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From the IAUC President
Dear colleagues in the IAUC community.
When I last wrote my column three months ago,
countries around the globe were at various stages
of COVID-19 shutdown. Now, three months on,
countries are at various stages of re-opening, but
with different degrees of success. It has been a difficd
cult time for all of us, mostly of course for those who
have been ill or lost loved ones. Those of us teachid
ing in the university sector have been stunned by
the impact. Australian universities have been especd
cially hard hit by COVID-19, partly because they are
so dependent on international students for funding
and partly because travel restrictions began while
so many of these students were overseas during
the (austral) summer break. Currently the university
sector in Australia is going through massive budget
cuts along with academic redundancies. As teachid
ing was moved online earlier in the year, workloads
for staff increased dramatically. This will worsen in
the second part of the year as online and face-toface teaching proceeds in tandem, accommodating
students who are still overseas as well as local studd
dents. I sincerely hope that you are all managing.
There are some small areas of silver-lining in this
overarching cloud of gloom. Urban researchers of
all persuasions (including sociologists, transport engd
gineers, retail analysts as well as air quality and climd
mate specialists) have found rich research opportund
nities in the shutdown and subsequent reopening
of cities. My own Monash University in Melbourne
has launched the ‘Melbourne Experiment’, a multidisciplinary study to document the impacts of shutdd
down and implications for the future city. In our
own field, I know of at least two large international
research programs to document urban atmospheric
impacts of COVID-19. One that I have recently becd
come involved in is sponsored by WMO/GAW and
involves observation, modelling and satellite remd
mote-sensing of urban and regional air quality for
more than 45 cities around the world as they shut
down and reopened.
Also on a very positive note, we have 11 candidd
dates for the two vacant positions on the IAUC
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Board. The Board is especially delighted by the gendd
der and geographical diversity of the candidates. I
encourage all members to take the opportunity to
vote for their preferred candidates. Details of the
voting procedure will be circulated in the coming
days.
Issue No. 76 of the Quarterly Newsletter of the
IAUC provides its usual excellent offering of contd
tributions from our members, as well as an opportd
tunity to focus on the post-pandemic future and
activities for our community. I hope that there will
soon be opportunities for us to meet face-to-face at
IAUC-related workshops and conferences, but realid
istically this might not occur until mid-2021. Until
then video conferences will have to suffice.
With best wishes.
− Nigel Tapper,
IAUC President
nigel.tapper@monash.edu



In the News
‘A summer unlike any other’: Heatwaves and Covid -19
are a deadly combination
As underserved populations face hotter neighborhoods and
limited access to air conditioning, the pandemic threatens
the malls and libraries where they typically find relief
May 2020 — Temperatures in some California cities
this week broke decades-old records. The heatwave that
cooked Las Vegas over the past few days brought tempd
peratures over 100F. And in Phoenix, highs this weekend
are expected to approach or exceed 110F.
This year is on track to be one of the hottest on record,
and public health officials worry that in cities across the
US, summer heatwaves will collide with the coronavirus
pandemic, with deadly consequences for poor, minority
and older populations.
Even before the pandemic hit, heat was killing more
Americans than all other natural disasters combined.
People who live in cities are especially vulnerable to
heatwaves because of a phenomenon called the “urban
heat island effect” – cities with populations of 1 million
or more can be up to 5F hotter than surrounding areas
due to high population density, a lack of greenery and
shade, and because materials like steel, concrete and aspd
phalt tend to absorb more heat.
Analyses have also found that cities’ poorest neighbd
borhoods tend to be hotter, and that many low-income
families have been struggling to cope for years. In some
neighborhoods of Los Angeles, New York and Chicago,
up to a third or more of households lack air conditioning.
Due to the economic fallout of the coronavirus pandemid
ic, many more are unable to pay to run their ACs. And
even as cities begin reopening after lockdown, many of
the malls, public libraries and recreation centers where
overheated Americans traditionally went to cool down
remain risky, especially for older people and others with
a heightened risk of dying from Covid-19.
Throughout the country, public health officials told
the Guardian they were scrambling to find ways to protd
tect the most vulnerable from the dual threats of heat
and coronavirus. “This summer is definitely not going
to be like any other summer,” said Deanne Criswell, the
commissioner of New York City Emergency Managemd
ment. “We’re not going to have the same level of facilitd
ties open that New Yorkers typically go to all the time to
stay cool. It’s a big concern.”
New York is in the process of installing 74,000 air condd
ditioners in the homes of low-income seniors, according
to Criswell. The city is also seeking to help more people
pay for electricity this summer, as the unemployment crisd
sis leaves thousands of New Yorkers without the means
to make rent and utilities. Other cities across the US have
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Some California cities broke decades-old temperature
records, heightening fears amid the coronavirus panddemic. Source: www.theguardian.com
asked utility companies not to shut off service this summd
mer, even if customers can’t pay bills, so that they have
access to water, cooling and refrigeration through the
hottest days.
“Every summer we worry about the heat when it
ramps up – especially in April and May before people
have a chance to acclimatize,” said Carolyn Levering, the
emergency management administrator for Las Vegas. “I
think it just gives us extra concern this year because of
the pandemic.”
In Las Vegas, Phoenix and Los Angeles, officials are
keeping some cooling centers – designated public buildid
ings where residents come for cold water and a respite
from the heat – open, at a reduced capacity so people
can maintain social distancing while seeking relief from
the heat. At five cooling centers in LA, anyone who entd
ters has their temperature checked and is required to
wear a mask and remain 6ft away from other people. In
Nevada’s Clark county, which includes Las Vegas, four
cooling centers stayed open during the most recent
heatwave.
But none of these solutions are broad enough to catch
everyone at risk of dying from heatstroke, advocates say.
“Hell no, it isn’t enough,” said Jonathan Parfrey, the exed
ecutive director of the LA-based non-profit Climate Resd
solve. “This is just a staggering problem.”
In South LA, where 64% of residents fall below the povertd
ty line, more than 40% of households lack air conditioning,
according to a study published this month by researchers
at the University of Southern California who analyzed data
from the electrical meters of nearly 180,500 households.
“Poverty was a better predictor of whether or not people
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had AC than even how hot or cool it was in a neighborhd
hood,” said Kelly Sanders, one of the study’s authors.
The vast majority of these heat-related deaths in cities
occur inside homes that aren’t air-conditioned, said New
York’s Criswell. “That ain’t going to be me this year,” said
Collette McCoy-Douglas, 67, a retired nurse who lives in
a public housing facility for seniors in Chicago. McCoyDouglas said her building turned on the central air condd
ditioning a day early, after residents complained durid
ing the heatwave over Memorial Day weekend. But the
system, which only cools each apartment’s living room,
“felt warm when I touched it,” she said. Her thermostat
read 100F. “So I’ve poured ice on my head twice today
– it messed up my hair, but it helped,” she laughed.
A spokesperson for Chicago Housing Authority said it
was not aware of any air conditioning issues at senior
housing facilities.
Although McCoy-Douglas considered looking for
someplace cool she could go, she decided against it. “I’ve
got an autoimmune disease, I have asthma, I have stents,”
she said. “I’m more skeptical against the coronavirus.”
Unable to cool down, she eventually picked up a neighbd
bor, an older woman with cerebral palsy, and they drove
around for a bit in McCoy-Douglas’s air-conditioned car.



People sit inside social distancing markers at Domino
Park in Brooklyn. Source: www.theguardian.com
Chicago’s infamous 1995 heatwave, which killed more
than 700 people, was on the minds of both women.
“You know, in my apartment, we have people with
mental illness and disabilities. They can’t even leave
the building,” said McCoy-Douglas, who also knew of
two neighbors who had died of Covid-19. “It just breaks
my heart. It’s just inhuman.” Source: https://www.thegd
guardian.com/us-news/2020/may/30/coronavirus-heatwd
waves-health-summer-us-cities

Coronavirus and Extreme Heat Are ‘on a Collision Course’
as NYC Summer Begins
Among the initiatives to combat extreme heat, the de
Blasio administration launched a program to provide free
air conditioners to vulnerable New Yorkers.
June 2020 — It was a hot summer morning in the
Bronx on Tuesday, June 23, with temperatures climbing
into the high 80s. Jose Batista, an 81-year-old tenant in
the New York City Housing Authority’s (NYCHA) Mitched
el Houses, was getting ready to head outside for some
fresh air and to cool down.
“I can’t deal with this in the apartment,” Batista says
in Spanish. “Now, at least outside with the trees and my
mask on, I could put up with it a little more, because with
this humidity, I can’t. I can’t.”
His window-unit air conditioner was old and not
working properly, so someone had recently uninstalled
it, he says. Now, he’s requested a new one from NYCHA
management, but that was 11 days ago, and he hasn’t
heard back from anyone.
Batista – who suffers from high blood pressure, is diabd
betic, and just finished radiation treatment for prostate
cancer – lives in a studio apartment in the Lincoln Aved
enue development, located in the Bronx’s Mott Haven
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section. The apartment, which faces the street, bakes in
the heat. “I’ve had to use a fan, but it’s not working well
because the heat has increased a lot over the past three
days … and the fan is not helping a lot,” Batista says.
Extreme heat is an increasingly dangerous facet of
summers in New York City, and is especially so this year
for populations that are at higher risk of COVID-19 and
would be safer cooling down indoors rather than at a
cooling center, pool, or beach. The communities that are
mostly affected by extreme heat during the summer are
now the same ones that have been disproportionately
affected by the coronavirus pandemic: lower-income
communities of color and the elderly.
One of the programs the mayor’s office has begun to
implement this year to combat extreme heat in the summd
mer is providing free air conditioners to low-income New
Yorkers so they can stay cool while remaining inside.
“Essentially, COVID-19 and climate change – in particuld
lar, extreme heat ... are on a collision course, and it’s going
to be low-income families, older adults, our communities
of color that are most impacted,” says Jainey Bavishi, dird
rector of the Mayor’s Office of Resiliency. “And extreme
heat is the deadliest weather event that we face, and so
this is really a matter of life and death, so it’s extremely
INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE
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critical that we are taking steps to prepare for this very
unique heat season that we are about to enter.”
The program is among several initiatives the city carrd
ries out every year to help cool down New Yorkers. This
year, there will also be “misting oases” and spray showed
ers in NYC parks, and the Fire Department will install
spray caps on hydrants in neighborhoods that are most
at risk of heat waves.
Cities around the world experience extreme heat as
an effect of climate change, and New York City is not an
exception. Like many other places, NYC faces the urbanheat-island effect. This is caused when infrastructure,
buildings, and roads replace moist green areas, creating
impermeable, dry surfaces that prevent heat from beid
ing absorbed properly. Despite efforts to mitigate heat
waves, summer weather results in an average of 115 excd
cess deaths from natural causes “exacerbated by extreme
heat” and 13 heatstroke deaths every year in NYC, accordid
ing to a 2017 report from the de Blasio administration.
In an interview with Curbed back in December – in prepandemic times – about what the next decade would
look like for New York City in terms of climate-change
mitigation, Dr. Timon McPhearson, professor of urban
ecology and director of the Urban Systems Lab at the
New School, emphasized the importance of addressing
extreme heat, especially because it disproportionately
affects already vulnerable populations.
“Low-income minority neighborhoods that have low
amounts of green space, they don’t have as many trees,
they don’t have many parks, and so they’re hotter – but
they’re not just hotter, they’re hotter in areas where peopd
ple have less income, less ability to afford air-conditionid
ing, less resources to deal with heat, and therefore are
more at risk,” McPhearson said.
There is an evident overlap when it comes to the
neighborhoods affected by COVID-19 and those hit harded
est by heat waves. According to the Heat Vulnerability Indd
dex, which measures heat-related illness or death in diffd
ferent neighborhoods, it was found that several areas in
the Bronx, including Mott Haven, Melrose, and University
Heights, are at highest risk, along with Bed-Stuy and East
New York in Brooklyn, plus Jamaica in Queens. Risk factd
tors for an area, according to the index, include hotter
surface temperatures, less green space, and more low-incd
come residents. And some of those same neighborhoods
have been largely affected by the coronavirus pandemic
as well. Research has also shown that African-American
New Yorkers are at a higher risk of mortality as a result
of heat, and they have experienced a high mortality rate
because of COVID-19, too.
The $65 million free-air-conditioners program aims to
provide over 74,000 ACs to New Yorkers who are 60 or
older, who don’t already have an AC at home, and who
have an income below 60 percent of the state’s median
ISSUE NO. 76 JUNE 2020



income. As of June 24, 18,000 ACs have been installed, and
37,000 senior households, many of them located within
NYCHA developments, have registered to get them.
Meanwhile, in order to help the New Yorkers receivid
ing ACs pay for their higher utility bills, the state’s Public
Service Commission also agreed to double the amount
of its Con Edison utility-bill discount. Through that lowincome program, Con Edison customers receive a discd
count of $13 a month, and now, the “emergency summd
mer cooling credit” will add up to $40 a month between
June and September.
And though it is an innovative program, it is defind
nitely not the best long-term solution to extreme heat,
McPhearson says in a recent interview: “Long-term, we
have to decrease the urban-heat-island [effect], and
that’s going to mean increasing in blue and green infrasd
structure at a much larger scale to provide evaporative
and shade-based cooling in the city.” McPhearson adds
that running ACs will require more energy and become
a larger source of CO2 emissions.
The city is also working to prevent power outages
– like the one last year that left more than 50,000 New
Yorkers without power during a heat wave – from incd
creased use of air-conditioning during the summer.
Extreme heat is only expected to get worse in the years
to come. The New York City Panel on Climate Change,
a group of climate and social scientists that aims to devd
velop climate-change projections, first assembled by
former mayor Michael Bloomberg in 2008, predicts that
the number of days above 90 degrees annually in NYC
could be doubled by the 2050s.
For now, Batista, the elderly resident of Mitchel Houses
in the Bronx, is hoping to get his AC installed soon. “I went
to the NYCHA office with my nephew who speaks English
well, and they took my information and they said they
would call me, but they haven’t. I haven’t received any ansd
swer,” he says. “It’s very tough because the AC could help
with the pollen [entering my apartment] a little bit, but
[right now] I have to keep the window open, you see?”
Source: https://ny.curbed.com/2020/6/29/21302060/
nyc-coronavirus-heat-waves-summer-climate-change
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Covid-19 demonstrates urgent need for cities to prepare for pandemics
Cities and towns need to deepen understanding of their
risks from disease outbreaks, as for other more visible
threats like extreme weather.
June 2020 — Some 95% of Covid-19 cases have come from
urban areas. Pandemic preparedness in cities and towns is
more urgent than ever for reducing disaster risk, particularly
in challenging situations where disease outbreaks could coid
incide with an extreme weather event. The eastern Indian city
of Kolkata has been devastated by Cyclone Amphan, which
caused many deaths and left millions without electric power.
Fear of contracting the virus made it impossible to use cycd
clone shelters to their maximum capacity. Covid-19 restrictd
tions made evacuations more difficult. Countries around the
world were caught by surprise by the Covid-19 pandemic desd
spite many warnings and recent experience of epidemics such
as Severe Acute Respiratory Syndrome (SARS), which spread
through urban centres including Hong Kong and Toronto.
It is now an urgent requirement for cities and towns to develod
op a deep understanding of their risks from future pandemics,
just as they would for other more visible hazards like extreme
weather events. These recent experiences and others, such as the
Ebola outbreak, have led some countries to be better prepared.
But generally, there is a lack of planning for hazards and disastd
ters at all levels. The frustrating shortages of personal protective
equipment, ethanol for disinfectant and other emergency suppd
plies could have been avoided if there had been adequate scend
nario-planning at the national level, supported by the allocation
of required resources to local governments. The Covid-19 crisis
exposes systemic vulnerabilities in healthcare systems that cannd
not handle surging caseloads. Likewise, cities have been forced
to confront the fact that unplanned urbanisation creates condd
ditions where many of their residents lack adequate water and
sanitation facilities, while living in overcrowded places where
physical distancing is challenging. It is now an urgent requiremd
ment for cities and towns to develop a deep understanding of
their risks from future pandemics, just as they would for other
more visible hazards like extreme weather events.
New metrics − Governments, especially at the local level,
need to plan and strategise to deal with all hazards, including
biological ones, and to address gaps in their preparedness and
develop response capacity. This will prevent them being taken
by surprise, and then overwhelmed. Better data collection will
allow city leaders to prepare for future episodes where once untd
thinkable metrics become normal, such as whether a park can
accommodate neighbourhood residents if they must keep two
metres apart.
There is an existing framework to manage disaster risk. Over
200 cities and towns around the world already use the United
Nations Disaster Risk Reduction (UNDRR) Disaster Resilience
Scorecard to develop evidence-based approaches to managid
ing their disaster risk. The Scorecard has been augmented by
the development of a Public Health Addendum which provides
guidance to local governments on the wider issues of managemd
ment and recovery in case of biological hazards, including a
pandemic. The Addendum to the Scorecard is designed to help
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Kathmandu city.
Source: eco-business.com
cities establish their public-health system resilience baseline
and to frame an action plan. It will soon be available as an online
course. In cities like Lisbon, Kampala and Greater Manchester,
the Disaster Resilience Scorecard has proved to be a useful tool
helping cities to establish their public-health system resilience
baseline and to frame an action plan. Likewise, UN-Habitat’s City
Resilience Global Programme provides hands-on support to locd
cal governments in urban planning and building resilience to all
types of hazards.
Global campaign − These UN agencies and other partners like
the World Bank Group saw the need to prepare for risks like climd
mate change, disease outbreaks, pollution, waste management,
land use and building codes when they launched the Making
Cities Resilient (MCR) campaign 10 years ago. The campaign
has since attracted 4,300 cities and towns to sign up, creating a
global network of local governments keenly aware of the need
to reduce disaster risk. Now, UNDRR, UN-Habitat, the World Bank
Group and other partners are joining forces to elevate the campd
paign’s focus from advocacy to implementation over the next
decade. New partners willing to work together for urban resilid
ience are invited to join. The successor campaign, MCR2030, will
launch towards the end of this year and pandemic preparedness
will be a priority area of focus for all participants, including local
governments and municipalities, over the next decade.
The focus is on cities because, while they can be disease vectd
tors, it is also clear that sustainable urbanisation creates social,
economic and environmental prosperity − which can be an impd
portant bulwark against the spread of disease. It is a hopeful sign
that some of the world’s most urbanised countries are respondid
ing with relative success to the Covid-19 pandemic. South Kord
rea, where over 80% of citizens live in cities and towns, applied
lessons learned from its experience with Middle East Respiratory
Syndrome (MERS) in 2015. It has managed to fight the outbreak
using technology, open communication, rigorous testing and
tracing, and excellent hospital care.
Covid-19, like most epidemics, is largely an urban problem.
Local strategies for disaster risk reduction must include pandd
demic preparedness as a priority, and this needs to be part of the
process of better recovery and building resilience to future dised
ease outbreaks. — Mami Mizutori & Maimunah Mohd Sharif
Source: https://www.eco-business.com/opinion/covid-19-demod
onstrates-urgent-need-for-cities-to-prepare-for-pandemics/
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Mapping America’s Underwater Real Estate: What happens to
home prices if flood maps start measuring climate change?

