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From the IAUC President

Colleagues, welcome to the December 2010 edition
of Urban Climate News. Again, speaking on behalf of the
IAUC, | want to express my gratitude to David Pearlmutter
in his role as editor of this Newsletter, which takes a con-
siderable commitment of time and energy.

The recent UN Climate Change conference (http://un-
fcce.int/2860.php/) in Cancen Mexico (29 November to
10 December) produced a disappointing outcome for
many, in terms of rm commitments to extend the Kyoto
Agreement. Nevertheless a compromise agreement was
reached and a Green Climate Fund was established to help
countries with developing economies cut Greenhouse
Gas emissions. While there is little in the agreements that
refer to cities in particular, there is a growing recognition
of the role of cities in climate change issues. This was evi-
denced in a World Mayors Summit on Climate that was
held in Mexico City on November 21 and in a publication
by The World Bank on Cities and Climate Change: An ur-
gent agenda.

The latter (http://wbi.worldbank.org/wbi/documents)
outlines the role that cities play in global greenhouse gas
(GHG) emissions and presents tables that compare the
emissions of cities with those of countries and industries.
It states that: The worlds 50 largest cities, with more than
500 million people, generate about 2.6 billion tCO2e annu-
ally, more than all countries, except the United States and
China. The top 10 greenhouse gas emitting cities alone, for
example, have emissions roughly equal to all of Japan..., the
50 largest cities in the world combined rank third in both
population and greenhouse gas emissions, and second in
GDP when compared with the largest and wealthiest coun-
tries. However, in per-capita emissions large cities are quite
e cient. For example, New York City is the city with the
worlds highest total greenhouse gas emissions, but on a per
capita basis, New York City s emissions are much lower than
other large cities. For example, they are 40 percent lower
than Houstons per capita emissions. Although cities are re-
sponsible for high total greenhouse gas emissions, per capita
emissions can be comparatively lowin citiesthataree cient
and well planned. Such cities as Hong Kong, Paris, Sao Paulo,
Tokyo, Dhaka, and London have the worlds lowest energy
intensity - about one-quarter of the ve highest cities and
less than half of the 50-city average. The report discusses
elements of form and of function and suggests that the
cities, if well planned can o er energy e ciencies. Not
surprisingly then it describes compact, high density cities
as more sustainable. It also calls for an agreed means of
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establishing urban inventories of GHG emissions that are
standardized so that e ective comparisons can be made.

The Mayors Summit meeting (http://www.wmsc2010.
org/the-mexico-city-pact/) should be of considerable in-
terest to the IAUC as it demonstrates the commitment to
climate change issues at a municipal level. It is at this city
scale that much of urban climate research is relevant and
can provide some guidelines on meeting climate-based
objectives at all scales. At the summit a ten-point pact was
presented that included commitments to the voluntary
reduction in GHG emissions and to register emission in-
ventories, commitments, climate mitigation and adaptation
measures and actions in a measurable, reportable and veri-

able (MRV) manner. To date, 146 cities have signed the
Mexico City Pact (http://citiesclimateregistry.org/).

The recognition of the importance of cities as driv-
ers of global climate change and the role of good urban
planning/design in modulating their combined global
impact is welcome. What is disappointing from the IAUC s
perspective is that there is little mention of the urban cli-
mates and its impact on its inhabitants in cities, and none
of the research referenced is drawn from the urban cli-
mate literature. As a consequence, a number of important
opportunities are missed. For example, GHG inventories

(continued on page 24)


http://www.urban-climate.org

In.the News

Satellites Pinpoint Drivers of Urban Heat Islands in the Northeast

December,2010  According to NASA scientists who pre-
sented new research recently at an American Geophysical
Union (AGU) meeting in San Francisco, summer land surface
temperature of cities in the Northeast were an average of 7

Cto 9 Cwarmer than surrounding rural areas over a three
year period.

While researchers have long noticed that the magnitude
of heat islands can vary signi cantly between cities, ac-
curate comparisons have long eluded scientists because
ground-based air temperature sensors tend to be unevenly
distributed and prone to local bias. The lack of quanti able
de nitions for urban versus non-urban areas has also hin-
dered comparisons.

Satellite technology, which o ers a more uniform view of
heat islands, is in the process of changing this. The group
of researchers from NASAs Goddard Space Flight Center in
Greenbelt, Md., presented results based on a new method
for comparing heat islands at the AGU meeting.

