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From the IAUC President

Colleagues,

The amount of material that is appearing in the broad
area of urban climates is growing at a surprising rate. This
month UN Habitat published the Global Report on Human
Settlements 2011 - Cities and Climate Change. In his intro-
duction to the volume, Dr. Joan Clos (Under-Secretary-
General and Executive Director) outlines the scope of the
publication highlighting the fact that, as global carbon
emissions substantially arise from urban areas, they rep-
resent an obvious scale at which to act. He states that
Cities and Climate Change seeks to improve knowledge
among governments and all those interested in urban
development and in climate change, on the contribution
of cities to climate change, the impacts of climate change
on cities, and how cities are mitigating and adapting to
climate change. More importantly, the Report identi es
promising mitigation and adaptation measures that are
supportive of more sustainable and resilient urban devel-
opment paths.

The need for place-speci ¢ responses is implicit in one
of the report s principles: no single mitigation or adapta-
tion policy is equally well-suited to all cities. However, it is
not clear to me that we have a multi-scale approach to the
science of climate change yet. | think that Lowry s classic
paper on the urban climate problem is of some relevance
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in this regard. In essence, his work distinguished between
a background climate and the urban climate e ect. While
the mitigation issue is linked to the latter, the adapta-
tion issue is connected to addressing the changing back-
ground climate. However, both will have to be addressed
simultaneously at city scales, including those of buildings
and neighbourhoods the scales at which people live.
Moreover, climate-based policies will have to be more
precisely tuned to take account of the scales of urban ef-
fect and the relationship of cities to their background cli-
mates. This is where urban climate knowledge can be of
most bene t, | believe. In this regard | would draw your
attention to Urban Microclimate: Designing the Spaces Be-
tween Buildings, which has also been published recently
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and is reviewed here. It is distinguished by its focus on
the management of climate at urban scales, and address-
es many of the place-speci ¢ considerations that must
underpin an approach to climate change that is based on
the notion of resilience.

This edition of Urban Climate News also includes notice
of the 8th International Conference on Urban Climate
(ICUC-8), which will take place in Dublin (Ireland) from
6th to 10th August 2012. From this point onwards, regu-
lar updates will appear in Urban Climate News and on the
conference website (www.icuc8.orq).

In 2009, ICUC-7 was held in Yokohama (Japan), and
many of us attended that marvellous event. More general-
ly, the urban climate community has a speciala nity with
our Japanese colleagues whose work has been at the fore-
front of urban climate science. On behalf of the IAUC and
its members, | would like to express our deep concern over
the tragic events occurring in Japan, and o er our support
to colleagues during this trying time.

Gerald Mills
gerald.mills@ucd.ie
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Global sensor network tracks spread of Japan radiation, helping to
assess release levels and gauge exposure over populated areas

March 2011  As radioactive contamination from the
Fukushima Dai-ichi nuclear power plant spreads, a global
network of sensors is tracking it across oceans and conti-
nents. The network was originally set up to detect nuclear
weapons testing, but scientists now hope it can tell them
more about the accident.

The Comprehensive Test Ban Treaty Organization be-
gan setting up its monitoring stations about a decade
ago, with the eventual goal of enforcing a worldwide ban
on nuclear weapons tests.

We have currently over 280 sensors worldwide, moni-
toring underground, the atmosphere, the oceans for any
sign of a nuclear explosion, and were also sni  ng the air
for any sign of radioactivity, says spokesperson Annika
Thunborg.

That now includes radioactivity from the Japanese
plant. Explosions at three reactors and a re at a spent
fuel pool have released radiation into the atmosphere.

Gerhard Wotawa, with the Austrian meteorological
institute, has been studying data coming in from the
monitoring stations and says theres no doubt that what
they re picking up comes from Japan.

Data like that | have never seen in my career, he says,

so it is pretty much clear where it comes from.

The sensors are registering radioactive elements in-
cluding iodine-131 and cesium-137  byproducts from
nuclear ssion inside the core of a reactor. Wotawa has
been feeding the data into computer models that can
forecast where the radiation will go. He also uses the
models to work backward and calculate the amount of
material rst released. Based on those calculations he
says the accident, in some ways, is roughly the size of
Chernobyl.

The daily release is comparable to what was released
in Chernobyl, he says. However, the e ect of the power
plant accident in Japan is not comparable to the e ect of
Chernobyl on the former Soviet Union.

That s partially because Chernobyl was inland, and ra-
diation contaminated land in all directions. Fukushima is
on the coast, and winds are blowing much of the material
out over the Paci c.

Is The Worst Behind Us?

Wotawas calculations are an estimate, though, and
not everyone agrees that the accident is comparable to
Chernobyl.

If | had to guess, | would say the release levels or more
like Three Mile Island and less like Chernobyl, but we Il see
as time goes forward, says Harry Miley, a nuclear physi-
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A computer model shows how a plume of radioactive io-
dine-131 could spread in the atmosphere. Source: ZAMG

cist at Paci ¢ Northwest National Laboratory in Washing-
ton state. He says analyzing the types and amounts of
radioactive material picked up by the sensor network will
tell researchers around the world more about what hap-
pened inside the reactors at Fukushima.

We might determine things like what was the temper-
ature of the material when the radioactivity was emitted,
and which material it was, he says. There are three reac-
tors, and there are spent fuel poolsand so forth  theyre
all potential sources, and we should be able to nail down
which source is which.