The vast majority of counties saw an increase on a percentage-point basis. One in 10 American properties are at
significant risk of flooding right now. Parts of Appalachia, far from the oceans, turn out to be at higher-than-exppected flood risk under First Street’s detailed approach to mapping. And climate change will continue to increase
the population living in vulnerable, flood-prone areas. The new model predicts that between 2020 and 2050, undder warming atmospheric conditions, the number of at-risk properties will grow by another 11%, or 1.6 million.
While flooding risk is likely to grow in almost every state, and often in places far from the oceans, over time it will
be particularly devastating along the coasts in Louisiana, Delaware and New Jersey. Source: bloomberg.com
June 2020 — Millions of Americans just woke up in a
flood zone that had never before been listed on U.S. goved
ernment maps.
The first-ever public evaluation of flood risk for every
property in the 48 contiguous states has found that federal
maps underestimate the number of homes and businesses
in significant danger by 67%. The new flood-risk data, reld
leased Monday by the research and technology nonprofit
First Street Foundation, is a virtually unprecedented disclosd
sure of how much damage climate change can be expected
to inflict at the level of individual homes.
First Street’s model gives homeowners access to riskanalysis techniques that had previously been available to
insurers and financiers. (Look up your address here.) Until
now public information on flood vulnerability in the U.S. reld
lied heavily on maps produced by the Federal Emergency
Management Agency, which are often out of date, incompd
plete, and difficult to understand. First Street aims to change
this by eventually making its flood information available on
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Realtor.com, the second largest listing website – a risk-discd
closure event that could have profound repercussions on
property values, bank loans and municipal bonds.
There are 142 million properties in First Street’s public
database, and each one is scored on a 10-point scale based
on the likelihood of flooding over a typical 30-year mortgd
gage. The score, called Flood Factor, rates the likelihood
of flooding in simple terms. (A Realtor.com spokeswoman
said the new flood-risk scores, which had been slated to be
introduced on the website already, would be added to listid
ings after a technical issue is resolved.)
First Street and FEMA use the same definition of “significd
cant risk”: at least a 1% chance or greater each year that a
property will experience a once-in-a-century flood. Over
the course of a 30-year mortgage, if the risk remains at 1%
annually, a property would have a greater than 26% chance
of facing that 100-year flood. Several million more propertd
ties face moderate risk of flooding.
It’s anyone’s guess how this new transparency will affect

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

In the News



Source: bloomberg.com
real-estate prices. When FEMA marks an area at significant
risk of flooding, residents with mortgages are forced to buy
flood insurance. First Street’s maps come with none of that
regulatory weight, leaving buyers and sellers free to ignore
them.
Academics and regulators think clear signals about expd
panded flood risk could be transformational. “We are alrd
ready seeing real-estate values go down in some of the
Southeastern coastal communities where flooding is a
common nuisance. And First Street’s work is likely to acceled
erate that,” says Jesse Keenan, a professor of real estate at
Tulane University who tracks the impact of climate change.
“I think it could be a self-fulling prophecy.”
The bureaucrat who ran FEMA’s National Flood Insurad
ance Program until 2018 agrees: “If they can pull it off and
they really have the goods on every property, it could be
a game changer,” says Roy E. Wright, now president and
chief executive of the Insurance Institute for Business and
Home Safety.
In the last decade, U.S. floods have caused over $155 billd
lion in property damage and account for the majority of
federally declared disasters. Ninety-eight percent of countd
ties across the U.S. have experienced a flooding event, and
FEMA rates floodwaters above all other natural disasters in
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damage potential.
Yet the primary purpose of FEMA’s flood maps isn’t to
inform individual homeowners. The agency’s mission is to
outline zones of significant risk of once-in-a-century floods
for community management and insurance purposes.
“FEMA’s maps are notably different in their intended use
and design,” an agency spokesperson said in a statement
about First Street’s project. Data needed to make decisions
about “floodplain management or life and safety during a
flooding event” is different from what’s needed to “inform
someone’s decision to acquire [private] flood insurance or
take an action to reduce their individual flood risk.”
Since First Street’s definition of significant risk is the same
100-year flood used by FEMA, the big difference in outlook
comes down to a few important factors. The climate nonpd
profit mapped 99% of all properties in the lower 48 states,
a completist approach FEMA doesn’t take. In addition, the
new maps use data to recreate property flooding caused by
55 past major hurricanes, tropical storms and nor’easters.
Many states lack flooding-disclosure laws, so this informatd
tion would otherwise be nearly impossible to find.
First Street’s model takes into account 55 previous major
storm events but there are significant gaps. It doesn’t yet
include Hurricane Harvey in 2017, which prompted FEMA
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Source: bloomberg.com
insurance payouts to 92,000 Texans.
The new maps also include projections for sudden, heavy
precipitation events and data on millions of miles of streams
and creeks that aren’t measured by FEMA. And, of course, the
first purpose of FEMA’s flood maps is to designate zones for
insurance that’s sold in one-year increments – which means
the process wasn’t set up to account for climate change
over decades. Yet homeowners often make decisions about
where to live that can last 30 years or more.
The heightened risk detected in First Street’s data can be
mapped across the country in unexpected places. Washid
ington, D.C. sees a 438% increase in properties identified
as vulnerable to floods, Utah is adjusted upwards by 419%
and Wyoming’s real-estate risk rises by 325%. The new
maps also point to a huge spike in flood threat along the
spine of the Appalachian Mountains in states like West
Virginia, Kentucky and Virginia—none of which spring to
mind when imagining the looming threat of rising waters.
In fact, First Street’s analysis found nearly one in four
properties in West Virginia is at risk from flooding, the highed
est percentage of real estate in any state. That’s higher than
famously flood-prone Florida, where 20.5% of homes are in
flood zones.
The new model is also much more sensitive to how majd
jor rain storms might overwhelm county drainage systems,
a fact that had a big impact on risk mapping in urban ared
eas. In Los Angeles County, for example, First Street found
nearly 204,000 properties have a substantial risk from
floods – or seven times FEMA’s estimate of 29,000. In Cook
County, which includes Chicago, an estimated 11% of 1.4
million properties are at risk, as opposed to the current feded
eral maps which list 2%.
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In areas where FEMA’s maps are up to date, the flood-risk
assessments by FEMA and First Street are closely aligned.
First Street’s maps of Louisiana, a state that faces extensive
coastal erosion from sea rise, show 477,000 houses in the
high-risk zone right now – 84,000 fewer than FEMA’s currd
rent map. Mike Amodeo, director of data science for First
Street, says his analysis took into account the recent consd
struction of levees or flood walls that made certain propertd
ties less likely to flood than before.
While the new flood-risk maps reflect the power of adad
aptations like seawalls in the short run, they also reveal
limitations over time. By 2050, according to First Street’s
projections, another 332,000 houses in Louisiana will be at
substantial risk of flooding because of inexorable sea rise.
The model doesn’t anticipate that current defenses will
save the coastline for long.
The risk maps will also help highlight newly installed
protections such as marsh and wetland restorations that
can fend off waters. Boston is building a series of sea walls,
berms and other structures around it that will act as a barrd
ricade against Mother Nature. The new 1,000-acre Seaport
District filled with restaurants, bars and gleaming office
and residential towers is particularly vulnerable. While all
of Los Angeles is currently protected by flood adaptations,
areas like Gardena remain vulnerable because its levee was
not designed for 1% annual flood risk.
These new and vastly expanded flood maps are likely to
be controversial. After all, what homeowner wants an unad
accountable, unelected entity publicly ranking their proped
erty as a high risk of damage or destruction? While some
owners won’t appreciate this transparency, others will see
newly installed protections to fend off waters as selling
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Source: bloomberg.com
points, says Danielle Hale, chief economist for Realtor.com.
“Market forces work fast when there are informed particid
ipants making the buying and selling decisions,” says Hale.
“It’s not surprising that the home next to a beach has flood
risk. But this broadens it.”
It took some effort previously for home shoppers to find
out if a property was within a flood zone defined by FEMA. If
flood scores spread soon from First Street’s website to Realtd
tor.com as planned, risk information will be discoverable far
more easily. Hale acknowledges that visibility could change
buying decisions and factor into home prices. Realtor.com
plans to provide information on the validity of the data, and
concerns will be directed to a customer-service team.
Insurance companies, banks and businesses often pay
for private research that affords access to more accurate
data than FEMA’s maps. These powerful interests have alrd
ready been making decisions accordingly. Almost all flood
insurance policies for homes in the U.S. – about 95% – are
part of the National Flood Insurance Program run by FEMA
because private insurers find it too risky. That leaves taxpd
payers picking up the tab when devastating floods occur.
Recent academic papers have found banks are using
flood information to “blue-line” neighborhoods, offering
homeowners fewer or more expensive mortgage services
due to more detailed understanding of risk. After big storms,
research shows that banks sell off an increased percentage
of mortgages in riskier areas to government-backed Fannie
Mae and Freddie Mac. Banks are also increasingly asking for
modified terms on mortgages in flood zones, such as demd
manding much more than 20% down at closing.

Even places known to be vulnerable today might see
prices shift if flood risk becomes more visible to real-estd
tate shoppers. The median home in Miami is worth about
$370,000 and, according to the real-estate website Zilld
low, that price has increased slightly in the past year. First
Street’s data already assigns 30% of properties in MiamiDade County to the significant risk category and projects
the designation will apply to 38% of the county by 2050.
Matthew Eby, executive director of First Street, says it’s
only fair to bring transparency into a rigged market. “Sopd
phisticated investors have privately purchased flood risk
information from for-profit firms for years,” he says. First
Street is “correcting an asymmetry of information by provd
viding free access to everyday Americans.”
Others worry that flood mapping down to the level of
individual homes requires a granularity of information that
First Street can’t muster, with homeowners in the newly
identified flood zones left facing harsh financial losses from
publicly posted but essentially unverifiable projections
of risk. Rachel Cleetus, the policy director for climate and
energy program at the Union of Concerned Scientists, beld
lieves publishing this information would place a “bullseye”
on unsuspecting owners or, in some cases, entire marginalid
ized communities.
“Having detailed risk information is important,” she says,
“but it is insufficient without public-policy supports. These
people didn’t create the problem and the market alone can
be a harsh and inequitable way to deal with the results.”
Source: https://www.bloomberg.com/graphics/2020-floodrisk-zone-us-map/

Look up the Flood Factor score for your home and any other property in the database.

ISSUE NO. 76 JUNE 2020

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

10

Feature
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This article summarizes two recently published manuscripts illustrating their connection (Manoli et al. 2019; 2020)
Introduction
Cities are generally warmer than the surrounding
rural land, a phenomenon called the Urban Heat Isld
land (UHI). Given their implications for energy consd
sumption (e.g. Santamouris et al. 2015), climate
change adaptation plans (e.g. Estrada et al. 2017),
and public health (e.g. Mora et al. 2017), UHIs have
been widely studied over the past decades, considerid
ing both air and surface temperature measurements
(e.g. Oke 1973, Oke 1982, Grimmond and Oke 1999,
Imhoff et al. 2010, Clinton and Gong 2013, Zhao et al.
2014, Gu and Li 2018). Air UHIs are most intense durid
ing night-time, while the intensity of surface UHIs,
hereafter referred to as SUHIs, generally peak during
daytime (e.g. Oke et al. 2017). The physical drivers of
urban warming and its canonical diurnal patterns are
reasonably well known, both in terms of air and surfd
face temperatures. More recently however, remote
sensing observations have revealed global and seasd
sonal trends of SUHIs that lack a complete explanatd
tion (e.g. Zhou et al. 2013, Zhao et al. 2014).
Scaling laws impacting SUHIs. A first link betd
tween urbanization-induced warming and city size
(as measured by urban population) was proposed
by Oke (1973) based on night-time air temperature
measurements. With the proliferation of remote
sensing products, similar relations between urban
population and SUHI intensity have been observed
at the global scale (Clinton and Gong 2013). Local hydd
ISSUE NO. 76 JUNE 2020

droclimate also contributes to the intensity of SUHIs
(Zhao et al. 2014, Li et al. 2019), with rising mean annd
nual precipitation causing an increase in urban to
rural surface temperature differences (∆Ts ). However,
given the complexity of urban systems, the factors
contributing to these variations in ∆Ts across backgd
ground climatic conditions and city size continue to
be a subject of inquiry and debate (Clinton and Gong
2013, Zhao et al. 2014, Gu and Li 2018, Li et al. 2019).
While Oke’s later work suggested that population
density (or actual measures of urban form such as
building density) is a more direct and reliable driver
of the nocturnal air UHI (e.g. Oke 1981), recent remote
sensing studies detect better correlation between
SUHI and total city population (Clinton and Gong
2013). On the hydroclimatic side, both changes in
convection efficiency (Zhao et al. 2014) and partition
of net radiation in latent/sensible heat fluxes (Zhou
et al. 2016b, Gu and Li 2018, Li et al. 2019) have been
proposed as the main drivers of daytime SUHIs. Some
studies suggested that ∆Ts increases linearly with regd
gional precipitation due to changes in rural aerodynd
namic resistance (Zhao et al. 2014), but remote sensid
ing observations from China point to the existence of
a precipitation threshold above which ∆Ts becomes
insensitive to precipitation changes (Zhou et al.
2016b). Numerical simulations have confirmed possd
sible nonlinear responses of ∆Ts to precipitation (Gu
and Li 2018) but, unlike previous modelling results,
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the variability of ∆Ts has been explained by changes
in rural temperature rather than convection efficiencd
cy. In short, the causal links between ∆Ts , population,
city texture, and background climate remain unclear
and, as a consequence, a fundamental knowledge
gap persists in understanding the cooling effects obtd
tainable with urban vegetation (e.g. Gunawardena et
al. 2017) and albedo management (e.g. Zhao et al.
2014) across cities and climatic conditions.
Seasonality of SUHIs. Another ubiquitous feature
of SUHIs is their seasonality. On seasonal timescales,
urban areas exhibit distinctive hysteretic patterns
between ∆Ts and background land surface temperatd
ture Ts (Manoli et al. 2020). This seasonal hysteresis
has been demonstrated by remote sensing observatd
tion from Europe (Zhou et al. 2013) and the Southwd
west United States (Bechtel et al. 2019), as well as in
numerical simulations for the Greater London area
(Zhou et al. 2016a). The directionality of hysteresis is
always clockwise, but ∆Ts either increases or decreased
es with Ts depending on the local hydroclimate (i.e.
wet versus seasonally-dry). Such hysteretic behaviour
was postulated to result from time lags between the
energy/water fluxes of urban and rural areas (Zhou et
al. 2013, Zhou et al. 2016a) but previous attempts to
verify this hypothesis have been unsuccessful (Zhou
et al. 2013). These recalcitrant challenges and questd
tions highlight the complexity of the coupled urbanbiosphere system, with the emergence of hysteresis
as one of its signatures (Ashkenazy et al. 2008, Morris
2011).
Objectives. Here, the aforementioned knowled
edge gaps are addressed by combining concepts
from statistical physics, urban climate, and complexid
ity science. Despite the diversity and complexity of
cities, universal scaling laws linking urban populatd
tion N to infrastructure and socio-economic metrics
have been confirmed for cities across the world (e.g.
Bettencourt et al. 2007). We show that such scaling
laws, when coupled to energy budget and radiatd
tive transfer principles, provide the logical basis for
coarse-grained representations of SUHIs. The objectd
tive is not to provide a detailed simulation of urban
microclimate, which is a prerogative of urban climate
models (e.g. Grimmond et al. 2010) and detailed urbd
ban energy and water budget schemes (e.g. Meili et
al. 2020). Rather, we aim to describe emergent behd
haviours of urban-biosphere interactions so as to
disentangle the key drivers of SUHIs across numerod
ous cities and diverse climatic regions. To be clear,
ISSUE NO. 76 JUNE 2020

Figure 1. (a) Observed (symbols) and modelled (soliid line) ∆Ts − P relation. The same trend is observed
for daytime and mean daily data. (b) Impact of diffferent green cover on the simulated SUHI intensity
∆Ts as a function of mean annual precipitation P.
the scale of applicability of such an approach is goved
erned by the applicability of scaling laws linking city
properties (e.g. size, population) to urban form and
function.
Methods
Data. Global estimates of summertime SUHIs are
obtained from the Global Urban Heat Island Data Set
2013 (CIESIN 2016). A SUHI is defined as the land surfd
face temperature difference between the urban area
and a 10 km buffer in the surrounding rural region.
The dataset provides daytime and nighttime UHI intd
tensities (∆Ts,d and ∆Ts,n, respectively) for more than
30000 cities. When focusing on climatic patterns and
long-term averages (Manoli et al. 2019), the intensity
of summertime SUHIs (∆Ts) is estimated as the averad
age of daytime and nighttime observations. At the
seasonal scale (Manoli et al. 2020), we use the seasd
sonal trends of SUHIs digitized from Zhou et al. 2013
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and Zhou et al. 2016a for five European cities (Paris,
London, Milan, Madrid, and Nicosia). The selected
cities are characterized by different background climd
mates and exhibit the main hysteretic behaviours
observed in Europe (Zhou et al. 2013, Zhou et al.
2016a). Monthly meteorological data (i.e. precipitatd
tion P, two-meter air temperature Ta , surface tempd
perature Ts , incoming shortwave radiation Rsw , wind
speed Ws , and atmospheric pressure pa t m ) and land
surface diagnostics (i.e. albedo, leaf area index, and
evapotranspiration) have been retrieved from the
Modern Era Retrospective-Analysis for Research and
Applications (MERRA) and used to define background
climatic conditions and assess model accuracy.
Coarse-grained SUHI model. A first order appd
proximation for the intensity of SUHIs can be derived
from the surface energy balance considering urbanid
ization as a perturbation to the rural base state. Specd
cifically, urban-rural surface temperature differences
∆Ts can then be expressed as a function of annual
precipitation P and city population N only (Manoli et
al. 2019):
∆Ts (P,N)=

1
∆S(P,N)
η
fs (P)− a fa (P)
T

[1]

where fs and fa [W m-2 K-1] are energy redistribution
factors associated with surface and air temperature,
respectively (Zeng et al. 2017), η and aT are paramed
eters accounting for the coupling between Ts and Ta ,
while ∆S [W m-2] is the differential energy forcing due
to urban-induced changes in surface albedo (∆α),
emissivity (∆εs), evapotranspiration (∆ET), convection
efficiency (∆ra), and anthropogenic heat (∆Qah). Note
that urban ET is calculated considering the urban
green cover fractions (gc,u) and irrigation (as defined
by an irrigation index Ir,u).
Given the objective of exploring the sensitivity of
SUHIs to as few “summary variables” as possible (i.e. P
and N), a set of climate relations linking background
meteorological variables (e.g. Ts, Ta, Rsw) to P has
been derived from fitting the MERRA data. Similarly,
changes in urban characteristics (e.g. area, mean sky
view factor, mean building height, anthropogenic
heat) are linked to city size by urban scaling laws.
The resulting model in Eq. 1 then postulates that ∆Ts
can be coarsely-modelled as a function of only N and
P, where N is an aggregate measure for urban infrasd
structure size and P is a proxy for time-integrated surfd
face-atmosphere exchanges and climatic patterns.
ISSUE NO. 76 JUNE 2020

