URBAN HEAT ISLAND

We are all familiar with the fact that cities are generally warmer than the surrounding,
more rural areas. We see it referenced most nights in our television weather reports. It is
especially significant on nights with clear skies and light winds which favor radiational
cooling. This is most significant in the rural areas but in the city, the excess heat absorbed
during the day and the local heat sources maintain higher nighttime readings. During the
days or nights with strong winds and clouds the differences are minimzed due to mixing
and the advective cooling of the city by the winds.

Because of this relative warmth, a city may be referred to as an urban heat island.

The reason the city is warmer than the country comes down to a difference between the
energy gains and losses of each region. There are a number of factors that contribute to
the relative warmth of cities according to Ackerman:

e During the day in rural areas, the solar energy absorbed near the ground
evaporates water from the vegetation and soil. Thus, while there is a net solar
energy gain, this is compensated to some degree by evaporative cooling. In cities,
where there is less vegetation, the buildings, streets and sidewalks absorb the
majority of solar energy input.

o Because the city has less water, runoff is greater in the cities because the
pavements are largely nonporous (except by the pot holes). Thus, evaporative
cooling is less which contributes to the higher air temperatures.

e Waste heat from city buildings, cars and trains is another factor contributing to the
warm cities. Heat generated by these objects eventually makes its way into the
atmosphere. This heat contribution can be as much as one-third of that received
from solar energy.

e The thermal properties of buildings add heat to the air by conduction. Tar, asphalt,
brick and concrete are better conductors of heat than the vegetation of the rural
area.

e The canyon structure that tall buildings create enhances the warming. During the
day, solar energy is trapped by multiple reflections off the buildings while the
infrared heat losses are reduced by absorption.

e The urban heat island effects can also be reduced by weather phenomena. The
temperature difference between the city and surrounding areas is also a function
of winds. Strong winds reduce the temperature contrast by mixing together the
city and rural air.

e The urban heat island may also increase cloudiness and precipitation in the city,
as a thermal circulation sets up between the city and surrounding region.



The urban heat island is clearly evident in numerous statistical studies of surface air
temperatures over the years including Woolum, 1964 and in the depictions below from
Critchfield 1983).
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The variance across a city and surroundings is shown in the following courtesy of the

EPA.
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Remote sensing from satellite radiometers show this urban warming effect. The satellite
image of Atlanta, GA is an example of a surface-based measurement, which records
radiant emissions, or energy reflected and emitted from the land, including roofs,

pavements, vegetation, bare ground, and water.



EwWihnett Courty

i o S A W 0E

Dowtnito wn O tEmts

Hertsfield Int'| Wirpert

Satellite (Lands at TM) image of multi-nodal heat island in Atlanta, GA. Darker
NASA GHCC Project Atlanta studied the heat island effect in detail using satellite and
other data. The following is a graph from that analysis comparing urban Atlanta with

more rural Athens for July 1997.
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Urban warming is also apparent on cloud-free satellite images, as the 11 micron image
below produced with the Advanced Very High Resolution Radiometer (AVHRR) shows.

The image has a spatial resolution of approximately 1 km. At this wavelength, the
AVHRR measures the amount of radiant energy emitted by the surface and the tops of
clouds, which is proportional to the temperature of the emitting body. The warmer the
body, the greater the amount of radiant energy it emits. White portions of the image
represent cold objects (e.g., cloud tops) and dark regions are warm areas.

A close up with warmer temperatures shown in red is below



IPCC AND NCDC VIEW OF URBANIZATION

Peterson and others support the IPCC viewpoint at towns with less than 10,000
populations are towns without the need for adjustment for urbanization. Oke (1973 and
Torok et al (2001) show that even towns with populations of 1000 people have urban
heating of about 2.2 C compared to the nearby rural countryside. Since the UHI increases
as the logarithm of the population or as about 0.73 log (pop), a village with a population
of 10 has an urban warming of 0.73 C, a village with 100 has a warming of 1.46 C, a
town with a population of 1000 people already has an urban warming of 2.2 C, and a
large city with a million people has a warming of 4.4 C (Oke, 1973).

