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From the IAUC President

Happy New Year and welcome to the December
2011 issue of Urban Climate News, which as is always
the case, provides a great window onto ongoing ur-
ban climate research. There are just a couple of points
that | want to draw your attention to.

First, the apparently inexorable transition of the
planet s population was marked last month by the an-
nouncement that there are now more urban than ru-
ral dwellers in China (www.chinadaily.com.cn). While
the distinction between urban and rural living is  zzy
at best, the increased concentration of population in
urbanised areas is occurring at a remarkable speed.
The implications of this change were made clear by
a speaker at an ASI workshop on urban climatology
hosted by Prof. Edward Ng at the Chinese University of
Hong Kong in December. Curt Garrigan, representing
UNEP, indicated that when considering urban change
between now and 2050, while 80-90% of the cities in
the economically developed world are already built,
80-90% of those needed in the rest of the world have
yet to be built. In other words, while the former may
experience climate rehabilitation (a phrase used by
Arieh Bitan), the opportunity to ensure that the newly
emerging cities are tted to their climate is now. Of
particular note is that many of these cities will be con-
structed in climates where we have done relatively lit-
tle research. This places a great onus on organisations
such as the IAUC to take a leading role in extracting
useful guidelines from our current knowledge base
and extending our research to consider urban climate
e ectsin tropical and sub-tropical climates.

Second, you will see a report on ICUCS also in this
issue. The abstract deadline of December 31, 2011
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has been extended to January 20th. The number of
abstracts received and their origins is an indication of
the health of the eld. As is always the case, most ab-
stracts arrived very late in the day and it is only after
the deadline that an analysis can be performed. We
would ask members to look at the
details and actively encourage sub-
missions from those areas where
there are fewer abstracts (the urban
water budget is a case in point).

Gerald Mills
gerald.mills@Qucd.ie

Special Announcement: A new journal Urban Climate is being launched by Elsevier that will be par-
ticularly suited to the research conducted by IAUC members.

Urban Climate serves the scienti ¢ and decision-making communities with the publication of research on
theory, science and applications relevant to understanding urban climatic conditions and change in relation
to their geography and to demographic, socioeconomic, institutional, technological and environmental dy-
namics and global change. Targeted towards both disciplinary and interdisciplinary audiences, this journal
publishes original research papers, comprehensive review articles, book reviews, and short communications
on topics including Urban Meteorology and Climate, Urban Environmental Pollution, Adaptation to Global
Change, Urban Economic and Social Issues, and Urban Policy Planning and Design.

To remain informed about the journal launch (expected within weeks), please send an email to Associate
Editor and IAUC member Jan Kleissl at jkleissl@ucsd.edu.
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Research workshop examines Public Open Spaces in the Sustainable City

December 2011 An interna-
tional research workshop focus-
ing on the quantity and quality of
Public Open Spaces (POS) in local
communities was held in Israel
from December 19-22, resulting
from a three year research proj-
ect sponsored by the Israel Sci-
ence Foundation.

Research and experience on
designing public open spaces
was discussed from two di er-
ent perspectives: the human per-
spective (interactions between
individuals or groups and the environment) and the site per-
spective: (i.e. topography, water and climate). The goal was
to examine ways in which these perspectives could be for-
mulated in the form of planning and design guidance, and
in addition to bring to Israel top international scholars and
practitioners to accelerate learning and innovation.

The themes covered over the four-day event included is-
sues of urbanity, sustainability, livability and social justice;
public open space as ecological infrastructure, including con-
siderations of climate change adaptation, water and thermal
comfort; and speci cissues related to planning in Israel.

Dr. Yodan Rof@ of Ben-Gurion University of the Negev's
Institutes for Desert Research, where the rst three days of
the workshop were held, organized the gathering and sum-
marized some of the lessons learned over the course of the
discussions. Some of these relate to the ways that the de-
sign of urban spaces may be a ected by user needs. For in-
stance, the success and attractiveness of large public spaces
is clearly dependent on an intricate human ecology and the
balance between diverse groups, and there appears to be an
increasing importance of public spaces especially streets
which are tied to everday activities and which are accessible
by walking and public transit. In fact the diversity of users
was seen not only as an important social consideration, but
as a factor with ecological and climatic rami cations as well.

Topography was emphasized
as a point of departure for site
design of urban parks, and water
sensitive development was em-
phasized as essential for provid-
ing arange of bene tsincluding
the preservation of biodiversity
within cities. The accessibil-
ity and visibility of these spaces
was shown by Dee Merriam to
be important for their actual use
and health bene ts, and the in-
equality in distribution of heat
island e ects and the capacity
of urban parks to mitigate them where private resources are
lacking was stressed by Larissa Larsen.

As pointed out by Lutz Katschner and So a Thorsson,
two of the invited international speakers, the importance
of climate with respect to human activity, perceptions, and
attachment to place within a city means that the design of
public open spaces will have special signi cance in a chang-
ing set of local and global scale background conditions. The
goals to be emphasized include mitigating heat island ef-
fects and reducing cooling loads in buildings, and creating
diverse public open spaces that will allow people to spend
time outdoors in a warming climate. They stressed the need
to model the e ects of ventilation corridors and of overall
development patterns at the meso-scale, to insure that
changes do not exacerbate heatisland e ects.

To achieve these public goals, there is a growing recogni-
tion of the need for regulation and more precise de nition
of public places. Codes can be speci ¢ and context sensitive,
rather than taking the form of universal standards or large-
scale plans that are overly restrictive. While the workshop
certainly allowed for a fruitful cross-disciplinary discussion of
these challenges, meeting them will require the discussion
to be both broadened and deepened so that the tools for
creating better public open spaces become integrated with
actual practice.

