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President’s Column
I look forward to seeing many of you at what
promises to be an excellent conference in
Göteborg next week (June 12-16). The final
program of papers has been sent out to all
participants and will be posted to the ICUC6
web site. The IAUC General Meeting will be
held on Friday June 16th at lunchtime. If you
will not be at the conference, and there are issues you would like raised, please email me or
another member of the board and we will ensure the items are discussed.
I would like to express my appreciation to all of
you who participated in the recent IAUC elections by nominating candidates and voting,
and most of all I would like to thank all of those
who stood for election to the Board. I am
pleased to announce that the three new board
members, as of August 2006, are Dr. Benedicte Doussett, Dr. Kevin Gallo and Dr. Rohinton Emmanuel (see more details page 18).
Those who will be leaving the Board are Dr.
James Voogt and Dr Arieh Bitan. I want to
thank both of them for their excellent work.
Both have made significant contributions to the
Board and have been instrumental in the initial
stages of the IAUC's development.

Sue Grimmond
IAUC President.
Sue.Grimmond@kcl.ac.uk

Newsletter Contributions
The IAUC Newsletter is published bi-monthly. The
next publication will occur in early August. Any
items to be considered for Issue 18 should be received by July 31, 2006.
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Two hundred years of urban growth
for the Baltimore-Washington region.

Red pixels denote urban land use as defined by
both the USGS and the Bureau of the Census.
(figure and caption courtesy of Timothy Foresman’s article at http://biology.usgs.gov/luhna/
chap5.html)
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Newsletter Contributions
The IAUC Newsletter is published bi-monthly.
The next publication will occur in early August.
Any items to be considered for the December
edition should be received by July 31, 2006.
The following individuals compile submissions in
various categories. Contributions should be sent
to the relevant editor:
News:
Dr. J. Marshall Shepherd
marshall.shepherd@nasa.gov
Conferences:
Jamie Voogt
(javoogt@uwo.ca)
Websites:
Gerald Mills
(gerald.mills@ucd.ie)
Bibliography:
Jennifer Salmond
(j.salmond@bham.ac.uk)
Urban Projects:
Sue Grimmond
(Sue.Grimmond@kcl.ac.uk)
General submissions should be relatively short
(1-2 A4 pages of text), written in a manner that is
accessible to a wide audience and incorporate
figures and photographs where appropriate.

We welcome submissions to the “News” section.
Submission materials could include but are not
limited to: upcoming papers,
field experiment information,
awards, data or document
availability announcements,
etc. You may submit your
“news item” to Dr. J. Marshall Shepherd
(marshgeo@uga.edu)

Moscow’s Urban Heat Island.

In addition we would be delighted to receive any
images that you think may be of interest to the
IAUC community.

Researchers use models to defang
heat island effect
A Japanese Newspaper, The Yomiuri Shinbum,
reported on efforts to alleviate Tokyo’s urban heat
island in its edition from May 30, 2006.
Yasunobu Ashie, the chief research engineer at the
Building Research Institute in Tsukuba, Ibaraki Prefecture, and his team have modeled a computer simulation of the heat island phenomenon that affects urban
areas in summer... The team simulated the phenomenon to show the different temperatures on each street
in central Tokyo. The model is so exact that it can even
show the difference in temperature of individual trees
on a street.
The research team input such data as the distribution of buildings and their height, as well as details of
green areas in four 10-square-kilometer areas in and
around Ginza, into a supercomputer to reconstruct the
streets in the area. The team then entered data on air
flows into the computer, based on the climate conditions at 2 p.m. on July 31 last year. From this, the
team simulated the temperatures at 500 million points,
based on the heat emitted from buildings.
The team observed an air flow from Hamarikyu
Gardens toward the densely built up areas of Shimbashi and Ginza. By making use of these cool breezes,
rises in temperature can be alleviated, the team said.

The ATTEX Company website (www.attex.ru/
IMAGES/ NEWS) reports on an ‘Investigation of
Megapolicy (Moscow) influence to the atmosphere on the basis of ATTEX MTP-5 Instruments
data’.
During 2001-2003 three ATTEX microwave
temperature profilers (MTP-5) were used simultaneously in Moscow region (Russia) for continuous measurement of atmospheric boundary layer
(ABL) temperature profiles. Prior to the experiment simultaneous remote sensing observations
firstly gave detail quantitative parameters of temperature inversion, ABL stability and it's differences in the center of urban area and in outside
(see figure above).
For more details: Kadygrov E.N., Kuznetsova I.
N., Golitsyn G.S. Heat island in atmospheric
boundary layer of a big city: new results on the
basis of remote sensing data. Doklady Akademii
Nauk (Reports of Russian Academy of Sciences),
2002, vol. 385, N 4, pp. 541-548 (in Russian).
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Urban Coastal Zones at Risk to Climate Change
A recently published study (paper available at http://www.earth.columbia.edu/
news/2006/tiempo.pdf) by researchers
from The Earth Institute at Columbia University and the International Institute for
Environment and Development suggests
that as much as 10 percent of the world's
population is vulnerable to sea level rise
and that many large cities face risks posed
by rising sea level and increased storm
intensity. One of the study authors note
that low-elevation coastal zones (LECZs)
are home to 600 million people, of which
360 million live in urban areas. The adjacent image is a map of population and lowelevation coastal areas in the New York
Metropolitan Region (from http://news.
mongabay.com/2006/0517-columbia.html)