This, at least to our knowledge, is the rst time that
anybody has systematically compared the heat islands of a
large number of cities at continental and global scales, said
Ping Zhang, a scientist at Goddard and the lead author of
the research.

The new method for comparing cities, which the team of
scientists has honed for about two years, involves the use
of maps of impervious surface area produced by a United
States Geological Survey-operated Landsat satellite, and
land surface temperature data from the Moderate-resolu-
tion Imaging Spectroradiometer (MODIS), an instrument
aboard NASAs Aqua and Terra satellites.

By analyzing data from thousands of settlements around
the world, the Goddard team has pinpointed key character-
istics of cities that drive the development of heat islands.
The largest cities, their analysis shows, usually have the
strongest heat islands. Cities located in forested regions,
such as the northeastern United States, also have stronger
heat islands than cities situated in grassy or desert environ-
ments. Most recently, the Goddard group has shown that a
city s development patterns -- whether a city is sprawling
or compact -- can also a ect the strength of its heat island.
By comparing 42 cities in the Northeast, they found that
densely-developed cities with compact urban cores are
more apt to produce strong urban heat islands than more
sprawling, less intensely-developed cities.

The compact city of Providence, R.I., for example, has sur-
face temperatures that are about 12.2 C warmer than the
surrounding countryside, while similarly-sized but spread-
out Bu alo, N.Y,, produces a heat island of only about 7.2

C, according to satellite data. Since the background eco-
systems and sizes of both cities are about the same, Zhangs
analysis suggests development patterns are the critical dif-
ference. Cities in desert regions, such as Las Vegas, in con-
trast, often have weak heat islands or are actually cooler
than the surrounding rural area.

Satellite images of Providence, RI (top) and Bu alo, NY
(bottom). The images show (from left to right): visible
light, surface heat, developed land and vegetation cover.
Source: NASA

Ratcheting up temperatures can have signi cant -- and
deadly -- consequences for cities. Heat islands not only
cause air conditioner and electricity usage to surge, but
they also increase the mortality of elderly people and those
with pre-existing respiratory and cardiovascular illness.

The U.S. Environmental Protection Agency estimates that,
between 1979 and 2003, heat exposure has caused more
than the number of mortalities resulting from hurricanes,
lightning, tornadoes, oods, and earthquakes combined.

Itis the lack of cooling at nighttime, rather than high day-
time temperatures, that poses a health risk, said Benedicte
Dousset, a scientist from the University of Hawaii who also
presented data about heat islands at the AGU meeting.

Dousset recently analyzed surface temperature images
of Paris and showed the spatial distribution of heat-related
deaths during a sweltering heat wave in 2003. Some 4,800
premature deaths occurred in Paris during the event, and ex-
cess mortality across Europe is thought to be about 70,000.

The risk of death was highest at night in areas where land
surface temperatures were highest, she found. Buildings
and other infrastructure absorb sensible heat during the
day and reradiate it throughout the night, but the cooling
e ect of evaporation is absent in cities. The lack of relief,
particularly among the elderly population, can be deadly,
she explained.

Ramped up air conditioning usage may have even exac-
erbated the problem, other data presented at the meeting
suggests. Cecile de Munck, of the French Centre for Meteo-
rological Research of Meteo-France, conducted a series of
modeling experiments that show excess heat expelled onto
the streets because of increased air conditioner usage dur-
ing heat waves can elevate outside street temperatures sig-
ni cantly.

Theres no one solution, and its going to be di erent
for every city, said Dousset. Heat islands are complex phe-
nomena.

Source: http://www.nasa.gov/topics/earth/features/heat-is-
land-sprawl.html
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As host of Cancen climate talks, Mexico shows o its greener capital city

December, 2010  Twenty years ago, news coverage of
Mexicos pollution problem rang apocalyptic.

Mexico City smog reaching record levels; disaster feared,
read a 1992 headline in the Los Angeles Times. Mexico
turning into a gas chamber, the Calgary (Alberta) Herald
exclaimed.

Mexicos capital was considered the world s most pollut-
ed city in the early 90s. Scientists measured alarming levels
of lead, ozone, sulfur dioxide, and carbon monoxide in the
air. Respiratory illnesses abounded. Runners donned surgi-
cal masks.

But the apocalypse never arrived. Among a host of initia-
tives, the government reduced road time for older cars, cut
gasoline lead levels, and established emissions standards
and veri cation procedures.