For now this system may be the only way to measure
whats happened radiation levels on the site are far too
high to take a direct look. The sensors should also provide
people with a sense of reassurance. Even though radia-
tion from the plant has been picked up across the United
States, Miley says that the levels aren t dangerous.

The highest detection that we ve gotten here in the
U.S. has been far lower than the natural radioactivity
that s already there, so | dont think theres any increased
risk to the U.S. public, he says.

And theres more good news  the latest readings in
America seem to indicate that radiation from the plant
is decreasing. Miley is hopeful that the worst of the ac-
cident may be behindus.  Geo Brum el for NPR

Source: http://www.npr.org/2011/03/25/134833909/built-
for-bombs-sensors-now-track-japan-radiation
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Aerosol plumes downwind of oil spill yield insights for urban air quality

March,2010  During a special airborne mission to study
the air-quality impacts of the BP Deepwater Horizon oil spill
last June, NOAA researchers discovered an important new
mechanism by which air pollution particles form. Although
predicted four years ago, this discovery now con rms the
importance of this pollution mechanism and could change
the way urban air quality is understood and predicted.

The NOAA-led team showed that although the lightest
compounds in the oil evaporated within hours, it was the
heavier compounds, which took longer to evaporate, that
contributed most to the formation of air pollution particles
downwind. Because those compounds are also emitted by
vehicles and other combustion sources, the discovery is im-
portant for understanding air quality in general, not only
near oil spills.

We were able to con rm a theory that a major portion
of particulate air pollution is formed from chemicals that
few are measuring, and which we once assumed were not
abundant enough to cause harm, said Joost de Gouw, lead
author of a new paper on the nding, published in the
March 11 edition of Science.

De Gouw is an atmospheric scientist in the Chemical Sci-
ences Division of NOAAs Earth System Research Laboratory
in Boulder, Colo. and a Fellow at CIRES, the Cooperative In-
stitute for Research in Environmental Sciences at the Uni-
versity of Colorado at Boulder.

NOAA sent a research aircraft to the Gulf region in June
2010 to help other agencies assess pollutant levels in the air.
The Lockheed WP-3D Orion aircraft, best known as NOAAs

hurricane hunter, was in California for an air quality and cli-
mate science mission. When diverted to the Gulf, the P-3 was
already loaded with instruments designed to measure many
types of air pollution particles including organic aerosol
and the chemicals from which they are formed in air.

Organic aerosol, or OA, makes up about half of the air
pollution particles in polluted U.S. cities. Air pollution par-
ticles can damage peoples lung and heart function, and
they also a ect climate, with some aerosol, including OA,
partially o setting the warming from greenhouse gases by
re ecting incoming sunlight or changing cloud properties,
and other aerosol amplifying warming by increasing the
amount of sunlight absorbed in the atmosphere.

De Gouw said he and his colleagues knew where to ex-
pect OA particles downwind from the oil spill based on con-
ventional understanding: OA should form when the most
lightweight, or volatile, components of surface oil evapo-
rate, undergo chemical reactions, and condense onto exist-
ing airborne particles.

Twenty to 30 percent of the surface oil fell into this
volatile category, evaporating into the atmosphere within
hours, according to the new analysis. That gave it little time
to spread out, so emissions came from the area immediate-
ly surrounding the spill. A steady wind such as the one

The oil slick, as seen from the window of an NOAA re-
search aircraft. Source: ScienceDaily.com

blowing during a June 10, 2010 research ight drew those
emissions into a thin, linear streak of pollution in which or-
ganic aerosol was expected to form.

But thats not what we saw, de Gouw said. We saw this
very broad plume of organic aerosol instead. OA levels in
that plume were similar to levels found in U.S. urban air.

So de Gouw and his colleagues set about tryingto gure
out what else might have contributed to the pollution par-
ticles. In 2007, other atmospheric scientists had proposed
that heavier, or lessvolatile components could theoretical-
ly help to create OA, but it had proven to be nearimpossible
to study this process in the real world.

The problem is that the heavier and lighter species are
emitted at the same time from the same sources, so we
could not study them separately in the atmosphere  until
Deepwater Horizon, de Gouw said.

Heavier components of oil take longer to evaporate,
so they had more time to spread on the surface farther
from the spill source than their lightweight siblings. When
de Gouw and his colleagues ran a series of models show-
ing how spilled oil spread across the Gulf, and how long it
should take for various heavy, medium, and light fractions
to evaporate, the conclusion was clear. The heavier, less-
volatile compounds from the oil  that were not actually
measured by all the sophisticated instruments onboard the
aircraft were the culprit.

These heavier compounds are not measured in most air
guality monitoring programs, which were designed to cap-
ture the conventional contributors to poor air quality. The
new ndings may also help understand why there is more
organic aerosol in the polluted atmosphere than scientists
can explain.

This chemistry could be a very important source of aero-
solin the United States and elsewhere, de Gouw said. What
we learned from this study will actually help us to improve
air quality understanding and prediction.

Source: http://www.sciencedaily.com/releases/2011/03/
110310141416.htm
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Cities may be attracting hurricanes

Powerful hurricanes can wreak havoc when they
strike heavily populated coastal areas. New research
shows that the cities themselves might be partly re-
sponsible for attracting these storms, with the ex-
tra friction created by rough landscapes such as
tall buildings signi cantly diverting the path of a
storm.