Megacities and Pollution
A team of scientists from Los Alamos National Laboratories recently participated in the MILAGRO
(Megacity Initiative: Local and Global Research Observations) campaign, the scientists studied Mexico
City and its surrounding areas as part of a larger effort to understand the local, regional and global impacts of air pollution from a megacity. MILAGRO, in turn, is part of the Megacity Impacts on Regional
and Global Environments (MIRAGE) project, a collaboration made up of scientists from more than 60
institutions, including the Department of Energy, National Center for Atmospheric Research, the Molina
Center on Energy and the Environment in La Jolla, Calif., and NASA. The Los Alamos scientists measured radiative and optical properties of soot using a state-of-the-art Los Alamos-developed fielddeployable photo-acoustic instrument. The Los Alamos team also provided unique measurements of
molecular hydrogen in Mexico City. The specified measurements provide a unique data set for quantifying Mexico City's atmospheric soot. Soot contributes to atmospheric warming, but the contribution is
impacted by interactions with other sulfate and organic aerosols.
Early analysis has revealed a regular daily profile with peak concentrations of both hydrogen and soot
in early morning caused by the high traffic volume and pollution close to the ground. The instrumentation
recorded levels of hydrogen at 5 parts per million, which is
10 times more than normal background levels
The campaign occurred in March 2006 and sought to
examine, over a month, the chemical and physical transformations of gases and aerosols in the polluted outflow from
the Mexico City metropolitan area (pictured opposite is the
NSF/NCAR C-130 which made multiple flights from Veracruz
with a wide range of instruments to characterise the outflow).

Mexico City is North America's largest city with approximately 25 million people. This megacity is an excellent testbed for understanding the regional and global impacts of increasing urbanization on global
warming.
More information about the work in this area is available at: http://aerosols.lanl.gov/ or http://miragemex.acd.ucar.edu/

3

City Report
Addis Ababa, Ethiopia
Introduction
Addis Ababa (9°N, 38.5°E) is situated in the high
plateaus of central Ethiopia in the North-South
oriented mountain systems neighboring the RiftValley. It is the capital of Ethiopia which is located
in the Horn of Africa and bordered by Eritrea, Somalia, Sudan, Djibouti and Kenya (Fig. 1). Ethiopia is home to some 70 million people. It covers
1.1 million km2 with 7400 km2 covered by water.
The population density is greatest in the central
portion of the country, which consists of an elevated plateau divided by the Great Rift Valley.
Addis Ababa has a population between 3
and 4 million, with a life expectancy of 48 years.
The city is overlooked by three mountains of approximately equal height (1000 m above sea
level), Yarer to the east and
Entoto and
Wochecha. Not far from Addis Ababa there are a
number of small crater lakes distributed in the
east west direction, many of them around in Debre Zeit about 40 Kilometers east of the city.
The average mean maximum temperature
is 24.5°C, and the average minimum temperature
is 12.0°C. The average of the three seasons extreme Temperature of Maximum is 31°C and the
extreme minimum temperature is 7°C. Addis
Ababa receives an average of 1255.2 mm rainfall
per year. The highest monthly rainfall ever recorded (424.7 mm) occurs in August 1970 and
the lowest rainfall (62.3 mm) was recorded in November 1976.

Figure 2. Monthly radiation & temperature (top) and
precipitation & relative humidity (bottom) for Addis
Ababa. (Source: Meteonorm vers.4.0).
About 54% of the area of Addis Ababa is
built upon. Of this, 64% is devoted to residential
use while 18%, 10% and 8% are used for public,
commercial and industrial uses respectively. The
residents of the city are primarily located in the
built-up area (99%) at a density of about 7000 per
km2) (UN, 2000).

Compared to Ethiopia generally, the city is
relatively well endowed in terms of
different kinds of infrastructure such
as education, health, roads etc.
Consequently, rural migration to the
city continues. Despite this, the city
is inadequately supplied with these
facilities. The urban poor in Addis
Ababa live in a crowded, dilapidated,
substandard ‘make-shifts’ with very
poor or non-existing sanitation facilities and undesirable environment.
This has been ascertained by various studies in the city’s slum areas.
The major water supply
sources for the city are the Legedadi
and Gefersa dams and water treatment plants. The production capacities of these sources are 150,000
and 30,000 m3/day respectively
(AAWSA, pers. Comm.). There are
also springs and wells in the city with
Figure 1. Ethiopia and the Horn of Africa. (Source: //www.
a production capacity of about
usask.ca/agriculture/soilsci/ethiopia-map.jpg)
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Figure 2. Two
views of Addis
Ababa.

16,000 m3/day. The annual water production of
the city has ranged between 55 million m3 in 1992
to 64 million m3 in 1998. The amount distributed
however is less than the amount produced due to
leakage problem, which accounts for 30% of that
produced. However, the water demanded is much
greater than the supply.
Sludge removal and sewerage service is
the responsibility of the Addis Ababa Water Sewerage Authority. The waste water collected is
treated in Kality treatment plant. The proportion of
the housing units and people connected to the
modern system are 0.3 and 1.3%, respectively
(Diereg, 1999). This shows that the majority of
the population are not connected to the modern
system and make use of alternative sanitation
system. The storm water drainage is the respon-

sibility of the Municipality of Addis Ababa. The
system consists of some piped system constructed along the main asphalt road and some
stone paved or excavated natural ditches (Dierig,
1999). This system is largely inadequate. The
open ditches are abused by disposing solid
wastes and draining of waste water.
Solid waste management in the city is the
municipality function which is carried by the
health bureau. Solid waste collection in the city of
Addis Ababa is in a state of deplorable condition.
Heaps of garbage are common scenes all over
the town. It is estimated that 290 tons of solid
waste is generated every day and of this 65% is
collected and disposed off. The remaining 35% is
not collected. The main reason for such under
collection is lack of capacity.
At the household level, energy is mainly
needed for lighting, running electronic gadgets
and cooking. The 1994 census and the 1996 survey revealed that the majority of households use
either shared or private electricity for lighting. The
1996 survey indicates that 60% use private electricity while 38% use shared electricity. Other
sources of lighting are insignificant and comprise
about 3% of the households. The majority of the
households in Addis Ababa (72%) use kerosene
for cooking. Those households who use fire wood
either collected or purchased are about 12%.
Charcoal, Butane gas, crop residues and dung
are used by 2, 4, and 3%, respectively.
The role of transport in improving the
lives of those living in poverty are acknowledged
because there is an intimate link between the mobility of the poor and their range of housing and
employment options (Barter, 1999). People living
in poverty usually travel on foot. In Addis Ababa,
it is reported that the various means of transport