As Doug Hoyt has noted, in 1900, world population is 1 billion and in 2000, it is 6 billion
for an increase of a factor of six. If the surface measuring stations are randomly
distributed and respond to this population increase, it would equal 2.2 log (6) or 1.7 C, a
number already greater than the observed warming of 0.6 C. If however we note that
UHISs occur only on land or 29% of the Earth’s surface, than the net global warming
would be 0.29*1.7 or 0.49 C which is close the observed warming. It is not out of the
realm of possibility that most of the twentieth century warming was urban heat islands.

IPCC Report and Urbanization

There is no real dispute that weather data from cities, as collected by meteorological
stations, is contaminated by urban heat island (UHI) bias, and that this has to be removed
to identify climatic trends (e.g. Peterson 2003). The dispute centers on whether
corrections applied by the researchers on whom the IPCC relies for generating its
climatic data are adequate for removing the contamination. The aim is to convert weather
data into climate data, i.e. to show what the temperature trends would have been in a
region had no cities or farms ever appeared, and had the weather station network been
constant and comprehensive across the entire sampling period. The resulting data
products are called ‘gridded data’ and are disseminated by the IPCC through its own web
site.



Peterson (2003) considers a community with a population of less than 10,000 people to
be rural and not to require any adjustment for urbanization. Oke (1973), and Torok et al
(2001) show that even towns with populations of 1000 people have urban heating of
about 2.2 C compared to the nearby rural countryside. Oke (1973) finds evidence that the
UHI (in °C) increases according to the formula

UHI =0.73log,, (pop)

where pop denotes population. This means that a village with a population of 10 has a
warm bias of 0.73 °C, a village with 100 has a warm bias of 1.46 °C, a town with a
population of 1000 people has a warm bias of 2.2 °C, and a large city with a million
people has a warm bias of 4.4 °C (Oke, 1973).

The IPCC refers to Jones et al. (1990) for its claim that the non-climatic bias due to
urbanization is less than one-tenth of the global trend. Aside from being a very old
reference, this paper does not settle the issue because of numerous inherent limitations.
For one thing it is not a global analysis. It ran comparisons of urban and rural (or rural-
urban) composites only for three regions: Eastern Australia, Eastern China and Western
USSR. It used inconsistent definitions for urban areas (i.e. allowing communities up to
100,000 people to be classified as ‘rural’ in China), yet they still found warming biases in
urban records in almost all locations. They found strong urban warming in China relative
to the rural and pooled series, and in the USSR they found stronger relative cooling post-
1930 in the rural stations. Eastern Australia yielded no differences. (The China findings
in particular contradict those of Li et al (2004) as cited by the IPCC in AR4 Section
3.2.2.2).

They also cited earlier results finding strong relative urban warming in the contiguous
USA. Their concluding claim that urbanization represents “at most” one-tenth of the
global trend is not derived or proved in the paper, it simply appears in the conclusion as
an unsupported conjecture. Yet this conjecture has been repeated in several IPCC reports
since then, including the new Fourth Assessment Report, as if it were a proven result.
Consequently the IPCC’s appeal to Jones et al. (1990) to support the claim that the global
data are free of substantial bias is unpersuasive.

The IPCC also relies on Parker (2004) to argue that Urban Heat Island (UHI) effects are
not global. Parker’s study compared temperature trends between urban samples taken on
calm nights versus windy nights. He found the trends were visually similar and concluded
that UHI effects were unlikely to influence the global average. However, the maintained
hypothesis is that elevated windspeed reliably reduces UHI effects. This idea has been
disputed (see discussion in McKendry 2003), so the similarity in trends may simply
indicate that the non-climatic effects exert a similar influence under both conditions (on
this see also Pielke Sr. and Matsui 2006).

While the IPCC was alert for the (notably few) studies that support their optimism
concerning the lack of non-climatic biases in global surface temperature averages, they
ignored some recent studies that showed the opposite. de Laat and Maurellis (2004, 2006)



used local carbon dioxide emission estimates as a proxy for local industrial activity, and
thereby as an index of possible local non-climatic warming influences on atmospheric
temperature trends. This interpretation, along with the assumption that local industrial
activity creates a warming bias in the surface temperature network, leads to the prediction
that there will be a spatial pattern of enhanced warming trends correlated with local
industrial density. The authors found this correlation is indeed present in global
temperature data collected both at the surface and the lower atmosphere. They also
pointed out that climate models do not predict this spatial pattern of warming in response
to greenhouse gas increases. On this basis they argue that surface temperature data reflect
non-climatic trends that are attributable to pervasive local patterns of land-use change and
industrial activity rather than the influence of greenhouse gas emissions on the general
climate system.