A hurricane, or tropical cyclone, is a system of
winds rotating inwards to an area of low pressure.
Stretching hundreds of kilometres across, they feed
on the heat given o by moist air as it rises and
condenses. As such, they form over large expanses
of warm water normally tropical seas and lose
strength if they reach land.

In May the National Oceanic and Atmospheric Ad-
ministration (NOAA) in the US said that this season
the Atlantic would probably see more hurricanes
than normal, giving a 70% probability of between
three and seven really big storms in 2010. Currently,
the NOAA is able to provide a 24-hour forecast of
the position of a hurricane s centre with a margin of
error of about 100 km  but it becomes especially
di cult to predict the path of hurricanes once they
reach land.

Scientists know that wind speeds drop signi -
cantly due to the extra friction that a hurricane ex-
periences once it makes landfall, and they have
also observed how the reduction in moisture inland
causes a hurricane to peter out. Now Johnny Chan
and Andie Au-Yeung of the City University of Hong
Kong in China have extended these analysesto nd
out the e ects of variations in roughness and mois-
ture levels over land.

They did this by using the Weather Research
and Forecasting model to simulate a hurricane ap-
proaching a north-south coastline from the east and
then passing over rough land. Roughness could be
generated by tall buildings, hilly terrain or forests;
marshland or agricultural land, for example would
be smoother.

Rougher land

In one simulation the researchers studied what
happened when they made some of the coast
rough and some smooth. With the northerly por-
tion rough they found that the hurricane drifted

.

On 28 August 2005, Hurricane Katrina was in the Gulf
of Mexico where it powered up to a category 5 storm
on the Sa r-Simpson hurricane scale, packing winds
estimated at 175 mph (Courtesy: NOAA). Source:
PhysicsWorld.com

several tens of kilometres northwards and likewise
when the southerly section was rough the hurricane
shifted southwards. They say that over rougher land,
greater friction causes the air to become more com-
pressed, which forces it to rise up and release more
of its latent heat. This heating in turn then causes
the air to spin faster, which pulls the hurricane in
that direction.

Chan and Au-Yeung say that their research shows
the importance of including land-surface variation
in hurricane forecasting in the future. But they ad-
mit that more needs to be done to con rm the re-
sults of their study. They say they will now improve
their simulations so that they include the very slight
variation in rotation that the Earth experiences at
di erent latitudes, which, they say, causes a larger
drift in a hurricanes position than surface rough-
ness. They say they will also put in more detailed
features, such as mountains or jagged coastlines.

Harold Brooks of the NOAAs National Severe
Storms Laboratory in Oklahoma says he doesnt
think the research will make much of a di erence
to forecasting a hurricanes position but believes
it might help us better understand how the inten-
sity of a hurricane changes. It has been observed
that frequently hurricanes lose intensity just before
landfall, he says. The reason for thisis not clear. It is
possible that a better understanding of coastal pro-
cesses could address that question.

Source: http://physicsworld.com/cws/article/news/
43381
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Meso-urban modeling in support of heat-island mitigation
By Haider Taha (haider@altostratus.com)

"B Altostratus Inc., Martinez, California, USA

It has been recognized, especially over the last two decades, that mitigation of urban heat islands (UHI)
can impart several bene cial e ects, both direct and indirect. For example, reductions in energy use
(Taha et al. 1999, Rosenfeld et al. 1995), emissions of ozone precursors and carbon dioxide (Taha et al.
1998, Taha 1996,1997), heat stress (Taha et al. 2004), and improvements in air quality (Taha 2005,2007)
are some such bene ts that can be anticipated. Taha (2001) also showed that UHI control can have a
potential to locallyo setthee ectsofclimate change (e.g., IPCC scenarios for years 2050 and 2090) on
ozone air quality. Clearly, the magnitude of UHI mitigation bene tswill vary depending on weather, lo-
cation, pollutant emissions and transport, level or urbanization, energy use, and so on, but the bene ts
appear to persist across a range of conditions. In addition, the existence of a UHI is not a prerequisite
for achieving those bene ts. In other words, if a certain region does not have a UHI to begin with, and
many regions don t, the implementation of these measures can still create more comfortable summer
environmental conditions, reduce cooling energy use, and improve air quality.

1. Heat island mitigation

UHI mitigation measures
include increased albedo on
various urban and built-up
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[
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and regulatory agencies, e.g., US
EPA, California Energy Commission,
California Air Resources Board, and
several Air Quality Management
Districts, have shown interestin one
aspect or the other of the UHI mitigation portfolio as a
potential strategy to reduce energy use, reduce emis-
sions of ozone precursors and carbon dioxide, improve
air quality, provide a cooling effect on climate via nega-
tive radiative forcing, and local ambient cooling.

