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ABSTRACT

In many urban areas, pavements and roofs
constitute over 60% of urban surfaces (roof 20-
25%, pavements about 40%). The roof and the
pavement albedo can be increased by about 0.25
and 0.10, respectively, resulting in a net albedo
increase for urban areas of about 0.1.

Many studies have demonstrated building
cooling-energy savings in excess of 20% upon
raising roof reflectivity from an existing 10-
20% to about 60%. We estimate U.S. potential
savings in excess of $1 billion (B) per year in
net annual energy bills. Increasing albedo of
urban surfaces can reduce the summertime
urban temperature and improve the urban air
quality.

Increasing the urban albedo has the added
benefit of reflecting more of the incoming
global solar radiation and countering the effect
of global warming. We estimate that increasing
albedo of urban areas by 0.1 results in an
increase of 3x10™ in Earth albedo. Using a
simple global model, the change in air
temperature in lowest 1.8 km of the atmosphere
is estimated at 0.01K.

Modelers predict a warming of about 3K in
the next 60 years (0.05K/year). Change of 0.1 in
urban albedo will result in 0.01K global cooling,
a delay of ~0.2 years in global warming. This
0.2 years delay in global warming is equivalent
to 10 Gt reduction in CO2 emissions.

1. INTRODUCTION

For more than two decades, the Heat Island
Group (HIG) at Lawrence Berkeley National
Laboratory (LBNL) has performed research to

quantify the effect of increasing urban albedo on
reducing cooling energy use, cooling urban
areas, and improving urban air quality. In many
urban areas, pavements and roofs constitute
over 60% of urban surfaces (see Table 1; roof
20-25%, pavements about 40%) (Akbari et al.,
2003, Rose et al., 2003, Akbari and Rose 2001a,
Akbari and Rose 2001b).

Table 1: Urban fabric

Metropolitan

Vegetation Roofs Pavements Other
Areas
SaltLake 334 219 364 8.5
City
Sacramento  20.3 19.7 44.5 15.4
Chicago 26.7 24.8 37.1 11.4
Houston 37.1 21.3 29.2 12.4

Source: Rose et al., 2003

Many studies have demonstrated building
cooling-energy savings in excess of 20% upon
raising roof reflectivity from an existing 10-
20% to about 60%. We estimate U.S. potential
savings in excess of $1 billion (B) per year in
net annual energy bills (cooling-energy savings
minus heating-energy penalties). Increasing
albedo of urban surfaces (roofs and pavements)
can reduce the summertime urban temperature
and improve the urban air quality (Taha 2002;
Taha 2001; Taha et al. 2000; Rosenfeld et al.
1998; Akbari et al. 2001, Pomerantz et al.
1999). The energy and air quality savings
resulting from increasing urban surface abedo in
the U.S. can exceed $2B per year.

Increasing the urban albedo has the added
benefit of reflecting more of the incoming
global solar radiation and countering the effect
of global warming (Kaarsberg and Akbari,
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2006). Here we quantify the effect of increasing
albedo of urban areas on the global temperature.

2. ESTIMATING GLOBAL URBAN AREAS

Figure 1 lists the area densities for the 100
largest metropolitan areas of the world
(Wikipedia, 2006). The median area density is
about 430 m? per urban dweller. The 100 largest
metropolitan areas (with a total population of
670 M) comprise about 0.26% of the Earth land
area. Assuming that about 3B people live in
urban areas, total urban area of the globe is
estimated at about 1.2% of land.
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Figure 1: Area density for the 100 largest cities in the

world. 670 million people live in these cities.
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3. POTENTIALS FOR URBAN ALBEDO
CHANGE

Rose et al. (2003) have estimated that the
fractions of the roof and paved surface areas in
four U.S. cities. The fraction of roof areas in
these four cities varies from 20% for less dense
cities to 25% for more dense cities. The fraction
of paved surface areas varies between 29% to
44%. Many metropolitan urban areas around the
world are less vegetated than typical U.S. cities.
For this analysis, we consider an average area
fraction of 25% and 40% for roof and paved
surfaces, respectively.

Akbari and Konopacki (2005) have reviewed
the solar reflectance of typical roofing materials
used on residential and commercial buildings in
many U.S. regions. A solar-reflective roof is
typically light in color and absorbs less sunlight
than a conventional dark-colored roof. Less
absorbed sun light means a lower surface
temperature, directly reducing heat gain from
the roof and air-conditioning demand. Typical

albedo values for low- and high-albedo roofs
can be obtained from the cool roofing materials
database (CRMD, 2007) developed at LBNL.

For the sloped-roof residential sector,
available highly reflective materials are scarce.
White asphalt shingles are available, but have a
relatively low albedo of about 0.25. Although it
can be argued that white coatings can be applied
to shingles or tiles to obtain an aged albedo of
about 0.5, this practice is not followed in the
field. Some highly reflective white shingles are
being developed, but are only in the prototype
stage. Recently, one U.S. manufacturer has
developed and  marketing  cool-colored
fiberglass asphalt shingles with a solar
reflectance of 0.25. Some reflective tiles and
metal roofing products with greater than 50%
reflectivity are also available.

Conversely, highly reflective materials for
the low-slope commercial sector are on the
market. White acrylic, elastomeric and
cementatious coatings, as well as white
thermoplastic membranes, can now be applied
to built-up roofs to achieve an aged solar -
reflectance of 0.6.

The albedo of typical standard roofing
materials ranges from 0.10-0.25; one can
conservatively assume that the average albedo
of existing roofs does not exceed 0.20. The
albedo of these surfaces can be increased to
about 0.55 to 0.60.