Using observations of user
perception, Hadas Saaro-
ni, David Pearlmutter, Tali
Hatuka and Assaf Frances
looked at thermal stress in
a grass-covered urban park
located in a water-scarce
region and asked the
question: Is this a sustain-
able model for public open
space development?
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MED-ways: Urban and Peri-urban Forests in Medlterranean Cities

December 2011  On December 16-17, 2011, 30 research-
ers and practitioners in Urban Forestry and Green infrastruc-
ture of nine Mediterranean and European countries met in
Florence at the seat of the Italian Academy of Forest Sciences.
The two-day workshop was co-organized by the Academy,
the FAO-UN, the IUFRO, and the Universities of Bari and
Florence. The aim of the meeting was to strengthen the ex-
change of experiences and the networking among the Medi-
terranean on the strategic themes of Urban and Periurban
Forests (UPF). The event was promoted in the frame of the
activities of the International Year of Forests. Thirteen presen-
tations on the morning of December 16 drew a rich picture
of the ongoing activities in UPF. After the openings remarks,
Dr. Konjinendijk, University of Copenhagen, presented a key-
note lecture on the Innovative approaches in European Ur-
ban Forestry: perspectives for Mediterranean countries. Mi-
chelle Gauthier, responsible for the FAO task force on Urban
and Peri-urban Forestry, reported on the FAO actions in the
frame of UPF. She focused on SILVA MEDITERRANEA, the sub-
sidiary body of FAQO active in networking on forest issues in
the Mediterranean area with 26 partner countries, and on the
potential constitution of a UPF working group in its context.

A rstset of Presentations (Semenzato, Italy; Munzi, Portu-
gal; Verlic, Slovenia), summarized the state of UPF research/
actions at national level. Shaler (KKL, Israel) referred to the
experience of community forestry in Israel as a nationwide
perspective for Urban Forestry. Colletti (CFS, Itay) presented
a overview of the activities of control, management and pro-
motion of urban and periurban forests carried out by the Ital-
ian Forest Service.

Experiences at city levels were reported for Barcelona (Bas-
nou, Spain), Zagreb (Krajter, Croatia), and Ljubljana (Verlic,
Slovenia) . Carizanos (Spain) spoke about the disadvantages
of urban forests in term of pollenosis and allergies and how
to deal with them. Munzi, Basnou and Semenzato reported
case studies on Biodiversity and Urban Forests with particu-
lar concern on fragmentation and connectivity in urban and
peri-urban environments. Semenzato focused as well on re-
search/actions carried out in Italy on the topics of Urban for-
est structure and its management, participation and model-
ing ecosystem services.

At the regional level, Krajter presented the FORCITY proj-
ect, a collaborative regional research project in Southeast
Europe and Verlic quoted the EMoNFUr LIFE Project, aiming
to establish a monitoring network on urban forests in Lom-
bardy (Italy) and Slovenia.

Three presentations came from non-Mediterranean coun-
tries. Two of them focused on experiences in the Nordic Euro-
pean countries. Nielsen (SLU, Sweden) reported on the gover-
nance and management of urban and peri-urban woodlands
in Sweden and Annerstedt (SLU, Sweden) presented on the
roles of Urban Forestry related to public health. Finally Clive
Davies (Newcastle University, UK) proposed a re ection on
the priority themes for UPF in the Mediterranean Region and
stressed 12 themes that, after the integrative discussion along

le foreste
gOno in cisa

the round table in the afternoon, were adopted as a strategic
checklist of priorities for Mediterranean Urban Periurban For-
est (MED-UPF). The discussion outlined that MED-UPF refers
to a mosaic of viewpoints in societal, geopolitical, environ-
mental/climatic, and economic terms: the risk is to see the
Mediterranean only with a single lens, e.g. the south of Eu-
rope. There are also many commonalities such as the use of
Peri-Urban Forest (and related terms) that is easily perceived
as the place for recreation, social activities, nature conserva-
tion and sometimes production, while the Urban Forest is still
not very familiar to the public and decision makers. Another
commonality is that, despite the positive experiences with
UPF, the perception that trees and forests in urban areas can
be problematic is highly widespread: there is a need to inte-
grate the positive and negative in promoting UPF. Sound in-
dicators are required to bring the ecosystem services and the
social values of UPF into the urban planning process: it is cru-
cial to shift from mere quantity to quality indicators, and to
accept the challenge to nd spatial models able to locate and
qguantify UPF bene ts. Branding and marketing UPF is fore-
seen as a determinant in promoting sustainable lifestyles as
well as highlighting the relationships between public health
and UPF. It was pointed out that it is necessary to communi-
cate and build together a message with the politicians. The
way forward consists of four lines: a) The need of strengthen-
ing MED-ways in the frame of European activities (e.g. EFUF)
and in trans-national Mediterranean tasks, as SILVA MEDITER-
RANEA,; b) the design of common projects to strengthen re-
search and actions on UPF; ¢) the preparation of the State
of the Art of the Mediterranean countries on UPF; and d) the
preparation of UPF guidelines at a regional level.

The latter was the major subject of the FAO meeting on
the morning of December 17 and chaired by Gauthier (FAO).
The state of preparation of the Guidelines at a global level
was presented, along with the regional guidelines for French
speaking Africa (of interest to some Mediterranean countries),
and nally it was agreed to start a process of preparation of
Mediterranean Guidelines by constituting a core group to ad-
vise and support the process.  Fabio Salbitano
MED-ways web site: www.greenspace.it/medways/
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Weather Deserves Medal for Clean Air During 2008 Beijing Olympics

December 2011  New research suggests that Chinas
impressive feat of cutting Beijings pollution up to 50
percent for the 2008 Summer Olympics had some help
from Mother Nature. Rain just at the beginning and wind
during the Olympics likely contributed about half of the
e ort needed to clean up the skies, scientists found. The
results also suggest emission controls need to be more
widely implemented than in 2008 if pollution levels are
to be reduced permanently.

Reporting their ndings December 12 in the journal
Atmospheric Chemistry and Physics, co-author atmo-
spheric chemist Xiaohong Liu at the Department of
Energys Paci ¢ Northwest National laboratory said, In
addition to the emission controls, the weather was very
important in reducing pollution. You can see the rain
washing pollution out of the sky and wind transporting
it away from the area.