This article briefly touches upon some on-going
modeling projects at Altostratus Inc. that quantify the

A: Power plant emissions — utility model
B: Building energy simulation models

* Species changes / replanting

Figure 1. Main models and linkages in simulating UHI mitigation; more
information in Taha (2007)

meteorological, emissions, and air quality impacts of
UHI mitigation measures. As these studies are on-go-
ing, no publishable results are provided here the fo-
cus of the following discussion is on a description of
the goals and approaches of these studies along with
some initial, work-in-progress examples of products
and findings.
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2. Evaluation of UHI mitigation under seasonal
and multi-episodic conditions

Several past modeling studies, e.g., Taha (2005,2007)
addressed the meteorological, emissions, and air-qual-
ity benefits of UHI mitigation on episodic time scales.
While this type of modeling is useful in capturing the
effectiveness of UHI control under some of the more ex-
treme conditions (e.g., high ozone and large precursor-
emission rates), such conditions are not always preva-
lent during the ozone season, especially in more recent
years where improved emission controls have reduced
the occurrence of high-ozone episodes. It is thus desir-
able to evaluate the effectiveness of UHI mitigation un-
der average and frequently-occurring conditions in ad-
dition to those worst-case scenarios. Such evaluations
are important for cities and communities if and when
they decide to adopt selected UHI-mitigation mea-
sures and thus need, for planning purposes, more spe-
cific estimates of their long-term potential benefits as
well as possible inadvertent negative impacts. Thus the
main goal of this study is to perform extensive, multi-
episodic and seasonal modeling, spanning a period of
tenyears (1995 2005), to examine the effectiveness of
UHI mitigation under varied meteorological conditions
and emission scenarios.

UHI mitigation is evaluated using state-of-science
models that have been further modified and updated
to suit the particulars of this application (Fig. 1). In this
study, the meteorological modeling is done with the
mesoscale MM5 (Dudhia 1993) and the urbanized ver-
sion, uMMS5 (Taha 2008a,b) which is a modified ver-
sion of the DA-SM2-U model of DuPont et al. (2004)
that incorporates the drag-force approach of Martilli
et al. (2002). These meteorological models are linked
with emission models (SMOKE / BEIS3 or MEGAN),
photochemical models (CAMx or CMAQ), and radia-
tive transfer models (Streamer) as discussed in Taha
(2008a-c) and Taha and Sailor (2010).

The fine-resolution modeling requires detailed
characterizations of the physical, geometrical, land-
use, land-cover, and morphological properties of
urban areas. This can be based on urban data, e.g.,
NUDAPT (Ching et al. 2009), local surveys and region-
specific data generated for areas of interest (Taha
2005,2007), and other sources of general information
such as Google Earth Pro (Taha 2008a). Improvements
are also made on biogenic volatile organic compound
(BVOC) emissions calculation methodologies relative
to approaches typically used in conventional, regula-
tory modeling.

Alarge number of modeling episodes (ranging from
8 to 30 days each) were selected based on observed
daily peak ozone (at each of 134 air quality monitors
in several counties in California) and on meteorol-
ogy. For this purpose, an analysis was carried out to
characterize the meteorological regimes conducive
to various levels of ozone (marginal, moderate, high,
extreme), via classification and regression tree (CART)
approach, an example of which is shown in Figure 2.
Because the relationships between ozone formation
and meteorology differ significantly from one region
to another, CART analysis can be useful in capturing
some of the non-linear effects involved (Thompson et
al. 2000).

Selection of the predictor meteorological variables
for CART analysis depends on a region s synoptic me-
teorological characteristics, location and topographi-
cal features, and spatial patterns of emissions, but
certain variables are almost always present. From a
large number of meteorological variables, Cox and
Chu (1996) found that the most relevant ones for ur-
ban areas are maximum surface temperature, wind
speed, relative humidity, mixing height, and cloud
cover. Other researchers used pressure and geopo-
tential height, assuming that they are surrogates for
other meteorological variables (Pryor et al. 1995). Up-
per-air observations are included in CART analysis and
are useful in predicting peak ozone regimes because
upper-air conditions are indicative of large-scale / syn-
optic weather patterns (Davis et al. 1998).

For CART analysis in this study, hourly and daily-
peak ozone concentrations at each of 134 monitors
are binned (into 30-ppb bins) and correlated with air
temperature, dewpoint temperature, pressure height,
wind speed, and wind direction from several surface
and upper-air stations, and at various levels, including
1000, 850, and 700 hPa. The purpose of this analysis
is to determine the representativeness of each set of
meteorological conditions leading to certain ozone
concentration bins, e.g., extreme, high, moderate,
and marginal. Thus a large number of trees (one for
each of the 134 monitors) are generated to capture
the various conditions examined in this study for the
10-year period. In this CART analysis, weekdays and
weekends are evaluated separately (separate trees) to
avoid masking the weekend effect on emissions and
air quality.

Of interest to the particular goals of this study is
that similar ozone bins (concentration ranges) can be
reached via different pathways, i.e., different combi-
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nations of meteorological variable ranges (see, for ex-
ample, Figure 2 and as summarized in the table). This
is useful in evaluating the representativeness of each
set of meteorological conditions and the effectiveness
of UHI mitigation for each set.