Air quality has improved dramatically over the last de-
cade, says Richard Fuller, president of the Blacksmith Insti-
tute in New York, which studies toxic hot spots around the
globe. It used to be one of the worst. Now it is a model.

As Mexico hosts the United Nations climate conference
in Cancen through Dec. 10, with leaders from around the
globe gathering to talk about a binding treaty to reduce
greenhouse-gas emissions, the notoriously dirty capital is
touting itself as a green city.

An ambitious 15-year Plan Verde promises to reduce
vehicle emissions by 7 million metric tons before 2012 by
investing in alternative energy, more green zones, and pub-
lic transport such as electric buses. A bicycle program aims
to sign up 24,000 users by February, from 17,000 today, says
Martha Delgado, the city s environmental secretary.

This is very exciting for a city that used to be one of the
most polluted in the world, she says.

Mexico City has also signed a voluntary pact togeth-
er with 137 other cities present here Nov. 21 at the World
Mayors Summit on Climate to establish a monitoring and
veri cation mechanism to track emissions. The pact is to be
introduced at the climate conference in Cancen.

Over the past two decades, Mexico City has shown that
its committed to cleaning up, experts say. In 1991, ozone
exceeded safe levels almost every day of the year. Skyscrap-
ers were only visible as silhouettes. Thin air on the 7,300-
foot-high plateau, ringed by mountains, was compounded
by rapid urbanization as the metropolitan area septupled,
from 3 million people in 1950 to 20 million. Chaotic road-
ways caused interminable commutes.

At the time, Luis Manuel Guerra, who directs the National
Autonomous Institute of Ecological Studies, was measuring
levels of ozone, particulates, carbon monoxide, and sulfur
dioxide atop the roof of the German Embassy. The levels
were so high, embassy o cials told him, that in Germany
they would qualify for an evacuation of sta .

World bodies began sounding alarm bells, stirring the
government to action. A new hoy no circula (literally, today
it does not circulate ) program grounded older cars for one

Mexico City alone can't prevent CO,-related global
warming. The International Energy Agency has
projected a rise of 3.6 degrees C by 2035, well above
the Copenhagen Accord to hold warming weather
at 2 degrees C, without government pledges at
the UN climate summit in Canciin, Mexico.
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day a week, an initiative replicated around the world. From
nearly 350 days of unsafe ozone levels in 1991, that fell to
140 days in 2005, a level at which it has stabilized, says Mr.
Guerra.

But skeptics say the real causes of contamination are
being overlooked, and some of the most touted programs
are failing. Humberto Bravo, an expert in environmental
contamination at the National Autonomous University of
Mexico (UNAM), says the hoy no circula program was never
a success because residents bought older, more-polluting
vehicles to drive on days their cars were idled. He says cor-
ruption has plagued initiatives such as vehicle exhaust veri-

cation systems.

Urban planning deserves more attention, says Professor
Bravo, such as creating viable roadways that reduce the time
that engines are running. Victor Magaaa, another scientist
at UNAM, says he supports many aspects of Plan Verde
but worries that talk of emissions and global warming over-
shadows other causes of environmental destruction, such
as mass urbanization.

All agree that the problem is far from solved. Ozone lev-
els here still exceed safety standards. Particulates are also a
problem. The city continues to sprawl.

It achieved very impressive results, says Juan Carlos Be-
lausteguigoitia, lead environmental economist at the World
Bank. The next generation of interventions is going to be
more complicated, and will require more coordination.

Source:  http://www.csmonitor.com/World/Americas/2010/1201/
As-host-of-Cancun-climate-talks-Mexico-shows-0 _-its-greener-

capital-city
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November, 2010  Delegates at the latest G20 (Group
of 20 major economies) meeting in Seoul this month reaf-
rmed their commitment to ghting climate change. Had
they taken note of their surroundings, they would have seen
what can be achieved with a little political will and some
genuine commitment to the environment. By redesigning
its road layout and revamping its public transport systems,
the South Korean capital is now bidding to become one of
the greenest cities in the world.

It s certainly come a long way since the 1960s and 1970s,
when South Korea went through an industrial boom that
took it from being the second-poorest nation in the UN to
one of the richest. The sudden increase in its wealth did
not come without consequences, however, and in the early
1980s people began to notice the impact that this econom-
ic growth was having on the environment.