Liu and colleague Chun Zhao at PNNL and at the Chi-
nese Academy of Sciences in Beijing took advantage of
the emission controls China put into play before and
during the August Olympics to study the relative con-
tributions of both planning and nature. Chinese o cials
restricted driving, temporarily halted pollution-produc-
ing manufacturing and power plants, and even relocated
heavy polluting industries in preparation for the games.

To nd out if the controls worked as well as people
hoped, the researchers modeled the pollution and
weather conditions in the area before, during and after
the Olympics. They compared the models results with
measured amounts of pollution, which matched well.

Adding up the sources of pollution and the sinks that
cleared it out, the team found that emission sources
dropped up to a half in the week just before and during
the Olympics. And while some pollution got washed out
by rain or fell out of the sky, most of it got blown away
by wind. They got very lucky. There were strong storms
right before the Olympics, said Liu.

In addition to rain, wind also helped. Beijing is bor-
dered on the south by urban areas and on the north by

Beijing scene before a rain storm, showing build up of
pollutants and ozone. Every few days pollutants are dis-
persed by wind or removed by rain. (Credit: US Environ-
mental Protection Agency) Source: ScienceDaily.com

mountains, so wind blowing north would carry more
pollution into the city. Examining the direction of the
wind, the researchers saw that it generally blew south in
the time period covering the Olympic period.

The area we looked at is about 50 miles south. This
suggests that emission controls need to be on a regional
scale rather than just a local scale, said Liu. The impor-
tance of regional controls meshes well with previous
research on 2008 Olympics air quality that focused on
nitrogen-based pollutants.

Next, the researchers will be examining the e ect of
pollution on other weather events and climate change in
China. Pollutants are very small particles, and some sus-
pect they might be causing fog to form rather than rain
due to numerous pollution particles in China, Liu said.

This work was supported by the U.S. Department of
Energy O ce of Science, the National Natural Science
Foundation of China, and the Ministry of Environmen-
tal Protection of China. Source: http://www.sciencedaily.
com/releases/2011/12/111228111727.htm

2012 Olympic Games: London unveils venues

Olympic Stadium is designed to seat 80,000 people dur-
ing the upcoming Games, but has managed to score
points for sustainability. The stadium is 75% lighter
than other stadiums because of its lack of heavy steel,
and the concrete used is low-carbon and sourced from
industrial waste. After the Games, the stadium will be
scaled down to 25,000 seats and will be used for a vari-
ety of sports and cultural events for years to come.

Source: http://www.mnn.com
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How Trees Clean the Air in London

October 2011  New research by scientists at the Uni-
versity of Southampton has shown how Londons trees can
improve air quality by Itering out pollution particulates,
which are damaging to human health.

A paper published this month in the journal Landscape
and Urban Planning indicates that the urban trees of the
Greater London Authority (GLA) area remove somewhere
between 850 and 2000 tonnes of particulate pollution
(PM,) from the air every year.

An important development in this research, carried out
by Dr. Matthew Tallis, is that the methodology allows the
prediction of how much pollution will be removed in the
future as the climate and pollution emissions change. This
shows the real bene ts of the planned increase in the num-
ber of street trees in London and throughout England, in-
cluding the GLAs plan to increase the area of urban trees
by 2050 and the current governments Big tree plant initia-
tive.

The research found that the targeting of tree planting
in the most polluted areas of the GLA area and particularly
the use of a mixture of trees, including evergreens such as
pines and evergreen oak, would have the greatest bene t
to future air quality in terms of PMy, removal.

One of the paper s authors Professor Gail Taylor explains:

Trees have evolved to remove CO, from the atmosphere,

so its not surprising that they are also good at removing
pollutants. Trees which have leaves the whole year are ex-
posed to more pollution and so they take up more. Using a
number of di erent tree species and modelling approach-
es, the e ectiveness of the tree canopy for clean air can be
optimised.

This study presents predictions of particulate (PMy,) up-
take in future climates and for ve tree planting scenarios in
London. Using seasonal rather than hourly data was shown
to have little impact on modelled annual deposition of pol-
lution (PMy) to urban canopies, suggesting that pollution
uptake can be estimated in other cities and for the future
where hourly data are not available.

Co-author Peter Freer-Smith, Chief Scientist for Forest
Research (Forestry Commission) and visiting professor at
the University of Southampton, says: We know that par-
ticulates can damage human health, for example exacer-
bating asthma and this reduction in exposure could have
real bene ts in some places, such as around the edge of
school playgrounds. Urban greenspace and trees give a
wide range of bene tsand this study con rms thatimprov-
ing air quality is one of them and will also help us to get the
most out of this bene tin future.

This work is part of the wider EU BRIDGE (sustainaBle
uRban planning Decision support accountinG for urban
mEtabolism) project on planning sustainable cities. Source:

www.sciencedaily.com/releases/2011/10/111005110800.htm

Beyond mere hot air

Julian Hunt, a former director general of the UK Meteoro-
logical O ce, made the following observations prior to last
months UN climate summit at Durban.

December 2011 The main aim of the UN climate sum-
mit at Durban, which began on November 28, is to produce
an agreement about targets for emissions by developed
countries, and longer-term targets for developing countries.
But with sudden switches in energy policies, environmental
regulations and accidents such as Fukushima, plus increas-
ing nancial fragility, national governments are increasingly
aware how policy in these areas impacts lives as well as the
economy.

Decision-makers also have the di cult task of pursuing
long-term objectives about climate change. The key ques-
tion centres around the best way to do this. Governments
have become more cautious about signing up to new long-
term and tightly-de ned transnational agreements that
might a ect their exibility to respond to changing circum-
stances. A global deal on climate change may be less e ec-
tive than regional, national and city-level initiatives as the
former is perceived to be insensitive to the technologies and
time-scales for emission reduction in varying countries.