BOX: Forest Resources
One of the major issues facing Addis Ababa and its environs is the degradation of natural resources including deforestation and loss of top-soil. Since the
establishment of Addis Ababa in 1887, the surrounding timber resources have
been harvested. The British traveller A.B. Wylde described the entire area of
the settlement at around 1900 as "nearly treeless".
Currently, Ethiopia loses 150,000 to 200,000 hectares of forest annually, according to reports of the
Ethiopian Agricultural Research Organization
(EARO) due to firewood collection, conversion to
farmland, overgrazing, use of forest wood for building material. At the same
time, the agricultural sector, which forms the backbone of the Ethiopian
economy, is dependent on forest resources. Deforestation and massive soil
erosion have further created silting, flooding, and pollution in the plains areas of the city Addis Ababa. However, a small group of volunteers have initiated a reforestation project in the area near the city called Addis Alem.
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and their uses indicated that 8% use private cars,
10 % use taxis, 12% use city buses and 71%
walk (NUPI cited in Mekete, 1997). In 1995, a
study showed that the operational buses were
137 out of a total fleet size of 260 buses (Mekete,
1997). As a result there is a large unmet peak
hour transport demand and very long passenger
waiting time in the city (Mekete, 1997). The city of
Addis Ababa contains riparian areas which are
densely built up with residential areas in flood
prone areas. The riparian areas in the city are the
catchment areas of the Bantyiketu river system,
the Kebena river system, the West Akaki river
system, the Little Akaki river system, the Hanku
river system. The total area comprises about 310
km2. The city has suffered from serious flood
damages especially in the years of 1978, 1994
and 1995 which caused serious social disturbances such as loss of human lives and houses,
damages to various infrastructure, and paralysis
of socio-economic activity (JICA and region 14
administration V. II, 1998).
In general the housing and land access
situations in the city are deplorable particularly for
the poor. Policies on land access and shelter constructions clearly isolate the poor and works
against their terms. The poor cannot afford to
make down payments for construction of shelter
and land acquisitions, which are requirements to
obtain, access to land and shelter in the city.
There are no policies and programs to assist the
poor obtain loan for the construction of houses in
the city. The result is quite a substantial number
of people in the city living in substandard; make
shift houses and even many people living in plastic shelter, pavements and streets.
Bisrat Kifle
Environmental Management, Dept. of Environment and Development,
Sheffield Hallam University,
324 Exter Drive
Sheffield, S3 7TY, UK.

bisrat_k2002@yahoo.com
Bisrat.Kifle@student.shu.ac.uk

Sources
UN (2000) An overview of urban poverty in Addis
Ababa, 2000: Capacity building for Sustainable
Urban Development in Ethiopia. United Nations
Centre for Human Settlements (HABITAT)
web site http://hq.unhabitat.org/cdrom /
governance/html/books%5Cpoverty.pdf
The National Meteorological Agencies, Addis
ababa Ethiopia website: http://www.ethiomet.gov.
et/index.php?Page_No=0&item=0
Kiffle B. 2003. Urban heat island and its feature in
Addis Ababa: A case study. (www.geo.uni.lodz.pl/
~icuc5/text/P_6_11.pdf)

NASA Aerosol Scientist Passes
The international science community lost Dr.
Yoram Kaufman on May 31st, 2006 from injuries
sustained in a tragic biking accident. Yoram was
a brilliant senior scientist and a highly regarded
and well-liked member of NASA’s Earth-Sun Exploration Division at Goddard Space Flight Center. Yoram was the Project Scientist for Terra
through its launch, worked on MODIS and other
earth science projects, and developed methods
for remote sensing of fires and aerosols. He
wrote or co-authored over 170 scientific papers.
Dr. Kaufman was a supporter of Environmental
Defense (formerly Environmental Defense Fund)
for many years. Environmental Defense has established The Yoram Kaufman Memorial Fund
on Climate.
Donations should be sent via check, made out to
Environmental Defense and sent to:
The Yoram Kaufman Memorial Fund
Environmental Defense
257 Park Avenue South
New York, NY 10010
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Urban Heat Island Intensity in Wuhan, China
Wuhan, the capital of Hubei Province, is the
largest city in the middle reaches of the Yangtze
River (Fig. 1). The Yangtze River passes through
the city. Its climate may be characterised as subtropical monsoon, with a very hot and wet summer and a cool winter. By 2005, Wuhan’s population exceeded 8 million, with a built area of 202
km2. Like most of the other Chinese big cities,
Wuhan City experienced very rapid urbanization
in the past 50 years, especially in the past two
decades (Chen, 1998). This urbanization must
have significantly change the urban climate and
increased its urban heat island effect.
Here, we report on an investigation into the
changes in urban heat island intensity from 19612000 at Wuhan Meteorological Station (WU). The
station is located in north-western part of the built
area of the city. Before 1980, it was in suburban
area, surrounded by farm lands. However, in the
intervening period, the city has extended outwards and WU is now firmly within the urban area
of Wuhan. While climate data from the station can
not record the maximum UHI intensity of the city
and its evolution, but it can indicate the temporal
change in UHI intensity near the station, which is
also of importance for understanding of urban climate and its change.
Four ‘suburban’ meteorological stations
around Wuhan City were selected as rural observation sites (WR) (Fig. 1). The data series of the
five station including the four rural stations and
Wuhan Station were checked for any inhomogeneities caused by relocation or other anthropogenic factors, using a t-test method. No significant break points were discovered in the period
examined.
Temperature anomalies, including for annual
mean，annual mean minimum and annual mean
maximum temperature (short for TM, TMn, and TMx
respectively, were obtained as the difference between yearly values and the climatic average for
period of 1971-2000. The Urban Heat Island Intensity (UHII) for Wuhan Station was obtained by
calculating the difference between mean tem-