Over the past decade South Korea, and particularly the
capital city Seoul, has taken drastic steps to try to reduce the
amount of pollution it creates and to curb its reliance on fos-
sil fuels. This has involved taking small steps and attempting
to re-educate a money- xated culture. Seeing large roads
and old buildings being demolished in the capital, not all
South Koreans have agreed with what is happening in Seoul.
Its citizens are slowly beginning to reap the bene ts, how-
ever, as the health and economic bene ts of turning their
heavily polluted city into a green haven become apparent.

In 2008, Seouls mayor, Oh Se-Hoon, announced that he
was determined to make Seoul one of the world s greenest
metropolitan centres and an example to the C40 formerly
the Large Cities Climate Leadership Group of which Seoul
is @ member. In an article for the UN's Urban World maga-
zine in 2009, Oh said that he planned to get Seoul to reduce
energy use by 20 per cent, reduce carbon emissions by 40
per cent and increase the use of renewable energy by 20 per
cent, all by 2030.

Since taking o ce in July 2006, Oh and the Seoul Metro-
politan Government (SMG) have worked hard to tackle one
of Seoul's biggest problems: air pollution. Over the past few
decades, satellite towns have sprung up around the capital,
increasing the use of private cars.

Population growth may have slowed down since the
1980s, but the population of Seoul over the past decade has
nevertheless risen from 9.8 million in 2000 to nearly 10.5
million people in 2010. Car-ownership has also increased:
in 2003, 215 in every 1,000 South Koreans owned a car; by
2005 that gure had risen to 319. This gives some indication
of how numbers will have grown in the past ve years, with
those of Seoul often higher than the national average.

Despite e orts by the SMG to encourage the use of
greener cars, the sheer number of vehicles on the street
has cancelled out any e ort to reduce air pollution. Until re-
cently the regulations to tackle exhaust fumes were almost
non-existent, making cars one of the greatest causes of air
pollution in the city. The increase in particulates over the
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By greening up its act, Seoul is setting an example.

decades led to a rise in respiratory infections, with the life-
expectancy in Seoul approximately ve years lower than
elsewhere in South Korea.

In order to tackle this problem, Oh reduced fares on
Seoul s Metro and bus systems to the equivalent of less than
£1, and made plans to connect the ever-growing satellite
towns to central Seoul by building seven new train lines to
be incorporated into the Metro and overground systems.
In 2008 Seoul had already converted its 72,000-strong taxi

eet to run on lique ed petroleum gas instead of petrol,
while this year saw Seouls eet of buses complete the move
from diesel to compressed natural gas. This push to become
an example to the C40 cities led to a 10 per cent decrease in
airborne particulates in 2008 alone, a drop of more than 90
per cent since records started in 1980.

The SMG also initiated a complete revamp of the bus net-
work, and with help from Korean Air has introduced a lim-
ousine bus service between Incheon international airport
and various locations in Seoul that rivals the train and taxi
services in speed and price. This has helped dramatically
reduce the amount of congestion on the roads, as citizens
swap their cars for cheap, reliable public transport.

Our goal is to create a metropolis that can practically be
regarded as a city within a park, wrote Oh in Urban World. In
some parts of the city, large-scale green parks will be cre-
ated and small spaces in residential areas will be used to cre-
ate small parks.

Ohsgoaliswell onits way to being achieved, with derelict
buildings and roads converted into miles of parks or pedes-
trianised walkways. One such project has been the redevel-
opment of the ood-control banks on the Han river, which
runs through Seoul, and perhaps the biggest change has
been the restoration of the old Cheonggyecheon stream,
which cuts east to west across the city.

With Seoul leading by example, setting a standard not
only for South Koreas other metropolitan centres but also
for its Asian neighbours, city councils and regular citizens
are beginning to take notice of environmental matters, and
making every e ort to clean up the mess they made during
the mad industrial boom of the late 20th century.