Figure 2. (a) Observed seasonality of SUHIs in Paris
and Madrid; (b) simulated hysteresis of ∆Ts for diffferent rainfall-radiation phase shifts ∆ΦλR and mean
rainfall frequencies μλR.
The proposed approach is deemed “coarse-grained”
because “fine-grained” properties of climate, cities
and rural areas are smoothed over in space and time
to focus on collective phenomena and global pattd
terns rather than microscopic (i.e., building to block
scale) or specific city-climate processes.
Stochastic soil moisture balance. To test the
hypothesis that hysteresis is the result of time lags
between urban and rural dynamics, Eq. 1 has been
modified to account for the seasonality of backgd
ground climate (see Manoli et al. 2020). Specifically,
changes in background meteorological forcings with
time τ, have been modelled with sine functions Γ=Γ(τ)
characterized by mean μΓ, amplitude AΓ, and phase
ΦΓ. A well-established stochastic soil moisture balad
ance (Porporato et al. 2004, Feng et al. 2015) is then
employed to compute the seasonality of relative soil
moisture, evapotranspiration (ET), and surface albedd
do (α) in the rural areas. This probabilistic approach
integrates information on rainfall daily stochasticity
and seasonality to describe the “average” seasonal
cycle of surface water fluxes. Note that the selected
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sine functions represent prototypical examples of intd
tra-annual variability rather than precise site-specific
conditions. Also, the analysis here focuses on two
contrasting climatic conditions defined as “wet” (i.e.
continental/temperate regions with summer rainfall
and well-watered vegetation throughout the year)
and “seasonally-dry” (i.e. Mediterranean climates
with dry summers and prolonged water-stress) even
though more complex seasonal dynamics may occur
on continental scales (Zhou et al. 2013).
Further details on data sources, analysis, and moded
el development can be found elsewhere (Manoli et
al. 2019; 2020).
Results and Discussion
Global patterns of summertime SUHIs. Consistd
tent with prior results (Zhou et al. 2016b, Gu and Li
2018), a nonlinear relation between ∆Ts and mean annd
nual precipitation is found (Fig. 1a). The intensity of
SUHIs modelled by Eq. 1 increases linearly at low precd
cipitation regimes (Zhao et al. 2014) but it saturates
at precipitation values exceeding around P=1200
mm yr-1, in agreement with the observations. Model
inferences suggest that the shape of the P−∆Ts relatd
tion is largely controlled by changes in evapotranspird
ration. In wet climates, energy limitations control the
upper bound on ET differences between urban and
rural environments, thus creating the observed platd
teau of ∆Ts. In arid regions, water limitations reduce
the magnitude of rural ET, thus limiting the contribd
bution of ∆ET to ∆Ts and, when urban vegetation is
irrigated, ∆Ts becomes neutral or even negative cread
ating an “oasis” effect.
A sensitivity analysis of Eq. 1 to changes in urban
green cover fraction elucidates this interplay among
multiple mechanisms and highlights the fundamentd
tal role of background climate in regulating the abilid
ity of urban green spaces to reduce the SUHI effect
(Fig. 1b). In arid regions, rural land surfaces can be
warmer than urban areas due to lower albedo, lower
convection efficiency, and water-limited rural evapotd
transpiration. As a consequence, urban vegetation
and irrigation reduce urban temperatures efficiently,
and control the magnitude of the “oasis” effect (e.g.
Oke 1982, Gunawardena et al. 2017). In wet climates,
vegetation is not water limited and ET is a dominant
component of the rural surface energy balance so
that, to reduce ∆Ts by a fixed value, an increasing
green cover is needed for increasing P (Fig. 1b).
Seasonal hysteresis of SUHIs. The seasonality of
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SUHIs is illustrated in Fig. 2. Cities in relatively wet
climates (represented by the example of Paris here)
show a concave up hysteresis characterized by peak
SUHIs in summer and ∆Ts always positive, while cities
in seasonally dry regions (e.g., Madrid in Fig 2a) exhd
hibit a concave down curve with peak SUHI in spring
and ∆Ts≤0 during summer/autumn. These trends are
consistent for both daytime and mean-daily observatd
tions (not shown here) and in line with observations
reported elsewhere (Bechtel et al. 2019). Despite its
simplicity, the model captures the major features of
the observed seasonality of water and energy fluxes
at the land surface as well as the hysteretic behavid
iour of ∆Ts (Fig. 2b). Model results suggest that, in wet
climates, the SUHI intensity is largely determined by
∆ET because rural ET is in-phase with radiation; it appd
proaches potential evapotranspiration (ETmax) and
maximizes ∆Ts during summertime by cooling the
rural environment. Conversely, in seasonally dry climd
mates, rainfall is out-of-phase with radiation causing
water stress and a summertime decrease in rural ET
that reduces ∆ET to potentially negative values and,
consequently, ∆Ts. Under dry conditions, soil moistd
ture influences not only latent heat fluxes but also
surface albedo by modulating the dynamics of leaf
area index (LAI) in rural areas (see results in Manoli
et al. 2020). In addition, for such water limited ecosd
systems, rural vegetation is generally of low statud
ure so that differences in convection efficiency can
contribute to enhance the cooling of urban surfaces
(Zhao et al. 2014). This effect, however, depends on
the three-dimensional structure of urban areas, the
density of buildings, their mean height, and how all
these parameters influence surface heat flux efficiencd
cy (e.g. Grimmond and Oke 1999, Li et al 2020). These
attributes vary significantly among and within cities.
These results demonstrate that the shape of the
observed hysteretic cycles is fingerprinted in the
time lags between incoming shortwave radiation,
temperature and rainfall. In wet climates, ET is not
water limited and the concave up hysteretic loop is
mainly due to temperature-radiation lags. In seasonad
ally dry regions, the shape of hysteresis is modified
by the radiation-rainfall lag, and the induced water
stress in the rural areas that generates a concave
down loop. This confirms the conjecture of a phase
shift mechanism (Zhou et al. 2013, Zhou et al. 2016a)
regulated by energy and water availability.
Limitations and perspectives. While the propd
posed coarse-grained approach provides a new persd
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spective on emergent urban-rural dynamics, it focd
cuses on remotely-sensed surface temperatures only
and considers city-scale values, averaged in space
and time over monthly timescale. Clearly, this is not
sufficient to quantify local microclimatic effects, pedd
destrian thermal comfort, and guide site-specific
urban planning solutions as the characteristics of
single cities and their spatial heterogeneities can signd
nificantly deviate from the emergent behaviours discd
cussed here (by definition, emergence occurs when
a system exhibits macroscopic properties that are
not necessarily observed at the microscopic level of
an individual city). Climate sensitive urban planning
requires a quantification of the overall climatic condd
ditions experienced by residents (i.e. local air tempd
perature, radiative loading, air humidity, and wind
speed at the block/building scale from sub-hourly to
interannual timescales), as well as their exposure and
vulnerability to heat. Hence, the intensity of SUHIs is
a useful but not sufficient metric to characterize heat
stress and guide heat mitigation strategies. Nevertheld
less, SUHI remains an important indicator for urban
climate research as the study of bulk urban propertd
ties, and their interwoven relations with climate and
population growth can provide useful insights to
identify global trends and general guidelines. Similar
coarse-grained analyses have been critically importd
tant in many other fields (e.g. the Budyko curve in
hydrology as illustrated, for example, by Berghuijs et
al. 2014), and yet they remain lacking in urban climatd
tology where they can assist in framing the increasid
ing number of global modelling and observational
studies of cities.
Conclusions
This study reveals that urban-rural systems exhibit
emergent large-scale behaviors that can be described
by a coarse-grained representation of the underlying
biogeophysical and socio-economic processes. The
intensity of SUHIs is shown to be non-linearly moduld
lated by mean annual precipitation and population
size, which are sufficient to encode the associated
changes in heat release, albedo, convection efficiencd
cy, and evapotranspiration explaining the observed
global patterns of urban-rural surface temperature
anomalies. Strategies aimed at reducing city-scale
warming should account for these inherent system
nonlinearities as local climate-vegetation charactd
teristics influence the efficiency of different cooling
solutions. On seasonal timescales, SUHIs are charad
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acterized by distinctive hysteretic cycles associated
with urban-rural phase shift mechanisms generated
by radiation, temperature, and rainfall seasonality.
The coarse-grained approach presented is intended
ed to complement, potentially at the preliminarid
ily design stage, more detailed city-specific studies,
which remain fundamental to capture the high spatd
tio-temporal variability of urban characteristics and
design local-scale heat mitigation strategies. Yet, as
the science of cities continues to grow, general resd
sults begin to emerge at a “macroscopic” level. Such
macroscopic results can generate hypotheses about
connections between mitigation strategies (derived
empirically or from detailed simulations), climatic
regimes and city attributes, which is one of the outcd
comes to be explored in future works.
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Mapping African cities in Local Climate Zones: Reporting on a
mapathon experience
Background and context
The WUDAPT effort and framework (Ching et al., 2018)
based on the Local Climate Zones (LCZ) scheme by Stewart
and Oke (2012) has been heavily used by the urban climate
and earth observation communities in recent years. The
number of global cities being mapped into LCZs is steadild
ly growing, and is an important prerequisite for others to
map vast areas such as Europe and the Continental United
States into LCZs (Demuzere et al., 2019; 2020). This demonsd
strates that the community-based effort that is the philosopd
phy underlying WUDAPT can lead to great achievements.
However, very few cities in Africa have yet been mapped,
something that is rather interesting to see since these cities
would benefit the most from the WUDAPT efforts. Indeed,
building resilient cities in Africa will depend on the accessd
sibility to inexpensive and user-friendly data gathering
methods (Acuto et al. 2016). And resilience doesn’t have
to be constrained to climate resilience. In fact, LCZs offer
a detailed land use land cover (LULC) classification of cities
that is primarily of use for climate studies but that can also
be extended to other types of studies that are sensitive to
the ways we build our cities. For example, urban health issd
sues such as the risk of heat stress (eg. Aminarini et al. 2019)
– a concern which most of the IAUC community is already
familiar with – or to vector-borne diseases, as suggested in
Brousse et al. (2019). Indeed, morphological heterogeneid
ities within the urban environment may affect the presence
of the vector (.e.g. the mosquito), while certain LCZs (e.g.,
LCZ 7, lightweight lowrise or often referred to as informal
settlements) may explain the vulnerability of certain populd
lations because of their socio-economical dimensions. Still,
this must be demonstrated.
We therefore decided to address the characteristic (climd
mate and meta-) data scarcity in this part of the world by:
i) studying the link between LULC characteristics given by
the LCZ and the urban malaria prevalence of a set of African
cities; and ii) complementing the existing set of LCZ maps
in Africa so that a continental mapping may be foreseen.
To do this, we organized a one-day mapathon event at the
Université Libre de Bruxelles (ULB) on the 29th of October
2019 with the objective of mapping as many African citid
ies as possible from the Remote sensing for Epidemiology
in sub-saharan African CiTies (REACT, http://react.ulb.be/)
project that aims at improving our understanding of malarid
ia epidemiology within and across different African cities.
Eighteen participants responded, most of whom were Africd
can residents doing a GIS-training at the ULB (Figure 1).
Teaching LCZ and WUDAPT to beginners in a short
amount of time
Before the mapathon was held, we provided the partd
ticipants with the reference literature concerning LCZs and
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Figure 1. Participants to the mapathon at ULB digitizing
training areas over African cities.
we asked them to train themselves via the driver test, as the
HUMINEX 2.0 project (Verdonck et al. 2019) revealed that
students who took part in this test had significantly higher
overall accuracies (OA) for their maps compared to those
who did not. All participants were also given a one-hour
presentation at the start of the mapathon to sum up all that
had been sent to them previously. Two persons were also
present to supervise them during the day if they had any
questions.
In the end, all participants were responsible for one city
where they had to digitize as many LCZ training areas (TA;
in the form of polygons) as possible. To gain time, as the
mapathon lasted only one day, participants were not asked
to map their cities in the SAGA GIS program as proposed by
Bechtel et al. (2015; 2017). This could impact their sampling
accuracy, as WUDAPT’s standard LCZ classification workfd
flow (Bechtel et al., 2015) outlines that the development
of TA and the application of the classifier should be perfd
formed iteratively until there is a good match between the
classification output and the underlying urban landscape
(Bechtel et al., 2019).
Mapping African cities in the form of LCZ
Before feeding the random forest classifier with the newld
ly gathered training dataset, a preliminary manual revision
of the TA was done by three experts to make sure that all
students properly understood the LCZ classification. It was
found that all the training dataset required some adjustmd
ments. The first verification procedure took about half a
day for 6 cities to be properly verified. In particular, this step
made sure that no unrealistic LCZ TA were fed to the model.
For example, it was not accepted that a polygon sampled
over a compact urban setting (e.g., compact low-rise, LCZ
3) was assigned to an open class (e.g., open low-rise, LCZ 6).
Also, we made sure that all polygons fit the WUDAPT mappd
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Figure 2. Examples of LCZ maps obtained out of the mapathon for Kinshasa Brazzaville and Lagos. Right panels show
the overall accuracy (OA), the urban only overall accuracy (OAurb), the built-up overall accuracy (OAbu) and the
weighted accuracy (OAw). The cross-wise LCZ F1 accuracies are also given.
ping guidelines proposed by Bechtel et al. (2015).
Our first verification round made us aware that participd
pants potentially misunderstood the WUDAPT TA’s sampd
pling method and/or the LCZ scheme. Indeed recurrent
mistakes were found: i) the set of TA for some LCZ classes
that were well spread in the cities of interest was not consd
sequent enough or even null; ii) some polygons were too
small – way below the recommended 1 km2 area; iii) TA of
the same LCZ class were clustered in space instead of being
spread across space to capture as many spectral signatures
as possible from the same LCZ; and iv) unrealistic LCZ classed
es were sampled – the latter being potentially explained
by the desire of some participants to find as many LCZs as
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possible, even if not present. Certainly, most of these issues
would have been avoided if more time was provided to
map these cities. In fact, this probably affected the ability
of participants to learn the LCZ scheme and its mapping
framework, as well as the capacity of the teaching staff to
make sure that everything was properly understood by the
participants. Nevertheless, albeit these undesirable outcd
comes, we gathered a consistent number of training polygd
gons over 18 cities in a very short amount of time and with
a – although subjective – decent quality. Therefore, once
the first verification step was done, we tested the efficacy of
this training dataset to map the cities of interest. We fed it
into the random forest classifier available in Google’s Earth
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Figure 3. Examples of different urban LCZ locations in Dar Es Salaam (Tanzania), Ouagadougou (Burkina Faso) and Kamppala (Uganda): compact low-rise (LCZ 3) in red, open low-rise (LCZ 6) in orange and lightweight lowrise (LCZ 7)in yellow.
Engine (Gorelick et al. 2017) following the same method
and the same earth observation input features developed
by Demuzere et al. (2019a; 2019b). We evaluate the model
performance by bootstrapping the random forest model
25 times using 70% of the data for training and 30% for
evaluation. Also, the new LCZ W (wetlands) proposed by
Brousse et al. (2019) was added, as this variable may be of
importance for explaining malaria prevalence in urban envd
vironments.
Preliminary results of the mapathon effort
While the first LCZ maps look promising (Fig. 2), systemad
atic confusions were found across similar LCZs for these
African cities. More particularly, informal settlements (LCZ7
– lightweight lowrise) were often confused with compact
low-rise (LCZ 3). Also, as some cities do not yet have Google
Street View for visually interpreting the height of the buildid
ings it may be that some of the confusion that happened
between low-, mid- and high-rise classes is the result of a
human induced error in the sampling. Notwithstanding,
the weighted accuracy as proposed by Bechtel et al. (2017;
2020), taking into account similarities between different
LCZ classes, was often higher than 0.7, suggesting an accd
ceptable mapping accuracy.
However, by learning from previous studies (Bechtel et al.
2017; Verdonck et al. 2019; Demuzere et al. 2019), we consided
ered that further improvement in the mapping could be obtd
tained if we would: i) feed the model with more TA, ii) increase
the quality of the TA, iii) define a protocol for visually differed
entiating compact low-rise (LCZ 3) from lightweight lowrise
(LCZ 7) in Google Earth, and iv) test additional earth observatd
tion features in order to help the model differentiate between
some LCZ classes in Africa. Since this investigation could have
been labour-intensive, we focused on specific cities of interest
that we considered most relevant for the REACT project. We
chose these based on the availability of accurately geolocalid
ized malaria surveys in the cities from the mapathon, so that
only cities where we could conduct a proper evaluation of the
links between LCZ and the malaria prevalence were retained.
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Investigating strategies for improved LCZ mapping in
Africa
Our final selection consisted of nine cities that were not
on the WUDAPT portal (Ching et al. 2018): Abidjan (Ivory
Coast), Accra (Ghana), Dakar (Senegal), Dar Es Salaam (Tanzd
zania), Freetown (Sierra Leone), Kampala (Uganda), Kinsd
shasa (Democratic Republic of Congo), Lagos (Nigeria) and
Mombasa (Kenya). First, we defined criteria for accurately
digitizing LCZ 3 and LCZ 7’s TA. We found that building matd
terials that are observed from above cannot suffice to discd
cretize one LCZ from another. Indeed, most of the houses
use iron roofs and even clay for the walls. Still, completely
different neighborhood typologies are found in LCZ 7. We
thus considered that LCZ 7 are depicted by their unplanned
forms and their very high building densities in comparison
to LCZ 3, where more quadrilateral and open roads netwd
works are found (Figure 3). In particular, height-to-width
ratios are much higher and building widths are smaller in
LCZ 7. Second, we added Sentinel 1 Gray Level Co-occurrd
rence Matrix (GLCM) textures with an 11 by 11 window size
to better capture the heterogeneities of built up surfaces
(Forget et al. 2018) as well as Sentinel 2 red edge bands to
improve the mapping of LCZ wetlands (Forkuor et al. 2018;
Kaplan et al. 2018). Third, we used the same mapping strated
egy as previously detailed and we iteratively changed the
original sets of TA after each evaluation step up until a satid
isfactory OA of 0.6 was obtained for each city – Bechtel et
al. (2019) fixed this value to 0.5.
We found that Sentinel 1 GLCM textures could help redd
duce the confusion between some similar urban classes
while Sentinel 2 red edge bands may help discretizing wetld
lands (LCZ W) that were often confused as dense trees (LCZ
A) or water (LCZ W). Nevertheless, these conclusions will
have to be studied in detail before further recommendatd
tions be given to the IAUC community in terms of choice of
the earth observation dataset for mapping LCZ. Additionad
ally, four iterative steps were necessary before reaching the
minimum OA of 0.6 (Figure 4). This means that one person

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Urban Projects

19

Figure 4. Examples of LCZ maps obtained after reworking the data gathered during the mapathon for Kinshasa, Brazzzaville and Lagos. Right panels show the overall accuracy (OA), the urban only overall accuracy (OAurb), the built-up
overall accuracy (OAbu) and the weighted accuracy (OAw). The cross-wise LCZ F1 accuracies are also given.
had to work full time on the digitizing of the TAs for 10 full
working days for accurately mapping nine cities, giving an
idea of the time that is normally required to obtain an accd
curate map.
Lessons learned and future perspectives
Although the mapathon effort provided us with a subsd
stantial amount of TA per city, which had the merit to be
sampled by African citizens, the quality of the product was
not yet sufficient to foresee a continental mapping of Africa.
A substantial amount of additional work was thus required
by experts familiar with the LCZ digitization process and
mapping procedure. Lessons learned from this mapathon
are in line with the conclusions from the HUMINEX experimd
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ments (Bechtel et al. 2017; Verdonck 2019):
1) An iterative learning is required to obtain LCZ maps
of good quality. Indeed, our mapathon asked participants
to sample a huge quantity of TA in a very short period,
without checking if the model was accurately responding
to their TA sampling. This offered less chance to the partd
ticipants to learn from their previous mistakes, even if the
teaching staff was monitoring every participant throughod
out the whole day.
2) The ‘wisdom of the crowd’ is of added value. Each partd
ticipant had a different city to map, which might have prevd
vented some exchanges from happening between them.
Still, some participants helped each other but these excd
changes were rather limited. Probably, improved TAs could
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Figure 5. Final LCZ maps obtained for the REACT project that will be made publicly available on the WUDAPT portal.
have been obtained if participants could have worked
more collectively.
3) The driving test helps participants. All participants
took the time to do the driving test and ended up feeling
confident about their understanding of the LCZ. Nonetheld
less, as they were not given a second chance to learn from
their mistakes some learning biases crystalized through the
whole mapathon.
4) Major confusions are found between compact lowrise (LCZ 3) and lightweight lowrise (LCZ 7) despite our effd
fort to define criteria for accurately digitizing their TA. We
also found confusions between open low-rise (LCZ 6) and
sparsely built (LCZ 9).

ISSUE NO. 76 JUNE 2020

In the end, we managed to produce nine maps of major
African cities that will be made public on the WUDAPT portd
tal (Figure 5). Across these nine cities, we observed a spatial
clustering of the LCZ that can be summed up as follows:
an old planned and dense urbanization in the city center
(LCZ 3), surrounded by more recent, densified and uncontd
trolled urbanization (LCZ 7) that opens towards the suburbd
ban areas (LCZ 6 and LCZ 9). Of course, we found other urbd
ban LCZ – e.g. compact and open mid-rise (LCZ 2 and 5) in
business districts, or large lowrise (LCZ 8) in industrial areas
and heavy industry (LCZ 10) in chemical harbors – but their
spatial clustering is not as easily drawn up.
Further, we would like to encourage the members from
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the IAUC community to get involved in the mapping of African
cities to pursue a continental mapping that would complemd
ment some other recently made LULC maps over the contind
nent (e.g., ESA Sentinel Africa map (Lesiv et al., 2017)). In fact,
these LCZ maps can already serve urban climate studies and
modelling to be done in these regions, as Brousse et al. (2020)
demonstrated over Kampala (Uganda).
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How time-limited events such as Oktoberfest
contribute to the global CH4 budget

Scientists at the Technical University of Munich figured out that the methane (CH4 ) concentrations in Munich are significantln
ly increasing during the time of the annual Oktoberfest. With the help of a greenhouse gas (GHG) observation network using
stationary FTIR instruments they found for the first time in 2017 that Oktoberfest is an unknown emission source of methane.
Since then they have been studying the CH4 emissions of the festival for three years. With the help of in situ measurements
combined with a Gaussian plume dispersion model, they determined the emission flux of Oktoberfest as (6.7 ± 0.6) µg(m²s)-1.
Additional analysis such as isotopic composition, correlations to the visitor number and the daily emission cycle show that
the emissions are mainly not biogenic but anthropogenic. The most likely source of the unwanted loss of CH4 to the atmosn
sphere are incomplete combustions of natural gas from the grills and heaters that are widely used at Oktoberfest. The study
shows that time-limited events, which use natural gas as a major energy source, can have a significant contribution to the
global CH4 budget and, therefore, should be considered in future emission inventories and mitigation policies.
This article summarizes a recently published paper and related work: Chen, J., Dietrich, F., Maazallahi, H., Forstmaier, A.,
Winkler, D., Hofmann, M. E. G., Denier van der Gon, H., and Röckmann, T. (2020) Methane emissions from the Munich
Oktoberfest, Atmos. Chem. Phys., 20, 3683–3696 (https://doi.org/10.5194/acp-20-3683-2020)