Fig. 1 Location of Wuhan Station and the four rural stations

perature of Wuhan station and the averaged
mean temperatures of the four rural stations, and
the trend of UHII series is estimated by using the
least square method (Chu and Ren, 2005). This
way, we could estimate the rate of urbanizationinduced warming at the city station during 19612000.
Fig. 2 shows the anomalies of annual mean
temperature, annual mean minimum temperature
and annual mean maximum temperature（in
tenths of a degree Celsius） for Wuhan Staton
and the four rural stations from 1961 to 2000. Table 1 gives the trends of annual and seasonal
mean UHII (°C per decade, or °C/10a) for 19612000 and 1981-2000. Significant warming of TMn,
and TM at Wuhan Station and the four rural stations can be found from 1961 to 2000, but the
warming at Wuhan Station is significantly larger

Table 1 Trends of UHII series for 1961-2000 and 1981-2000 at Wuhan Station.
1961-2000

1981-2000

Winter
Average
Minimum

Spring
0.20
0.39

Summer
0.20
0.33

Autumn
0.21
0.34

Year
0.23
0.39

0.20
0.37

Maximum
Average
Minimum
Maximum

-0.05
0.27
0.70
-0.01

0.03
0.29
0.58
0.08

0
0.39
0.57
0.22

0.03
0.40
0.44
0.04

0
0.26
0.66
0.08
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than that at the rural stations for both TMn, and TM.
Increase in TMn is larger than increase in Ta, with
the rates of TM for Wuhan Station and the four
rural stations being 0.31 ℃/10a and 0.11℃/10a
respectively, and the rates of TMn for them being
0.55 and 0.18 ℃/10a respectively. It is interesting to note that no significant change in TMx can
be detected for all of the stations investigated.
Of particular interest here is the temporal
change of UHII at Wuhan Station over the period
of 1961-2000. Table 1 shows that the change in
UHII at this site of the city is also very significant,
especially for nighttime and for the later period.
The trends of TM, TMn and TMx are 0.20, 0.37 and
0℃/10a respectively for period of 1961-2000, but
they increase to 0.26, 0.66 and 0.08℃/10a respectively for period of 1981-2000, indicating an
enhanced urban warming in the later 20 years.
Seasonally, urban warming is generally more apparent in winter, spring and autumn, and it is
weaker in summer. The largest trend of UHII,
0.70 ℃/10a, occurs in winter for minimum temperature for 1981-2000. Less significantly negative trends are seen for maximum temperature of
winter for both 1961-2000 and 1981-2000, implying that urbanization might have made the observation site to be colder in daytime as compared to
the suburban areas. Notice also that the later period witnesses a much stronger UHII of maximum
temperature for summer than before, and UHII of
minimum temperature in winter also gets much
stronger than before or the whole period. Accelerated increase of UHII mainly occurs for nighttime
in winter and daytime in summer.
In conclusion, temporal trends of annual
and seasonal mean air temperature for period of
1961-2000 and 1981-2000 at Wuhan and four
suburb meteorological stations are positive, and
the trends of annual and seasonal mean UHII for
the two periods for Wuhan Station is also positive. Urban heat island effect at Wuhan Station
has significantly intensified for the periods analyzed. The annual surface warming induced by
urbanization at Wuhan Station reaches
0.20 /10a for the whole period analyzed. Warming, in terms of annual mean minimum air temperature, induced by intensified urban heat island
effect for the city station is even larger for 19612000, reaching 0.37℃/10a. Although no significant change in UHII as measured by annual
mean maximum air temperature is found for
1961-2000, it does significantly increases for
1981-2000. As expected, the increase of UHII
during 1981-2000 as compared to the earlier
years dominantly occurs in nighttime of winter
and daytime of summer.
Z. H. Chen1, H. J. Wang2, G. Y. Ren3