Source: http://www.theecologist.org/green_green_living/
out_and_about/687483/seoul_on_course_to_be_one_of
the worlds_greenest_cities.html
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Urban human-biometeorology: Investigations in
Freiburg (Germany) on human thermal comfort

By Jutta Holst (jutta.holst@meteo.uni-freiburg.de) and

i

Helmut Mayer (helmut.mayer@meteo.uni-freiburg.de)

Meteorological Institute, Albert-Ludwigs-University of Freiburg

Cities are embedded in atmospheric background conditions on the regional scale, which are also in-

uenced by topography and land use pattern. The atmospheric background conditions can be divided
intodi erentcomponents. Two of them, the thermal and the air pollution component, become particu-
larly important for urban planning. Due to di erent urban structures and processes, cities themselves
modify the atmospheric background conditions by a— , which is not constant. It is rather a function,

which depends on weather, time and urban land use. —

is related to meteorological variables like

air temperature, vapour pressure or mean radiant temperature as well as air pollutants like NO,, O,
or PM, concentration. As a result of — , local climate zones (Stewart and Oke, 2010) can be identi ed,
which are the spatial basis for many urban planning methods. Local climate zones cause speci ¢ hu-
man-biometeorological conditions for citizens, which have implications for their e ciency, well-being

and health outdoors and indoors.

1. Urban human-biometeorology

The number of people living in urban
agglomerations is still increasing (UN-
FPA, 2010). Therefore, urban climate

- material

urban structures
- orientation of street axis
- height/width ratio
- sky view factor

- urban green ¢

mesoscale weather
- air temperature
- water vapour pressure
- wind speed
- radiative flux densities

local climate zones

- air temperature

develops worldwide more and more to
a planning factor of continuously rising

- water vapour pressure

- wind speed

- short- and long-wave radiative flux
densities from 3-D surroundings

citizens 1
- position
- albedo, emissivity

significance. However, a prerequisite

is that results on urban climate meet
the demands of urban planning, e.g.
their direct reference to citizens. This

- activity

- height, weight, sex

- heat transfer resistance of clothing

mean radiant temperature

citizens 2

human energy balance
- model MEMI

¥

leads to the fundamental question of

thermophysiological assessment index

urban human-biometeorology: how
can processes and phenomena of ur-

- physiologically equivalent temperature PET
T

questionnaires L 2
- graded thermal sensation scale

results
- GIS based maps

ban climate be evaluated in a way that
is relevant to citizens? For instance, the
perception of heat by citizens does not
depend only on the near-surface air
temperature, but in combination on all
meteorological variables, which influence the human
energy balance. In addition, citizens are breathing air,
which does not consist of only one air pollutant, but of
a mixture of different species.

The interdisciplinary field of human-biometeorol-
ogy has developed assessment methods for both the
thermal and the air pollution component of urban
climate. They were successfully tested for different ur-
ban environments (e.g. Ali-Toudert and Mayer, 2006;
2007a; 2007b; Mayer et al., 2008a; 2008b; Mayer and
Kalberlah, 2009). Therefore, they can be applied in in-

- temporal variations

Figure 1. Flowchart for the determination of the physiologically equiv-
alent temperature PET as a human-biometeorological index to assess
the perception of heat by citizens (according to Mayer et al., 2008b)

vestigations on urban climate related to sustainable
urban planning.

The physiologically equivalent temperature PET
(Mayer and H ppe, 1987) represents a thermo-physi-
ological assessment index, which is used worldwide
for analyses of human thermal comfort outdoors. The
flowchart in Fig. 1 shows essential characteristics on
the method to determine PET and its influencing pa-
rameters.

PET is derived from the human energy balance
model MEMI (H ppe, 1984, 1993). For the calculation
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of its energy fluxes, physical characteristics of citizens
and meteorological data of local climate zones rel-
evant for the human energy balance are necessary.
These meteorological data can be supplied either by
specific experimental investigations or suited simula-
tion models at the micro-scale. In urban human-bio-
meteorology, the description of the perception of
outdoor heat is usually related to a collective of citi-
zens (Mayer et al., 2008b). In steady state models for
the human energy balance, the collective of citizens
is represented by a standardised standing person
(human-biometeorological reference person).

In order to make numerical results of PET more
suitable for application in urban planning, they can
be assigned to a graded thermal sensation scale by
guestionnaires. Most frequent, it is based on the 7-
step ASHRAE thermal sensation scale (ASHRAE, 2008).
The assignment of PET values to ranges of the thermal
sensation scale considers adaptation and acclimati-
sation of citizens to the regional atmospheric back-
ground conditions and, therefore, differs between
climate zones.

Worldwide, PET doesn t represent the only thermo-
physiological assessment index derived from the hu-
man energy balance. The procedure, however, to de-
termine other ones is similar to that for PET.