Introduction
CH4 is the second-most prevalent GHG emitted by humd
man activities (Allen et al., 2018; Etminan et al., 2016; Myhre
et al., 2013). It is estimated to have a global warming potd
tential (GWP) that is 28 to 34 times larger than that of CO2
over the 100-year horizon (IPCC, 2013). After experiencing
a nearly constant CH4 concentration (total amount of CH4
in the atmosphere) from 1999 to 2006, CH4 concentrations
have started to increase again (Nisbet et al., 2019; Saunois
et al., 2016). The reasons for the renewed growth are not
fully understood; fossil fuel CH4 emissions are largely undd
derestimated (Schwietzke et al., 2016) and could play a majd
jor role in the increase (Hausmann et al., 2016; Worden et
al., 2017). Natural gas is a growing source of energy, but
its unwanted release into the atmosphere is a significant
component of anthropogenic CH4 emissions (McKain et al.,
2015; Schwietzke et al., 2014), and its reduction may be essd
sential for attaining the goal of the Paris agreement.
So far, large festivals are just considered as emission
sources for air pollutants such as nitrogen oxides (NOx),
carbon monoxide (CO), particulate matter (PM2.5, PM10)
sulfur dioxide (SO2), etc. (Huang et al., 2012; Nishanth et al.,
2012; Shi et al., 2014). However, up to now, festivals have
not been considered a significant source of CH4 emissions
and accordingly, CH4 emissions from large festivals have
not yet been studied.
That is why we investigated the CH4 emission of Oktobd
berfest, the world’s largest folk festival with over 6 million
visitors annually that is held in Munich. In 2018, during
the 16 days of Oktoberfest, approximately 8 million liters
of beer was consumed. For cleaning, dish washing, toilet
flushing, etc., 107 million liters of water was needed. The
use of energy added up to 2.9 million kWh of electricity and
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200,937 m3 of natural gas, 79% of which was used for cookid
ing and 21% for heating (Stadt München, 2018).
During our measurement campaign in 2017, we figured
out for the first time that the Munich Oktoberfest could be
a significant source of CH4. For a better source attribution
and a quantitative emission assessment, we have investigd
gated the CH4 emissions from Oktoberfest 2018 and 2019
by carrying out mobile in situ measurements and incorpord
rating a Gaussian plume dispersion model. The methods
used as well as the results are summarized in this article.
Methods
The measurements during our 2017 Munich city campd
paign indicated Oktoberfest as a possible source for CH4
for the first time using our ground-based GHG sensor netwd
work that is based on the principle of differential column
measurements (Chen et al., 2016). With the help of 5 statd
tions that are distributed in and around Munich (Dietrich et
al., 2020; 2019; Dietrich and Chen, 2018; Heinle and Chen,
2018) we observed higher CH4 enhancements in the whole
city during the Oktoberfest time in comparison to before
and after. With the help of a Bayesian inversion model that
is driven by STILT we were able to show that most of the
CH4 emissions came from the Oktoberfest site itself and
are not only caused by the high number of visitors who are
present in Munich at that time (Chen et al., 2018).
In order to quantify the emissions of the Oktoberfest
premises more in detail, we went closer to the festival
premises in 2018. There, we conducted a mobile survey
around the perimeter of Oktoberfest to obtain the CH4 concd
centration values around the festival area (Theresienwiese)
and incorporated a Gaussian plume model consisting of
16 different point sources to determine the CH4 emission
strength.
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We conducted mobile in situ measurements using two
portable Picarro GasScouter G4302 instruments for measd
suring CH4 and ethane (C2H6). Since we were not allowed
to enter the festival area due to safety concerns, the measd
surements were carried out by walking and biking in total
94 times around the perimeter of Oktoberfest next to the
security fences, wearing the analyzer as a backpack. The
measurements were taken on several days during and after
the time of the festival to compare the differences in emissd
sion strength and distribution. Additionally, to observe the
hourly dependency of the emissions, the measurements
were distributed over the course of the day. In the end, we
covered the period between 08:00 and 19:00 (local time)
hourly.
The framework of our modeling approach is based on
a Gaussian plume model described in (Hanna et al., 1982;
Sutton Oliver Graham and Simpson George Clarke, 1932)
and widely used to assess local source emissions (Chen et
al., 2017; Kiemle et al., 2017; Nassar et al., 2017; Yacovitch
et al., 2018). As the concentration measurements using
the backpack instrument were performed close to the
festival area (<500 m), the emissions of Oktoberfest cannd
not be seen as a single point source. Accordingly, multiple
point sources were used, which were modeled as Gaussian
plumes before they were superimposed. To determine an
emission number of Oktoberfest, we fitted these superimpd
posed modelled plumes to the actual measurement signal
by scaling a prior emission number so that the areas undernd
neath both plumes are identical (see Figure 1).
In 2019, the mobile in situ measurements were repeated.
This time, we focused more on the source attribution as we
were allowed to enter the festival premises with our instrumd
ments, which made it possible for us to search for emission
hotspots. Furthermore, a CFD (Computational Fluid Dynamid
ics) model (Toja-Silva et al., 2018; 2017) was developed to
simulate the gas dispersion within and around the terrain.
Results
The measured CH4 concentrations were plotted for each
round on a map of the Oktoberfest premises to show that
there is a clear correlation between the wind directions
and the enhancements. These plots do not show the absd
solute concentration values but the enhancements above
the determined background concentrations, because the
enhancements are not influenced by the variation of the
boundary layer height during the course of the day. Two
such plots for two different wind directions are shown in
Figure 2. In addition to the concentration enhancements
and the wind direction, the 16 emission sources are shown
as black dots on top of each tent. The Gaussian plumes
themselves are also represented as orange plumes. These
two plots reveal that the highest concentration enhancemd
ments can be observed downwind of the Oktoberfest
premises.
In order to determine an averaged emission number, we
averaged the emission numbers of all plumes that we obtd
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Figure 1. Measurement curve (blue) with the a priori forwward model (orange) and the scaled forward model (yelllow).
tained by scaling the prior emission number until the area
underneath the measured and modelled plume was identicd
cal. It results in an overall number of (6.7 ± 0.6) µg (m2s)−1.
The uncertainty is calculated by varying the input paramed
eters such as instrument, wind and baseline uncertainty.
To verify whether the ongoing festival caused those
emissions, Figure 3 also shows the emissions determined
for the time after Oktoberfest (from 8 October through 25
October). This number (1.1±0.3) µg (m2s)−1 is significantly
smaller than the one during Oktoberfest.
Figure 3 (bottom) also shows a clear difference in the
weekend and weekday emissions. The average emission
for the weekend (8.5±0.7) µg (m2s)−1 is higher than the
averaged emission for the weekdays (4.6±0.9) µg (m2s)−1,
almost by a factor of 2. This correlates very well with the
twice as high number of visitors on weekends compared
to weekdays (muenchen.de, 2018). Such a correlation indicd
cates that the CH4 emissions are anthropogenic.
Further analysis including calculations about biogenic humd
man emissions and sewage emissions results in the conclusd
sion that the majority of CH4 emissions at Oktoberfest are
caused by fossil fuel emissions such as small leakages and
incomplete combustion in the gas appliances used.
In order to verify these assumptions, in 2019 we went
closer to the sources and additionally measured the isotopd
pic composition (δ13C and δD) as well as the methane/ethad
ane ratio of the exhaust gas using air-sampling bags (Chen
et al., 2020). The results of this campaign are still in progress
and will be published in a follow-up study soon. The preld
liminary results suggests that our assumption was correct;
the high enhancements of CH4 are caused by unwanted
loss of natural gas into the atmosphere.
Conclusion
Our study is the first one that deals with the CH4 emissd
sions of a big festival. We investigated Oktoberfest as it is
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the world’s largest folk festival and a CH4 source that had
not yet been taken into account in the state-of-the-art
emission inventories.
The emissions are directly correlated to the number of
visitors and are very likely caused by fossil fuel based emissd
sions such as incomplete combustion or loss in the gas appd
pliances. This assumption is supported by isotopic analyses
of the gas that is exhausted at the festival premises.
Our approach is comparatively straightforward and can
be applied widely to several emission sources such as small
cow barns, uncovered heaps in landfills, or wetlands made
of groups of ponds and swamps, etc.
In summary, this study uses Oktoberfest as an exemplary
event to show, for the first time, that large festivals can be
significant CH4 emitters. Therefore, these events should be
included in future emission inventories. Furthermore, our
results provide the foundation to develop reduction policd
cies for such events and a new pathway to mitigate fossil
fuel CH4 emissions.
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Man
Climate
& Architecture
Remembering the life and times of Baruch Givoni (1920-2019)
Baruch Givoni was born one hundred years ago in
Jerusalem. At a young age he moved with his family to
the coastal town of Haifa, home of the Technion – where
he would later receive a professional degree from the
lone faculty of architecture in the newly formed state of
Israel. His career would not be conventional, however,
and fifty years ago he published a book that would usher
in a new field of scientific endeavor − the rigorous study
of the relationship between man, climate and architectd
ture. This year, he passed on the legacy of a man whose
name is synonymous with that field.
While data points such as these tell us little on their
own, it is data that drove Baruch Givoni. His hunger for
precise information and his ability to turn empirical data
into a fuller story are what led him to carry out pioneerid
ing experiments in environmental physiology, to devd
velop universally recognized models describing human
thermal stress and adaptive comfort, and to provide the
bioclimatic design tools necessary for making buildings
more efficient and cities more habitable.
“Born for research”
Aside from his insatiable curiosity and lifelong persistd
tence, Givoni’s career trajectory was guided to a large
extent by circumstance and sheer luck. Initially he had
no intention of studying architecture – but due to his
self-professed love for plants and flowers, he was drawn
to the field of garden design, having worked in his youth
as a gardener and even co-founding an agricultural commd
munity (kibbutz). Since at the time there was no suitable
program in landscape design, he decided to pursue a
degree in architecture − which in turn would lead to a
career at the Technion - Israel Institute of Technology that
ISSUE NO. 76 JUNE 2020

would last for over 20 years.
Shortly after his graduation in 1953, Givoni became insd
spired by David Ben-Gurion, Israel’s first prime minister, to
head southward and settle the Negev desert. He went to
work for the Ministry of Housing in the dusty city of BeerSheva − but through a chance encounter was invited
back to Haifa by his former professor Rahel Shalon, who
informed him that she had just become the founding
director of the new Building Research Station (BRS) and
needed an assistant. While Givoni’s boss in Beer-Sheva was
sorry to lose his talented young architect, he sent Baruch
off with some parting words that would influence him for
the next half century: “You were born for research.”
Indeed Givoni thrived in his new role as a researcher,
and in 1958 Prof. Shalon asked him to head a new labord
ratory that she was establishing for “Building Climatolod
ogy.” Belying a sense of modesty that never left him,
Baruch accepted the offer because he was fascinated by
the topic − but admitted that he knew virtually nothing
about it. In order to remedy this problem he was sent for
training in the US, where he joined the national research
laboratory of the American Society of Heating and Ventild
lating Engineers (ASHVE, later merged into ASHRAE). The
lab could not offer him work on building climatology,
but did have ongoing research on human physiology –
except that the physiologist was temporarily absent and
he would have to work alone. It was thus a confluence of
circumstances that led Givoni to embark on a period of
self-training and independent experimentation into the
effects of temperature, humidity, wind and radiation on
human thermal comfort under hot conditions.
Photo above courtesy of Wolfgang Motzafi-Haller, BGU
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Between environmental physiology and building
climatology
These experiments proved successful, and sparked Givd
voni’s fascination with “environmental physiology”– a field
that was entirely outside the realm of architectural educatd
tion and practice, but in his opinion the perfect complemd
ment to building design adapted to human needs. Based
on this success, he was accepted for a master’s degree in
public health under the supervision of Harwood S. Beldid
ing, a noted professor at the University of Pittsburgh who
had dealt previously with problems of physical work in
adverse environments at the Harvard Fatigue Laboratory
and as director of the US Army Climate Research Lab.
The focus of Givoni’s analysis was the key issue of
“sweat efficiency” – that is, the limiting effect of humidity
and other environmental variables on the human body’s
ability to cool itself through evaporation and to maintain
thermal equilibrium under warm conditions. In a more
general sense, however, he internalized the important undd
derstanding that thermal comfort could not be described
by a single parameter such as temperature – rather it reqd
quired an understanding of the complete balance of ened
ergy exchanges between the body and its surroundings.
This collaboration with Belding, who recognized the piod
oneering nature of Givoni’s experimental work and granted
ed him first-author rights on their 1962 publication at the
First International Congress of Bio-Meteorology, provided
him a bridge to international stature in an emerging scientd
tific community. Bringing his experience and new-found
notoriety back to the BRS Building Climatology Lab in Isrd
rael, Givoni now had at his disposal a dedicated climate
chamber which could serve his experimental interests in
both physiology and climatology. The central question
preoccupying him seemed simple: How much sweat must
evaporate in order to sufficiently cool the body? But the
ability to model this process, in a way that would faithfd
fully reflect the body’s internal mechanisms as well as the
full range of microclimatic variables in a given location,
required not only empirical data but also a deeper level of
scrutiny. He took his question to the medical faculty of the
Hebrew University in Jerusalem − and buoyed by a wave
of interest (and funding) from the US regarding occupatd
tional health and from Israel regarding building constructd
tion, he was promptly accepted for a PhD in public health
that would bridge these challenges.
The doctoral dissertation that appeared in 1963 (sponsd
sored by UNESCO, with an English translation published
by the BRS) was entitled “Estimation of the Effect of Climd
mate on Man: Development of a New Thermal Index.”
What he developed was the Index of Thermal Stress (ITS),
and in this work Givoni became the first to demonstrate
that sweat efficiency decreases as soon as the evaporatd
tive rate required to keep the human body’s heat balance
ISSUE NO. 76 JUNE 2020
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Givoni in 1968 at the meteorological station of Eilat, depploying an experimental model for studying the “cooling
of houses in desert regions by utilizing outgoing radiattion.” Source: Building Research Station Dept. of Building
Climatology and Israel Ministry of Housing, courtesy of
Or Aleksandrowicz.

in a steady state reaches 20% of the maximal evaporative
power. The ITS was considered to be the most comprehd
hensive index developed for evaluating heat stress in
buildings, and its use was eventually extended for outdd
door urban spaces as well. More importantly, the concept
of “thermal stress” came to encapsulate Givoni’s efforts
at connecting human beings with both their natural and
constructed environment. “Because of this connection,”
he mentioned casually fifty years later, “my first book was
called Man, Climate and Architecture.”
Man, Climate and Architecture
Givoni’s first book would become a worldwide bestseller, but this too was creditable in part to a convergd
gence of circumstances that would play out over the
course of the 1960s and early 70s. As head of the BRS
Department of Indoor Climate – the “first permanent
research body in Israel to be fully engaged in questions
of building and climate” – Givoni leveraged his varied
experience in architecture, physiology and climatology
toward solving practical problems in the built environmd
ment. Central among these were the problem of condd
densation in buildings during the winter due to a lack of
thermal insulation, and the overheating of these same
buildings in summer. His work thus focused on design
considerations such as optimal orientation for sun and
wind, and the thermal and optical properties of building
materials – but he easily connected these issues with the
evaluation of inhabitants’ biophysical comfort.
With a strong desire to see the results of his work
translated into actual design practice, he also headed
the national committee established to develop a nationad
al standard for building insulation. In fact throughout his
career he struggled to implement what he believed to
be the fundamentals of climatic design in hot-arid regd
gions, including proper window placement and shading
INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE
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In late December 2012, I was fortunate to interview Baruch Givoni at his home in Tel Aviv as part of my doctn
toral research on the history of building climatology in Israel. Givoni was almost 93 years old at the time, but
nevertheless he was energetic, sharp, and talkative – which made him a perfect interviewee. He told me about
the almost accidental way in which he became a building scientist and an expert on thermal comfort in a mannn
ner that expressed a genuine sense of modesty. Despite being a central driving force behind the revolution in
bioclimatic building research in Israel and beyond during the 1960s and 1970s, Givoni refrained from referring
to his professional work in revolutionary terms and described it as a process of piecemeal expansions.
This was also a result of Givoni’s attitude towards research: as he told me, he thought that thorough and
exhaustive empirical monitoring of real-world conditions and situations is the best way of understanding the
human component of climatic design. In his eyes, human beings cannot conform to deterministic and simplified
models, and, therefore, a researcher must look for the physical differences and cultural preferences that shape
our changing perceptions of indoor and outdoor climatic conditions.
As a whole, Givoni seemed to me then quite content with his life-long achievements. Nevertheless, one issue still
troubled him after all these years: the almost total indifference of architects to the expanding body of knowledge
that he and his colleagues had been building for decades. Here, and for the only time during our meeting, Givoni
expressed deep frustration and astonishment, as if the ill-mindedness of architects towards climatic consideran
ations is such a force of nature that nobody, not even the most clever of scientists, can make it change course.
— Or Aleksandrowicz, Technion - Israel Institute of Technology

and the combined use of thermal mass and insulation for
maximizing the effectiveness of cooling by night ventild
lation. At the core, however, was decision-making based
on critical analysis: he believed in building theories based
on experimental research, and if necessary discarding accd
cepted dictums if the results contradicted them.
By the late 1960s his local efforts had borne fruit, gened
erating a “reliable and accessible knowledge base for
understanding the climatic implications of architectural
design in Israel.” 1 In 1968 Givoni and his team summard
rized this work in a report which surveyed the crucial
elements of climate, presented the concept of thermal
comfort and the application of a bioclimatic chart for
thermal comfort analysis, described the thermal propertd
ties of building materials, and provided specific design
recommendations for the different climatic zones in Isrd
rael. Although its focus was on the formulation of simple
guidelines for local designers, this practical guide to climd
matic building design and the years’ worth of research
underlying it were about to have global implications.
In the same year the report was published, Givoni retd
turned to the US for a sabbatical leave that would prove
to be a turning point for his career and what it came to
represent. He spent the first part of this period at the
University of California in Berkeley, a focal point of the
ISSUE NO. 76 JUNE 2020

turbulence stemming from heightened environmental
and social awareness and particularly from the war ragid
ing in southeast Asia, and for the second part he moved
to the US army’s research lab for environmental medicd
cine and exercise physiology in Natick, Massachusetts.
Performing experiments with young volunteers, who in
his words “preferred suffering in a climate chamber than
in Vietnam”, Givoni discovered the remarkable capacid
ity of the human body to adapt to thermal stress, as its
physiological mechanisms adjusted to better cope with
extreme heat and humidity after each day of physical
training.
In the midst of this tumultuous period, Givoni received
an invitation from a British book publisher. It turned out
that the model of human thermal stress which he had
developed in his doctoral thesis, together with his extensd
sive practical work on building climatology, were consided
ered of ample importance to justify a volume that would
be marketed to a general audience. The first edition of
For a detailed account of Givoni’s early career, see: Aleksd
sandrowicz O. (2017) Appearance and performance: Isrd
raeli building climatology and its effect on local architectd
tural practice (1940–1977). Architectural Science Review,
60:5, 371-381. (DOI: 10.1080/00038628.2017.1354812)
1
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Man, Climate and Architecture appeared in 1969, and in
June 1970 it was reviewed by Charles Senn in the Americn
can Journal of Public Health. Senn explained that the
book was “written by an international authority on man’s
thermal environment, with special reference to hot climd
mates in regions where mechanical air conditioning is
not generally available,” and emphasized how Givoni
“gives a comprehensive explanation of the mechanisms
of heat generation and loss from the human body [and]
concludes that the most valid method for evaluating
combined metabolic and environmental factors is the
‘Index of Thermal Stress’ (ITS), which enables predicting
resultant physiological strain.” And in describing what
the book had to offer readers at large, he concluded:
“While a significant part of the book is of special value
to architects practicing in hot climates, much of the
book is of value and interest to all who are interested
in man’s response to the indoor environment.”
While endorsements like this surely helped to promote
Givoni’s work, it was a set of much larger, external circumsd
stances that would propel the book to its iconic status. In
1973 the western world experienced first-hand what energd
gy scarcity and over-reliance on fossil fuels might look like,
when the oil embargo and ensuing “energy crisis” brought
concepts such as passive solar architecture into the mainsd
stream. Givoni revised and expanded his text for a second
(1976) edition, engaging a wider public in his vision of a
relationship between climate and architecture that placed
the human being − with all its physiological workings −
at center stage. Instead of a focus on the prevailing trend
towards more sophisicated air conditioning technology,
this vision channeled scientific knowledge toward technold
logical simplification, integrating self-cooling mechanisms
into the building itself through climate-responsive design.
He promoted the climatization of buildings by “natural ened
ergies,” exploiting not only incident solar radiation for passd
sive heating but also passive cooling mechanisms such as
nocturnal airflow for ventilation and rooftop evaporation
for minimizing heat gain. Givoni’s book not only anticipd
pated the urgency of energy conservation, it provided a
scientific basis for energy-efficient architecture.
It was also in 1973 that Givoni became a professor at
the Technion, in addition to his ongoing work as head
of the Building Climatology Department at the BRS. But
the publication of his landmark book had opened doors
around the world, and he was promptly invited to teach
for three months each year at the Architecture and Urbd
ban Design Department of the University of California in
Los Angeles. After a few years, though, a set of circumsd
stances prevented him from continuing this arrangemd
ment with UCLA from his base at the Technion – so he
instead took up a position at Ben-Gurion University of
the Negev, and headed back to the desert.
ISSUE NO. 76 JUNE 2020

In the early 1980s Givoni’s experiments at the Institute for
Desert Research included an earth-sheltered dome, which
continues to house residents and harbor vegetation.