Fig 2 Variation of average (top), minimum (middle), maximum (bottom) temperature anomalies （0.1℃）in Wuhan
Station (black lines) and the rural stations (green lines)
from 1961 to 2000
1.Wuhan Regional Climate Center, Wuhan 430074, P.R.China
2.Wuhan Regional Meteorological Info. & Tech. Support Centre,
Wuhan 430074, P.R.China
3.National Climate Center, CMA, Beijing 100081, P.R.China.
Corresponding author: gyren@homeway.com.cn
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Climate Guidelines for Planning in Lisbon, Portugal
Introduction
Urban planners require two types of elements to
decide on environmental improvements: analysis
of existing situations and analysis of planned developments. Climate is one of the elements of the
urban physical environment and it is not often
taken into account in urban planning (Oke, 1984,
2006; Eliasson, 2000; Mills 2006); furthermore
hardly no legislation exists concerning climate effects.
The main aims of the CLIMLIS project
were to increase our knowledge of urban climate
in Lisbon and its neighbourhoods (existing situation) and at the same time to suggest solutions in
order to reduce the negative local effects of urban
built-up areas and to foresee the changes that will
result from the process of urbanisation (planned
developments). Lisbon City Council became interested in our research and financed another small
project (“Câmara Municipal de Lisboa”: CML Project): its main objective was to “spatialise” the
guidelines for planning on maps at different
scales.
Lisbon is located at the western coast of
Portugal at 38º 43’ latitude N and 9º 9’ longitude
W. The city lies 30 km to the east of the Atlantic
shore and right on the bank of the Tagus estuary, has circa 600,000 inhabitants and the altitude
of the urban area varies from sea-level to 160m,
with four main valleys running from the North to
the South in the central and southernmost city
districts.
Concerning data acquisition, temperature
and humidity sensors were used (TinyTalks Gemini data loggers, with an accuracy of 0.2ºC and
placed at 3.5m height, and protected by radiation
shields, Fig. 1). The loggers were programmed to
record the air temperature at 10 min intervals and
results were averaged over 30 min periods.
These sensors were used within two types of networks. A mesoclimatic network (Fig. 2) that includes 12 fixed stations equipped with dataloggers with high skyview factors (>0.65), that is
as free as possible of microclimatic influence of
buildings and vegetation and a microclimatic network (not shown) in a particular city-district, chosen as a case-study in an area of rapid urban
growth in Northern Lisbon. The sites where the
sensors were placed ensured they represented
the various micro-environments in the neighbourhood. Different numerical models were used to
estimate wind speed and mean radiant temperature (Envi-met, Rayman, WAsP) and the different

Fig. 1: Shelter containing humidity and temperature sensor in an open area of Lisbon (Saldanha)

Fig. 2: Lisbon mesoclimatic network, installed by
our research group during the CLIMLIS Project.

terms of the energy balance were modelled. A
wind-tunnel and meteorological balloons were
also used (Fig. 3).
Temperature and winds and air quality
Lisbon’s urban heat island (UHI) has an average
intensity of 3ºC and the nocturnal thermal pattern
is frequently like the one in Fig. 4 (Andrade,
2003): the highest air temperatures occur mostly
in the more densely constructed areas, both near
the Tagus river bank and along the main circulation axis where construction has been in progress. Prevailing N and NW wind circulation is
hindered by the densely built-up southern and
central neighbourhoods. In the case of a strong
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Fig. 4: Urban heat island: standardised temperatures in clear
nights, with light north winds (Source: Andrade, 2003).

Fig. 3: Scale model of a Lisbon city district in a
wind tunnel and meteorological balloon with thermal sensors at different heights.
north wind, the UHI is restricted to the southernmost city districts where not only topography but
also built-up density creates sheltered conditions.
By way of a numerical model, summer wind
speed reduction until the 1980s (an important
decade in Lisbon’s urban expansion) was simulated (Lopes, 2002 and 2003). Wind speed decrease due to surface roughness was particularly
important in the densely built-up southern citydistricts (where z0 was - and still is - close to 1m)
and over the Monsanto hill (200m, Fig. 5). Nowadays, construction keeps on progressing north of
the boundary between the green areas (well ventilated, Fig. 5) and brown areas (with very restricted ventilation). An aerodynamic “roughness
boundary” was drawn between these two areas,
referring to the 2005 situation (brown line on Fig.
7). In the Northern city-districts, there are still
open spaces, where ventilation paths for prevailing N winds must unquestionably be kept free
(Lopes, 2003 and Fig. 8). The Tagus breeze, visible on Fig. 6, does not always penetrate very far
inland, but it is a very important source of fresh
air for the riverside neighbourhoods (Vasconcelos
et al., 2004). Lisbon has become a rather polluted
city, and some evidence of worsening air quality

Fig. 5: Simulation of wind speed reduction until the 1980s due to
urban growth (the vertical scale corresponds to wind speed reduction, m/s, Source: Lopes, 2003)

Fig. 6: Summer breeze modelling in Lisbon at noon (meso-nH
model, wind in m/s; temperature in ºC; Source: Vasconcelos et
al., 2004)
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Fig. 7: Homogeneous urban units of Lisbon

have been recently (2004) pointed out at a conference on Lisbon Air Quality. Legal thresholds
are sometimes exceeded, as was the case on
January 1993, when frequent anticyclonic calm
conditions occurred (Andrade, 1996). It is also
clear that to improve air quality, air circulation
should not be hindered.
Procedures to prepare a climate guideline map
After the main characteristic of Lisbon’s urban climate were studied, several meetings with planners from the city council were held in order to
decide which were the most important climatic
problems or needs in Lisbon. In areas of contrasting thermal seasons such as Lisbon, UHI may be
a positive feature in Winter and acts certainly very
negatively in Summer, creating increasing discomfort and health problems in city dwellers, favouring the existence of oxidant pollution and increasing energy consumption to cool buildings; in
the scenarios of global warming, UHI will become
more and more a nuisance. In this context, it was
decided that the mitigation of the UHI was a priority. Concerning wind conditions, it is clear that
ventilation should not be hindered. Suitable venti-