3. Modeling the potential impacts of urban solar
systems

A task related to the project discussed above is to
assess the heat-island formation potential of large-
scale deployment of urban solar systems, e.g., photo-

voltaics and passive / active solar technologies. Since
these systems absorb solar energy and their surfaces
become hot, ambient air temperature can increase,
too, thus resulting in a heat island effect. In theory
this could offset, to a certain extent, the benefits from
deploying solar systems, which include generating
electricity and space heating / cooling to conserve
energy. This study evaluates, via detailed modeling,
the magnitude of this heat island effect and deter-
mines 1) whether that effect is significant enough to
be accounted for, and 2) if compensating technolo-
gies, at community scale, need to be implemented

TAIR1000 simultaneously, such as cool roofs or other UHI-miti-
< 28802(1) gation measures.
To quantify any UHI-formation po-
TAIRTO00 TDEW) tential and the possible needed miti-
< 2?\'1‘.233 o < 256.95 ° . P
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eling is done in this study
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000 < ;_n:.|_m. 145 < ,{.,,‘._ based on detailed sur-
50-80 50-80 face and urban
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19.2% 14% occurs > <288 K >284 K >3146
11% >288 K <2.83m/s >257K
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Figure 2. An example CART analysis showing Alameda County ozone peaks (in 30-ppb bins) vs. Oakland air-
port surface and upper-air meteorology variables at 1200 UTC over a period of 5 years (weekdays) at three
levels (1000, 850, and 700 hPa). Here, HT is geopotential height (m), TAIR is air temperature (K), TDEW is dew-
point temperature (K), and WDR () and WSP (m/s) are wind direction and speed, respectively. Thus for example,
WSP850 indicates wind speed at the 850 hPa pressure level. The splitting variable and its value are shown to the
left of the nodes; the node number is inside the circle, and the number of nodes to the left of it. Below each circle

is the ozone bin (ppb range) and a misclassi cation cost.
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Figure 3. Impacts of vegeta-
tion replacement and canopy-
cover changes.

morphological characterization, assessment of poten-
tial solar-system penetration, and solar deployment
potential (e.g., Taha 2007, Chaves and Bahill 2010). If
the impact is found to be significant, then the analysis
will also evaluate the associated effects on emissions
of ozone precursors and on ozone formation. This
study also lays the groundwork for potential future
modeling of large solar power plants, such as those
being currently approved and licensed by the Califor-
nia Energy Commission.

4. UHI modeling in support of a voluntary con-
trol measure

In Sacramento, California, the Sacramento Metro-
politan Air Quality Management District (SMAQMD),
in collaboration with the Sacramento Tree Foundation
(STF) and the UC Davis Center for Urban Forest Re-
search (CUFR), is currently developing a voluntary con-
trol measure for ozone, based on reducing the BVOC
emissions from urban forests to help the region attain
and maintain the Federal 8-hour ozone standard. Our
role in this project is to perform detailed atmospheric
modeling in support of the control measure.

The measure sstrategies are to shift the current tree-

concentrations

Bowen
Vegetative- ent heat
cover changes ux

Solar radiation
extinction

Vegetation
B ---c temperature
albedo p
Roughness
length

Air temperature

BNO

Photochemical
reaction rates

Mixing height

species mix in the region to one with more abundant
medium- and low-emitter species, and to increase the
canopy cover, particularly in the new urbanizing areas
of Sacramento. The latter strategy will help counteract
the local urban heat island effect and reduce tempera-
ture-dependent BVOC emissions as well. The overall
strategy focuses on emissions reductions but also on
some canopy-cover changes (replacement canopies
can be larger and changes in land-use can resultin in-
creased canopy cover). The increase in canopy cover
can entail significant meteorological effects, i.e., as a
result of increased soil moisture / evapotranspiration,
roughness length, and changes in albedo relative
to that of the underlying surface. These two strate-
gies directly and indirectly impact ozone formation
as sketched in Figure 3. The Sacramento Urban For-
est Ecosystem Study (McPherson, 1998) concludes
that the existing regional canopy cover in the Sacra-
mento region is 14% in developed areas and 5% in
undeveloped areas that are slated for development.
This is where increasing canopy cover from 5% to 14%
would occur (to maintain an overall cover of 14% in
the region).

Urban forests can help improve air quality via me-
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teorological, deposition, and emissions / photochemi-
cal mechanisms. As with most control strategies, the
implementation of increased canopy cover can im-
part both positive (beneficial) and negative (inadver-
tent) effects on air quality, as a large number of factors
and non-linear, competing effects are present. Previ-
ous studies have shown that the relative benefits and
disbenefits of urban forests differ significantly from
region to region (Taha 1996) and that it is possible
to maximize the potential benefits on a region-spe-
cific basis by finding the optimal mix of strategies for
each location. In addition, the potential effectiveness
of urban reforestation, unlike conventional air-pollu-
tion control strategies, also depends on meteorologi-
cal conditions, thus adding another dimension to the
complexity of evaluating potential ozone air-quality
benefits of this control measure.