Desert architecture and urban planning
Having heeded David Ben-Gurion’s call 25 years earlier
to help “make the desert bloom,” this time Givoni joined
in founding an entirely new kind of research endeavor −
the Blaustein Institute for Desert Research at BGU’s Sede
Boqer campus. The institute’s mandate was to carry out
scientific research directed toward the development of
arid regions, and Professor Givoni headed up a new group
dedicated to solar buildings and energy conservation. The
desert further sparked his interest in passive heating and
cooling, and the remote site allowed for experimentation
that would have been impractical within the confines of
a conventional campus. He constructed experimental
test buildings to systematically examine climatic design
parameters and monitor the performance of low-energy
systems, and he built earth-sheltered domes to analyze
the short and long-term effects of dry and wet soil on
a building’s thermal inertia. Most importantly, he documd
mented a remarkable collection of ongoing experiments
and ideas for future work that would inspire researchers
in Desert Architecture for decades to come − leading to
innovations in evaporative down-draft cool towers, night
sky radiant cooling systems, and hybrid rooftop systems
employing shade, soil and water. In fact Givoni’s later
work with test cells was featured as a prime illustration
of the principles of experimental research in Groat and
Wang’s 2002 textbook, Architectural Research Methods
(and its second edition in 2013).
Throughout this period he continued his part-time assd
sociation with UCLA, and in 1985 it became permanent.
Nearing retirement age but not nearly ready to retire, Prof.
Givoni moved to southern California and launched yet
another “new” career, imparting his accumulated knowled
edge to students in disciplines ranging from physics to
architecture. It was also during this period that his attentd
tion shifted significantly from individual building systems
to the larger systems of streets, neighborhoods and cities
(having published in 1973 an analysis of “the influence of
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When I first arrived at the Sede Boqer campus of Ben
Gurion University in 1986, Givoni had already left for the
greener pastures of UCLA, where he taught until his retn
tirement. Outside my office window, however, I could see
an array of test cells, which he had constructed to experimn
ment with his ideas for passive cooling. In an adjacent
room, he had constructed a bespoke piece of furniture
where an Intertec ‘Superbrain’ computer found a place
of honor – but which had by then been replaced by early
model IBM PCs. As my own research developed, I found
that no matter where I turned, I was walking in Givoni’s
footsteps: nocturnal radiant cooling, evaporative coolin
ing, earth-sheltered buildings – he had studied them all.
I can remember vividly the day when we covered with soil an experimental dome structure he had designed,
watching the tractor climb successively higher as the thin concrete shell was loaded with more and more earth,
until it was perched at the very top, over three meters above the ground. It still seems hard to believe that the
fragile-looking structure supported the heavy machinery, but not only was it structurally sound – the building,
which we monitored in summer and winter, performed exactly as Givoni had predicted it would.
When, eventually, I started working on urban microclimate, I discovered that he had authored a WMO report
published in 1989 called “Urban Design in Different Climates”. Although this publication has remained relatively
obscure, many of his concepts and ideas, based mainly on a keen sense of observation, are supported by resn
search conducted by others many years, sometimes decades later.
When Givoni finally retired from UCLA and returned to Israel, he remained a sought-after speaker and guest
lecturer, especially in countries with warm humid climates such as Mexico, Brazil and Hong Kong. Researchers
from these countries meeting me for the first time, upon learning that I am from Israel, almost invariably ask of
him. And small wonder: well into his late eighties, he would call me every once in a while to ask for new experimn
mental data from some project, or graphs and figures he could use in yet another book he was working on. At
an age when most people have long since given up academic work, he was still bubbling with ideas, travelling
around the world and expounding on his research.
Once news of Baruch Givoni’s passing began to circulate, I received several messages of condolence from colln
leagues who knew him: a tribute to the affection he generated and the high regard with which he was held by
so many people.
— Evyatar Erell, Ben-Gurion University of the Negev
urban features on city climate”). While others were already
studying the dynamics of the nocturnal urban heat island
(UHI) effect, Givoni was mainly focused on hot conditions
during the daytime − inspired by the dense urban fabric
of traditional Mediterranean cities and the radiative “cool
islands” created by deep shading and thermal inertia.
In 1989, the same year that the first International Confd
ference on Urban Climate was held in Japan, the WMO
entrusted Givoni with the preparation of a World Climate
Programme report entitled “Urban Design in Different
Climates,” in which he outlined a virtual roadmap of the
emerging field of urban climatology. This volume began
by describing the urban climate and its distinctive charad
acteristics, with a focus on previously neglected tropical
cities, and continued with practical recommendations
regarding physical planning features ranging from urban
density and street width to particular housing types and
green spaces. Finally, it took the “bioclimatic approach”
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that had been developed for architectural design and
applied it to cities as well, detailing the different urban
design strategies that may be leveraged in geographic
regions characterized by hot-arid, hot-humid, composite
and hybrid climate regimes. In the next decade, two more
books were added to Givoni’s body of work: Passive and
Low Energy Cooling of Buildings in 1994, and Climate Consn
siderations in Building and Urban Design in 1998.
The “Givoni” Bioclimatic Chart
Already in his 1969 book, Givoni had proposed a
method to determine thermal comfort requirements in
buildings based on the Index of Thermal Stress, and to
graphically depict different design strategies for creatid
ing comfortable conditions in a particular region. Over
the ensuing decades this design tool, his version of the
popular “bioclimatic chart”, came to be known as the “Givd
voni diagram.”
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Baruch was inspirational to me as a young researcher
back in the early 2000s. He was over 80 years old when I
first met him in Florianópolis, Brazil (PLEA 2001) and I was
surprised to see him showing interest in a dataset with indn
door and outdoor temperatures I had collected with a formn
mer MSc student on low-cost dwellings in Curitiba, Brazil.
I did not hesitate in sending him the data and soon after
that I got a full analysis with his predictive methods for
those houses. He invited me to prepare joint papers for diffn
ferent conferences and journals, and I invited him over to
Brazil (with limited research budget) for a course on biocn
climatic architecture. He told me about the research team
in Sede Boqer, and through a meeting with Isaac Meir at
the PLEA Conference in Santiago, Chile I was able to arrange a visit to Israel. In this way, an important connection
was made through Baruch − starting a fruitful collaboration with colleagues in Israel, particularly during my stay
at Sede Boqer (pictured here) during 2005-2006 when I became close friends with David Pearlmutter and we ran
field experiments together on the same grounds where Baruch had done his. Until 2010-2011 Baruch and I were
still collaborating on research, and occasionally I would meet him at international conferences − though even
more often other colleagues would ask me about him, as his reputation always drew interest.
When Baruch came to Curitiba I invited him to my house and took him on a sightseeing tour, which was later
reciprocated when I came to visit him in Haifa, Israel in 2015 and he showed me the Bahai gardens and the Germn
man neighborhood. I was always amazed by his friendliness and perhaps a “fatherly” attitude towards me. It puzzn
zled me that he would show interest and curiosity in researchers and research groups in emerging economies and
developing countries, so much so that he seemed to me like a missionary − working with other Latin-American
colleagues such as my friend Eduardo González from the University of Zulia, Venezuela, with whom we worked
together in the last few years of our collaboration. The modesty and respect he showed us, even though we were
still “little fish” in research, was also part of his special gifts.
For all that, he became a role model to me, not just because of his knowledge, but for his behavior and attitude,
for the way he would hug us and put on a friendly smile when meeting us, for the natural way he would describe
complex phenomena, and for his curiosity and enthusiasm, which should actually be required characteristics of
any researcher.
— Eduardo Krüger, Universidade Tecnológica Federal do Paraná
Givoni’s approach was based on the observation that
the diurnal fluctuation of outdoor air temperature is highed
er when the vapor pressure is low − and that this inverse
relationship is the key to “passively” reducing temperature
indoors. Using average monthly temperature and humidid
ity values, his “climogram” traces the bioclimatic characterid
istics of a site on a psychrometric chart and then identifd
fies not only the zone of comfort, but ways of enlarging it
through cooling techniques that incorporate natural ventd
tilation, thermal mass, night ventilation and evaporation.
Especially after his 1992 article entitled “Comfort, climate
analysis and building design guidelines,” Givoni’s bioclimd
matic chart became ubiquitous in schools of architecture
and has been frequently adapted to specific climatic condd
ditions around the world. In fact in the mid-1970s he visid
ited Brazil and adapted his climate chart for tropical and
subtropical areas, gaining a loyal following in South Amerid
ica and returning over the years to Argentina, Venezuela
and Chile – with extended periods in Australia as well.
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Givoni’s “Climogram” as applied to the humid climates of
Argentina, with the comfort zone extended by passive
bioclimatic design strategies.
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I read your book “Man, Climate & Architecture” when I
was a student. I started to know you virtually.
In 2003, I invited you to come to Hong Kong to teach
in my MSc programme. From then on, I started to know
you in person. We started to collaborate on projects and
publish papers together.
The most important lesson I have learnt from you has
been that a scholar must keep the investigation simple
by focusing on the most important line of thought, and
solve a problem in the simplest way. For example, you
always said, “Why use expensive equipment when a selfmade ten-dollar device can give one the same data? And
why use a complicated program and a super computer
when a simple equation can achieve the same analyses?”
Students loved you too. They told me you were friendly, down to earth and hands on. They were surprised that
you could spend hours showing them how to collate data using Excel and entering lines of data yourself; and you
could stand-by under the sun supervising them on how to connect the thermocouples. They told me you loved
Chinese food and always challenged other overseas visitors to taste exotic Chinese dishes like chicken legs.
Baruch, we will all miss you.
— Edward Ng, Chinese University of Hong Kong

Traveling the world as a visiting professor, Givoni was
repeatedly impressed by the capacity of local people
to adapt to different levels of heat stress, and especially
humidity. A climatological journey that had taken him to
the arid Negev highlands of southern Israel and the mild
southern pacific coast of the US also led to the humid tropid
ical cities of southeast Asia, where he collaborated and
consulted in Japan, Thailand, Singapore and Hong Kong.
Leaving UCLA in 2002, he returned to Israel and began
collaboration with climatologists from Tel Aviv University,
and also was invited to share his knowledge with a new
generation of building and urban climatologists at the
School of Architecture of the Chinese University of Hong
Kong (CUHK) – a recurring engagement that became yet
another new career for the youthful emeritus professor.

Givoni traveling in Beijing with Isaac (Sakis) Meir of BGU.
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* * *
Baruch Givoni was recognized with the prestigious
Passive and Low Energy Architecture (PLEA) award in
1991, and in 2008 I had the distinct honor of presenting
Prof. Givoni with the first-ever Jeffrey Cook Prize in Desert
Architecture from Ben-Gurion University. Until that time,
we had only met occasionally and so the name Givoni
was for me just that – a name. However I felt like I knew
him well, because his name seemed to be attached in
some way to virtually every report, article, paper or book
that I encountered on the subject of climate and architd
tecture in arid regions. He had produced literally hundd
dreds of scientific publications and pioneered many of
the most important ideas and innovations in “desert arcd
chitecture”: evaporative cooling, earth-integrated buildid
ings, moderating heat stress in urban spaces, and on and
on. I found myself time after time attempting to pick up
and continue research that he had initiated, worked on,
and then left as he moved on to something else.
As circumstance would have it though, a particular
misfortune for Prof. Givoni turned out to be strangely
fortunate for me. At the age of 90, on the eve of his reguld
lar trip to Hong Kong, Baruch’s doctor informed him that
he could no longer travel overseas. He was disappointed
and dismayed that his globetrotting activity should be
curtailed when he was still in full swing. But he was eager
for collaboration closer to home, and hungry as ever for
data − so we started a test-cell experiment comparing
the thermal behavior of conventional building materials
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As an urban climatologist, I also grew up on Prof.
Baruch Givoni’s books and articles.
Upon his returning to Israel, in 2002, I asked to meet
him and discuss my research. I expected to meet an eldn
derly person who continues to be interested in the field
and can certainly contribute from his vast experience
and proficiency. I was totally surprised!
I met a young looking man, thoughtful, vigorous,
and most eager to explore. He immediately asked me
to take him for a walk in the park where I had done
research on the effects of a new water pond on the
temperature, humidity and thermal comfort. As we
walked − almost ran − across the lawn on an extremeln
https://www.youtube.com/watch?v=hIMjBw55GOQ
ly hot and dry day, he drafted a formula for predicting
the temperature of irrigated grass exposed to the sun,
which was based on measurements taken during different weather conditions. This work was presented at the
Fifth International Conference on Urban Climate (ICUC-5) in Lodz, Poland, in September 2003.
From here it was only a short way until he expressed his desire to write together a review article on outdoor
comfort research issues, comparing his studies in Japan and various studies done in Israel. The article was publn
lished in Energy and Buildings in 2003 and received hundreds of citations.
It was a great privilege to know and work with him, even if for a short period. He was a true scientist as well as
a lively, modest man, interested in many areas beyond science − an admirable person.
The meaning of his name, Baruch, is “blessed”. In Hebrew we eulogize by saying: “of blessed memory”.
Blessed Baruch has earned his just reward for a life well lived, and shall be remembered with longing.
— Hadas Saaroni, Tel Aviv University

with alternative low-energy materials that my students
and I were developing at the time. I finally got to know
the man behind the name, and discovered that Baruch’s
interests went far beyond the topics associated with
the public Givoni. At his retirement home in Tel Aviv he
had founded a weekly music appreciation group, holdid
ing weekly concerts in which he would share classical
pieces from his own collection of recordings. He showed
me some remarkable portraits that he had created, and
I was astonished to learn that he had taken up painting
only recently − having shown a certain talent for drawid
ing in his days at architecture school, but never having
been satisfied with his own abilities.
I also found that this was a person with an almost painfd
ful sense of humility, bemused that his name was known
on every continent but still mainly concerned with solvid
ing problems and figuring out puzzles. When he came to
visit our experimental site, he insisted on traveling indepd
pendently – explaining that the train ride gave him time
for his daily Sudoku. When asked what he attributed his
good health to at such an advanced age, he mentioned
physical exercise – but said that exercising his mind was
the key.
Baruch left behind a large family, with children, grandcd
ISSUE NO. 76 JUNE 2020

children and great-grandchildren too numerous to count
without a bit of effort. A few years ago he was described
as an elderly father whose most obvious trait was that he
was like a child, with a childlike curiosity to constantly learn
new things and master new challenges − and a seeming
lack of awareness as to just how successful he was.
— David Pearlmutter, Editor

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

35

Bibliography
Recent Urban Climate Publications
A. Samad NS, Abdul-Rahim AS, Mohd Yusof MJ, Tanaka K
(2020) Assessing the economic value of urban green spaces
in Kuala Lumpur. Environmental Science and Pollution Resn
search 27 10367–10390.
Abdi B, Hami A, Zarehaghi D (2020) Impact of small-scale
tree planting patterns on outdoor cooling and thermal
comfort. Sustainable Cities and Society 56
Aboelata A (2020) Vegetation in different street orientatd
tions of aspect ratio (H/W 1:1) to mitigate UHI and reduce
buildings’ energy in arid climate. Building and Environment
172 106712.
Adeola Fashae O, Gbenga Adagbasa E, Oludapo Olusola A,
Oluseyi Obateru R (2020) Land use/land cover change and
land surface temperature of Ibadan and environs, Nigeria.
Environmental Monitoring and Assessment 192 109.
Aguiar-Gil D, Gomez-Pelaez LM, Alvarez-Jaramillo T, Corrd
rea-Ochoa MA, Saldarriaga-Molina JC (2020) Evaluating the
impact of PM2.5 atmospheric pollution on population mortd
tality in an urbanized valley in the American tropics. Atmosn
spheric Environment 224
Aklibasinda M, Ok AO (2019) Determination of the urbanid
ization and changes in open-green spaces in Nevsehir city
through remote sensing. Environmental Monitoring and Assn
sessment 191
Alexander C (2020) Normalised difference spectral indices
and urban land cover as indicators of land surface temperatd
ture (LST). International Journal of Applied Earth Observation
and Geoinformation 86
Alexander J, Smith DAE, Smith YCE, Downs CT (2019) A
multi-taxa functional diversity assessment of the effects
of eco-estate development in the mixed land-use mosaic
of the KwaZulu-Natal North Coast, South Africa. Landscape
and Urban Planning 192
Aljawabra F, Nikolopoulou M (2020) Thermal comfort in
urban spaces: a cross-cultural study in the hot arid climate
(vol 62, pg 1901, 2018). International Journal of Biometeorolon
ogy 64 305.
Almeida MD, Telhado MJ, Morais M, Barreiro J, Lopes R
(2020) Urban Resilience to Flooding: Triangulation of Method
ods for Hazard Identification in Urban Areas. Sustainability
12 2227.
Anasuya B, Swain D, Vinoj V (2019) Rapid urbanization and
associated impacts on land surface temperature changes
over Bhubaneswar Urban District, India. Environmental
Monitoring and Assessment 191
Asawa T, Fujiwara K (2020) Estimation of Sensible and Latd
tent Heat Fluxes of an Isolated Tree in Japanese Summer.
Boundary-layer Meteorology 175 417–440.
Askariyeh MH, Zietsman J, Autenrieth R (2020) Traffic contd
tribution to PM2.5 increment in the near-road environment.
Atmospheric Environment 224

ISSUE NO. 76 JUNE 2020

In this edition is a list of publications that have generad
ally come out between February and May 2020. If you
believe your articles are missing, please send your refered
ences to the email address below with a header “IAUC
publications” and the following format: Author, Title,
Journal, Year, Volume, Issue, Pages, Dates, Keywords,
URL, and Abstract. Important: do so in a .bib format.
Note that we are always looking for (young) researched
ers to join and contribute to the Committee. If you are
interested to join or would like to receive more informatd
tion, please let me know via the email address below.
Happy reading,
Matthias Demuzere
Chair IAUC Bibliography Committee
Ruhr University Bochum (Germany)
matthias.demuzere@rub.de

The Bibliography Committee

Lilly Rose
Amirtham

Anurag
Bagade

Pravin
Bhiwapurkar

Peter
Crank

Rohinton
Emmanuel

Kathrin
Feige

Lech
Gawuc

Rafiq
Hamdi

Julia
Hidalgo

Mathew
Lipson

Martina
Petralli

Aditya
Rahul

Iara
Santos

Chenghao
Wang

Hendrik
Wouters

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Bibliography
Azimi M, Feng F, Zhou C (2019) Air pollution inequality and
health inequality in China: An empirical study. Environmentn
tal Science and Pollution Research 26 11962-11974.
Badach J, Dymnicka M, Baranowski A (2020) Urban Veged
etation in Air Quality Management: A Review and Policy
Framework. Sustainability 12 1258.
Badach J, Voordeckers D, Nyka L, Van Acker M (2020) A
framework for Air Quality Management Zones - Useful GISbased tool for urban planning: Case studies in Antwerp and
Gdansk. Building and Environment 174 106743.
Bauer TJ (2020) Interaction of Urban Heat Island Effects and
Land-Sea Breezes during a New York City Heat Event. Journn
nal of Applied Meteorology and Climatology 59 477-495.
Baumann-Stanzer K, Stenzel S, Rau G, Piringer M, Feichtid
inger F, Costabloz T (2020) Monitoring and Modeling RoofLevel Wind Speed in a Changing City. Atmosphere 11 87.
Belcher RN, Sadanandan KR, Goh ER, Chan JY, Menz S, Schroed
epfer T (2019) Vegetation on and around large-scale buildid
ings positively influences native tropical bird abundance
and bird species richness. Urban Ecosystems 22 213-225.
Bouketta S, Bouchahm Y (2020) Numerical evaluation of
urban geometry’s control of wind movements in outdoor
spaces during winter period. Case of Mediterranean climd
mate. Renewable Energy 146 1062-1069.
Boulton C, Dedekorkut-Howes A, Byrne J (2020) Factors
shaping urban greenspace provision: A systematic review
of the literature (vol 178, pg 82, 2018). Landscape and Urban
Planning 195
C. Serra, Lana X, Martínez MD, Roca J, Arellano B, Biere R,
Moix M, Burgueño A (2020) Air temperature in Barcelona
metropolitan region from MODIS satellite and GIS data.
Theoretical and Applied Climatology 139 473–492.
C. W. Yu, Chiu Y (2019) Environmental-comfort building layod
out principle for a coastal industrial park. Theoretical and
Applied Climatology 138 1013–1023.
Cao RX, Li FW, Feng P (2020) Impact of Urbanization on Precd
cipitation in North Haihe Basin, China. Atmosphere 11 16.
Cardinali M, Pisello AL, Piselli C, Pigliautile I, Cotana F (2020)
Microclimate mitigation for enhancing energy and envird
ronmental performance of Near Zero Energy Settlements
in Italy. Sustainable Cities and Society 53
Cardoso MA, Brito RS, Pereira C, Gonzalez A, Stevens J, Telhadd
do MJ (2020) RAF Resilience Assessment Framework-A Tool
to Support Cities’ Action Planning. Sustainability 12 2349.
Carlan I, Haase D, Grosse-Stoltenberg A, Sandric I (2020) Mappd
ping heat and traffic stress of urban park vegetation based
on satellite imagery-A comparison of Bucharest, Romania
and Leipzig, Germany. Urban Ecosystems 23 363–377.
Cetin IZ, Sevik H (2020) Investigation of the relationship betd
tween bioclimatic comfort and land use by using GIS and
RS techniques in Trabzon. Environmental Monitoring and
Assessment 192 71.
Chang Q, Zhang H, Zhao Y (2020) Ambient air pollution and

ISSUE NO. 76 JUNE 2020

36
daily hospital admissions for respiratory system-related dised
eases in a heavy polluted city in Northeast China. Environmn
mental Science and Pollution Research 27 10055–10064.
Chegini FM, Baghani AN, Hassanvand MS, Sorooshian A,
Golbaz S, Bakhtiari R, Ashouri A, Joubani MN, Alimohammd
madi M (2020) Indoor and outdoor airborne bacterial and
fungal air quality in kindergartens: Seasonal distribution,
genera, levels, and factors influencing their concentration.
Building and Environment 175 106690.
Chen DC, Xu XL, Sun ZY, Liu L, Qiao Z, Huang T (2020) Assd
sessment of Urban Heat Risk in Mountain Environments: A
Case Study of Chongqing Metropolitan Area, China. Sustn
tainability 12 309.
Chen GX, Rong L, Zhang GQ (2020) Comparison of urban
airflow between solar-induced thermal wall and uniform
wall temperature boundary conditions by coupling CitySim
and CFD. Building and Environment 172 106732.
Chen JL, Augenbroe G, Zeng ZY, Song XY (2020) Regional
difference and related cooling electricity savings of air polld
lutant affected natural ventilation in commercial buildings
across the US. Building and Environment 172 106700.
Chen JY, Shan M. an Xia JJ, Jiang Y (2020) Effects of space
heating on the pollutant emission intensities in «2+26» citid
ies. Building and Environment 175 106817.
Chen TL, Chiu HW, Lin YF (2020) How do East and Southeast
Asian Cities Differ from Western Cities? A Systematic Review
of the Urban Form Characteristics. Sustainability 12 2423.
Chen Y, Cai Y, Tong C (2019) Quantitative analysis of urban
cold island effects on the evolution of green spaces in a
coastal city: a case study of Fuzhou, China. Environmental
Monitoring and Assessment 191
Chokhachian A, Perini K, Giulini S, Auer T (2020) Urban perfd
formance and density: Generative study on interdependd
dencies of urban form and environmental measures. Sustn
tainable Cities and Society 53
Cook NJ (2020) Parameterizing the seasonal–diurnal wind
climate of Rome: Fiumicino and Ciampino. Meteorological
Applications 27 e1848.
Dai YW, Mak CM, Zhang Y, Cui DJ, Hang J (2020) Investigd
gation of interunit dispersion in 2D street canyons: A
scaled outdoor experiment. Building and Environment 171
106673.
Deng J, Pickles BJ, Smith ST, Shao L (2020) Infrared radiative
performance of urban trees: spatial distribution and intersd
specific comparison among ten species in the UK by in-situ
spectroscopy. Building and Environment 172 106682.
Deng J-Y, Wong NH (2020) Impact of urban canyon geomed
etries on outdoor thermal comfort in central business distd
tricts. Sustainable Cities and Society 53
Du HY, Zhou FQ, Li CL, Cai WB, Jiang H, Cai YL (2020) Analysd
sis of the Impact of Land Use on Spatiotemporal Patterns
of Surface Urban Heat Island in Rapid Urbanization, a Case
Study of Shanghai, China. Sustainability 12 1171.