Fig. 8. Groups of homogeneous units for which
climate guidelines were prepared (Lisbonsettlement scale)
lation will offset high summer temperatures and
improve air quality in the urban canopy layer of
the city of Lisbon.
Once the objectives of the general climatic orientations were defined, the working
methodology was discussed, based on the applied works of Zrudlo (1988), Scherer et al.
(1999), Feherenbach et al. (2001), several works
referring to Germany quoted by Matzarakis
(2005), Baumuller et al. (2005), among many others. To draw a climate guideline map, it was first
indispensable to prepare a cartographical basis
with the physical characteristics of the city. Therefore homogeneous urban units (from the point of
view of urban morphology, topography and position in town) were represented in a 1: 25,000 map
(Fig.8). The methodology to limit these units was
inspired by the different research works referred
to at the beginning of this paragraph. The homogeneous urban units may also be called morphotopographical units, climatopes (VDI, 1998,
Scherer et al., 1999) or be the synthesis of the
areal type and ventilation classes, used in the
work of Feherenbach et al, (2001). The work was
carried out using a geographical information sys-
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tem. Several layers were necessary, such as land
use (based on a Landsat7 image), height of buildings, Digital Terrain Model, among others.
Recommendations for planning purposes
are given for each homogeneous urban unit or
group of units according to the work scale; it is
known that planners need very clear guidelines,
relative to areas whose limits are very precisely
drawn in a detailed map. In fact, Fig. 8 only
shows the different groups of homogeneous urban units defined on a “settlement scale”. The
descriptive caption consists of a table for each
unit group, where recommended measures to
mitigate UHI, enhance ventilation and decrease
air pollution are listed. Measures differ according
to position in town and type of homogenous unit.
For instance, in the northern part of the city, setting up green areas may be advised to moderate
UHI, while in the city core, one can only recommend planting some deciduous trees in the rare
areas still left. In the northern part of the city,
large ventilation paths can still be preserved,
while in the city centre, the only possible recommendation is to not obstruct the valley beds even
further. The delimitation of groups of units was
made during meetings with planners of the City
Council.
From the 6 descriptive captions, only one
is shown in Fig. 7. It refers to “low roughness areas in the northern part of the city”. The guidelines are indicated as well as the objectives that
should be achieved. This area is not yet very
densely built-up. If this situation is maintained,
there will be positive climatic consequences not
only to area itself, but also on all the units that lie
southwards of it, where wind will not be hindered.
As referred to above, similar methodology, this
time also using scale modelling (Lopes, 2003),
was applied on a scale of “group of buildings” in a
city district in the northern area of Lisbon where
construction has been in constant progress (not
shown).
Conflicts between planning measures at
the two different scales had to be dealt with. For
example, at the settlement scale, large ventilation
paths were recommended; however, in the citydistrict under study, guidelines were given in order to provide shelter in outdoor areas used for
leisure activities.
Authors: Joao Vasconcelos, Maria-Joao Alcoforado*, Henrique Andrade, António Lopes and
Rute Vieira. University of Lisbon, Centre for Geographical Studies (Centro de Estudos Geográficos). Al. da Universidade, Fac. de Letras, 1600214 Lisboa, Portugal.
*

email: mjalcoforado@mail.telepac.pt

Left to the right: Joao Vasconcelos, Maria-Joao Alcoforado,
Henrique Andrade and António Lopes.
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Urban modeling at the Meteorological Service of Canada
Introduction
The Meteorological Service of Canada (MSC) has
recently launched a program to improve the representation of cities in the Canadian meteorological models. This is part of a larger project funded
by the Canadian CBRN (Chemical, Biological,
Radiological, and Nuclear) Research and Technology Initiative (CRTI), which aims at developing
an advanced emergency response system based
on an integrated, multi-scale modeling system for
the accurate and efficient prediction of urban
flows and atmospheric dispersion over populated
North American cities. It involves collaboration
between several governmental (MSC, Defense
R&D Canada, Atomic Energy of Canada) and
academic partners (Universities of Waterloo and
Calgary). This advanced emergency response
system will provide a real-time modeling and
simulation tool to predict injuries, casualties, and
contamination due to hazardous material releases, and to make relevant decisions (based on
sound technical and scientific grounds) to minimize their consequences based on a predetermined decision making framework. A prototype version of this system is planned for quasioperational runs at the Environmental Emergency
Response Division of the Canadian Meteorological Centre in summer 2007.
Overview of the urban modeling system
The MSC contribution to the CRTI project focuses
on the meso- to micro-scale component (grid-size
resolutions ranging from 20 km down to about
200m). The partners will provide CFD microscale
models (at the street- and building-scales) and
Eulerian or Lagrangian stochastic dispersion
models, which will be driven by the “urbanized”
mesoscale models. The development of the MSC
urban modeling system comprises several aspects: 1) extension of our turbulent diffusion
scheme to 3D turbulence, 2) inclusion of urban
processes with the Town Energy Balance (TEB)
urban canopy scheme (Masson, 2000), 3) generation of new land covers characterizing urban
types, and 4) specification of anthropogenic heat
fluxes for use in TEB.
1) 3D turbulence: Our current 1D (vertical) turbulent diffusion scheme assumes that mixing of atmospheric properties (temperature, moisture, momentum) is mostly due to the large eddies in the
boundary layer. Since high-resolution models
(less than 1-km grid size) are starting to resolve
those large eddies, one needs adjustments to the