McKitrick and Michaels (2004) gathered weather station records from 93 countries and
regressed the spatial pattern of trends on a matrix of local climatic variables and
socioeconomic indicators such as income, education, and energy use. As expected, some
of the non-climatic variables yielded significant coefficients, indicating a significant
contamination by non-climatic effects, including indicators of data quality. They then
repeated the analysis on the IPCC gridded data covering the same locations. They found
approximately the same coefficients emerged, albeit diminished in size, with many
individual indicators remaining significant. On this basis they were able to rule out the
hypothesis that there are no significant non-climatic biases in the data. Both de Laat and
Maurellis and McKitrick and Michaels concluded that the non-climatic effects add up to
a substantial warming bias at the global level in the measured data trends.

Ren et al (2007) in the abstract of their GRL paper noted that “Annual and seasonal
urbanization-induced warming for the two periods at Beijing and Wuhan stations is also
generally significant, with the annual urban warming accounting for about 65~80% of the
overall warming in 1961~2000 and about 40~61% of the overall warming in 1981~2000.
This result along with the previous researches indicates a need to pay more attention to
the urbanization-induced bias probably existing in the current surface air temperature
records of the national basic stations.*

Numerous recent studies show the effects of urban anthropogenic warming on local and
regional temperatures in many diverse, even remote, locations. Block et al., (2004)
showed effects across central Europe, Zhou et al. (2004) and He et al. (2005) across
China, Velazquez-Lozada et al. (2006) across San Juan, Puerto Rico and Hinkel et el.,
(2003) even in the village of Barrow, Alaska. In all cases, the warming was greatest at
night and in higher latitudes, mainly in winter.

Kalnay and Cai (2003) found regional differences in US data, but overall very little
change (if anything a slight decrease) in daily maximum temperatures for two separate 20
year periods (1980-1999 and 1960-1979), and a slight increase in night-time readings.
They found these changes consistent with both urbanization and land use changes
(irrigation and agriculture).



Pielke et al (2006, submitted) also demonstrates the errors in the measurement of surface
temperatures with a bias toward warming. A major conclusion of the study is that as a
climate metric to diagnose climate system heat changes (i.e., ‘global warming’), the
surface temperature trend, especially if it includes the trend in nighttime temperature, is
not suitable.

References:

Ackerman, S., UW SSEC Urban Heat Islands

Block, A, Keuler, K., Schaller, E., Impacts of anthropogenic heat on regional climate
patterns, 2004, Geophysical Research Letters, 31, L12211, doi:10.1029/2004GL019852

Christy, J. R. And R. W. Spencer, 2004. 25 years of satellite data show A&euro;global
warming' of only 0.34 . Press release, University of Alabama, Huntsville, AL
(http://uahnews.uah.edu/scienceread.asp?newsID=196).

Christy, J. R., R. W. Spencer, W. B. Norris, W. D. Braswell and D. E. Parker, 2003. Error
estimates of Version 5.0 of MSU/AMSU bulk atmospheric temperatures. Journal of
Atmospheric and Oceanic Technology, 20, 613-629.

Critchfield, H.J., 1983. General Climatology, Prentice Hall

Davey, C.A., and R.A. Pielke Sr. (2005) “Microclimate Exposures of Surface-based
Weather Stations - Implications for the Assessment of Long-term Temperature Trends.”
Bulletin of the American Meteorological Society 86(4) 497-504

De Laat, A.T.J., and A.N. Maurellis (2004). “Industrial CO2 Emissions as a Proxy for
Anthropogenic Influence on Lower Tropospheric Temperature Trends.” Geophysical
Research Letters Vol. 31, L05204, doi:10.1029/2003GL019024.

De Laat, A.T.J., and A.N. Maurellis (2006). “Evidence for Influence of Anthropogenic
Surface Processes on Lower Tropospheric and Surface Temperature Trends.”
International Journal of Climatology 26:897—913.