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Bibliography
Du K, Ning JS, Yan L (2020) How long is the sun duration in
a street canyon?-Analysis of the view factors of street canyd
yons. Building and Environment 172 106680.
Du YX, Blocken B, Pirker S (2020) A novel approach to simuld
late pollutant dispersion in the built environment: Transpd
port-based recurrence CFD. Building and Environment 170
106604.
Dujardin S, Jacques D, Steele J, Linard C (2020) Mobile
Phone Data for Urban Climate Change Adaptation: Reviewid
ing Applications, Opportunities and Key Challenges. Sustn
tainability 12 1501.
Dunleavy G, Bajpai R, Tonon AC, Cheung KL, Thach TQ,
Rykov Y, Soh CK, de Vries H, Car J, Christopoulos G (2020)
Prevalence of psychological distress and its association
with perceived indoor environmental quality and workpd
place factors in under and aboveground workplaces. Buildin
ing and Environment 175 106799.
Dutta D, Rahman A, Paul SK, Kundu A (2019) Changing pattd
tern of urban landscape and its effect on land surface tempd
perature in and around Delhi. Environmental Monitoring
and Assessment 191
Elnabawi MH, Hamza N (2020) Behavioural Perspectives of
Outdoor Thermal Comfort in Urban Areas: A Critical Review.
Atmosphere 11 51.
Fabbri K, Ugolini A, Iacovella A, Bianchi AP (2020) The effd
fect of vegetation in outdoor thermal comfort in archaeold
logical area in urban context. Building and Environment 175
106816.
Faustini FB, Gomes de Faria JR, Gurgel de Castro Fontes
MS (2020) The influence of thermal comfort conditions on
user’s exposure time in open spaces. International Journal
of Biometeorology 64 243-252.
G. Fortin, Dubreuil V (2020) A geostatistical approach to cread
ate a new climate types map at regional scale: case study of
New Brunswick, Canada. Theoretical and Applied Climatolon
ogy 139 323–334.
G. Molnár, Gyöngyösi A, Gál T (2019) Integration of an LCZbased classification into WRF to assess the intra-urban tempd
perature pattern under a heatwave period in Szeged, Hungd
gary. Theoretical and Applied Climatology 138 1139–1158.
G. Rana, Ferrara RM, Mazza G (2019) A model for estimating
transpiration of rainfed urban trees in Mediterranean envird
ronment. Theoretical and Applied Climatology 138 683–699.
Gamero-Salinas JC, Monge-Barrio A, Sanchez-Ostiz A (2020)
Overheating risk assessment of different dwellings during
the hottest season of a warm tropical climate. Building and
Environment 171 106664.
Glaas E, Hjerpe M, Karlson M, Neset TS (2020) Visualizatd
tion for Citizen Participation: User Perceptions on a Mainsd
streamed Online Participatory Tool and Its Usefulness for
Climate Change Planning. Sustainability 12 705.
Gobster PH, Hadavi S, Rigolon A, Stewart WP (2020) Measd
suring landscape change, lot by lot: Greening activity in

ISSUE NO. 76 JUNE 2020

37
response to a vacant land reuse program. Landscape and
Urban Planning 196
Gobster PH, Rigolon A, Hadavi S, Stewart WP (2020) Beyond
proximity: Extending the “greening hypothesis” in the contd
text of vacant lot stewardship. Landscape and Urban Plannn
ning 197
Gough HL, Barlow JF, Luo Z, King MF, Halios CH, Grimmond
CSB (2020) Evaluating single-sided natural ventilation
models against full-scale idealised measurements: Impact
of wind direction and turbulence. Building and Environment
170 106556.
Govind NR, Ramesh H (2019) The impact of spatiotemporal
patterns of land use land cover and land surface temperatd
ture on an urban cool island: a case study of Bengaluru. Envn
vironmental Monitoring and Assessment 191
Greksa A, Ljevnaic-Masic B, Grabic J, Benka P, Radonic V,
Blagojevic B, Sekulic M (2019) Potential of urban trees for
mitigating heavy metal pollution in the city of Novi Sad,
Serbia. Environmental Monitoring and Assessment 191
Grylls T, Suter I, van Reeuwijk M (2020) Steady-State LargeEddy Simulations of Convective and Stable Urban Boundad
ary Layers. Boundary-layer Meteorology 175 309–341.
Gu H, Cao Y, Elahi E, Jha SK (2019) Human health damages
related to air pollution in China. Environmental Science and
Pollution Research 26 13115-13125.
Guan C, Song J, Keith M, Akiyama Y, Shibasaki R, Sato T
(2020) Delineating urban park catchment areas using mobd
bile phone data: A case study of Tokyo. Computers, Environmn
ment and Urban Systems 81
Gui X, Wang L, Yao R, Yu D, Li C (2019) Investigating the
urbanization process and its impact on vegetation change
and urban heat island in Wuhan, China. Environmental Scien
ence and Pollution Research 26 30808-30825.
Guo A, Yang J, Xiao X, Xia (Cecilia) J, Jin C, Li X (2020) Influenced
es of urban spatial form on urban heat island effects at the
community level in China. Sustainable Cities and Society 53
Guo JM, Zhao MJ, Xue P, Liang X, Fan GT, Ding BH, Liu JJ,
Liu JP (2020) New indicators for air quality and distribution
characteristics of pollutants in China. Building and Environmn
ment 172 106723.
Guo R, Gao Y, Zhuang C, Heiselberg P, Levinson R, Zhao X,
Shi D (2020) Optimization of cool roof and night ventilation
in office buildings: A case study in Xiamen, China. Renewan
able Energy 147 2279-2294.
Hall J, Hossain AKMA (2020) Mapping Urbanization and
Evaluating Its Possible Impacts on Stream Water Quality in
Chattanooga, Tennessee, Using GIS and Remote Sensing.
Sustainability 12 1980.
Han BS, Baik JJ, Kwak KH, Park SB (2020) Effects of cool roofs
on turbulent coherent structures and ozone air quality in
Seoul. Atmospheric Environment 229
Hass AL, Ellis KN (2019) Using wearable sensors to assess
how a heatwave affects individual heat exposure, perceptd

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Bibliography
tions, and adaption methods. International Journal of Biomn
meteorology 63 1585-1595.
Hassan H, Saraga D, Kumar P, Kakosimos KE (2020) Vehicleinduced fugitive particulate matter emissions in a city of
arid desert climate. Atmospheric Environment 229
He B-J, Ding L, Prasad D (2020) Urban ventilation and its
potential for local warming mitigation: A field experiment
in an open low-rise gridiron precinct. Sustainable Cities and
Society 55
He C, Qiu K, Pott R (2020) Reduction of urban traffic-related
particulate matter-leaf trait matters. Environmental Science
and Pollution Research 27 5825–5844.
He XY, An L, Hong B, Huang BZ, Cui X (2020) Cross-cultural
differences in thermal comfort in campus open spaces: A
longitudinal field survey in China’s cold region. Building and
Environment 172 106739.
Ho HC, Wong MS (2019) Urban environmental influences
on the temperature-mortality relationship associated mentd
tal disorders and cardiorespiratory diseases during normal
summer days in a subtropical city. Environmental Science
and Pollution Research 26 24272-24285.
Honeck E, Moilanen A, Guinaudeau B, Wyler N, Schlaepfer
MA, Martin P, Sanguet A, Urbina L, von Arx B, Massy J, Fisched
er C, Lehmann A (2020) Implementing Green Infrastructure
for the Spatial Planning of Peri-Urban Areas in Geneva,
Switzerland. Sustainability 12 1387.
Hoque MZ, Cui SH, Islam I, Xu LL, Tang JX (2020) Future
Impact of Land Use/Land Cover Changes on Ecosystem
Services in the Lower Meghna River Estuary, Bangladesh.
Sustainability 12 2112.
Hough I, Just A, Zhou B, Dorman M, Lepeule J, Kloog I (2020) A
multi-resolution air temperature model for France from MODd
DIS and Landsat thermal data. Environmental Research 183
Hu X, Xu H (2019) Spatial variability of urban climate in resd
sponse to quantitative trait of land cover based on GWR
model. Environmental Monitoring and Assessment 191
Hua LZ, Zhang XX, Nie Q, Sun FQ, Tang LN (2020) The Impd
pacts of the Expansion of Urban Impervious Surfaces on
Urban Heat Islands in a Coastal City in China. Sustainability
12 475.
Huanchun H, Hailin Y, Xin D, Cui H, Zhifeng L, Wei L, Peng Z
(2020) Analyzing the Influencing Factors of Urban Thermal
Field Intensity Using Big-Data-Based GIS. Sustainable Cities
and Society 55
Huang CH, Tsai HH, Chen HC (2020) Influence of Weather
Factors on Thermal Comfort in Subtropical Urban Environmd
ments. Sustainability 12 2001.
Huang J, Kang JL, Wang HM, Wang ZG, Qiu T (2020) A Novel
Approach to Measuring Urban Waterlogging Depth from
Images Based on Mask Region-Based Convolutional Neural
Network. Sustainability 12 2149.
Huang JM, Chang HY, Wang YS (2020) Spatiotemporal
Changes in the Built Environment Characteristics and Urbd

ISSUE NO. 76 JUNE 2020

38
ban Heat Island Effect in a Medium-Sized City, Chiayi City,
Taiwan. Sustainability 12 365.
Hurtado-Diaz M, Cruz JC, Texcalac-Sangrador JL, Felix-Arelld
lano EE, Gutierrez-Avila I, Briseno-Perez AA, Saavedra-Lara
N, Tobias A, Riojas-Rodriguez H (2019) Short-term effects of
ambient temperature on non-external and cardiovascular
mortality among older adults of metropolitan areas of Mexid
ico. International Journal of Biometeorology 63 1641-1650.
Isela Ortega-Rosas C, Alberto Enciso-Miranda C, MaciasDuarte A, Morales-Romero D, Villarruel-Sahagun L (2020)
Urban vegetation cover correlates with environmental
variables in a desert city: insights of mitigation measures to
climate change. Urban Ecosystems
Jana C, Mandal D, Sekhar S, Shrimali, Alam NM, Kumar R,
Sena DR, Kaushal R (2020) Assessment of urban growth
effects on green space and surface temperature in Doon
Valley, Uttarakhand, India. Environmental Monitoring and
Assessment 192 257.
Jarvis I, Gergel S, Koehoorn M, van den Bosch M (2020)
Greenspace access does not correspond to nature exposd
sure: Measures of urban natural space with implications for
health research. Landscape and Urban Planning 194
Jin X, Cai X, Yu M, Song Y, Wang X, Kang L, Zhang H (2020) Diad
agnostic analysis of wintertime PM2.5 pollution in the North
China Plain: The impacts of regional transport and atmospherid
ic boundary layer variation. Atmospheric Environment 224
Jung HS, Lee S, Pradhan B (2020) Sustainable Applications
of Remote Sensing and Geospatial Information Systems to
Earth Observations. Sustainability 12 2390.
Jurlina T, Baugh C, Pappenberger F, Christel Prudhomme C
(2020) Flood hazard risk forecasting index (FHRFI) for urban
areas:The Hurricane Harvey case study. Meteorological Appn
plications 27 e1845.
Kang G, Kim J-J, Choi W (2020) Computational fluid dynamid
ics simulation of tree effects on pedestrian wind comfort in
an urban area. Sustainable Cities and Society 56
Karkoulias VA, Marazioti PE, Georgiou DP, Maraziotis EA
(2020) Computational Fluid Dynamics modeling of the
trace elements dispersion and comparison with measuremd
ments in a street canyon with balconies in the city of Patras,
Greece. Atmospheric Environment 223
Karl T, Gohm A, Rotach MW, Ward HC, Graus M, Cede A,
Wohlfahrt G, Hammerle A, Haid M, Tiefengraber M, Lampd
precht C, Vergeiner J, Kreuter A, Wagner J, Staudinger M
(2020) Studying Urban Climate and Air Quality in the Alps:
The Innsbruck Atmospheric Observatory. Bulletin of the
American Meteorological Society 101 E488-E507.
Kim HU, Jong SI (2020) Development of a system for evaluad
ating the flow field around a massive stadium: Combining
a microclimate model and a CFD model. Building and Envirn
ronment 172 106736.
Kim S-J, Kwon H-O, Lee M-I, Seo Y, Choi S-D (2019) Spatial
and temporal variations of volatile organic compounds usid

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Bibliography
ing passive air samplers in the multi-industrial city of Ulsd
san, Korea. Environmental Science and Pollution Research 26
5831-5841.
Kim YJ, Jee JB, Kim GT, Nam HG, Lee JS, Kim BJ (2020) Diud
urnal Variations of Surface and Air Temperatures on the
Urban Streets in Seoul, Korea: An Observational Analysis
during BBMEX Campaign. Atmosphere 11 60.
Kozak D, Henderson H, Mazarro AD, Rotbart D, Aradas R
(2020) Blue-Green Infrastructure (BGI) in Dense Urban Watd
tersheds. The Case of the Medrano Stream Basin (MSB) in
Buenos Aires. Sustainability 12 2163.
Kyritsi E, Michael A (2020) An assessment of the impact of
natural ventilation strategies and window opening pattd
terns in office buildings in the mediterranean basin. Buildin
ing and Environment 175 106384.
Lawson E, Farmani R, Woodley E, Butler D (2020) A Resilient
and Sustainable Water Sector: Barriers to the Operationalisd
sation of Resilience. Sustainability 12 1797.
Lee C-H, Lin S-H, Kao C-L, Hong M-Y, Huang P-C, Shih C-L,
Chuang C-C (2020) Impact of climate change on disaster
events in metropolitan cities -trend of disasters reported
by Taiwan national medical response and preparedness
system. Environmental Research 183
Lee K, Kim Y, Sung HC, Ryu J, Jeon SW (2020) Trend Analysd
sis of Urban Heat Island Intensity According to Urban Area
Change in Asian Mega Cities. Sustainability 12 112.
Lemoine-Rodriguez R, Macgregor-Fors I, Munoz-Robles C
(2019) Six decades of urban green change in a neotropical
city: a case study of Xalapa, Veracruz, Mexico. Urban Ecosystn
tems 22 609-618.
Lemonsu A, Amosse A, Chouillou D, Gaudio N, HaouesJouve S, Hidalgo J, Le Bras J, Legain D, Marchandise S, Tudd
doux B (2020) Comparison of microclimate measurements
and perceptions as part of a global evaluation of environmd
mental quality at neighbourhood scale. International Journn
nal of Biometeorology 64 265-276.
Leng H, Liang S, Yuan Q (2020) Outdoor thermal comfort
and adaptive behaviors in the residential public open spaced
es of winter cities during the marginal season. International
Journal of Biometeorology 64 217-229.
Lenzholzer S, de Vries S (2020) Exploring outdoor thermal
perception-a revised model. International Journal of Biometn
teorology 64 293-300.
Li H, Duan D, Xu J, Feng X, Astell-Burt T, He T, Xu G, Zhao
J, Zhang L, You D, Han L (2019) Ambient air pollution and
risk of type 2 diabetes in the Chinese. Environmental Science
and Pollution Research 26 16261-16273.
Li H, Sodoudi S, Liu J, Tao W (2020) Temporal variation of urbd
ban aerosol pollution island and its relationship with urban
heat island. Atmospheric Research 241 104957.
Li J, Niu J, Mak CM, Huang T, Xie Y (2020) Exploration of appd
plicability of UTCI and thermally comfortable sun and wind
conditions outdoors in a subtropical city of Hong Kong.

ISSUE NO. 76 JUNE 2020

39
Sustainable Cities and Society 52
Li JW, Liu NY (2020) The perception, optimization strategies
and prospects of outdoor thermal comfort in China: A revd
view. Building and Environment 170 106614.
Li L, Uyttenhove P, Vaneetvelde V (2020) Planning green infd
frastructure to mitigate urban surface water flooding risk A methodology to identify priority areas applied in the city
of Ghent. Landscape and Urban Planning 194
Li Q, Bou-Zeid E (2019) Contrasts between momentum and
scalar transport over very rough surfaces. Journal of Fluid
Mechanics 880 32–58.
Liang S, Leng H, Yuan Q, Wang BW, Yuan C (2020) How does
weather and climate affect pedestrian walking speed durid
ing cool and cold seasons in severely cold areas? Building
and Environment 175 106811.
Liao H-Y, Wen T-H (2020) Extracting urban water bodies
from high-resolution radar images: Measuring the urban
surface morphology to control for radar’s double-bounce
effect. International Journal of Applied Earth Observation
and Geoinformation 85
Lim Y-H, Lee K-S, Bae H-J, Kim D, Yoo H, Park S, Hong Y-C
(2019) Estimation of heat-related deaths during heat wave
episodes in South Korea (2006-2017). International Journal
of Biometeorology 63 1621-1629.
Liss A, Naumova EN (2019) Heatwaves and hospitalizations
due to hyperthermia in defined climate regions in the contermd
minous USA. Environmental Monitoring and Assessment 191
Liu DL, Hu SS, Liu JP (2020) Contrasting the performance
capabilities of urban radiation field between three microcd
climate simulation tools. Building and Environment 175
106789.
Liu J, Shao W, Xiang C, Mei C, Li Z (2020) Uncertainties of
urban flood modeling: Influence of parameters for different
underlying surfaces. Environmental Research 182
Liu Q, Wu Y, Xiao Y, Fu W, Zhuo Z, van den Bosch CCK, Huang
Q, Lan S (2020) More meaningful, more restorative? Linking
local landscape characteristics and place attachment to resd
storative perceptions of urban park visitors. Landscape and
Urban Planning 197
Liu QC, Li XY, Liu T, Zhao XJ (2020) Spatio-Temporal Corrd
relation Analysis of Air Quality in China: Evidence from Provd
vincial Capitals Data. Sustainability 12 2486.
Liu X, Wang M, Qiang W, Wu K, Wang X (2020) Urban form,
shrinking cities, and residential carbon emissions: Evidence
from Chinese city-regions. Applied Energy 261
Liu X, Wu X, Wu M, Shi C (2020) The impact of building surfd
face temperature rise on airflow and cross-contamination
around high-rise building. Environmental Science and Pollutn
tion Research
Lu KF, He HD, Wang HW, Li XB, Peng ZR (2020) Characterid
izing temporal and vertical distribution patterns of trafficemitted pollutants near an elevated expressway in urban
residential areas. Building and Environment 172 106678.