diffusion scheme to avoid a “double-counting” of
the effects of diffusion. A modified strategy has
been introduced, based on quasi-isotropic 3D diffusion. The generalization of the turbulent diffusion includes additional terms for the horizontal (x
and y) contributions of the dynamic Reynolds
stress components and of the turbulent diffusion
terms. Similar terms have also been introduced in
the TKE budget equation. Finally, the formulation
for the mixing and dissipation length scales has
been modified, using a Smagorinsky-Lilly approach, and depends explicitly on the model grid
size. This more general formulation allows for a
smooth transition of the intensity of the diffusion
scheme as a function of the model resolution and
will ease the extension to LES-type applications
(with typical resolution of a few tens of meters) in
the future.
2) TEB urban scheme: The TEB scheme
(Masson, 2000) is an urban canopy model, specifically dedicated to built-up covers, parameterizing the energy and water exchanges between urban surfaces and the atmosphere. It represents a
city as an ensemble of idealized urban canyons
(Oke, 1987) formed of roofs, walls and streets.
Separate surface energy budgets are solved for
each of these three different canyon surfaces.
TEB takes into account the 3D geometry of the
urban surfaces for radiative trapping and shadow
effects, heat storage, mean wind, temperature
and humidity inside the streets, and water and
snow on roofs and streets. Additional assumptions are the isotropy of the street orientations,
and no crossing streets. TEB has been included
for several years now in the French Meso-NH atmospheric model and was recently implemented
in the Canadian GEM and MC2 models. TEB has
been already tested for several European cities.
In particular, summertime episodes have been
simulated with Meso-NH for Paris and Marseille
(e.g. Lemonsu and Masson, 2002; Lemonsu et
al., 2005) and are currently studied for Toulouse,
within the framework of the CAPITOUL experiment (Lemonsu et al., 2006a).
3) Urban cover classification: To be able to run
atmospheric models with the TEB urban canopy
parameterization, the land-use and land-cover
classifications must include specific urban covers,
which characteristics and properties are different
from those of natural covers. The Canadian land
cover database currently includes only water, ice,
and various types of soils and vegetation covers.
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Therefore, a general methodology has been developed to provide urban land-use classifications
in a semi-automatic way for the major North
American cities, in order to represent the spatial
distribution and the diversity of urban areas. This
method is based on the joint analysis of satellite
imagery (Landsat-7, Aster) and digital elevation
models (SRTM-DEM, NED, CDED1), in order to
take both the surface properties and geometric
characteristics (building heights) of the urban
canopy into account. The application of a decision tree model then results in the identification of
12 urban classes, allowing a satisfactory representation of urban cover variability. A preliminary
methodology has been developed for Oklahoma
City and refined for Montreal and Vancouver. Details of the methodology and results are given in
Lemonsu et al. (2006b). As an example, Figure 1
shows the resulting urban-cover classification at
60-m resolution for the Montréal and Vancouver
regions, which represents in a fairly realistic way
the major urban landscapes.
4) Anthropogenic fluxes: Another important input
to the TEB urban model is the detailed specifica-

tion of the emissions of heat and moisture from
human activities. These anthropogenic fluxes can
be of major importance in large North American
cities, especially during wintertime. They include
several components arising from the traffic of vehicles, energy consumption from commercial and
industrial activities and, to a lesser extent, the human metabolism. In addition, the anthropogenic
heat profiles must reflect the seasonal, weekly,
and diurnal variations characterizing those human
activities. A general and practical approach such
as the “top-down” methodology proposed by
Sailor and Lu (2004) is currently examined to
generate the input data needed to quantify the
anthropogenic heating. This method has the advantages of using easily available data sources
(e.g. census data, transportation statistics, electricity and heating fuel use) and is based on a per
capita formulation, non-dimensional load profiles
and variability of the population density. Work is
underway to apply and refine this method for the
Montreal area, before it can be used to build a
database for other cities across North America.

Zoom
Montreal
60-m resolution
classification

N

High buildings
Mid-high buildings
Low buildings
Very low buildings
Sparse buildings
Industrial areas
Roads and parkings
Road mix
Dense residential
Mid-density residential
Low-density residential
Mix of nature and built

Vancouver 60-m
resolution classification

Figure 1. Land-cover classification at 60-m for Montreal and Vancouver, including 12 urban classes
and 5 classes of natural covers.
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The next step will consist in simulating cases over
Montréal to evaluate TEB under winter conditions, an aspect that has not been extensively examined so far. For this purpose, two field observation campaigns (MUSE - Montréal Urban Snow
Experiment) have been conducted in Montréal
during March-April 2005 and February-March
2006 to document the energy exchanges between the urban canopy and the atmosphere under cold, snowy situations and during the snow
melting period. Figure 2 shows the 20-m meteorological tower at the MUSE-2005 urban site.
Details on MUSE are given in a companion text in
the Urban Project Report section.

Figure 2. The 20-m telescopic meteorological
tower with some of the instrumentation at the
MUSE-2005 urban site in Montreal.
Validation of the urban modeling system
As a first validation of the urban modeling system,
high-resolution simulations are underway to examine the impact of urban processes on the surface energy budget and on the structure of the
atmospheric boundary layer. The first case deals
with a summertime intensive observational period
of the Joint Urban 2003 campaign (Allwine et al.,
2004). The Joint Urban 2003 experiment was
held in Oklahoma City, OK, USA, during July
2003 and provides a wealth of detailed meteorological observations in a North American urban
environment to assess our model simulations. In
order to underline the main differences observed
between North American and European cities,
Lemonsu et al. (2006a) have compared modeling
exercises carried out for Oklahoma City and for
Toulouse, two cities with comparable populations.
Preliminary results indicate that North American
and European cities can generate quite different
urban heat islands and microclimates, and that
TEB shows relatively good performances during
nighttime in both cases. However, certain aspects
specific to North American city centres, such as
daytime maximum air temperatures, are not correctly simulated and adjustments may be needed
in TEB.