Gouretski, V., and K. P. Koltermann (2007), How much is the ocean really warming?,
Geophys. Res. Lett., 34, L01610, doi:10.1029/2006GL027834

He, Y., Lu, A., Y, Zhang, Z., Pang, H.,Zhao, J. 2006, Seasonal variation in the regional
structure of warming across China in the past half century, Climate Research, 28, 213-
219

Hinkel, K., Nelson, F., Klene, A., Bell, J., 2003, The Urban Heat Island in Winter at
Barrow, Alaska International Journal of Climatology, 23, 1889-1905



Hoyt, Doug Urban Heat Islands and Land Use Changes

Jones, P.D., P. Ya. Groisman, M. Coughlan, N. Plummer, W-C. Wang and T.R. Karl
(1990). “Assessment of Urbanization Effects in Time Series of Surface Air Temperature
Over Land.” Nature 347 169—172.

Kalnay, E., Cai, M., Impacts of urbanization and land-use change on climate, 2003,
Nature, 423, 528-531

Karl, T.R., H.F. Diaz, and G. Kukla, 1988: Urbanization: its detection and effect in the
United States climate record, J. Climate, 1, 1099-1123.

Landsberg, H.E., 1981: The Urban Climate, Academic Press

Li, Q. et al., 2004: Urban Heat Island Effect on Annual Mean Temperatures during the
Last 50 Years in China. Theor. Appl. Climatol., 79, 165-174.

Lyman, J.M., Willis, J.K., and Johnson, G.C.,2006: “Recent Cooling of the Upper
Ocean” Geophysical Research Letters Vol. 33, September 2006

Marland, G., R. A. Pielke, Sr., M. Apps, R. Avissar, R.A. Betts, K.J. Davis, P.C.
Frumhoff, S.T. Jackson, L. Joyce, P. Kauppi, J. Katzenberger, K.G. MacDicken, R.
Neilson, J.O. Niles, D. dutta S. Niyogi, R.J. Norby, N. Pena, N. Sampson, and Y. Xue,
2003. The climatic impacts of land surface change and carbon management, and the
implications for climate-change mitigation policy. Climate Policy, accepted.

McKendry, Ian G. (2003) “Progress Report: Applied Climatology” Progress in Physical
Geography 27(4) pp. 597-606

Mclntyre, S. and McKitrick, R. 2003. Corrections to the Mann et al. (1998) proxy data
base and Northern Hemispheric average temperature series. Energy and Environment, 14,
751-771.

McKitrick, R and P. J. Michaels (2004). “A Test of Corrections for Extraneous Signals in
Gridded Surface Temperature Data” Climate Research 26(2) pp. 159-173. “Erratum,”
Climate Research 27(3) 265—268.

Moberg, D. and A. 2003. Hemispheric and Large-Scale Air Temperature Variations: An
Extensive Revision and Update to 2001. Journal of Climate, 16, 206-223.

Molg, T., D. R. Hardy, and G. Kaser, 2003. Solar-radiation-maintained glacier recession
on Kilimanjaro drawn from combined ice-radiation geometry modeling, J. Geophys.
Res., 108, 4731.



Myer, W. B., 1991: Urban heat island and urban health: Early American perspective,
Professional Geographer, 43 No. 1, 38-48.

Oke, T.R. 1973. City size and the urban heat island. Atmospheric Environment 7: 769-
779.

Oke T.R., 1987. Boundary Layer Climates, Second Edition., London: Methuen and Co.,
435,

Parker, D.E. (2004). “Climate: Large-Scale Warming is not Urban.” Nature 432, 290 (18
November 2004); doi:10.1038/432290a.

Peterson T.C. and R.S. Vose (1997) “An Overview of the Global Historical Climatology
Network Temperature Database.” Bulletin of the American Meteorological Society
78:2837—2849.

Peterson, T.C. (2003). “Assessment of Urban Versus Rural in situ Surface Temperatures
in the Contiguous United States: No Difference Found.” Journal of Climate 16(18)
2941—2959.