2. Consequences of regional climate change for
urban human-biometeorology

The atmospheric background conditions are gov-
erned by characteristics of regional climate change,
i.e. trends of climate variables and severe weather
events like heat waves. Besides an increase of near-
surface air temperature, reliable projections by re-
gional climate models indicate for Central Europe
that severe heat waves will be more frequent and in-
tense as well as will last longer, i.e. heat will be a prob-
lem of rising significance for Central European cities,
as their residents are not adapted to severe heatin a
sufficient way.

Due to different dynamic processes, cities them-
selves strengthen the predefined impairments for
citizens by regional climate change. As a result, a
pronounced thermal stress arises for citizens from
the combined impact of regional climate change and
dynamic behaviour of cities. Against the background
of the demographic development of residents in
Central European cities, sustainable urban planning
is challenged to develop and apply methods, which
reduce the effects of regional heat on the local urban
scale. These should consider targets of environmental

Figure 2. Stationary human-biometeorological station.

control, e.g. avoidance of air conditioning systems. As
the methods should be related to citizens, they have
to be based on a human-biometeorologically signifi-
cant assessment of heat in terms of a thermo-physi-
ological assessment index.

In this context, a differentiation between heat im-
pact outdoors and indoors should be made due to
different effective methods. Outdoor heat is a phe-
nomenon related to the daytime, while indoor heat
mostly affects residents in the night, when they
would have a relaxing sleep. In addition, a differen-
tiation between dry heat and humid heat is practical,
as effective planning methods exist only for the re-
duction of impacts of dry heat. During humid heat,
residents have the individual perception of sultriness,
which is controlled by high water vapour pressure. It
represents a regional phenomenon, which can be in-
fluenced by local urban planning methods only to a
slight extent.

Although Central European cities show existing ur-
ban structures with specific patterns of streets, open
spaces, buildings and green spaces, there is still a dis-
tinct scope for urban planning due to urban redevel-
opment, urban quarters being up for urban planning
and open spaces due to structural change. A slogan
for urban planning in Germany is currently The chal-
lenge lies within the stock of buildings .

3. Methods for analyses of human thermal com-
fort within urban structures

Research in urban human-biometeorology has a
relatively long tradition at the Meteorological Insti-
tute, Albert-Ludwigs-University of Freiburg. During
the last years, the investigations are focused on hu-
man thermal comfort outdoors within different local
climate zones and urban structure elements. The re-
sults obtained meet the demand of urban planning
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authorities for human-biometeorological informa-
tion, which represents the basis for the development
and application of strategies to mitigate the effects of
severe regional heat at the local urban scale.

A co-ordinated design of experiments, question-
naires and numerical simulations was applied to
analyse the perception of heat by citizens in a quan-
titative way. They were mainly carried out in the city
of Freiburg during severe heat in summer. Freiburg
is @ medium sized city (approx. 200,000 inhabitants;
48 00 N 7 51 E, 269 m as.l) in southwest Germany
and located in the southern NNE-SSW oriented Up-
per Rhine Plain close to the slopes of the Black For-
est. Due to its specific location, Freiburg is well suited
for investigations on urban climate effects of regional
heat, as it is considered the warmest city in Germany.

In the analyses, PET was used as a thermo-physio-
logical assessment index. For its experimental deter-
mination, specific human-biometeorological stations
(Figs. 2 and 3) were developed and used in measure-
ment campaigns. Due to their technical design, they
enabled measurement of not only air temperature,
vapour pressure and wind speed, but also the short-
and long-wave radiation flux densities from the three-
dimensional surroundings within urban structures
- i.e. the calculation of the mean radiant temperature
T @S a key meteorological variable for human ther-
mal comfort in Central Europe during summer, con-
sidering the dependences on the directions in space.
In contrast to the use of a globe thermometer, by this
method it was possible to investigate the effects of
different surface features of walls and soil, which can
be modified by urban planning. T, was calculated
from the measured short- and long-wave radiation

Freiburg
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Figure 4. Totals of absorbed short-wave (K*) and long-
wave (L*) radiation ux densities from the three-di-
mensional surroundings at a NNE and SSW sidewalk
within a street canyon; Freiburg, Vauban district, typi-
cal summer day (July 15, 2007), human-biometeoro-
logical measurement height: 1.1 ma.g.l.
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Figure 3. Mobile human-biometeorological station.

flux densities according to the algorithm described
by H ppe (1992) and applied by Ali-Toudert and
Mayer (2007a), Thorsson et al. (2007) and Mayer et al.
(2008b).