As shown in Figure 3, the modeling captures sev-
eral interrelated processes resulting from changes in
vegetation cover, canopy structure, and species. Spe-
cies replacement and increasing vegetative cover can
result in modification to the soil-vegetation system s
albedo. Thus it is important to evaluate vegetation-
canopy albedo relative to that of the underlying sur-
face and how, in turn, it affects energy balance. While
vegetation albedo can sometimes be higher than that
of urban surfaces, the main effect arises from the in-
troduction of new vegetation canopy not the replace-

Downtown Sacramento

ment of species. Vegetation also impacts roughness
length, soil moisture and evapotranspiration. At the
mesoscale simulations level (4-km resolution in this
study), roughness length is unchanged in response
to replacement trees or canopies that are immedi-
ately adjacent to buildings, since the assumption is
that there is either no change in canopy structure (re-
placement) or that the increase in canopy is uniform
with buildings. However, at the finer meso-urban
scale (e.g., sub-kilometer in the horizontal and a few
meters in the vertical, in this study) impacts of can-
opy roughness are accounted for via the drag-force
approach of the urbanized MM5 (Dupont et al. 2004,
Taha 2008a,b). Another aspect of vegetation that
is related to roughness is deposition velocity. In the
air-quality model, as modified in this study, the calcu-
lation of deposition velocity is improved upon with
more accurate land-use, land-cover, and morphol-
ogy characterizations that are then used in more re-
solved roughness-length calculations, e.g., using the
approach of MacDonald et al. (1998). Figure 4 shows
an example of roughness length computed following
this approach for Sacramento, California.

Changes in BVOC emission rates as a result of spe-
cies replacement and varying meteorology (effects of
changing photosynthetically-active radiation (PAR)
and temperature) are modeled using the relations of
Guenther and Wiedinmyer (2004) and Guenther et al.

Figure 4. 1-km resolu-
tion roughness length
(m) in the Sacramento
uMMS5 modeling
domain.
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(1993). The BVOC emissions of in-
terest include those of isoprene,
monoterpenes, oxygenated VOC,
and methyl butenol. Because
the simulations in this study are
done at fine resolutions, a few
meters in the vertical, the tem-
perature and PAR fields are well
resolved spatially thus increas-
ing the accuracy and specificity
of emission-inventories input to
photochemical models.

Figure 5 shows an example
output from fine-resolution me-
teorological simulations in this
study. The figure depicts the
maximum daytime UHI over
Sacramento, 2K warmer than
upwind areas to the southwest.
Flow divergence and slowing
over the urban area is evident as
is the advection of UHI tempera-
turestothesoutheastbeyondthe
core urban area. The eastern part
of the domain consists of higher
terrain (Sierra-Nevada mountain
range) and thus is cooler.

0 31

5. Ranking of UHI mitigation measures by indi-
recte ect

The goal of this project is to develop a ranking
system and tool to help prioritize the deployment of
community-scale UHI control and energy measures,
based on their individual and combined indirect at-
mospheric effects, e.g., impacts on peak tempera-
tures, temperature range, heating / cooling degree-
hours, winds, and urban-canopy layer energy fluxes.
The community-scale measures include 1) increased
urban albedo on roofs, walls, pavements, and streets,
2) control of runoff (impervious surface area), 3) struc-
tural shading and sky-view factor control, 4) urban
forestation (evapotranspirative cooling and shading)
for buildings, parking lots, and streets, 5) photovol-
taics and active/passive solar systems, 6) green roofs
an green walls, and 7) control of anthropogenic heat-
ing. The effects of each measure are evaluated alone
and in various combinations with other measures at
180 locations (climates) in California, as seen in the
white circles in Figure 6. The reason for performing
the analysis over 180 climate points, representing dif-
ferent urban areas in California, is to increase the level

MAXNLM VECTOR 38 m s’ >
I
2 1 M 3 kL ” 38 b

Figure 5. Peak daytime UHI (2K) at 3m AGL in the Sacramento region at 1700
PDT on 11 July 1999.

of information and resolution relative to Californias
standard 16 climate zones (background of figure) that
are typically used in energy calculations and building
energy modeling.

A customizable ranking system with prioritization
tool is needed because building energy models, com-
munity-energy planning tools, and land-use models
commonly used in evaluating energy use at commu-
nity scale do not account for the indirect effects. Thus
performance of these models and tools can be im-
proved upon (made closer to observations) and their
reliability in forecasting energy consumption under a
range of conditions be increased if the indirect effects
are quantified and factored in the calculations. Previ-
ous studies have shown that the indirect effects of UHI
mitigation measures can be of similar magnitude (or
even larger) than the direct effects. Planners may also
need a tool to help in evaluating a number of commu-
nity-scale measures and combinations thereof (that
can cancel each other s effects) and prioritize deploy-
ment of most effective strategies at specific locations
(e.g., for specific climates, land-use / land-covers prop-
erties, etc.).
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Figure 6. The projects 180 climate zones / idealized
communities (white circles), superimposed on Califor-
nias 16 climates zones in the background. Figure back-
ground credit: CEC.

Asinthe studies discussed earlier, this project s tasks
also include performing detailed characterizations of
urban surfaces, land-use, climate (for each zone/city),
detailed calculations of deployment potentials for
each measure and each region (gridded domains), nu-
merical modeling (using the models discussed above),
and developing the ranking system. Calculation of de-
ployment potentials for each UHI mitigation measure
listed above is based on surface and land-use charac-
terizations. For example, the deployment potential for
high-albedo materials for each 200-m computational

gridcell ( ,0m) in the modeling domain is calculated
as follows:
200m — froof fr at r at + froof frpitch rpitch +
fstreet fs’asph sasph + fstreet fsconc sconc +
fpaved fpasph pasph + fpaved fpconc pconc +
sz f\Nwood wwood + sz f\Nmason wmason +
sz chonc weone T W2p churt weurt

based on the characterizations (in each 200-m cell) of
roof, street, and pavement areas (foof fsueets fpavea), at-
roof and pitched-roof fractions (fr ., fryn), asphalt-
and cement-street fractions (fS,sn, fSconc), asphalt- and
cement-pavement fractions (fPaspn, fPconc), l€Vels of in-
crease in at-and pitched-roof albedo (. (
asphalt- and cement-street albedo (  spn, (
and asphalt- and cement-pavements albedo (

rpitch)a
sconc)a

pasphs

Figure 7. Deployment po-
tential for albedo in the
Los Angeles region.