Governments with rapidly growing populations and de-
veloping technology, such as many of those in Asia and Aftri-
ca, will also take longer to get a grip on their emissions than

those with falling populations and advanced technology
such as those in Europe. So in Durban, would it be wiser to

nd a more collaborative way to respond to climate change
than concentrate on what may be unproductive negotia-
tions for a global agreement?

Durban is more likely to be successful if it focuses on en-
gaging and enabling the diverse array of regional, national
and city-level climate change mitigation and adaptation
measures already in place  such as the European carbon
trading system. The latter, despite its mixed record due to
early design aws, is already proving of signi cant interest
for countries looking to introduce their own carbon trading
systems like South Korea and China.

Given the particular challenge for urban areas, cities are
also leading the charge to action. Municipal governments
are adopting some of the most innovative ways of adapt-
ing to worsening climate hazards  such as putting wind
turbines on dykes as in Rotterdam. Giving more responsibil-
ity to city governments to tackle climate change would help
expedite national solutions.

A productive outcome at Durban would also include bet-
terenabling of private sector innovation to reduce emissions.
Unlike other recent UN meetings like Copenhagen, scientists
should be present to explain how the most e ective local
actions should be related to mitigating local climate change.
Negotiations and promises on paper do not reduce emis-
sions  only action on the ground can achieve that. Source:
http://www.hindustantimes.com
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Ice Shield Experiment Aims to Cool Mongolian City

December 2011 Mongolia hopes to beat global
warming by growing an ice shield that would cool its
capital city, Ulaanbaatar. (Read about cities as solutions
in the latest issue of National Geographic magazine).

The shield would be an enhanced version of thick ice
sheets that naturally form over rivers during winter. These
sheets, which can grow up to 23 feet (7 meters) thick, are
known in Mongolia and Russia as naleds, and in Alaska
and Scandinavia as aufeis German for ice on top.

The ice sheets form under certain conditions very
cold temperatures and fast- owing rivers when water
under the existing ice cover bursts through the cracks
and freezes at the surface.

Layer after layer of the ice builds up to form a sheet
that typically melts away each summer though, if its
thick enough, the sheet will sometimes last through the
summer.

Many of Mongolias nomadic herders are moving o
the steppe and into cities, especially as warmer tempera-
tures are drying up grasslands, which provide food for
the country s livestock.

In the past 60 years, Mongolia has warmed about 3.4
degrees Fahrenheit (1.9 degrees Celsius) about three
times faster than Earth has warmed on average.

To help Ulaanbaatar s growing population keep cool, a
British-Mongolian venture called the EMI-ECOS Consor-
tium will soon launch a one-billion tugrik (U.S. $750,000)
experiment to grow larger naleds on the Tuul River, the
Guardian newspaper reported in November.

For the proposed plan, engineers would grow thicker
naleds by drilling holes in the ice and pumping water
to the surface of the ice sheet, where the water would
freeze and form thicker, longer lasting ice. The hope is
that this ice could cool the nearby capital, partially coun-
tering the e ect of global warming as well as the urban
heat island e ect. Such arti cial naleds could create
cool parks to combat urban heat islands, EMI-ECOS Con-
sortiums lead researcher geologist Robin Grayson wrote
in 2010 in Mongolias World Placer Journal.

By tweaking local temperatures, this sort of microcli-
mate engineering is reminiscent of geoengineering pro-
posals that would purportedly change the temperature
of the whole planet.

But some experts are skeptical the naleds would chill
the air enough to make adi erence throughout the city.
Though the airis de nitely cooler above these ice sheets,
the cooling e ect tends to be more localized.

Largeice sheetssuch as glaciers can create chilly winds
that cool the surrounding area but only up to about a
third of a mile (half a kilometer) away, noted Marc Olefs,
a meteorologist and glaciologist at Austrias Central In-
stitute for Meteorology and Geodynamics.

To cool Ulaanbaatar, the naleds would have to be in
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=

Source: nationalgeographic.com

the right spot for winds to blow across the ice before
reaching the city.

Aufeis expert Douglas Kane, of the University of Alaska
in Fairbanks, has also seen caribou stand on aufeis in the
middle of ariver as a way of escaping mosquitoes, which
dislike cooler temperatures.

To get such an air-conditioning e ect, you could go
sit on the aufeis, Kane said, but thats probably not what
the [ice-shield planners] had in mind.

In addition this method of growing naleds seems to be
untested so far, meterologist Olefs added. He has stud-
ied e orts to preserve glaciers by covering them with
special blankets and is familiar with e orts to grow snow
on glaciers for ski slopes in Germany s Black Forest.

But | havent heard of any idea relating river-ice ma-
nipulation to climate change issues before, Olefs said.

To cool Ulaanbaatar, another option might be to
collect cool water from the melting naleds and pipe it
through the city something Sweden is already doing
with stored up snow. But the investment is much big-
ger, Olefs admitted, and would likely be a hurdle for a
poor country such as Mongolia.

The ice-shield proposal sounds similar to other ideas for
geoengineering, noted Hashem Akbari, an expert on ur-
ban heat islands at Concordia University in Quebec, Can-
ada. But many of these climate-manipulation plans could
have negative side e ects, Akbari said. Growing thicker,
longer lasting naleds, for example, could a ect life in the
rivers or water supplies downstream, experts say.