To describe the local conditions at the investiga-
tion sites, the usual characteristics were determined,
e.g. ratio of building height H to street width W (= H/
W), orientation of street canyons, exposition of mea-
surement points and sky view factor SVF, which was
derived from circumpolar fish-eye photos. With re-
spect to the short-wave radiation flux densities, SVF
was not only calculated for the complete upper hemi-
sphere, but also for its southern part.

4. Exemplary results

Effects of exposition

The experience of citizens that their perception of
heat depends on the exposition of the local site is ex-
emplarily quanti ed in Figs. 4 and 5. They show the
results obtained from a 1-day case study conducted
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Figure 5. Di erences of air temperature T,, mean ra-
diant temperature T, and physiologically equivalent
temperature PET between a SSW and NNE sidewalk
within a street canyon; Freiburg, Vauban district, typi-
cal summer day (July 15, 2007), human-biometeoro-
logical measurement height: 1.1 m a.g.l.

ISSUE NO. 38 DECEMBER 2010

INTERNATIONAL ASSOCIATION FOR URBAN CLIMATE



Feature

onatypical summer day inaWNW-ESE oriented street
canyon in the Vauban district of Freiburg. The human-
biometeorological stations were located at the NNE
and the opposite SSW sidewalk.

The values for K* (total of short-wave radiation flux
densities from the three-dimensional surroundings
absorbed by the human-biometeorological reference
person) particularly at the SSW sidewalk point out
that this human-biometeorological station was shad-
ed between 11 and 16 CET (Fig. 4), which was caused
by a building. For L* (total of long-wave radiation flux
densities from the tree-dimensional surroundings ab-
sorbed by the human-biometeorological reference
person), however, the shading effect was not reflect-
ed in a similar intensity. In addition to the different
diurnal courses, L* was always distinctly higher than
K*. That can be interpreted that the regional heat is
indicated by L*, while K* describes its local modifica-
tion by different urban situations.

According to the temporal course of mainly K*, T,
and also PET dropped between 11 and 16 CET at the
SSW sidewalk, while the temporal course of T, was only
very slightly a ected by the shading e ect around
noon and in the early afternoon (Fig. 5). Averaged over
10-16 CET, mean T,di erence ( T,) between SSW and
NNE sidewalk was -0.4 C, while itwas-19.5 Cfor T,
and -7.8 Cfor PET. The comparison of the temporal
courses between T, T, and PET con rms nd-
ings by Ali-Toudert and Mayer (2007a) as well as Mayer
(2008b) that (i) T,or T,including urban heat island in-
tensity are unsuited to describe human thermal com-
fort within cities and (ii) PET is strongly governed by
T fOr typical summer days in Central Europe.
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Figure 6. Di erences of air temperature T,, mean ra-
diant temperature T,,. and physiologically equivalent
temperature PET between a shaded (by tree canopy)
and sunny measurement point within a street canyon
in Freiburg, Vauban district, on a typical summer day
(July 24, 2008), human-biometeorological measure-
ment height: 1.1 ma.g.l.

Table1. Di erences ofcharacteristics betweena
shaded (by tree canopy) and sunny measurement
point within an E-W street canyon in Freiburg,
Vauban district, on a typical summer day (July
24, 2008); SVF .3 : sky view factor from a FE for
the complete upper hemisphere, SVFq..70: Sky
view factor from a FE for the southern part of the
upper hemisphere, FE: sh-eye photo, fraction
of tree canopy: tree coverage related to FE, T,
air temperature, T : mean radiant temperature,

mrt*

PET: physiologically equivalent temperature, T,

T.. and PET in the human-biometeorological
measurement height (1.1 ma.g.l.)
Characteristics shaded-sunny
SVF 360 -37%
SVFg0.270 -64%
(fraction of tree canopy);.ss 39%
(fraction of tree canopy)so.270 68%
mean T,(10-16 CET) -08 C
mean T,,,(10-16 CET) -304 C
mean PET(10-16 CET) -124 C

E ects of shading

Urban greening, particularly street trees, has been
proposed as one approach to mitigate the conse-
guences of severe heat on human thermal comfort
(Bowler et al., 2010, Shashua-Bar et al., 2010 a, b). Re-
lated to the below-canopy space, the modi cation
of radiation and heat ux densities by the canopy of
street trees leads to a drop of T, in the daytime. How-
ever, itis relatively slow, as shown by the results for the
case study in Fig. 6, where the maximal T, drop was
-1.7 C(mean value for 10-16 CET: -0.8 C). Site charac-
teristics and mean di erences for T,, T« and PET be-
tween the shaded and sunny measurement point are
contained in Table 1.

