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A scientist’s perspective

Landsberg

 

(1973) Bulletin American 
Meteorological Society 54:86-89 

Landsberg

 

discussed the urban 
climate and the role of science 
in urban planning

Numerous conferences in the 
1970s and 1980s sponsored by 
the World Meteorological 
Organization on urban climate 
and urban planning



Climate of the 20th century

Hegerl

 

et al. (2007) in Climate Change 2007: The Physical 
Science Basis, Solomon et al., Eds., 663-745

Natural forcings only 

Anthropogenic and natural forcings 

Anthropogenic forcings
Greenhouse gases 
Sulfate aerosols
Black carbon aerosols
Ozone

It is extremely unlikely (<5%) that the 
global pattern of warming during the 
past half century can be explained 
without external forcing, and very 
unlikely that it is due to known natural 
external causes alone.

Natural forcings
Solar variability 
Volcanic aerosols

The IPCC released its 4th

 

assessment report in 2007. This influential report has 
greatly changed the scientific debate about climate change.



Climate of the 21st century

Meehl

 

et al. (2007) in Climate Change 2007: The Physical 
Science Basis, Solomon et al., Eds., 747-845

Multi-model mean surface 
warming (relative to 1980–

 
1999) for the scenarios A2, 
A1B and B1

Multi-model mean warming and 
uncertainty for 2090 to 2099 
relative to 1980 to 1999:

A2:   +3.4°C (2.0°C to 5.4°C)
A1B: +2.8°C (1.7°C to 4.4°C)
B1:    +1.8°C (1.1°Cto 2.9°C)



Multi-model mean of annual mean surface warming (surface air temperature change, °C) 
for the scenarios B1, A1B, and A2. Anomalies are relative to the

 

average of the period 
1980 to 1999. 

Meehl

 

et al. (2007) in Climate Change 2007: The Physical 
Science Basis, Solomon et al., Eds., 747-845

Climate change mitigation

Science has changed…from will climate change…to how to 
mitigate warming –

 

carbon cycle, biofuels, carbon 
plantations, land use



Net solar radiation + Net longwave radiation = Sensible heat + Latent heat + Soil heat

Net solar radiation

 

= (1-r)S↓
r = albedo, defined as fraction of incoming solar radiation reflected

Net longwave radiation

 

= εL↓-εσT4

All material emits radiation in proportion to its absolute temperature raised to the fourth power

Sensible heat

 

-

 

Movement of air transports heat. A common example is the the cooling of a 
breeze on a hot summer day.

Latent heat

 

-

 

Energy is required to change the phase of water from liquid at the surface to 
vapor in air. This cools the evaporating surface. Heat loss is why a person may feel cold on a hot 
summer day when wet but hot after being dried with a towel. 

Soil heat

 

-

 

Heat is exchanged with the underlying soil through conduction -

 

the transfer of heat 
along a temperature gradient from high temperature to low temperature due to direct contact. 
The heat felt when touching a hot mug of coffee is an example of

 

conduction.

Energy fluxes

  
  

 
   

Latent Heat 
Sensible Heat 

Net Radiation

Soil Heat



Leff

 

et al. (2004) GBC, 18, GB1009, doi:10.1029/2003GB002108 

Anthropogenic land use

Agroecosytems
Albedo
Bowen ratio
Infiltration/runoff
Soil water holding capacity
Atmospheric CO2
Nitrogen cycle
Dust



Comparison of 6 earth system models of intermediate complexity 
forced with historical land cover change, 1000-1992

Brovkin

 

et al. (2006) Climate Dynamics 26:587-600
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Northern Hemisphere annual mean temperature decreases 
by 0.19 to 0.36 °C relative to the pre-industrial era

Historical land use forcing of climate
The emerging consensus is that land cover change in middle latitudes has cooled the Northern 
Hemisphere (primarily because of higher surface albedo)



Future IPCC SRES Land Cover Scenarios for NCAR LSM/PCM

Future land cover change as a climate forcing

Feddema

 

et al. (2005) Science 310:1674-1678 

A2 –

 

Widespread 
agricultural expansion with 
most land suitable for 
agriculture used for farming 
by 2100 to support a large 
global population

B1 -

 

Loss of farmland and 
net reforestation due to 
declining global population 
and farm abandonment in the 
latter part of the century



SRES B1 SRES A2

2100

2050

Climate simulations with changing land cover. Figures show the effect of land cover on 
temperature for the months June-August.