But there are other ways of cooling a city thatd be rel-
atively cheap and free from unintended e ects, Akbari
added. In particular, painting roofs white and using light-
colored pavement can cool cities and lower the need for
air conditioning a time-honored way of staying cool
that could be used more widely. The world has thou-
sands of years of experience with this  with no negative
side e ects. Source: http://news.nationalgeographic.com/
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Surface temperature variability and mortality impact in the Paris
region during the August 2003 heat wave

By B@n@dicte Dousset, Hawaii Institute of Geophysics and Planetology, University of
Hawaii, Honolulu, Hawaii, USA (bdousset@hawaii.edu)

Karine Laaidi and Abdelkrim Zeghnoun, Institut de Veille Sanitaire, Ddpartement Sant?
Environnement, Saint-Maurice, France

In August 2003, the Paris metropolitan area experienced an extreme heat wave that caused an estimated
4,867 deaths. A satellite time series of 61 thermal images and one multi-spectral high resolution image
were used to 1) analyze the spatial variations of land surface temperature (LST) over the diurnal cycle, 2)
evaluate indicators of elderly people s exposure to heat, and 3) identify areas with a higher risk of death.
The thermal images showed contrasting night time and daytime heat island patterns related to surface
characteristics and land uses, and signi cant cooling e ects of urban parks despite a prior warm and dry
spring that lowered moisture availability. As compared to normal summers, night time temperature was
a predominant factor for heat wave intensity and health risk. The spatial distribution of the highest night-
time LST matched that of the highest mortality ratios. LSTs were sampled at the addresses of 482 elderly
people (cases and controls) to produce minimal, maximal, and mean thermal indicators with di erent lags
between heat exposure and death. Results from a regression model, adjusted for other parameters, re-
vealed that night time temperatures averaged over 7 days or over the whole heat wave period were sig-
ni cantly linked to mortality, with the risk doubling with a ~0.5”C LST increase. This study improves our
understanding of urban surface processes and human vulnerabilities to heat waves, and further demon-
strates the relevance of satellite monitoring in documenting and managing the health risks associated

with summer warming trends.

1. Introduction

Observations and reconstructions of global tempera-
ture evolution indicate a pronounced warming during
the last 150 years, with an increase in the occurrence of
heat waves (Sch r et al., 2004). Climate models for the
21st century also suggest that the year-to-year variabil-
ity of summer temperatures might lead to a significant
increase in the frequency, intensity and duration of heat
waves (Meelh and Tebaldi, 2004; Tebaldi et al., 2006;
Beniston et al., 2007). Given current emissions trends,
those predictions are confirmed in the recent IPCC re-
port on managing the risks of extreme events (Intergov-
ernmental Panel on Climate Change, 2011).

In the last decade, numerous heat waves occurred in
Western and Central Europe and in the Mediterranean
regions (2003, 2006, 2007, 2009, and 2010). In 2003 a
persistent anticyclone over Western Europe generated a
heat wave of exceptional strength and duration. The av-
erage summer temperatures exceeded the 1961 1990
mean by 3 C, up to 5 standard deviations (Sch r and
Jendritzky, 2004) (Fig. 1) and caused an estimated death
toll of ~70,000 (Robine et al., 2008). This heat wave was
made four to six times more likely by climate change,
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Figure 1. June-August 2003 surface temperature anom-
alies as compared to the 1988-2003 climatological base
period. Values are a blend of in-situ and satellite obser-
vations (source: NOAA 2003).
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and could recur several times per decade by the

The converging effects of climate change, ur-

banization, and aging population have impor- 3001

tant implications for public health (Kalkstein and
Green,1997). For example, heat waves have led
to an estimated excess mortality of 750 over five
days in Chicago in 1995, 600 and 4,867 over 10

days in London and Paris, respectively, in 2003 1501

(Fig. 2), and ~15,000 in Moscow in 2010. Health

risks proceed from combined heat intensity, 1001

relative humidity, time exposure, and night time
temperature. In addition, air pollution, which is
enhanced by heat, exacerbates adverse health
effects by stressing the respiratory and circula-

tory human systems (BaSL_J and Samet, 2002)- T_he June 2003«¢----------------+ July 2003------------ »«---—-Algust 2003--»

elderly, infants, young children, and people with

chronic health problems are more vulnerable. Figure 2. Maximum and minimum air surface tempera-
The work summarized below was published ture at the Paris weather station in the Montsouris Park

in Dousset et al. (2011) and Laaidi et al. (2011). (right scale) and mortality rate in the Paris region (left

It documents the satellite monitoring of the Au- scale), 25 June - 19 August 2003 (after InVS 2003).

middle of the century (Stott et al., 2004). ?l’\égr_nber of deaths/day Temperature_°c

2501
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gust 2003 heat wave over the Paris metropolitan
area and the associated epidemiological risk and time
lag of death for elderly people at given locations. Using
a synergy of climate and health data, the main objec-
tives of the research were: 1) to analyze the urban sur-
face temperature variation over the diurnal cycle; 2) to
evaluate new indicators of elderly people s exposure to
heat, from a public health prevention perspective; and
3) to demonstrate the use of satellite sensors to moni-
tor urban heat waves and identify areas with a higher
risk of death. Figure 3 presents a diagram of the method
applied to assess the exposure, vulnerability and health
risks, in the context of climate change and its relevance
to risk management.

2. Data acquisition and methods

Paris (2 20 E, 48 50 N) is located in a sedimentary basin
on the Seine River. The regional climate is moderated by
the oceanic influence of the mid-latitude Westerlies. The
area is characterized by compact urbanization, a popu-
lation of nearly 12 million and a high density of ~20,000
inhabitants/km? within the city.

In August 2003, the Paris region experienced 9 con-
secutive days with maximum air temperatures (Mont-
souris Park) higher than 35 C that reached 39 C at the
peak of the heat wave on August 12, and minimum tem-
peratures steadily increasing from 20 C to 25.7 C. The
atmosphere was very stable, with a wind speed of 1 to

August 2003
Climate Exposure _ heat wave Vulnerability Actions
in Paris region
v : v
Natural Satellite IR monitoring Health study Health risk
Variability Heat wave Land Surface Temperature elderly mortality prevention &
increase variability v Vv cases & controls management
+ Local thermal
+ - - indicators
e[| s e J
Anthropogenic S:?Qtsigz V&g Rearession adaptation &
Climate Change + er%c?éilo mitigation
Land use layers + GIS l

High temperature
risk areas

—>» Mortality risk

Health risk

Figure 3. Flow diagram of the method applied to assess the exposure, vulnerability and health risks in the Paris
region, in the context of climate change and its relevance to risk management.
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4 m/s and relative humidity below and potential evapo-
transpiration above those of normal summers. In Paris
the levels of humidity or of ozone had little influence on
the excess mortality, which was mainly attributable to
temperature (Filleul et al., 2006).