Pomerantz et al. (2000a, 2000b, 1997) and
Pomerantz and Akbari (1998) have documented
the solar reflectance of many standard and
reflective paved surfaces. They report that the
solar reflectance of a freshly installed asphalt
pavement is about 0.05. Aged asphalt
pavements have a solar reflectance between
0.10-0.18, depending on the type of aggregate
used in the asphalt mix. A light-color (low in
carbon content) concrete can have an initial
solar reflectance of 0.35-0.40 that will age to
about 0.25-0.30. Pomerantz et al. also reviewed
the solar reflectance of other paving materials
such as chip seal, slurry coating, light-color
coating.

Akbari et al. (2003) provide estimates for
two scenarios for potential changes in the
albedo of roofs and paved surfaces (See Table
2). Based on this data, we assume that roof
albedo can increase by 0.25 for a net change of
0.25x0.25=0.06. The pavement albedo can
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increase by 0.10 for a net change of
0.40x0.10=0.04. Hence, the net potential change
in albedo of urban area is estimated at 0.10.

Table 2: Two albedo modification scenarios

Albedo Change
High Low

Surface-Type This Study

Residential Roofs 03 01 0.25
Commercial Roofs 04 0.2 0.25
Pavements 0.25 0.15 0.10

Source: Akbari et al. (2003)
Increasing albedo of urban areas by 0.1
results in an increase of 3x10™ in Earth albedo.

4. THE EFFECT OF CHANGING URBAN
ALBEDOS ON GLOBAL TEMPERATURE

In his book, Harte (1998) presents a simplified
method to estimate the effect of a change in the
albedo on the globe on the Earth equilibrium
temperature. Using Hart’s simple global model,
the change in air temperature in the lowest 1.8
km of the atmosphere is estimated at 0.01K.
This estimate is corroborated by calculations of
Hansen et al. (1997).

We have also carried out preliminary general
circulation model (GCM) simulations to
estimate the changes in the average globe
temperature by changing the albedo of the all
urban land surfaces. Currently, general
circulation models (GCMs) are too coarse to
estimate the effects of increased urban albedo.
Most GCMs simulate the global climate with
grid sizes larger than 2.5 degree (approximately
250 km; area of 62500 km?). Most metropolitan
urban areas are about 3000 — 5000 km? or about
1/100 of a typical GCM grid size. A change in
the urban albedo of about 0.1, would reflect a
change of 0.001 in the albedo of the grid. Such a
small change in the albedo may not produce a
significant feedback and hence the results of the
GCM simulations may be questionable.

Several groups have performed general
circulation model (GCM) simulations to
investigate various aspects of global warming
related to land-use changes (e.g Hansen et al.
1998, Bettes 2001, Levy et al. 2004, Chase et al.
2000, Jacobson, 2002, Oyama and Nobre 2004,
to name a few). However, effects of urban
albedos on climate have usually not been
investigated. Some of the reasons are the

coarse-grids of GCMs that are unable to resolve
urban landscape features.

With current computational advances, it has
become feasible to run a GCM at scales of 50 to
100 km with sub-grid adaptations of particular
processes. Newer developments in land-surface
schemes, based on satellite retrieved land-
surface properties such as emissivity, are being
incorporated in land-surface models that could
be coupled to a GCM (Jin and Liang 2006; Jin
and Shepherd 2005).

Our preliminary simulations using the NASA
GISS GCM, that has a horizontal resolution of
4x5 degrees, predicts a decrease in global
surface temperatures of about 0.03K (See figure
2.) These results were based on two sets of
simulations: (1) A control run with prescribed
present-day sea-surface temperatures called
CtrlA; and (2) a simulation similar to CtrlA but
with modified surface albedos, referred to as
Exp. In simulation Exp, we assumed that the
surface albedo of all urban land surfaces (2% of
land surfaces) is purely reflective (set at 1) and
the albedo of the rest of the land surfaces (98%)
are not changed and are dependent on surface
type, vegetation etc. as in the CtrlA version. The
results from the two simulations, CtrlA and Exp,
are averaged for three years after a spin-up of
one year and are shown in Fig. 2. However,
given the small changes we impose, and the
coarse grid of the model, the signal to noise
ratio is not strong and at best, the surface
temperature changes given in Fig. 2 are
preliminary values. We are investigating
methods to more accurately estimate the effect
of an albedo increase on global warming.

Te Ctrld 14.89
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Figure 2. Preliminary simulations of surface temperature
(Ts) using the NASA GISS GCM. Global annual averages
are listed on r.h.s. of the figure.

4. GLOBAL COOLING: CO2 EQIVALENCY

Modellers predict a warming of about 3K in the
next 60 years (0.05K/year). Change of 0.1 in
urban albedo will result in 0.01K global cooling,
a delay of ~0.2 years in global warming. The
World’s current rate of CO2 emissions is about
25 G tons/year (4.1 tons/year per person). The
World’s rate of CO2 emissions averaged over
next 60 years is estimated at 50 G tons/year.
Hence, the 0.2 years delay in global warming is
worth 10 Gt CO2.

In Europe CO2 is currently traded at
~$10/ton. A 10 Gt CO2 reduction for changing
albedo of roofs and paved surfaces is worth
$100 billion. The contribution of cooler roofs to
this CO2 savings is worth $60B.

5. CONCLUSIONS

Using cool roofs and cool pavements in urban
areas, on the average, can increase the albedo of
the urban areas by 0.1. An increase of 0.1 in
urban albedo can cool the Earth by about 0.01K.
This cooling can compensate for 0.2 years of the
world’s CO2 emissions; a saving of 10 Gt CO2,
valued at $100B. Cool roofs also save air
conditioning energy use at about $10B per year;
$600B over the next 60 years.

Given these potential savings, we would like

to recommend establishing an international
organization where the developed countries
offer $1 million per large city in a developing
country, to trigger a cool roof/pavement
program in that city.
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