oconc), DUIlings wall-to-plan ratios (w2p), fractions of
wood walls, masonry walls, concrete walls, and curtain
walls (fWyood, TWinasons Weone, TWeyr), @and their respective
levels of increase in albedo ( wwoodr  wmasons  weones

weurt)- The parameters in these calculations can be
provided based on results from this study or can be
user-speci ed for the particulars of a region being
studied, if better data is available. Figure 7 depicts
the albedo deployment potential (for a moderate-in-
crease scenario) calculated in this manner for the Los
Angeles region. The scale ranges from 0.01 to 0.08 (at
the 200-m resolution level).

The deployment potentials for all community-scale
measures in all urban areas in California are character-
ized in this manner but, of course, with di erent pa-
rameters. These urban areas are then simulated with
mesoscale and meso-urban models, as discussed
above, to evaluate the e ects of each UHI-mitigation
measure separately and then in a number of possible
combinations with other measures. In addition to sim-
ulating actual urban areas, such as Los Angeles, Fres-
no, and Sacramento, the modeling in this project also
involves simulating the standalone and combined de-
ployments of community-scale measures in 180 ide-
alized communities representing each of the 180 cli-
mate points shown in Figure 6. [dealized communities,
each 1 km?in area, are developed for the analysis by
constructing statistically-representative urban areas
that resemble, in terms of land-use makeup and land-
cover characteristics, the existing urban areas that are
closest to each. The purpose of modeling these ideal-
ized communities is to generate region-speci ¢ data
that can assist urban planners / developers in ranking
the measures when planning new developments at
any of these 180 locations.
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Heat wave in Moscow city in summer of 2010: Results of meteorological
measurements and possible explanations

In the summer of 2010, anomalous hot weather took
place in the Central part of European Russia in Mos-
cow city and in some other regions around the Rus-
sian capital. As was shown by Professor B.A. Revich, an
additional mortality in the area of European Russia
where a temperature anomaly of +5 ”C or more was
observed during this heat wave consisted of 58,000
people (including nearly of 11,000 inhabitants of Mos-
cow city) in comparison with the same summer time in
the previous year (2009). Thus, the mortality evidently
connected with hot weather in European Russia seems
to be even higher than in Western Europe in 2003.

The reason for this catastrophic event was an ex-
tremely steady, high (up to 100 hPa isobaric level) and
long-lived blocking anticyclone with acenterabove the
East of European Russia from the second half of June
until the middle of August. As a result, an extremely
hot tropical air mass from Africa or from Central Asia
was invading into central Russia by steady southern
and southeastern winds during a long time period.

On July the 29th, as seen in Figure 1, the maximal
air temperature T,,. in Moscow consisted of 38.1 "C (at
Moscow University), whereas the previous maximum-
maximorum value of T for Moscow city, in 1920, was
equal to only 36.8 "C. It should be noted that just in
the center of Moscow city at Balchug station (near the
Kremlin), the maximal air temperature on the same
day was equal to 39.0 "C  probably due to the addi-
tional local e ect of the urban heat island. The reason
for this conclusion is the high density of buildings in
the center of Moscow city. In contrast, there are a lot
of green park zones on the southwestern periphery
where the University is situated. That is why the value
of T at the University as well as at three other sta-
tions around the center was a bit less from 0.4to 1.0
"C (Fig.1). Thus the structure of the urban heat island
sometimes may be seen not only in the pattern of av-
erage or minimal air temperatures, but in the pattern
of daily maximal temperatures as well. It should also
be noted that the air temperature in Moscow for the

rst time exceeded 100 "F, and the body temperature
of a healthy person.

The monthly-averaged air temperature in July of
2010 in Moscow consisted of 26.4 "C (red rhombus in
Figure 2), which is the highest value during last 230
years (since 1780). This value is 3 "C more than the
previous maximal monthly-averaged value for July.
The monthly-averaged air temperature for August of
2010 (22.2 "C) became the highest value as well during

.. +382°C
+3862C g

+39,0°C

Bﬁchug

+38,1°C

Moscow University

Figure 1. The daily maximal air temperatures during
July 29th, 2010 the warmest day in Moscow city dur-
ing the last 130 years. Double lines are margins of the
city; asterisks are meteorological stations.

the whole history of meteorological measurements in
Moscow for August. The daily maximal air temperature
exceeded 23 times (during 4 separate days in June, 10
days in July and 9 days in August) the maximal values
for these days since 1879. For the rst time, the daily
average air temperature (31.4 "C) was seen as more
than 30 "C. The surface temperature in Moscow (62.3
"C) for the rst time exceeded 60 "C.