Climate data Urban climate monitoring is difficult
to achieve using weather stations that, for synoptic pur-
poses, are situated in parks and airports away from the
built environment. Furthermore, the station network is
too sparse to estimate horizontal temperature gradients
and the associated risk of exposure. Those are best re-
solved using sun-synchronous polar orbiting satellites.
Atime series of 76 images sensed from July 21 to August
21 by the advanced very high-resolution radiometer
(AVHRR) on board NOAA satellites 12, 16 and 17 were
acquired at the receiving station of Trieste (Italy). The im-
ages were selected according to quality, clear sky and
small satellite-zenith viewing angle to ensure ground
resolution close to 1.1 km and minimize atmospheric
attenuation and anisotropic effects. The images were
orthorectified and interactively registered to a common
projection. The LST, albedo, cloud cover and vegetation
index (NDVI) were retrieved according to Dousset et al.
(2011). A time series of 50 images was used to analyze
the spatial variability of Land Surface Temperature (LST)
over the diurnal cycle, for the heat wave episode (August
4-13). Median LST images were constructed over 6 time
intervals of satellites passes (Dousset et al., 2007).

A SPOT-HRV multi-spectral image at 20 m resolution
recorded on 13 July 2003 was used to extract further sur-
face characteristics and properties through a land clas-
sification that includes water, densely built urban areas,
suburban residential areas, light bare soils, forest, and
lawns and fields. Fractional images were created that
merged the 20-m land-use and 1-km thermal pixels. In
addition, local ancillary data on administrative delinea-
tions, parks, rivers and industrial areas were integrated
into the database.

In situ meteorological data, recorded hourly at the
Paris weather station in Montsouris Park, include surface
air temperature (Tar), ground temperature, dew point,
wind speed and direction, relative humidity, water va-
por, insolation and net radiation. While maximum LSTs
occurred at the time of maximum solar irradiance, maxi-
mum Tar lagged typically by ~3 h. Co-located LST and Tair
were analyzed taking into account the different natures
of the measurements. Those are considered comple-
mentary because the sensible heat flux is determined by
the temperature difference between the surface and the
airimmediately above it.

Health data Health data came from a case-control
study including 241 people aged 65 years and over who
died in the city of Paris and the nearby Val-de-Marne

°C
22
21
g = 120
R ote \]_. : ..!\o“ Z’L‘i y
it | LWvalde Marne
) Ii Fid 2 119
S o T'J\_ ° o N I

L ) “.‘v

5 km o \\ . B r 18
R KT g e

Figure 4. Spatial distribution of the geocoded address-
es of cases and control in Paris and Val-de-Marne (black
dots) over the NOAA-AVHRR thermal image of 7 August
2003 at 04:50 UTC, (from Dousset et al., 2011).

suburb during the heat wave, and 241 controls above 65
and living in the same areas, that were matched to cases
according to age, sex and residential zone (Vandentor-
ren et al., 2006). A time series of 61 images was used to
produce ~29,000 individual thermal indicators with dif-
ferent lags between the sensing time and the health im-
pact, from August 1 to 13. The address of each case and
control was geocoded and the temperature of the corre-
sponding pixel was considered as a thermal indicator for
the person at the sensing time (Fig. 4). For each person,
the thermal indicators were integrated into a condition-
al logistic regression model, including other risk factors
such as prior pathologies, drug intake, profession, hous-
ing conditions, behavior related to heat, etc. Indicators
of temperature exposure were constructed according
to the daily minimum, maximum and mean LST and to
its diurnal amplitude. Different lags between tempera-
ture and death (1, 3, and 6 days), daily temperatures, and
temperatures averaged over 1, 7 and 13 days were con-
sidered according to Laaidi et al. (2011).

3. Results and discussion

Surface temperature variability over the diurnal cycle
Figures 5a and 5b are composite images of median LST
over the Paris metropolitan area. They were constructed
from 9 and 10 images, respectively, recorded from Au-
gust 4 to 13, in the time intervals from 01 to 03 UTC and
12t0 15 UTC. The figures reveal contrasting daytime and
night time heat island patterns, reflecting the different
day and night rates of heating and cooling between ur-
ban and suburban areas, enhanced by the stable atmo-
sphere that characterized the heat wave episode.

The night time image (Fig. 5a) shows a strong heat is-
land of ~ 8 C. The LST distribution was well correlated
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Figure 5. Averaged NOAA-AVHRR infrared images from 4 to 13 August 2003, at the time intervals of: a) 01-03 UTC
(composite of 9 images); b) 12-15 UTC (composite of 10 images). The color scale (in degrees Celsius) is optimally en-
hanced separately for each image (from Dousset et al., 2011).

with built density. At the peak of the heat wave, in the
evenings, low relative humidity in the Montsouris Park
suggests that vegetated areas in residential suburbs
and rural areas may have been conducive to evaporative
and radiative cooling. In downtown Paris, temperatures
decreased slowly as the heat stored in buildings and
trapped in urban canyons was progressively released
and anthropogenic heat was continually produced.

The daytime image (Fig. 5b) shows multiple tempera-
ture anomalies scattered in the densely built and indus-
trial suburbs, conveying mostly variations of the surface
heat balance between dry and comparatively moist sur-
faces. Heat islands up to 11 C are observed between the
industrial suburbs and the forests. The highest LSTs of

45
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40— Park
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August 2003
Figure 6. LST diurnal cycles at an industrial site, in down-
town Paris, and in an urban park, constructed from 50
NOAA-AVHRR thermal images, from 4 to 13 August 2003.

==

Surface temperature (°C)

38 42 C occur in the industrial suburbs.

