the smallest on record since 
its discovery in 1982. Despite the rise in atmospheric temperature in 2019 and 2020, E-19 which 
curbed normal human activities, diminished urban transportation, and slowed down industrial 
manufacturing, a� ected anthropogenic activities, and was expected to have a positive impact on 
urban surface heat intensity. Although part of this promise (i.e. reduction in private car use, urban 
transportation, energy consumption and CO 

2
  emissions) came to realization, other GHG emissions 

(e.g. NO 
X
 ) started showing slightly di� erent patterns or having reverse e� ects on other causes of 

greenhouse e� ects such as ozone levels, some raising disproportionately after the fi rst lockdown 
period even though we were not back to pre-E-19 activity levels. Several location-based studies 
have indicated that NO 

2
 , AOD, 10  and SUHI 11  in the Middle East ( Alqasemi et al., 2021 ) and NO 

X

in di� erent Chinese cities ( Feng et al., 2020  ) have shown decline.  Wyche et al.’s (2021  ) fi ndings for 
Southeast England suggest a more complex scenario in terms of changes in air quality owing to the 
COVID-19 lockdown than originally reported. Their work provides a window into the future to 
illustrate potential outcomes of policy interventions seeking large-scale NO 

X
  emissions reductions 

without due diligence for other reactive trace species. Moreover, meteorological systems are much 
more complicated to show linearity or any direct causal-e� ect relationship between GHG emis-
sions and surface heat temperature profi les. E-19 innately had a predictable and expected e� ect of 
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lowering the GHG emissions and curtailing some of but not all their direct and indirect impacts 
including pollution and UHIs. This has raised concerns regarding how e� ective the E-19-induced 
conditions could realistically be in reducing urban heat intensity (and urban heat stress), lowering 
surface temperatures, and mitigating UHI e� ects.  

  Urban heat mitigation interconnected 

 IoX 12  has provided the infrastructure for interconnectivity of virtually everything in the context 
of the smart city, where our footprint of everything (carbon, energy, usages, transportation, sleep, 
rest, work, eat, exercise, purchases, etc.) can be traced, monitored, recorded, and once accumu-
lated enough, used as batches of big data bunched, clustered, and used for a single user, a family, 
a number of a families in a neighborhood, an entire neighborhood, a village, a small town, a 
conurbation, a city, a metropolitan area, a county, a state, a region, a country, and beyond. This 
can be used to feed back and “optimize our performance”, to cut our living costs, to maximize 
the corporations’ benefi ts, to improve our personal and social health and wellbeing, and of course 
to benefi t the environment, plugging into the John Elkington’s TBL (the Triple Bottom Line). 
Machine Learning technologies are capable of mimicking our smart behaviors and supporting our 
decision-making processes (and sometimes making those decisions for us) in real-life conditions 
with very little to no help, support, or “interference” by human beings. 13  In theory, there is no 
hurdle on the way of full realization of such an end, and interconnected urban heat mitigation as 
an automated system powered by IoX is by no means something out of reach. When this happens 
is a matter of time and subject to some both theoretical and practical premises to come to realiza-
tion fi rst.  

  � e future of urban heat mitigation in our cities 

 In his “Life 3.0”,  Tegmark (2017 ) tells us about “Prometheus”, a fi ctional AI he uses to picture how 
AI can transform virtually everything from our jobs to our society, and our defi nition of crime, jus-
tice, and war, and even our defi nition and sense of being human.  McCorduck’s (2004 ) “Machines 
Who Think”, although a personal inquiry into the history and prospects of artifi cial intelligence, 
extends the concept of AI beyond an artifi cial-being,  Galatea , to a robot,  Talos , which appears to be 
the direct precursor to the Middle Ages’  Automata . 

 One of the promises of AI for an interconnected system for urban heat mitigation is AI-enabled 
IoX through the premise of Artifi cial General Intelligence (AGI) or independent AI (iAI). However 
and when it materializes can have immediate and long-term impacts on the directions the future 
of UHI mitigations in urban settlements and subsequently the future of sustainable development 
may take. Some argue that AI is just around the corner, while some others believe it is not going 
to happen sooner than in 50 years’ time. The former group refers to Moore’s Law as the theoretical 
underpinning for their argument. The latter group argues that we could create AI by managed or 
guided evolution of a simple algorithm through to a complete emulation of a human brain. They 
refer to Nick Bostrom’s book ( 2014  ) capitalizing on the concept of superintelligence where AGI 
or iAI will evolve enough to turn itself into an “agent” which aims to reach a human level of intel-
ligence to then be able to develop itself into a superintelligence through recursive self-improvement. 
To the contrary, in Drexler’s “Comprehensive AI Services” or CAIS (2019), AI drives technology 
improvements both at hardware and software fronts, which can automate more complicated tasks. 
This results in recursive self-improvement processes in the AI regime. For Drexel, there is no inde-
pendent decision-making capability inherent in the central AI which can be performed to enable it 
to mimic the human brain’s function. Bostrom’s standpoint by contrast is more for a role of AGI as 
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a fully fl edged super intelligent human-like brain which acts as an impenetrable, closed-circuit black 
box. 14  Evidence from recent incidents and news in AI suggest that the advent of an iAI (or AGI) with 
human-like brain capabilities has already begun which may have some implications on urban heat 
intensity and stress and UHI e� ects much sooner than what we may expect. Such impacts, however, 
are, to a great extent, dependent on how this iAI is (self)programing and (self)training to choose and 
collect data, how it would induce knowledge from the big datasets it collects and how it develops its 
(semi)independent decision algorithms which may have some direct e� ects or indirect implications 
on heat intensity and stress. This is what would be very hard, if possible at all, to make a judgment 
without a comprehensive specialized study. 