The shading e ect of the canopy of street trees was
much more pronounced for T, (peak T -36.6 C,
mean T, -30.4 C). The corresponding temporal
course of PET quanti es in a human-biometeorologi-
cal way for a typical summer day, why citizens more
likely perceive thermal comfort below the canopy of
street trees in contrast to the situation on sunny side-
walks (mean PET:-12.4 C).

E ects of sky view factor
The reduction of SVF represents an e ective meth-
od during severe regional heat to mitigate human
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thermal discomfort in the daytime. As the local short-
wave radiation ux densities govern modi cations
of the regional thermal conditions for citizens within
urban structures, SVF for only the southern half of a

sh-eye photo from the upper hemisphere (SVFy, )
has a higher signi cance than SVF related to the com-
plete upper hemisphere. Based on experimental in-
vestigations, which were conducted at di erent sites
in Freiburg on typical summer days in summer 2007-
2009, a linear relationship was found between mean
Tort (10-16 CET) and SVFgq.70 (Fig. 7).

The reduction of T, as a prerequisite to main-
taining human thermal comfort for citizens even
under regional heat requires a lowering of SVF,; ., .
This can be achieved by di erent ways, e.g. narrow
street canyons with optimised orientation, galleries,
awnings, sunshades or street trees. Due to addition-
al functions, which are perceived as favourable by
citizens, the canopy of street trees is best suited to
reduce SVFgq.,70 .

PET ranges for human thermal sensation

To consider guantitative information on human
thermal comfort indicated by PET in urban planning,
it is necessary to assign PET values to thermal sensa-
tion classes. An appropriate method is the use of the
ASHRAE thermal sensation scale (ASHRAE, 2008), as it
represents a kind of a standard. Based on experimen-
tal investigations including 735 questionnaires of stu-
dents on two typical summer days in 2010, a gradu-
ation of PET ranges for di erent warm levels of the
ASHRAE thermal sensation scale was obtained (Table
2). It considers the acclimatisation and adaptation of
citizens to heat for Central European conditions.

Table 2. Ranges of the physiologically equivalent
temperature PET for di erent warm levels of hu-
man thermal sensation according to the ASHRAE
thermal sensation scale, basis: 735 questionnaires
on two typical summer days (July, 8 and 9, 2010)
in the botanical garden of Freiburg

ASHRAE thermal sensation scale

PET range ( C)
name scale
slightly warm +1 30-34
warm +2 35-40
hot +3 > 40

Freiburg, typical summer days
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Figure 7. Relationship between mean values (10-16
CET) of mean radiant temperature T, and sky view
factor SVFq.,70 determined for the southern half of a

sh-eye photo from the upper hemisphere, based on
measurements at di erent sites in Freiburg on typical
summer days in summer 2007-2009.

5. Conclusions

The experimental investigations in urban human-
biometeorology reported here have di erent objec-
tives. They analyse the conditions at a local urban
climate scale, which controls thermal comfort for citi-
zens. They also provide results for the validation of re-
sults on human thermal comfort obtained by simula-
tion models. Thus, they can be adjusted to speci csite
situations and the simulation results reach a higher
degree of reliability.

The fundamentals of the human-biometeorological
assessment method and the results from the experi-
mental investigations point out that only T, and also
urban heat island intensity identi ed by T, di erences
are unsuited for the description and quanti cation of
outdoor thermal comfort perceived by citizens during
severe regional heat. The human-biometeorological
assessment method for thermal comfort can be inter-
preted as a nesting of a smaller volume (human-bio-
meteorological reference person) into a larger volume
within urban structures (e.g. air within an urban street
canyon). The thermal level within the latter volume
can be described by T, or in terms of human-biome-
teorology by the long-wave radiation ux densities
from the three-dimensional surroundings. As the hu-
man energy balance represents the basis for the per-
ception of heat by citizens, additional processes be-
sides those, which are responsible for T,, have to be
taken into account for the smaller volume. They are in-
cluded in human-biometeorological variables like T,
and thermo-physiological assessment indices like PET.
On typical summer days, outdoor conditions in urban
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environments during the daylight hours are charac-
terised by high values of T,,.. They can exceed T, by
more than 30 C for Central European conditions.
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