(SRES land cover + SRES atmospheric forcing)  -

 

SRES atmospheric forcing

Feddema

 

et al. (2005) Science 310:1674-1678 

Future land cover change as a climate forcing
Land use choices affect climate



Schaeffer et al. (2006) GBC, 20, GB2020, doi:10.1029/2005GB002581 

Reforestation might be chosen as an option for the 
enhancement of terrestrial carbon sequestration or 
biofuel

 

plantations may be used as a substitute for 
fossil fuels

Land management policies to mitigate climate change

Excess agricultural land converted 
to carbon storage or biofuels

2100 land management, IPCC A1b scenario

Green = carbon plantations
Green + red = biofuel

 

plantations

Carbon plantations and biofuel

 
plantations reduce atmospheric 
CO2

 

, leading to cooling

Carbon plantations have lower 
albedo than biofuels, leading to 
warming



Urban design to mitigate climate warming
Urban parks Rooftop gardens

White roofs Green parking lots



Urban heat island

The urban heat island was first recognized in London in 1820 with Luke Howard’s observation 
“night is 3.7°F (2.1°C) warmer…in the city than in the country”

Landsberg

 

(1981) The Urban Climate (Academic Press)



Columbia, Maryland

business buildings, shopping centers, 
parking lots

Contour from 1oC to 7oC by 1oC

4 October 1974
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Legend

detached houses and apartments

Landsberg

 

& Maisel

 

(1972) Bound.-Layer Meteor. 2:365-370 
Landsberg

 

(1979) Urban Ecology 4:53-81 

1968, population 1000 1974, population 20 000 

1968: Maximum warming compared with surrounding rural area was 
1 °C. A small business center was a local heat island of up to 3 °C

1974: Most of the town was more than 2 °C warmer than the 
surrounding rural land. A central commercial and residential 
district was 5-7 °C warmer 



Suburban Atlanta daytime thermal Urban Atlanta daytime thermal 

NASA/Goddard Space Flight Center

 

Scientific Visualization Studio 

Atlanta, Georgia

Trees and parks appear as blue, green, or 
yellow. Buildings, streets and other urban 
surfaces appear as red.

Urban Atlanta is warmer than suburban 
Atlanta.
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(1981) J. Climatol. 1:237-254 

Maximum heat island 

Maximum instantaneous 
ΔTu-r

 

at any time of the 
year. The average heat 
island is much less.
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WallAs H/W increases, a point in the street 
“sees”

 

proportionally less of the sky and 
more of the wall. More of the longwave 
radiation emitted by urban surfaces is 
trapped in the canyon.

Bonan

 

(2008) Ecological Climatology. 2nd

 

edition (Cambridge Univ. Press)

View factors



 
 

Sensible Heat 
129 W

 

m-2 Latent Heat 
101 W

 

m-2Storage 
65 W

 

m-2

Net Radiation
295 W

 

m-2

  
  

 
   

Storage 
12 W

 

m-2

Latent Heat 
187 W

 

m-2Sensible Heat 
86 W

 

m-2

Net Radiation
283 W

 

m-2

Rural: managed grassland

albedo: 0.20
Bowen ratio (H/λE): 0.46
Evaporative fraction (λE/Rn

 

): 0.66

albedo: 0.13
Bowen ratio: 1.28
Evaporative fraction: 0.34

an average summer day 

Surface energy fluxes, Vancouver, B.C. 

Cleugh

 

& Oke

 

(1986) Bound.-Layer Meteor. 36:351-369 

Cities have lower albedo, less latent heat flux, 
greater sensible heat flux, and greater heat storage 
compared with rural locations

Suburban: 25% building, 11% paved, 64% greenspace
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et al. (1998) Int. J. Climatol. 18:681-700 

Cooling effect of parks increases with park size

Urban parks cool climate 
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, top) and Bowen ratio (H/λE, bottom) 
in relation to vegetation cover (left) and H/W (right) for four sites in Łódź, Poland, 
and seven sites in Basel, Switzerland

Christen & Vogt (2004) Int. J. Climatol. 24:1395-1421 
Offerle

 

et al. (2006) J. Appl. Meteor. Climatol. 45, 125-136 

Sensible heat flux decreases with more 
greenspace and increases with greater H/W

Urban parks cool climate 



Scale -
 

city planning



Scale –
 

residential subdivision



Scale –
 

global climate model

Urban areas as seen by satellite in nighttime lights of the world 



New York City Mexico City

Cairo

Denver Tech Center

Burlington, Vt

Diversity of city form

Village, China

Calcutta

Suburban Colorado



Coupled land-atmosphere-ocean-sea ice climate system

Uses mathematical equations to simulate the 
physical, chemical, and biological processes that 
drive Earth’s climate

Discretizes

 

the planet into model grid cells

 

 
defined by longitude, latitude, height in the 
atmosphere, depth in the ocean, and depth in soil 

Equations are solved every 20-minutes for

 

 
atmosphere and land and every 60-minutes for 
ocean and sea ice

Typical simulation: several hundred model years

What emerges from trillions of computer

 

 
calculations is a picture of the world’s climate in 
all its complexity



glacier
16.7%

lake
16.7%

urban
8.3%

wet-
land
8.3%

vegetated
43.8%

CLM represents a model grid cell as a mosaic of up 
to 6 primary land cover types. Vegetated land is 
further represented as a mosaic of several plant 
functional types

Bonan et al. (2002) G BC 16(2), 1021, doi:10.1029/2000GB001360

Representing the land surface

Subgrid land cover and plant 
functional types

crop 6.2%
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Urban Class H/W 
ratio