Peterson, 2006 Examination of potential biases in air temperature caused by poor station
locations. Bull. Amer. Meteor. Soc., 87, 1073-1089

Pielke R.A. Sr., G. Marland, R.A. Betts, T.N. Chase, J.L. Eastman, J.O. Niles, D.D.S.
Niyogi and S.W. Running. (2002) “The Influence of Land-use Change and Landscape
Dynamics on the Climate System: Relevance to Climate-Change Policy Beyond the
Radiative Effect of Greenhouse Gases.” Philosophical Transactions of the Royal Society
of London. A360:1705-1719

Pielke, RA Sr. and T. Matsui (2005) “Should Light Wind and Windy Nights have the
Same Temperature Trends at Individual Levels Even if the Boundary Layer Averaged
Heat Content Change is the Same?”” Geophysical Research Letters (32) L21813,
do0i:10.1029/2005GL024407, 2005.

Pielke, R. A., Sr., J. Eastman, T. N. Chase, J. Knaff, and T. G. F. Kittel, 1998. The 1973-
1996 trends in depth-averaged tropospheric temperature, J. Geophys. Res., 103, 16,927-
16,933.

Pielke, R. A., Sr., J. Eastman, T. N. Chase, J. Knaff, and T. G. F. Kittel, 1998. Correction
to "The 1973-1996 trends in depth-averaged tropo-spheric temperature," J. Geophys.
Res., 103, 28, 909-911.

Pielke, R.A., Sr, 2003. Heat Storage Within the Earth System, BAMS, March, 331-335.



Pielke Sr., R.A, J. Nielsen-Gammon, C. Davey, J. Angel, O. Bliss, M. Cai, N. Doesken,
S. Fall, K. Gallo, R. Hale, K.G. Hubbard, H. Li, X. Lin, , D. Niyogi, and S. Raman, 2006:

Documentation of bias associated with surface temperature measurement sites, submiteed
to BAMS

Quattrochi et al, 1997, NASA GHCC Project Atlanta
http://weather.msfc.nasa.gov/atlanta/1997 ProjectATLANTA. .pdf

Ren G. Y., Z. Y. Chu, Z. H. Chen, Y. Y. Ren (2007), Implications of temporal change in
urban heat island intensity observed at Beijing and Wuhan stations, Geophys. Res. Lett.,
34, L05711, doi:10.1029/2006GL027927

Santer, B. D., et al., 2000. Interpreting differential temperature trends at the surface and
in the lower troposphere. Science, 287, 1227-1232.

Taylor, G.H., Matzke, A., Mitchell, M., (2002) Oregon HCN Data — New or Old, Which
One Is Correct? Oregon Climate Service, Oregon State University, Corvallis, Oregon

Torok, S. J., Morris, C. J. G., Skinner, C. and Plummer, N. 2001. Urban heat island
features of southeast Australian towns. Australian Meteorological Magazine, 50, 1-13.

Velazquez -Lozada, A.V., Gonzalez, J.E., Winter, A., 2006, Urban heat island effect
analysis for San Juan, Puerto Rico, Atmospheric Environment, 40, 1731-1741

Willmott, C. J., S. M. Robeson and J. J. Feddema, 1991. Influence of Spatially Variable
Instrument Networks on Climatic Averages. Geophysical Research Letters, 18(12), 2249-
2251.

Woolum, C. A., 1964: Notes from a study of the microclimatology of the Washington,
DC area for the winter and spring seasons. Weatherwise, 17, No. 6)

Zhou, L., Dickinson, R, Tian, Y., Fang, J, Qingziang, L., Kaufman, R, Myneni, R.,
Tucker, C., 2004, Rapid Urbanization warming China’s climate faster than other areas,
Proceedings of the National Academy of Science, June 29, 2004

EXPERTS/LINKS:

Roger Pielke Sr’;s Climate Science web log
http://climatesci.atmos.colostate.edu/category/climate-change-forcings-and-feedbacks/
Roger A. Pielke Sr.

Senior Research Scientist

Email: pielkesr@cires.colorado.edu

970-491-8293 (phone)

970-491-3314 (fax)




Hoyt, Doug, Urban heat Islands and Land Use Changes
http://www.warwickhughes.com/hopyt/uhi.htm

Dr. Steve Ackerman/, University of Wisconsin Urban Heat Islands