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Bibliography
Luan G, Yin P, Wang L, Zhou M (2019) Associations between
ambient high temperatures and suicide mortality: a multicity time-series study in China. Environmental Science and
Pollution Research 26 20377-20385.
Lv Z, Wei W, Cheng S, Han X, Wang X (2020) Meteorological
characteristics within boundary layer and its influence on
PM2.5 pollution in six cities of North China based on WRFChem. Atmospheric Environment 228
Ma R, Ren B, Zhao D, Chen J, Lu Y (2020) Modeling urban
energy dynamics under clustered urban heat island effect
with local-weather extended distributed adjacency blocks.
Sustainable Cities and Society 56
Ma Y, Jiao H, Zhang Y, Cheng B, Feng F, Yu Z, Ma B (2020)
Impact of temperature changes between neighboring days
on COPD in a city in Northeast China. Environmental Science
and Pollution Research 27 4849–4857.
Ma Y, Zhou J, Yang S, Yu Z, Wang F, Zhou J (2019) Effects of
extreme temperatures on hospital emergency room visits
for respiratory diseases in Beijing, China. Environmental Scien
ence and Pollution Research 26 3055-3064.
Manandhar P, Bande L, Tsoupos A, Marpu PR, Armstrong P
(2020) A Study of Local Climate Zones in Abu Dhabi with
Urban Weather Stations and Numerical Simulations. Sustn
tainability 12 156.
Manavvi S, Rajasekar E (2020) Estimating outdoor mean radd
diant temperature in a humid subtropical climate. Building
and Environment 171 106658.
Manavvi S, Rajasekar E (2020) Semantics of outdoor thermal
comfort in religious squares of composite climate: New Delhd
hi, India. International Journal of Biometeorology 64 253-264.
Manni M, Bonamente E, Lobaccaro G, Goia F, Nicolini A,
Bozonnet E, Rossi F (2020) Development and validation of
a Monte Carlo-based numerical model for solar analyses
in urban canyon configurations. Building and Environment
170 106638.
Manoli G, Fatichi S, Bou-Zeid E, Katul GG (2020) Seasonal
hysteresis of surface urban heat islands. Proceedings of the
National Academy of Sciences 117 7082–7089.
Maragno D, Dalla Fontana M, Musco F (2020) Mapping Heat
Stress Vulnerability and Risk Assessment at the Neighborhd
hood Scale to Drive Urban Adaptation Planning. Sustainan
ability 12 1056.
Maronga B, Banzhaf S, Burmeister C, Esch T, Forkel R, Froehd
hlich D, Fuka V, Gehrke KF, Geletic J, Giersch S, Gronemeier
T, Gross G, Heldens W, Hellsten A, Hoffmann F, Inagaki A, Kadd
dasch E, Kanani-Suehring F, Ketelsen K, Khan BA, Knigge C,
Knoop H, Krc P, Kurppa M, Maamari H, Matzarakis A, Mauded
er M, Pallasch M, Pavlik D, Pfafferott J, Resler J, Rissmann
S, Russo E, Salim M, Schrempf M, Schwenkel J, Seckmeyer
G, Schubert S, Suehring M, von Tils R, Vollmer L, Ward S,
Witha B, Wurps H, Zeidler J, Raasch S (2020) Overview of the
PALM model system 6.0. Geoscientific Model Development
13 1335-1372.

ISSUE NO. 76 JUNE 2020

40
Martins V, Faria T, Diapouli E, Manousakas M-I, Eleftheriadd
dis K, Viana M, Almeida S-M (2020) Relationship between
indoor and outdoor size-fractionated particulate matter in
urban microenvironments: Levels, chemical composition
and sources. Environmental Research 183
Martin-Vide J, Moreno-Garcia MC (2020) Probability values
for the intensity of Barcelona’s urban heat island (Spain). Atmn
mospheric Research 240 104877.
Marucci D, Carpentieri M (2020) Stable and convective
boundary-layer flows in an urban array. Journal of Wind Engn
gineering and Industrial Aerodynamics 200 104140.
Massetti L, Petralli M, Brandani G, Napoli M, Ferrini F, Fini A,
Pearlmutter D, Orlandini S, Giuntoli A (2019) Modelling the
effect of urban design on thermal comfort and air quality:
The SMARTUrban Project. Building Simulation 12 169–175.
Matallah ME, Alkama D, Ahriz A, Attia S (2020) Assessment
of the Outdoor Thermal Comfort in Oases Settlements. Atmn
mosphere 11 185.
Mathan M, Krishnaveni M (2019) Monitoring spatio-tempord
ral dynamics of urban and peri-urban land transitions using
ensemble of remote sensing spectral indices-a case study
of Chennai Metropolitan Area, India. Environmental Monitn
toring and Assessment 192
Matthews JC, Wright MD, Martin D, Bacak A, Priestley M, Bannd
nan TJ, Silva HG, Flynn M, Percival CJ, Shallcross DE (2020)
Urban Tracer Dispersion and Infiltration into Buildings Over
a 2-km Scale. Boundary-layer Meteorology 175 113–134.
Matzarakis A, Laschewski G, Muthers S (2020) The Heat
Health Warning System in Germany-Application and Warnid
ings for 2005 to 2019. Atmosphere 11 170.
Mawenda J, Watanabe T, Avtar R (2020) An Analysis of Urbd
ban Land Use/Land Cover Changes in Blantyre City, Southed
ern Malawi (1994-2018). Sustainability 12 2377.
Mbululo Y, Qin J, Yuan Z, Nyihirani F, Zheng X (2019) Boundad
ary layer perspective assessment of air pollution status in
Wuhan city from 2013 to 2017 (vol 191, 69, 2019). Environmn
mental Monitoring and Assessment 191
McEwan K, Ferguson FJ, Richardson M, Cameron R (2020)
The good things in urban nature: A thematic framework
for optimising urban planning for nature connectedness.
Landscape and Urban Planning 194
Meili N, Manoli G, Burlando P, Bou-Zeid E, Chow WTL, Coutts
AM, Daly E, Nice KA, Roth M, Tapper NJ, Velasco E, Vivoni ER,
Fatichi S (2020) An urban ecohydrological model to quantd
tify the effect of vegetation on urban climate and hydrolod
ogy (UT&amp;C v1.0). Geoscientific Model Development 13
335–362.
Miao C, Yu S, Hu Y, Bu R, Qi L, He X, Chen W (2020) How
the morphology of urban street canyons affects suspended
particulate matter concentration at the pedestrian level: An
in-situ investigation. Sustainable Cities and Society 55
Mussetti G, Brunner D, Henne S, Allegrini J, Krayenhoff
ES, Schubert S, Feigenwinter C, Vogt R, Wicki A, Carmeliet

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Bibliography
J (2020) COSMO-BEP-Tree v1.0: a coupled urban climate
model with explicit representation of street trees. Geoscien
entific Model Development 13 1685-1710.
Mutani G, Todeschi V (2020) The Effects of Green Roofs on
Outdoor Thermal Comfort, Urban Heat Island Mitigation
and Energy Savings. Atmosphere 11 123.
Natanian J, Auer T (2020) Beyond nearly zero energy urban
design: A holistic microclimatic energy and environmental
quality evaluation workflow. Sustainable Cities and Society 56
Nazarian N, Krayenhoff ES, Martilli A (2020) A one-dimensd
sional model of turbulent flow through “urban” canopies
(MLUCM v2.0): updates based on large-eddy simulation.
Geoscientific Model Development 13 937-953.
Neset TS, Andersson L, Uhrqvist O, Navarra C (2020) Serious
Gaming for Climate Adaptation-Assessing the Potential
and Challenges of a Digital Serious Game for Urban Climate
Adaptation. Sustainability 12 1789.
Niu L, Tang RL, Jiang YZ, Zhou XM (2020) Spatiotemporal
Patterns and Drivers of the Surface Urban Heat Island in 36
Major Cities in China: A Comparison of Two Different Method
ods for Delineating Rural Areas. Sustainability 12 478.
Nurwanda A, Honjo T (2020) The prediction of city expansd
sion and land surface temperature in Bogor City, Indonesia.
Sustainable Cities and Society 52
Nytch CJ, Melendez-Ackerman EJ, Perez M-E, Ortiz-Zayas JR
(2019) Rainfall interception by six urban trees in San Juan,
Puerto Rico. Urban Ecosystems 22 103-115.
O. Aboubakri, Khanjani N, Jahani Y, Bakhtiari B (2020) Thermd
mal comfort and mortality in a dry region of Iran, Kerman; a
12-year time series analysis. Theoretical and Applied Climatn
tology 139 403–413.
de Oliveira e Almeida L, Favaro A, Raimundo-Costa W,
Borella Marfil Anhe AC, Ferreira DC, Blanes-Vidal V, Milla
dos Santos Senhuk AP (2020) Influence of urban forest on
traffic air pollution and children respiratory health. Environmn
mental Monitoring and Assessment 192 175.
Omidvar H, Bou-Zeid E, Chiaramonte M (2019) Physical Detd
terminants and Reduced Models of the Rapid Cooling of
Urban Surfaces During Rainfall. Journal of Advances in Moden
eling Earth Systems 11 1364–1380.
Ouyang WL, Morakinyo TE, Ren C, Ng E (2020) The cooling
efficiency of variable greenery coverage ratios in different
urban densities: A study in a subtropical climate. Building
and Environment 174 106772.
P. Ajilesh, Rakesh V, Sahoo S, Himesh S (2020) Observed
and model-simulated thermodynamic processes associad
ated with urban heavy rainfall events over Bangalore, India.
Meteorological Applications 27 e1854.
Park MS, Byon JY, Kim BJ, Choi W, Myung KM, Lee SH, Cho
TI, Chae JH, Min JS, Kang M, Jee JB, Kim SH, Cho CR (2020) A
Building-Block Urban Meteorological Observation Experimd
ment (BBMEX) Campaign in Central Commercial Area in
Seoul. Atmosphere 11 299.

ISSUE NO. 76 JUNE 2020

41
Park S, Kim SJ, Yu H, Lim CH, Park E, Kim J, Lee WK (2020) Devd
veloping an Adaptive Pathway to Mitigate Air Pollution Risk
for Vulnerable Groups in South Korea. Sustainability 12 1790.
Parsa VA, Salehi E, Yavari AR, van Bodegom PM (2019)
Evaluating the potential contribution of urban ecosystem
service to climate change mitigation. Urban Ecosystems 22
989-1006.
Patidar N, Keshari AK (2020) A rule-based spectral unmixid
ing algorithm for extracting annual time series of sub-pixel
impervious surface fraction. International Journal of Remote
Sensing 41 3970-3992.
Pazhuhan M, Shahraki SZ, Kaveerad N, Cividino S, Clemente
M, Salvati L (2020) Factors Underlying Life Quality in Urban
Contexts: Evidence from an Industrial City (Arak, Iran). Sustn
tainability 12 2274.
Perez-Bella JM, Dominguez-Hernandez J, Cano-Sunen E,
Alonso-Martinez M, del Coz-Diaz JJ (2020) Equivalence betd
tween the methods established by ISO 15927-3 to determd
mine wind-driven rain exposure: Reanalysis and improvemd
ment proposal. Building and Environment 174 106777.
Perini K, Castellari P, Giachetta A, Turcato C, Roccotiello E
(2020) Experiencing innovative biomaterials for buildings:
Potentialities of mosses. Building and Environment 172
106708.
Pigliautile I, Pisello AL (2020) Environmental data clusterid
ing analysis through wearable sensing techniques: New
bottom-up process aimed to identify intra-urban granular
morphologies from pedestrian transects. Building and Envirn
ronment 171 106641.
Piroozmand P, Mussetti G, Allegrini J, Mohammadi MH,
Akrami E, Carmeliet J (2020) Coupled CFD framework with
mesoscale urban climate model: Application to microscale
urban flows with weak synoptic forcing. Journal of Wind Engn
gineering and Industrial Aerodynamics 197 104059.
Pommier M, Eagerli H, Schulz M, Valdebenito A, Kranenbd
burg R, Schaap M (2020) Prediction of source contributions
to urban background PM10 concentrations in European
cities: a case study for an episode in December 2016 using
EMEP/MSC-W rv4.15 and LOTOS-EUROS v2.0-Part 1: The
country contributions. Geoscientific Model Development 13
1787-1807.
Portela CI, Massi KG, Rodrigues T, Alcantara E (2020) Impact
of urban and industrial features on land surface temperatd
ture: Evidences from satellite thermal indices. Sustainable
Cities and Society 56
Pourghasemi H-R, Gayen A, Lasaponara R, Tiefenbacher
JP (2020) Application of learning vector quantization and
different machine learning techniques to assessing forest
fire influence factors and spatial modelling. Environmental
Research 184
Pratico FG, Giunta M, Mistretta M, Gulotta TM (2020) Energy
and Environmental Life Cycle Assessment of Sustainable
Pavement Materials and Technologies for Urban Roads.
Sustainability 12 704.

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Bibliography
Przybysz A, Nersisyan G, Gawronski SW (2019) Removal of
particulate matter and trace elements from ambient air by
urban greenery in the winter season. Environmental Science
and Pollution Research 26 473-482.
Qianqian Z, Liping M, Huiwei W, Long W (2019) Analysis of
the effect of green roof substrate amended with biochar on
water quality and quantity of rainfall runoff. Environmental
Monitoring and Assessment 191
Qiu K, Jia B (2020) The roles of landscape both inside the
park and the surroundings in park cooling effect. Sustainan
able Cities and Society 52
Rahman MA, Stratopoulos LMF, Moser-Reischl A, Zolch T,
Haberle KH, Rotzer T, Pretzsch H, Pauleit S (2020) Traits of
trees for cooling urban heat islands: A meta-analysis. Buildin
ing and Environment 170 106606.
Redon E, Lemonsu A, Masson V (2020) An urban trees pard
rameterization for modeling microclimatic variables and
thermal comfort conditions at street level with the Town
Energy Balance model (TEB-SURFEX v8.0). Geoscientific
Model Development 13 385-399.
Reiminger N, Jurado X, Vazquez J, Wemmert C, Blond N, Dufd
fresne M, Wertel J (2020) Effects of wind speed and atmosd
spheric stability on the air pollution reduction rate induced
by noise barriers. Journal of Wind Engineering and Industrial
Aerodynamics 200 104160.
Riad P, Graefe S, Hussein H, Buerkert A (2020) Landscape
transformation processes in two large and two small cities
in Egypt and Jordan over the last five decades using remote
sensing data. Landscape and Urban Planning 197
Ricci A, Kalkman I, Blocken B, Burlando M, Repetto MP
(2020) Impact of turbulence models and roughness height
in 3D steady RANS simulations of wind flow in an urban envd
vironment. Building and Environment 171 106617.
Roldan-Henao N, Hoyos CD, Herrera-Mejia L, Isaza A (2020)
An Investigation of the Precipitation Net Effect on the Partd
ticulate Matter Concentration in a Narrow Valley: Role of
Lower-Troposphere Stability. Journal of Applied Meteorolon
ogy and Climatology 59 401-426.
Romero Rodriguez L, Sanchez Ramos J, Sanchez de la Flor
FJ, Alvarez Dominguez S (2020) Analyzing the urban heat
Island: Comprehensive methodology for data gathering
and optimal design of mobile transects. Sustainable Cities
and Society 55
Roye D, Codesido R, Tobias A, Taracido M (2020) Heat wave
intensity and daily mortality in four of the largest cities of
Spain. Environmental Research 182
Roye D, Iniguez C, Tobias A (2020) Comparison of temperatd
ture-mortality associations using observed weather station
and reanalysis data in 52 Spanish cities. Environmental Resn
search 183
S.Q.Yang, Matzarakis A (2019) Implementation of human
thermal comfort and air humidity in Köppen-Geiger climate
classification and importance towards the achievement of

ISSUE NO. 76 JUNE 2020

42
Sustainable Development Goals. Theoretical and Applied
Climatology 138 981–998.
Schaefer M, Thinh NX, Greiving S (2020) How Can Climate
Resilience Be Measured and Visualized? Assessing a Vague
Concept Using GIS-Based Fuzzy Logic. Sustainability 12
635.
Schrijvers PJC, Jonker HJJ, de Roode SR, Kenjeres S (2020)
Breakdown of the night time urban heat island energy
budget (vol 83, pg 50, 2015). Building and Environment 174
106767.
Secerov IB, Savic SM, Milosevic DD, Arsenovic DM, Dolinaj
DM, Popov SB (2019) Progressing urban climate research
using a high-density monitoring network system. Environmn
mental Monitoring and Assessment 191
Sharifi E, Boland J (2020) Passive activity observation (PAO)
method to estimate outdoor thermal adaptation in public
space: case studies in Australian cities. International Journal
of Biometeorology 64 231-242.
Sharmin T, Steemers K (2020) Effects of microclimate and
human parameters on outdoor thermal sensation in the
high-density tropical context of Dhaka. International Journn
nal of Biometeorology 64 187-203.
Shaw BJ, van Vliet J, Verburg PH (2020) The peri-urbanizatd
tion of Europe: A systematic review of a multifaceted procd
cess. Landscape and Urban Planning 196
Shi D, Song J, Huang J, Zhuang C, Guo R, Gao Y (2020) Syned
ergistic cooling effects (SCEs) of urban green-blue spaces
on local thermal environment: A case study in Chongqing,
China. Sustainable Cities and Society 55
Shi KF, Shen JW, Wang L, Ma MG, Cui YZ (2020) A multiscale
analysis of the effect of urban expansion on PM2.5 concd
centrations in China: Evidence from multisource remote
sensing and statistical data. Building and Environment 174
106778.
da Silva FP, Rotunno Filho OC, da Silva MGAJ, Sampaio RJ,
Pires GD, de Araujo AAM (2020) Observed and estimated
atmospheric thermodynamic instability using radiosonde
observations over the city of Rio de Janeiro, Brazil. Meteorn
rology and Atmospheric Physics 132 297-314.
Slama A, Sliwczynski A, Woznica J, Zdrolik M, Wisnicki B,
Kubajek J, Turzanska-Wieczorek O, Gozdowski D, Wierzba
W, Franek E (2019) Impact of air pollution on hospital admd
missions with a focus on respiratory diseases: a time-series
multi-city analysis. Environmental Science and Pollution Resn
search 26 16998-17009.
Slama A, Sliwczynski A, Woznica-Pyzikiewicz J, Zdrolik M,
Wisnicki B, Kubajek J, Turzanska-Wieczorek O, Studnicki
M, Wierzba W, Franek E (2020) The short-term effects of air
pollution on respiratory disease hospitalizations in 5 cities
in Poland: comparison of time-series and case-crossover
analyses. Environmental Science and Pollution Research
Sofia D, Gioiella F, Lotrecchiano N, Giuliano A (2020) Mitigd
gation strategies for reducing air pollution. Environmental

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Bibliography
Science and Pollution Research
Solari L, Bianchini S, Franceschini R, Barra A, Monserrat O,
Thuegaz P, Bertolo D, Crosetto M, Catani F (2020) Satellite
interferometric data for landslide intensity evaluation in
mountainous regions. International Journal of Applied Earth
Observation and Geoinformation 87
Speak A, Montagnani L, Wellstein C, Zerbe S (2020) The infd
fluence of tree traits on urban ground surface shade coolid
ing. Landscape and Urban Planning 197
Srivanit M, Iamtrakul P (2019) Spatial patterns of greenspace
cool islands and their relationship to cooling effectiveness
in the tropical city of Chiang Mai, Thailand. Environmental
Monitoring and Assessment 191
Sugg MM, Fuhrmann CM, Runkle JD (2020) Perceptions and
experiences of outdoor occupational workers using digital
devices for geospatial biometeorological monitoring. Internn
national Journal of Biometeorology 64 471-483.
Sultana S, Satyanarayana ANV (2019) Impact of urbanisation
on urban heat island intensity during summer and winter
over Indian metropolitan cities. Environmental Monitoring
and Assessment 191
Sultana S, Satyanarayana V AN (2020) Assessment of urbd
banisation and urban heat island intensities using landsat
imageries during 2000-2018 over a sub-tropical Indian City.
Sustainable Cities and Society 52
Tello E, Marull J, Padro R, Cattaneo C, Coll F (2020) The Loss
of Landscape Ecological Functionality in the Barcelona Provid
ince (1956-2009): Could Land-Use History Involve a Legacy
for Current Biodiversity? Sustainability 12 2238.
Tiba S (2019) A non-linear assessment of the urbanization
and climate change nexus: the African context. Environmentn
tal Science and Pollution Research 26 32311-32321.
Tong R, Sun WC, Han Q, Yu JS, Tian ZF (2020) Spatial and
Temporal Variations in Extreme Precipitation and Temperatd
ture Events in the Beijing-Tianjin-Hebei Region of China
over the Past Six Decades. Sustainability 12 1415.
Uttamang P, Campbell PC, Aneja VP, Hanna AF (2020) A
multi-scale model analysis of ozone formation in the Bangkd
kok Metropolitan Region, Thailand. Atmospheric Environmn
ment 229
Varol T, Gormus S, Cengiz S, Ozel HB, Cetin M (2019) Determd
mining potential planting areas in urban regions. Environmn
mental Monitoring and Assessment 191
Vasilikou C, Nikolopoulou M (2020) Outdoor thermal comfd
fort for pedestrians in movement: thermal walks in complex
urban morphology. International Journal of Biometeorology
64 277-291.
Vinca A, Parkinson S, Byers E, Burek P, Khan Z, Krey V, Diuana
FA, Wang Y, Ilyas A, Koeberle AC, Staffell I, Pfenninger S, Muhd
hammad A, Rowe A, Schaeffer R, Rao ND, Wada Y, Djilali N,
Riahi K (2020) The NExus Solutions Tool (NEST) v1.0: an open
platform for optimizing multi-scale energy-water-land systd
tem transformations. Geoscientific Model Development 13