Outlook
The instrumentation and experience acquired
during MUSE constitute an interesting starting
point for a longer-term, wider effort for urban
measurements across Canada that would be
done with partners from various organizations,
including UBC (T. Oke), UWO (J. Voogt), and
KCL (S. Grimmond). This could provide the impetus for the setup of a national network of continuous urban surface and upper-air profiles measurement sites to monitor and study the urban
boundary layer. The long-term goal is to provide
Canadian urban residents with better weather
and air quality forecasts through development of
an urban modeling system optimized for Canadian urban climates. This enhanced forecasting
capability would contribute to the safety, health
and well being of Canadians through better understanding of heat stress and wind chill, of dispersion of air pollutants in urban environments,
and to the better conservation of urban resources.
Jocelyn Mailhot, Stéphane Bélair, Aude
Lemonsu, Linying Tong, Alexandre Leroux, Najat
Benbouta, and Richard Hogue
Meteorological Service of Canada, Environment
Canada, Dorval, Québec, Canada
This work was supported by the Chemical, Biological, Radiological and Nuclear (CBRN) Research and Technology Initiative (CRTI), under
Project CRTI #02-0093RD.
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UPE7
WORLD CLASS CITIES:
ENVIRONMENTAL IMPACTS,
PLANNING OPPORTUNITIES?
The 7th International Conference on Urban Planning and Environment (UPE 7)
3-5 January 2007, Bangkok Thailand
CALL FOR ABSTRACTS: JUNE 15, 2006

Conference Report:
Urban Climate Sessions at AGU Joint Assembly
Joint assembly sessions at the American Geophysical Union meeting in Baltimore were wide-ranging
discussions of the different, multiple roles that urbanization and changes in the urban environment have
on biological and geophysical processes. Two union sessions on “The Impacts of Urbanization on Environmental Systems” explored the history of environmental impacts, changes in the ecological community in urban areas, land-atmosphere interactions, mesoscale climate interactions with urbanization, and
biogeochemistry. Particular emphasis was also given to two urban Long-Term Ecological Research
(LTER) sites, Phoenix and Baltimore, which represent a contrast in city age, growth rate, and hydrology.
Two hydrology sessions on “Aerosols, Pollution, and Urbanization Effects” focused on how changes in
urban land use and increased aerosol pollution alter or induce precipitation. Additionally, a session on
“The Human Ecological Footprint and Earth’s Climate” discussed how urban and other human changes
are altering the ecology and climate of the planet. For more information and abstracts on these sessions, visit http://www.agu.org/meetings/ja06/
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Bibliography
This has been a great year for urban climate publications. We have seen a wide range of interesting papers spanning the breadth of the subject
from cities around the world. Thanks to everyone
who has collected and sent in references. Look
out for the complete 2003 and 2004 bibliographies on the IAUC website in the near future!
Thanks to everyone for their contributions this
month. Please send any further references to papers published since January 1 2005 for inclusion
in the next newsletter to j.salmond@bham.ac.uk.
As before, please mark the header of your email
with 'IAUC Publications 2006'. In order to facilitate
entering the information into the data base please
use the following format:
Author:
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Journal:
Volume:
Pages:
Dates:
Keywords:
Language:
We look forward to hearing from you soon!
Jennifer Salmond and Evyatar Erell
j.salmond@bham.ac.uk
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Nominations Committee
Committee Members

Term Ends

Timothy Oke (Chair) (Canada)
Yinka Adebayo (Nigeria & WMO)
Helen Cleugh (Australia)
Eleonora Sad de Assis (Brazil)
Rohinton Emmanuel (Sri Lanka)
Takehiko Mikami (Japan)
Janos Unger (Hungary).

Jan. 2010
Jan. 2010
Jan. 2010
Jan. 2009
Jan. 2009
Jan. 2008
Jan. 2008

Terms of Reference
The prime functions of the Nominating Committee
are to (a) encourage and assist wide participation
by IAUC members in the workings of the Association, and (b) further the recognition of deserving
members for awards.
In preparing its recommendations, the
Nominating Committee shall take into consideration the scientific, regional, and gender makeup of
the Society, and the need to maintain an appropriately diverse representation from the urban climate community.
Core Activities:
1. To ensure there is at least a minimum slate of
nominees standing for election to the Board.
2. To encourage the nomination of appropriate
persons for the Association’s awards.
3. To advise the President and Board regarding
appropriate persons to be invited to serve in nonelected positions of IAUC (e.g. Webmaster) and
as members of non-elected Committees (e.g.
Awards, Bibliography, Membership, Newsletter,
Teaching Resources).

Board Information
Board Members & Terms
President: Sue Grimmond (USA), 2007
Secretary: Matthias Roth (Singapore), 2007
Janet Barlow (UK), 2007
Arieh Bitan (Israel), 2006
Jennifer Salmond (UK), 2009.
Krzysztof Fortuniak (Poland), 2007
Wilhelm Kuttler (Germany), 2008
Gerald Mills (Ireland), 2007
Manabu Kanda (Japan), 2009
James Voogt (Canada), 2006

Non-Voting members of the Board:
Past Secretary: John Arnfield, USA.
Past President: Tim Oke, Canada.
Local Organizer ICUC5: Kazimierz Klysik Poland.
Local Organizer ICUC6: Sven Lindqvist, Sweden.

IAUC Committee Chairs
Editor IAUC Newsletter: Gerald Mills
Chair Bibliography Committee: Jennifer Salmond
Chair Membership Committee: Janet Barlow
Chair Teaching Resources: Gerald Mills
Chair Awards Committee: Bob Bornstein
Nominating Committee: Tim Oke
WebMasters: James Voogt

New IAUC Board members.
Dear colleagues, we would like to thank everyone who has participated in the voting for the new IAUC
Board members. It is my great pleasure to inform you that the following have been elected to the Board
of IAUC for a 4-year period starting in August 2006:
Benedicte Dousset (Hawai`I Institute of Geophysics and Planetology, USA)

Rohinton Emmanuel (University of Moratuwa, Sri Lanka) and

Kevin Gallo (U.S. Geological Survey Center for Earth Resources, USA)

They will replace Arieh Bitan (Tel Aviv University, Israel) and James Voogt (University of Western Ontario, Canada) whose terms will come to an end and add a temporary additional member. The Board
would like to take this opportunity to thank Professors Bitan and Voogt for their many contributions to
the association as inaugural Board members. The Board would also like to thank all the other candidates who have generously agreed to stand for this position. Matthias Roth, Secretary, IAUC.
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