The minimal relative humidity was equal to 16%;
the maximal humidity de cit for the rst exceeded 50
hPa (56 hPa). As a result, the amount of precipitation
was extremely low only 7.4 mm during July. Such a
low monthly value of precipitation was never before
observed in July according to all known data since
the 19th century (the average precipitation in July
in Moscow is 91 mm). As a result, a lot of forest res
broke out in the Moscow region and a strong haze ex-
isted above Russian capital during a long period. The
thermal wave connected with the disastrous heat (i.e.
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maximal values of soil temperature during the last 45
years) was detected at a soil depth of 320 cm below
the surface until the middle of December of 2010, i.e.
four months later.

Recently some di erent explanations of this event
have been suggested. According to one of them, it
was a result of two separate phenomena. As studied
by Academician Valentin P. Dymnikov and his col-
league from the Russian Institute of Numerical Math-
ematics of the Russian Academy of Sciences Professor
Evgeniy M. Volodin, an unusually strong drought took
place during spring of 2010, just before the beginning
of the heat wave, in the Caspian region, i.e. up-stream
to the southern ows along the Western periphery of
the blocking anticyclone. As a result of this drought,
the tropical air mass was not transformed signi cantly
during its passage to Central Russia above the very
dry surface layer of soil in the Caspian region. Both
of these events the long-lived blocking anticyclone
and the drought in the southeastern part of European
Russia are rare (occuring on average one time dur-
ing 10 or 20 years). Thus, accordingly to V.P. Dymnikov
and E.M. Volodin, a combined probability of their si-
multaneous existence may be assumed to be equal

to the product of their separate probabilities because
both events are independent from each other. Thus,
their combined probability seems to be extremely low
(only once during several centuries), and that is why;,
this disaster took place for the rst time during the en-
tire history of regular meteorological measurements
in Moscow since the 18th century.

Dr. Mikhail A. Lokoshchenko

loko@geogr.msu.su

Department of Meteorology and Climatology,
Faculty of Geography
Lomonosov Moscow State University
Moscow, Russia
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Spatial geotechnology applied to urban climate studies: Thermal analysis
of urban surface and land use in the city of Caracas

The urban saturation and the enlargement of the built space have determined environmental changes, increasing
the already precarious condition of the natural systems in these spaces of high saturation. In recent years urban heat
waves, extreme droughts and forest res have been reported with increased frequency, disturbing the environmental
dynamics and the quality of life in the a ected cities. Using remote sensing techniques, it is possible to analyze the
thermal and environmental information gathered through earth observation satellites to produce maps of the urban
surface temperature, land use and vegetation index, which can help identifying areas that are susceptible to greater
risk in case those weather anomalies occur. The purpose of this study is to analyze the spatial variation of these socio-

environmental conditions related to the urban surface temperatures in the city of Caracas.

1. Introduction

The World Meteorological Organization reported
2001, 2002 and 2003 as three of the five warmest years
since 1997-1998 (WMO, 2003). Land surface tempera-
tures in 2003 were 0.83 C above the 1880-2003 mean,
ranking third in the period of record, while ocean
temperatures ranked as second warmest with 0.44 C
above the average (NCDC-NOAA, 2003). In the same
year, during a positive ENSO event, drought and heat
waves hit India and Central Europe, leading to emer-
gency health and environmental problems. Critical
conditions of drought and heat were also described
during a positive ENSO for many regions in Central and
South America, and in the Caribbean area (Aguilar et
al.,, 2005).

The city of Caracas is located in the north of South
America (1020 10 35N and 66 45 67 0-W). It is
settled in a narrow valley (30 km length) near the Ca-
ribbean Sea (900m-asl) with a complex topography
(Fig. 1). The city has a population of about 4 million
inhabitants, with very high construction and popula-
tion densities and, consequently, a high pressure on
water resources and soil. Most of the low-income pop-
ulation (1.5 million inhabitants) lives in the southwest
and western areas of the city, which is the sector with
the most difficult socio-environmental problems.

Political strategies and urban planning policies in
Venezuela have been oriented to strategies that pro-
vide solutions to urgent issues related to poverty, wa-
ter scarcity and health, while leaving behind the prob-
lems related to the urban environment and climate
change. Recently there is renewed interest in these
issues, especially because in March 2003, the city suf-
fered an intensi cation of the dry season with an
increase in drought and forest res that was observed
to be related to the high temperatures during the peak
of the dry season. At that time, the global temperature
average registered a positive anomaly of 0.59 Cin the
northern hemisphere according to the WMO, in the

Figurel. Map of the city of Caracas, showing location of
the study area. Source: Cartographical Databases-IGSBV.

presence of a positive El Nigo event in the equato-
rial paci ¢ (WMO, 2003). In some areas of the city, es-
pecially in low-income sectors, such situations turned
into serious environmental and health risks.

The purpose of this study is to analyze the spatial
variation of these socio-environmental conditions re-
lated to urban surface temperatures (the urban heat
island phenomena) using remote sensing techniques
to determine possible links between global change
and climate variability with environmental conditions
in urban areas. The city of Caracas is presented as a
case-study. This work also seeks to improve the in-
formation available for urban planners and decision
makers in these matters.

The variables analyzed with remote sensing tech-
niques were urban surface temperatures, urban land
use and vegetation index conditions for the period
2001-2008. A set of images from Landsat-7 ETM+ for
the rainy or dry season were used to verify the season-
al changes in urban surface temperature. Two critical
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