Vegetative 
fraction

Density (U.S. 
example)

CBD/
Industrial

3+ < 0.1 ~

 

> 800 
people/km2

High density 1 -

 

3 ~ 0.33 ~

 

400 -

 

800 
people/km2

Low density 
/suburban ~ 0.5 ~ 0.75 ~ 250 -

 

400 
people/km2

World Housing 
Encyclopedia

Model input data
Fractional area of city
Building height
H/W ratio
Roof fraction
Vegetated fraction
Building materials

Urban land classes

Building materials



Urban canyon, H/W

City and residential streets can 
be characterized by an idealized 
“canyon”

 

defined by building 
height H and street width W

W

H



Roof area, Wroof

A substantial surface area is covered by roofs

W

H

Fraction of city covered by roofs, 0 ≤

 

Wroof

 

≤

 

1

1 -

 

Wroof

 

is the fractional 
area of the urban canyon 



Urban parks, fpervious

W

H

Wroof

fpervious

1 -

 

fpervious

Impervious area = 1 -

 

fpervious



Building materials

Thermal properties
Roof thermal conductivity, heat capacity
Wall thermal conductivity, heat capacity
Road thermal conductivity, heat capacity 
Soil thermal conductivity, heat capacity 

Radiative properties
Roof albedo, emissivity
Wall albedo, emissivity
Road albedo, emissivity
Soil albedo, emissivity



Urban-atmosphere coupling

Oleson

 

et al. (2008) J. Appl. Meteor. Climatol., in press 

Energy fluxes are modeled for an 
idealized urban canyon. These 
fluxes affect atmospheric 
temperature, humidity, wind, 
radiation, and precipitation, 
which in turn determine energy 
fluxes



Average diurnal cycle of simulated 
and observed heat fluxes for the 
Mexico City site (Me93) for Dec 
2-7, 1993 

Oleson

 

et al. (2008) J. Appl. Meteor. Climatol., in press 

Simulated energy balance

Key features
• Diurnal cycle is well represented
•

 

Simulated net radiation is too 
high (model ignores pollution), 
which drives high sensible heat
• Negligible latent heat flux
• Large storage heat flux



Average diurnal cycle of simulated and observed 
surface temperatures for the Mexico City site 
(Me93) for Dec 2-7, 1993
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Oleson

 

et al. (2008) J. Appl. Meteor. Climatol., in press 



Simulated summer (June-August) daytime average Bowen ratio (H/λE) 
as a function of percent pervious area for a mid-latitude North 
American city with H/W = 0.5 

Vegetation cools the city

Oleson

 

et al. (2008) J. Appl. Meteor. Climatol., in press 



Maximum heat island for a North American 
mid-latitude city

Model results are shown for no anthropogenic 
heat flux, with anthropogenic flux, and with 
anthropogenic flux and rural site modeled as 
forest

Simulated heat island is sensitive to 
specification of anthropogenic heat flux and 
to the type of rural vegetation

Simulated urban heat island

Oleson

 

et al. (2008) J. Appl. Meteor. Climatol., in press 
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Default Roof albedo

Wall albedo

Urban heat island mitigation

City average

Daily average maximum heat island during summer

Range over U.S. cities

Summer urban heat island (Turban

 

– Trural

 

) in U.S. cities

Instantaneous maximum heat island during summer

Roof fraction = 0.25
Roof albedo = 0.15
Wall albedo = 0.25

Wall albedo = 0.70

Roof fraction = 0.75
Roof albedo = 0.70

White roofs reduce 
heat island

White walls have negligible effect

City average

Oleson

 

et al. (2008) J. Appl. Meteor. Climatol., in press 



Simulated albedo
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Change in daily maximum heat island in 
summer as a function of summed hourly 
daytime latent heat flux

Urban heat island mitigation

H/W = 3
fpervious

 

= 0.8
H/W = 3
fpervious

 

= 0
vs.

The urban heat island is reduced in proportion to 
the increase in latent heat flux

Oleson

 

et al. (2008) J. Appl. Meteor. Climatol., in press 

Urban parks decrease temperature



Urban sprawl, Los Angeles Infill development, Arlington, VA

Geographically extensive
Low H/W
High vegetated fraction
Relies on automobile

Geographically concentrated
High H/W
Low vegetated fraction
Relies on mass transportation

Urban heat island mitigation



We can now model the temperature in cities and its response to climate change 
and we can explore strategies to mitigate warming 

Climate change mitigation



Colonial Americans and forests

Thomas Cole –

 

“View from Mount Holyoke, Northampton, Massachusetts, 
after a Thunderstorm (The Oxbow)”, 1836

Conveys the views Americans at that time felt toward 
forests. The forest on the left is threatening. The 
farmland on the right is serene.

Atmospheric science –

 

geophysical view 
expanded to a biogeophysical view

Ecology –

 

ecosystem goods and services

Architecture and planning –

 

ecological design
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