ISSUE NO. 76 JUNE 2020

43
1095-1121.
Wang HY, Hu YF, Tang L, Zhuo Q (2020) Distribution of Urbd
ban Blue and Green Space in Beijing and Its Influence Factd
tors. Sustainability 12 2252.
Wang JW, Chow W, Wang Y-C (2020) A global regression
method for thermal sharpening of urban land surface tempd
peratures from MODIS and Landsat. International Journal of
Remote Sensing 41 2986-3009.
Wang L, Lyu B, Bai Y (2020) Aerosol vertical profile variations
with seasons, air mass movements and local PM2.5 levels in
three large China cities. Atmospheric Environment 224
Wang M, Qin W, Chen W, Zhang L, Zhang Y, Zhang X, Xie X
(2020) Seasonal variability of VOCs in Nanjing, Yangtze River
delta: Implications for emission sources and photochemistd
try. Atmospheric Environment 223
Wang W, Zhang B, Zhou W, Lv H, Xiao L, Wang H, Du H, He X
(2019) The effect of urbanization gradients and forest types
on microclimatic regulation by trees, in association with
climate, tree sizes and species compositions in Harbin city,
northeastern China. Urban Ecosystems 22 367-384.
Wang X, Wang MN, Qin PC, Yan T, Chen J, Deng T, Yu L, Yan
GF (2020) An experimental study on the influence of local
loss on ventilation characteristic of dividing flow in urban
traffic link tunnel. Building and Environment 174 106793.
Wang Y, Zhang Y, Ding N, Qin K, Yang X (2020) Simulating
the Impact of Urban Surface Evapotranspiration on the Urbd
ban Heat Island Effect Using the Modified RS-PM Model: A
Case Study of Xuzhou, China. Remote Sensing 12
Wardropper CB, Mase AS, Qiu J, Kohl P, Booth EG, Rissman
AR (2020) Ecological worldview, agricultural or natural resd
source-based activities, and geography affect perceived
importance of ecosystem services. Landscape and Urban
Planning 197
Watanabe T, Shimoyama K, Kawashima M, Mizoguchi Y,
Inagaki A Large-Eddy Simulation of Neutrally-Stratified
Turbulent Flow Within and Above Plant Canopy Using the
Central-Moments-Based Lattice Boltzmann Method. Boundan
ary-layer Meteorology
Wen J, Chen J, Lin W, Jiang B, Xu S, Lan J (2020) Impacts of
Anthropogenic Heat Flux and Urban Land-Use Change on
Frontal Rainfall near Coastal Regions: A Case Study of a Rainsd
storm over the Pearl River Delta, South China. Journal of Appn
plied Meteorology and Climatology 59 363-379.
Wind P, Denby BR, Gauss M (2020) Local fractions - a method
for the calculation of local source contributions to air pollutd
tion, illustrated by examples using the EMEP MSC-W model
(rv4_33). Geoscientific Model Development 13 1623-1634.
Wu SP, Cai MJ, Xu C, Zhang N, Zhou JB, Yan JP, Schwab JJ,
Yuan CS (2020) Chemical nature of PM2.5 and PM10 in the
coastal urban Xiamen, China: Insights into the impacts of
shipping emissions and health risk. Atmospheric Environmn
ment 227
Wu X, Wang Y, He S, Wu Z (2020) PM2.5/PM10 ratio predictd

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

Bibliography
tion based on a long short-term memory neural network
in Wuhan, China. Geoscientific Model Development 13 14991511.
Xi TY, Wang QC, Qin H, Jin H (2020) Influence of outdoor
thermal environment on clothing and activity of tourists
and local people in a severely cold climate city. Building and
Environment 173 106757.
Xia C, Yeh AG-O, Zhang A (2020) Analyzing spatial relationsd
ships between urban land use intensity and urban vitality
at street block level: A case study of five Chinese megacitd
ties. Landscape and Urban Planning 193
Xing Y, Brimblecombe P (2020) Urban park layout and expd
posure to traffic-derived air pollutants. Landscape and Urbn
ban Planning 194
Xu D, Zhou D, Wang Y, Meng X, Chen W, Yang Y (2020) Tempd
poral and spatial variations of urban climate and derivation
of an urban climate map for Xi’an, China. Sustainable Cities
and Society 52
Y. S. Ünal, Sonuç C, Incecik S, Topcu HS, Diren-Üstün D, Temid
izöz H (2020) Investigating urban heat island intensity in Istd
tanbul. Theoretical and Applied Climatology 139 175–190.
Yang B, Gu JJ, Zhang KM (2020) Parameterization of the
building downwash and sidewash effect using a mixture
model. Building and Environment 172 106694.
Yang G, Yu Z, Jorgensen G, Vejre H (2020) How can urban
blue-green space be planned for climate adaption in highlatitude cities? A seasonal perspective. Sustainable Cities
and Society 53
Yang JY, Shi BX, Xia GY, Xue Q, Cao SJ (2020) Impacts of
Urban Form on Thermal Environment Near the Surface
Region at Pedestrian Height: A Case Study Based on HighDensity Built-Up Areas of Nanjing City in China. Sustainabilin
ity 12 1737.
Yang X, Peng LLH, Jiang Z, Chen Y, Yao L, He Y, Xu T (2020)
Impact of urban heat island on energy demand in buildid
ings: Local climate zones in Nanjing. Applied Energy 260
Yang XS, Peng LLH, Chen Y, Yao LY, Wang QQ (2020) Air
humidity characteristics of local climate zones: A three-year
observational study in Nanjing. Building and Environment
171 106661.
Yatawara M, Dayananda N (2019) Use of corticolous lichens
for the assessment of ambient air quality along rural-urban
ecosystems of tropics: a study in Sri Lanka. Environmental
Monitoring and Assessment 191
Yatim ANM, Latif MT, Ahamad F, Khan MF, Nadzir MSM,
Juneng L (2019) Observed Trends in Extreme Temperature
over the Klang Valley, Malaysia. Advances in Atmospheric
Sciences 36 1355-1370.
Yin Q, Wang J, Su J, Wei Z (2019) A new method to estimate
the temperature-CVD mortality relationship. Environmental
Science and Pollution Research 26 8895-8901.
Yu Z, Chen T, Yang G, Sun R, Xie W, Vejre H (2020) Quantifyid
ing seasonal and diurnal contributions of urban landscapes

ISSUE NO. 76 JUNE 2020

44
to heat energy dynamics. Applied Energy 264
Yuan S, Xia H, Yang L (2020) How changing grain size affects
the land surface temperature pattern in rapidly urbanizing
area: a case study of the central urban districts of Hangzhou
City, China. Environmental Science and Pollution Research
Z. Jandaghian, Akbari H (2020) Effects of increasing surface
reflectivity on aerosol, radiation, and cloud interactions in
the urban atmosphere. Theoretical and Applied Climatology
139 873–892.
Z. Shi, Jia G, Hu Y, Zhou Y (2019) The contribution of intensd
sified urbanization effects on surface warming trends in
China. Theoretical and Applied Climatology 138 1125–1137.
Zaki SA, Toh HJ, Yakub F, Saudi ASM, Ardila-Rey JA, Muhd
hammad-Sukki F (2020) Effects of Roadside Trees and Road
Orientation on Thermal Environment in a Tropical City. Sustn
tainability 12 1053.
Zeng F, Lei C, Liu J, Niu J, Gao N (2020) CFD simulation of
the drag effect of urban trees: Source term modification
method revisited at the tree scale. Sustainable Cities and
Society 56
Zhang J, Feng L, Hou C, Gu Q (2020) Health benefits on cardd
diocerebrovascular disease of reducing exposure to ambied
ent fine particulate matter in Tianjin, China. Environmental
Science and Pollution Research
Zhang LLL, Wei D, Hou YY, Du JF, Liu Z, Zhang GM, Shi L
(2020) Outdoor Thermal Comfort of Urban Park-A Case
Study. Sustainability 12 1961.
Zhang X, Zhang Z, Su G, Tao H, Xu W, Hu L (2019) Buoyant
wind-driven pollutant dispersion and recirculation behavid
iour in wedge-shaped roof urban street canyons. Environmn
mental Science and Pollution Research 26 8289-8302.
Zhao L, Liu JJ (2020) Operating behavior and corresponding
performance of mechanical ventilation systems in Chinese
residential buildings. Building and Environment 170 106600.
Zhou CH, Wu Y (2020) A Planning Support Tool for Layout
Integral Optimization of Urban Blue-Green Infrastructure.
Sustainability 12 1613.
Zhou HT, Yu YM, Gu X, Wu Y, Wang M, Yue H, Gao JL, Lei RY,
Ge XL (2020) Characteristics of Air Pollution and Their Relatd
tionship with Meteorological Parameters: Northern Versus
Southern Cities of China. Atmosphere 11 253.
Zhou X, Okaze T, Ren C, Cai M, Ishida Y, Watanabe H, Mocd
chida A (2020) Evaluation of urban heat islands using local
climate zones and the influence of sea-land breeze. Sustn
tainable Cities and Society 55
Zhu Z, Liang J, Sun C, Han YS (2020) Summer Outdoor Thermd
mal Comfort in Urban Commercial Pedestrian Streets in Sevd
vere Cold Regions of China. Sustainability 12 1876.
Zuhra SS, Tabinda AB, Yasar A (2019) Appraisal of the heat
vulnerability index in Punjab: a case study of spatial pattern
for exposure, sensitivity, and adaptive capacity in megacity
Lahore, Pakistan. International Journal of Biometeorology 63
1669-1682.

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE

45

Conferences
Upcoming Conferences...

The information in this list is current as of the publication date of the newsletter, but readers should check for updated
information online in the event of schedule changes due to the COVID-19 pandemic.
BOCHUM URBAN CLIMATE SUMMER SCHOOL: URBAN
CLIMATE INFORMATICS, Ruhr University Bochum,
Germany • August 17-21, 2020
https://www.climate.ruhr-uni-bochum.de/bucss/
Planning Post Carbon Cities: 35th PLEA CONFF
FERENCE on SUSTAINABLE ARCHITECTURE AND
URBAN DESIGN
A Coruña, Spain • September 1-3, 2020
https://www.plea2020.org
EMS ANNUAL MEETING 2020 session on “InteractF
tions of air pollutants, greenhouse gases,
weather and climate from local/urban to
global scales”
Bratislava, Slovakia • September 7-11, 2020.
https://meetingorganizer.copernicus.org/EMS2020/
session/

4TH ICOS SCIENCE CONFERENCE, Session on “UrbF
ban observations and detection of human
emissions”
Utrecht, Netherlands • September 15-17, 2020
https://www.icos-ri.eu/sc2020
NOVI SAD NATURE-BASED SOLUTIONS & CLIMATESENSITIVE URBAN DESIGN TRAINING SCHOOL
Novi Sad, Serbia • September 21-25, 2020
http://clihyd.com/novi-sad-nature-based-solutions-climd
mate-sensitive-urban-design-training-school-2020/
AGU Fall meeting SPECIAL SESSION ON Extreme
weather and climate in urban areas, their
social impacts, and mitigation
San Francisco, USA • December 7-11, 2020
https://agu.confex.com/agu/fm20/prelim.cgi/Sessd
sion/101164 (Abstract submission by July 29, 2020)

Calls for Papers...
“Urban Microclimate and Air Quality as Drivers
of Urban Design”
Special Issue of Sustainability
Anthropogenic activities are dramatically impacting the
quality of our environment, and this is especially the case
in cities. Factors such as the sealing of soil, contamination
of water and air, and emission of atmospheric greenhouse
gases are combining to make the urban environment less
livable. Efforts to better understand these problems have
been intensifying within the scientific community, with resd
search focusing on topics related to environmental quality
and human health, the urban heat island, outdoor thermal
comfort, and urban air quality. These phenomena have
been analyzed from the microscale to the city level, using
approaches such as field monitoring, remote sensing, and
simulation models. Unfortunately, however, these diverse
aspects of urbanization are rarely integrated in a systematid
ic way in the actual development process. This Special Issue
aims to collect works that improve on this knowledge, and
enrich our common understanding of how urban design
can positively or negatively affect the quality of the urban
environment. The focus is on outdoor thermal comfort and
air quality, with emphasis placed on studies showing how
research can be integrated into the design process and
how policies can enhance the environmental effectiveness
of concrete urban interventions.
Guest Editors: Luciano Massetti, David Pearlmutter
Deadline: January 31, 2021
https://www.mdpi.com/journal/sustainability/special_issd
sues/Urban_Microclimate_Air_Quality
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“Application of GIS-Based Mapping of Local ClimF
mate Zones in Urban Areas”
Special Issue of ISPRS Intl Journal of Geo-Information
The concept of local climatic zones (LCZs) has become a
widely recognized standard for the description of urban
climate sites, gaining substantial attention from scholars
worldwide in recent years. The original concept was extended
ed to the mapping of urban and suburban landscapes, resd
sulting in widespread application in urban climate research
and beyond. With such a radical shift in the LCZ concept,
new problems were identified (e.g. the quality and level of
GIS data detail, user accuracy, appropriate resolution, spatiotd
temporal variability, level of generalization, and standardizatd
tion of classification). Most popular among authors dealing
with LCZ delineation are methods based on widely available
remote sensing data. The majority of such studies, however,
have reported user accuracy inappropriate for recent urban
climate science, demanding exact data for modeling and for
application in real urban planning. We therefore have devoted
ed this Special Issue to GIS-based methods of LCZ delineation
and their application to the development of high-quality
LCZ data. Topics of interest include, but are not limited to:
Innovative GIS-based LCZ mapping methods; Analyses on
producer and user accuracy for GIS-based/other methods;
Studies on spatiotemporal variability of thermal exposure in
LCZs; Application of LCZ concept in urban areas.
Guest Editors: Michal Lehnert, Jan Geletič, Stevan Savić
Deadline: February 28, 2021
https://www.mdpi.com/journal/ijgi/special_issues/Climate_
Urban
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Online seminar announcement:
An Introduction to the PALM model system
The PALM modelling group of the Institute of Metd
teorology and Climatology at the Leibniz University
Hannover, Germany, is offering a 5-day webinar from
21-25 September 2020. The PALM model system has
been continuously developed at the Institute of Metd
teorology and Climatology (IMUK), Leibniz Universd
sität Hannover (LUH), Germany, since 1997. It is used
to study micro- and meso-scale turbulent boundary
layer flows in the atmosphere and the ocean. PALM
includes a number of advanced features like topograpd
phy, non-cyclic boundary conditions with turbulent
inflow, an embedded Lagrangian particle model alld
lowing explicit treatment of cloud droplet physics,
a wind turbine model for simulating complete wind
parks including wake effects, or an interface for addid
ing user defined code. Recently, the model has been
significantly extended in a collaborative effort of
several research institutions for urban applications
(PALM-4U), which includes explicit treatment of urbd
ban surfaces, chemistry, radiation, but also LESnestid
ing and nesting into larger scale models. Data input
and output is in NetCDF format. PALM is optimised
for high performance on all kind of state-of-the-art
processor architectures and it scales on up to several
tens of thousands of processors. PALM is free software
and can be redistributed and/or modified under the
terms of the GNU General Public License (v3). Downld
load information and a detailed online documentatd
tion is available under http://palm-model.org.
What is the seminar about? The one week semind
nar gives an overview of PALM, and demonstrates
how to carry out runs − on Linux computers provided
by the participants. Seminar contents comprise e.g.
a general introduction to large-eddy simulation, an
overview of PALM’s governing equations, applied
numerical methods, the various PALM features and
application examples. Besides a brief introduction to
the PALM installation, the main focus of the seminar is
on how to set up PALM simulations, how to run them
using the shell scripts provided with PALM, and how
to analyse the output. Setups for several standard appd
plications will be explained in detail (e.g. convection,
flow around buildings, etc.). Further attention is given
to topics like how to extend PALM by user-generated
code and how to debug the code. Besides the theord
retical lessons which will be provided for download,
there will be hands-on sessions, where participants
carry out exercises under the online guidance of the
lecturers.
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PALM-4U allows detailed resolution of city parts.
What are the technical requirements? The succd
cessful software installation can be verified by insd
stalling PALM via the provided automatic installer:
https://palm-model.org/trac/wiki/install. Please check
this well in advance.
What does the seminar cost? The fee for participd
pants from outside the MOSAIK/UC² project will be:
€ 600 for commercial companies, € 300 for educationad
al/research institutions. This includes tuition, seminar
materials and support during the hands-on sessions.
Who is this seminar meant for? This seminar is
designed for future scientific users of PALM, who
have yet little to no prior experience with PALM. A
solid background in modelling, particularly CFDmodelling, Fortran 2003, MPI, and Linux/Unix is of
advantage.
Where can I register? For the registration
please fill the registration form: https://forms.gle/
4tQCpHcmW2G82MBx8 at the latest by 16th August
23:59 CEST. Please note that we might close the regid
istration earlier if we reach our maximum participant
number of 50. Registered participants will receive
more detailed information (method of payment, webd
binar tools, schedule, etc.) by the end of August 2020.
Do you have any questions? Feel free to contact
Sebastian Hettrich: hettrich@muk.uni-hannover.de

Simulation of building generated turbulence.
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IAUC Board
ICUC-11 in Sydney Australia:
Looking ahead to 2021

IAUC Board Members & Terms
· President: Nigel Tapper (Monash University, Australia), 20182022.
· Secretary: Andreas Christen (Albert-Ludwigs Universität
Freiburg, Germany), 2018-2022.
· Treasurer: Ariane Middel (Arizona State University, USA),
2019-2022.
· Alexander Baklanov (WMO, Switzerland), WMO Representative,
2018-2022.**
· Benjamin Bechtel (Ruhr-University Bochum, Germany), 20172021.

Dear IAUC community,
A special meeting of the IAUC Board was held with
the conference organisers on the planning for ICUC-11,
including ways of managing around COVID-19. We will
be consulting with the membership regarding possible
options, and will keep members updated as more informd
mation becomes available.
Key developments regarding the conference will also
be included on the conference website − https://confered
ence.unsw.edu.au/en/icuc11. This will be continually updd
dated as we progress towards the conference.
Important Dates
Opening of Abstract Submission: Aug 17, 2020
Deadline for Abstract Submission: Nov 15, 2020
Acceptance of Abstract: Jan 25, 2021
Optional full paper/supplementary materials: Mar 30, 2021
Conference: Aug 30 - Sep 3, 2021
Contact for ICUC Co-chairs, Negin and Melissa:
n.nazarian@unsw.edu.au
Best wishes from the IAUC Board!

· Matthias Demuzere (Ruhr-University Bochum, Germany and
CEO and Founder Kode), 2018-2022.
· Jorge Gonzalez (CUNY, USA): ICUC10 Local Organizer, 2016-2021.
· Negin Nazarian (University of New South Wales, Australia):
Local Organizer ICUC-11.
· Leena Järvi (University of Helsinki, Finland), 2016-2020.
· Dev Niyogi (Purdue University, USA): ICUC10 Local Organizer,
2016-2021.
· David Pearlmutter (Ben-Gurion University, Israel), Newsletter
Editor, 2008-*
· Chao Ren (University of Hong Kong, Hong Kong), 2017-2021.
· David Sailor (Arizona State University, USA), Past Secretary
2014-2018.*
· James Voogt (University of Western Ontario, Canada), Past
President: 2014-2018.*
· Helen Ward (University of Innsbruck, Austria), 2019-2022.
* non-voting, ** non-voting appointed member

IAUC Committee Chairs
· Editor, IAUC Newsletter: David Pearlmutter
· News Editor: Paul Alexander
· Urban Projects Editor: Helen Ward
· Conferences Editor: Joe McFadden
· Bibliography Committee: Matthias Demuzere
· Chair Teaching Resources: Gerald Mills
· Chair Awards Committee: Helen Ward
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The next edition of Urban Climate News will appear in
late September. Contributions for the upcoming issue are
welcome, and should be submitted by August 31, 2020 to
the relevant editor.
Submissions should be concise and accessible to a wide
audience. The articles in this Newsletter are unrefereed,
and their appearance does not constitute formal publicatd
tion; they should not be used or cited otherwise.
Bibliography: Matthias Demuzere and BibCom members
Matthias.demuzere@rub.de
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