 It is believed that automation can reduce GHG emissions signifi cantly by up to half thereby 
contributing to lowering energy use and the heat generation as a result. This could have some 
long-term impacts on reducing heat intensity and stress and mitigating urban heat e� ects. However, 
that part of impact of automation which might be indirect but far from benefi cial remains, still to a 
great extent, unknown. It can have impacts on job losses, increase demands or wants (as opposed to 
needs), worsen social injustice and vocational inequity, widen economic inequality in our societies 
nationally, and broaden the gap between the global north and south internationally. 

 Quantum computing, TPUs, and ML/DL models for edge computing have provided means to 
facilitate a platform to accommodate and operate interconnected strategies for urban heat mitigation 
in a cohesive and networked manner even before E-19. While novel and advanced technologies 
will link virtually everything in or in the vicinity of a city or an urban area through IoX with real-
time monitoring of their impact on UHI e� ects as well as other particulate matters and pollutant 
indices, mitigation strategies will continue to be attended to at less-globalized, less-interconnected, 
less-networked, less-looped, and more localized levels. The use of TSG, UIWB, and HAM together 
with localized and contextualized passive urban design strategies will help create, promote, and 
strengthen urban micro-climates, increase evapotranspiration, natural ventilation, natural and organic 
heat exchange, and minimize solar gain and heat traps. 

 Building community capacities to address climate change has already been realized and operation-
alized. 15  Enabled through IoX, communities will remain as a major actant in mitigation and reduction 
of urban heat intensity/stress and its direct and indirect impacts. At such level however, any action 
taken can potentially remain in isolation, be subject to emotional or isolated decision or be manipu-
lated through mass-media advertisement or commercial campaigns. In such cases, any intervention 
while potentially contributing to mitigating urban heat, may bear some longer-term, indirect, and 
potentially distant impact on the environment far from where those decisions or interventions have 
been realized. One way to ensure that such Pavlovian responses are prevented as much as they can be, 
is to devise a meta-level, all-interconnected system. If our life is the life of images, as  Coccia (2016 ) 
argues, then we probably are at the right time to plead for yet another collective image of our life on 
the Planet Earth; this time round in form of the PLanet EArth DIgital Twin (PLEADIT). PLEADIT 
will pave the way towards further development of the TBL—and mutual interaction, exchange, and 
discourse between any pair of those bottom-lines—above and beyond its conventional signifi cance 
or connotation, to QBL, 16  that is: People, Process, Project, Prosperity, 17  and Planet where project 
and process will be equally concentrated on to ensure that emphasis is shifted more towards actions 
and products where harmful byproducts are generated. PLEADIT provides a unique opportunity for 
di� erent cities in one county, state, or region or even across a country or worldwide to communicate 
with each other in real time so that not only the local governments and city authorities can exchange 
data, knowledge, skills, and experience in managing urban waste, urban pollution, and urban heat 
e� ects, but the citizens can be in contact with their fellow citizens in other cities anonymously and 
share the best practice, their personal and community experiences, and support each other in collec-
tive betterment of the ways in which we work, live, play, and rest on the Planet Earth.  
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   Notes 
    1.  As intended by Gregory of Tours and Isidore of Seville in the early Middle Ages.  
    2.  Although globalization can be dated back to the 17th century, here it denotes a movement which initiated 

circa the early 2000s and has perpetuated more or less to date.  
    3.  Greenhouse e� ect was fi rst coined and argued for by Fourier in 1824. In 1849, Tyndall showed that CO 

2
had some greenhouse e� ects on climate.  

    4.  Freud’s concept of resistance in clinical practice has been adopted and developed by others to: 

  1. Investigate di�  culties in carrying out organizational change (see for instance,  Armenakis and Bedeian, 
1999 , among others). 

 2. Develop “Resistance to Change” Scale—Routine Seeking, Emotional Reaction, Short-term Thinking, 
and Cognitive Rigidity, investigating their relationship with characteristics measured by the Five-Factor 
Model (FFM), or the “Big Five” ( Costa and McCrae, 1992 ). For more information on Resistance 
to Change Scale, see:  Oreg (2003 ). Also, for more on Resistance to Change Exposed in Individuals’ 
Thoughts and Behaviors, see  Forsell and Åström (2012 ).   

    5.  US EPA suggest many communities are taking action to reduce urban heat islands using fi ve main 
strategies: (1) increasing tree and vegetative cover, (2) installing green roofs, (3) installing cool—mainly 
refl ective—roofs, (4) using cool pavements (either refl ective or permeable), and (5) utilizing smart 
growth practices.  

    6.  See for instance  Hui et al. (2017   ).  
    7.  To provide support, maintenance, and repair facilities, and more importantly airfi elds for them.  
    8.  National Aeronautics and Space Administration.  
    9.  National Oceanic and Atmospheric Administration.  
    10.  Aerosol Optical Depth.  
    11.  Surface Urban Heat Island Intensity.  
    12.  IoX is an umbrella term which may refer to: IoD (Internet of Devices), IoT (Internet of Things), IoP 

(Internet of Places/People/Protocols/Platforms), IoS (Internet of Storages), IoA (Internet of Appli-
ances/Applications), IoI (Internet of Items), IoO (Internet of Objects), and eventually IoE (Internet of 
Everything).  

    13.  This can be extended to AI or AGI/iAI.  
    14.  See for instance  Novet (2017 ).  
    15.  See among many other example: Climate Adaptation Planning Analytics (CAPA) Strategies ( www.cap

astrategies.com/ ).  
    16.  Quintuple Bottom Line.  
    17.  “Prosperity” is what  Kraaijenbrink (2019 ) suggests instead of “Profi t” as initially suggested by Elkington.   
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