The diurnal cycles of temperature in downtown, an
industrial zone, and a park (Fig. 6) indicate a mean near-
constant difference of ~2 C between downtown and
the park, but differences of ~3 C at night, and ~-3.5 C at
noon between downtown and the industrial area, and
~45 Cat noon between the industrial area and the park.
The industrial surfaces, which have lower thermal iner-
tia and unobstructed sky view, are consistently warmer
in daytime and cooler at night than the downtown and
park surfaces.

Night time temperature  Figure 7 represents the me-
dian LST cycles of Paris for August 1-13, 2003, and August
5-11, 1998, previously analyzed by Dousset and Gour-
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Figure 7. Median LST diurnal cycles over the Paris met-
ropolitan area, 5-11 August 1998 and 1-13 August 2003.
Mid-day LSTs that appear lower in 7 9 August 2003 than
1998 are due to a lack of data (from Dousset et al., 2011).
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melon (2003). Note that at mid-day, LSTs are lower on
August 7-9, 2003 than 1998 due to a lack of data. The 5-
11 August, 1998 period was hot and dry with maximum
LSTs ranging between 28 C and 36 C, including four
consecutive days over 35 C. However night time LSTs
never exceeded 15 C, thus averting the occurrence of a
heat wave and allowing a night rest. In August 2003, the
diurnal amplitude was 5 C lower than in 1998 and the
night time LST was 8 C higher, confirming the impact of
night time temperature on the heat wave process. Sta-
ble meteorological conditions and low winds prevented
convective mixing. For example, before sunrise on the
11th LSTs were still 25 26 C in downtown Paris, causing
sleep deprivation. Such conditions over nine days even-
tually led to an estimated 4,867 excess mortality in the
Paris metropolitan area.

The state of vegetation  Soil moisture anomalies are
important in understanding the predictability of heat
waves. In spring 2003, strong incident radiation and a
large precipitation deficit forced an early spring green-
up and progressively reduced the soil moisture. Conse-
quently, the vegetation index of August 2003 was lower
than normal summers and evidences a significantly in-
creased drought and reduced primary productivity (Ci-
ais et al., 2005; Zaitchik et al., 2006; Fischer et al., 2007).

Paris comprises a dozen small parks, two large ones
at its west and east edges, and is bounded by fields and
forests. Figure 8 represents the bivariate histogram dis-
tribution of the composite afternoon LST (12 15 UTC)
versus the mean NDVI for 4-13 August 2003. The figure
indicates a significant negative correlation with a slope
of~ 0.2 C/%NDVI that illustrates the importance of veg-
etation in the partitioning between latent and sensible
surface heat fluxes. Analysis and manual sampling of in-
dividual images indicate that the LST is 2 3 C lower in
small parks than in their built surroundings and 4 5 C
lower in large ones.

Risk factors areas The LST variability was analyzed
as a function of urban surface characteristics and land
cover/uses. Multilayer maps were generated over the six
composite thermal images to identify risk factor areas.
Standard layers included surface albedo, percentage
of built and vegetated surfaces, hydrology, population
density, industrial areas and transportation.

Figures 9a and 9b represent a zoom of the composite
LST images from 01 to 03 UTC and from 12 to 15 UTC, re-
spectively, with land use overlays. Those reveal the high
sensitivity of thermal images, suchasa 1.5 C decrease at-
tributable to a small park or a 1.5 C increase attributable
to a light soil in a plaza. At night, the spatial distribution
of the highest LSTs of 24 C-26 C in the districts south
and northeast of the Seine River (Fig. 9a) matched that
of the highest mortality ratios (Cadot and Spira, 2006).

Surface temperature

26 |
-10 0 10 20 30 40 50 60 70

Normalized difference vegetation index (NDVI %)

Figure 8. Bivariate histogram of LST-averaged 12 15
UTC (4 13 August 2003) versus the averaged NDVI. The
color bar shows the log 10 of the bivariate distribution
normalized by the largest value. The principal mode of
variance has a slope of 0.186 C/%NDVI (from Dousset
etal., 2011).

These maps are useful to take preventive actions such
as reducing strenuous activities in industrial areas north
of Paris where LST reached 40 C in the afternoon, and
assisting elderly people living in the southern districts
where LST attained 25 C at night.

Heat related mortality From August 1 to 13, the LSTs
at the addresses of the cases and controls ranged from
12.2 C to 45.4 C, with a median of 21.4 C at night and
34.2 C during the daytime. Table 1 lists the results from
the conditional logistic regression model for the thermal
indicators derived from NOAA-AVHRR satellite data. The
Odds Ratio (OR) indicators were computed comparing
the 90th and 50th percentiles of the LST differences be-
tween cases and controls. The OR is a relative measure of
risk, positive above 1 and negative under it.

The results demonstrate that during a heat wave,
exposure to high night time temperature increases the
probability of death, whereas exposure to high daytime
temperature is not significant. For example, the risk of
mortality more than doubles with a mean night time
temperature difference between cases and controls of
0.41 C from August 1 to 13, and 0.51 C from the day of
death and six preceding days. Consecutive hot days and
nights, with no night time rest to recover from daytime
heat-stress, eventually leads to the death of vulnerable
people. Some bias may have influenced the results; those
linked to the health data are described in Vandentorren
etal. (2006) and those related to the spatial resolution of
the images are discussed in Laaidi et al. (2011).

ISSUE NO. 42 DECEMBER 2011

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE



12

'\l Industrial areas :

7| 22 -Val d'Argentedil

| ] river,lake

Figure 9. Averaged NOAA-AVHRR infrared images of the Paris region (4 to 13 August 2003) under a
land cover/use information layer; a) at night (01 03 UTC), and b) by day (12 15 UTC). The thumbnail
pictures display areas cooler and warmer than their surroundings (images from 2010 Aerodata Inter-
national Survey, Google 2009). The color scale (in degrees Celsius) is optimally enhanced separately
for each image (from Dousset et al., 2011).
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Table 1. Results from the conditional logistic regression model for Land Surface Temperature indicators
derived from NOAA-AVHRR data, from August 1 to 13, 2003 (after Laaidi et al., 2011).
Thermal indicators Temperature di erence OR
( C) between cases & controls (95% CI)*
From August 1to 13
Average Maximum LST 0.97 1.29(0.61,2.72)
Average Minimum LST 0.41 2.17 (1.14,4.16)
Average Mean LST 0.37 1.71(0.94, 3.11)
From 6 days before death to the day of death
Average Maximum LST 0.92 0.93(0.51, 1.69)
Average Minimum LST 0.51 2.24(1.03,4.87)
Average Mean LST 0.46 1.34(0.71, 2.51)
From 2 days before death to the day of death
Average Maximum LST 1.25 0.91(0.56, 1.47)
Average Minimum LST 0.68 1.40 (0.67, 2.91)
Average Mean LST 0.67 1.06 (0.60, 1.89)
The day before death
Maximum LST 151 1.05(0.77,1.42)
Minimum LST 0.85 1.17(0.70, 1.96)
The day of death
Maximum LST 1.62 0.87(0.63,1.22)
Minimum LST 0.64 0.88(0.52, 1.36)
* OR is computed using the 90th-50th percentiles of the temperature di erences between cases and controls.

4. Conclusion

The joint analysis of urban surface temperatures and
co-located cases of elderly mortality during a heat wave
is a novel work. It shows the contribution of urban heat
islands in intensifying the heat wave by absorbing heat
during the day and progressively raising minimum noc-
turnal temperature, which is linked to heat-stress and
mortality. The time series imaging of the spatial LST
gradient merged with a land use database allowed us to
identify the potential health risk at a given location.

The results prove the relevance of high night time
temperatures and duration of heat on mortality and lo-
cal impact of related heat exposure on elderly popula-
tion. The analysis shows that an increase in LST exposure
of ~0.5 C at night can double the risk of elderly mortal-
ity. The analysis also indicates that such temperature
increase could be prevented by a 2% increase in urban
vegetation. Other measures might include, for example,
raising the urban surface albedo and permeability.

Given the Europe summer warming trend and ag-

ing population, urban thermal monitoring and public
health surveillance are becoming key issues to manage
the risks of heat waves and initiate appropriate actions
to advance climate change adaptation and mitigation in
urban areas.
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Urban Proiects

An Indoor-Outdoor Building Energy Simulator and Application to
Study Cool Pavement Impacts on Building Energy Use

Figure 1. Surface temperatures in the TUF-IOBES simula-
tion domain for canopy aspect ratio of 1.0, ground surface
albedo of 0.1, and pre-1980 buildings (Akbari et al. 2005)
at 1200 LST of January 1st in Denver CO. The
length of each patch is equal to 3.05 m.
The center 4 x 5 facets of each
fa ade are windows.
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While there have been significant advances in energy modeling of individual buildings and the urban canopy, more
sophisticated and at the same time more efficient models are needed to understand the thermal interaction between
buildings and their surroundings. In particular to evaluate policy alternatives it is of interest how building makeup, can-
yon geometry, weather conditions, and their combination modify heat transfer in the urban area and affect energy use,
human health, comfort, and sustainability. The Temperature of Urban Facets Indoor-Outdoor Building Energy Simula-
tor (TUF-IOBES) is a building-to-canopy model that simulates indoor and outdoor building surface temperatures and
heat fluxes in an urban area to estimate cooling/heating loads and energy use in buildings. The indoor and outdoor
energy balance processes are dynamically coupled taking into account real weather conditions, indoor heat sources,
building and urban material properties, composition of the building envelope (e.g. windows, insulation), and waste
heat from air-conditioning. An application of TUF-IOBES to study the impact of different pavements (concrete and as-

phalt) on building energy use showed that reflective pavements locally increase energy use in adjacent buildings.

Introduction

Urbanization, or replacing natural land cover with
buildings and impervious surfaces, is omnipresent due
to urban population growth. Thermal and radiative prop-
erties of urban materials, building conditions (new ver-
sus old buildings), size, type, and location of windows,
canyon geometry, anthropogenic heat fluxes and most
importantly the combination of these factors in different
weather conditions affect urban heat transfer and build-
ing energy use. Most existing building energy models
emerged from the engineering community, but these
models exclude modeling of the outdoor canopy air in-
cluding heating, ventilating and air-conditioning (HVAC)
heat emissions, the ground surface energy balance, and
radiative effects of the surrounding buildings. On the
other hand, urban surface energy balance models in the
meteorological community usually treat the buildings
as hollow cubes and exclude dynamic modeling of the
indoor building energy balance and anthropogenic heat
fluxes released from HVAC systems (see Grimmond et al.
2011 for a review).

The last few years have resulted in great progress in
modeling the complex interactions in urban environ-

ments (Kikegawa et al. 2003, Salamanca et al. 2010, Bueno
etal. 2011). However, there is still a need for computation-
ally efficient 3-dimensional models that employ physical
process-based descriptions at fine spatial scales and cap-
ture microclimate and building energy effects of urban
modifications and heat island mitigation measures.

TUF-IOBES

Our urban energy modeling research builds upon
a study with the Temperature of Urban Facets in 3-D
(TUF3D, Krayenhoff and Voogt, 2007) model in Yag-
hoobian et al. (2010) and the ASHRAE toolkit, which is a
compilation of building energy algorithms (Pedersen et
al. 2001). As in TUF3D the geometry is composed of ar-
rays of buildings with the ability of rotating the domain
(Fig. 1, above). The simple geometry of buildings with
opaque walls in TUF3D is modified to accommodate
windows. The net shortwave radiation incident on each
window patch (SW,) is simulated based on the meth-
od used in the ASHRAE Toolkit. TUF-IOBES is capable of
simulating multi-pane  up to triple pane  windows.
Through the windows transmitted shortwave radiation is
passed to the inside heat balance.
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