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Analysis: Latest
take home message
	Socio-ecological systems: humans and respond to ecological change
		“power
	shape 
Slow and fast variation requires long-term research to understand
			Water as central idea
 
Impacts of climate change on cities and ecosystem services are “distributional”
		Social class and race
 
	Vulnerability to climate change occurs at multiple scales
	
 
 
 
Urban heat riskscapes synthesizes these 2 concepts
 
	Water and landscapes
 
Human as agents of climate / ecological change
 
In contrast
 
Humans are differentially vulnerable to climate changes – 
	Some are hotter, less greenness, less coping, greater health consequences
 
Role of vegetation: can arrange we use ecosystem services equitably and fairly
 
Bottom up organizing / bottom up solutions
 
 
Regional vulnerability vs more localized vulnerability
 
 
“Long-term” – 
 
Historical research “slow” changes in availability in ecosystem services 30+ years ago from always available




Increasing Temperatures

Economic Costs

Human Health / Comfort
Ecosystem Processes 

Electricity Usage

Greenhouse Warming

Consequences of Rising Urban Temperature

Water Use



Sustainability

Biodiversity

Ecosystem Services Vulnerability and 
Societal Activity

Environmental Conditions

“Meeting the needs of the present generation without 
compromising the ability of future generations to meet their 
needs.” Brundtland Report 1987



Ecosystem Services and Urban Sensitivity 
to Climate Extreme

Urban Vegetation

Heat Mitigation Human Vulnerability

Climate and Water
Availability

Species selection

Irrigation, Global Climate Changes

Ecological Questions:
How do global and regional warming interact?
What is the potential for vegetation to mitigate excessive heat?
What are the costs associated with using vegetation for heat mitigation?
How do species differ in their efficiency for heat mitigation?



Vulnerability

Exposure Risk

Coping

Hazard
Negative
Impact



Urban Heat Vulnerabilities

Humans have varying heat 
coping capacities
– Insulation

– Electrical cooling

– Health resources

– Social networks

Hypothesis:  The distribution of 
urban vegetation is an important 
intermediary between patterns of 
human settlement and local 
temperature: riskscapes

NEIGHBORHOOD 
INCOME 
DISTRIBUTION

Urban 
Vegetation
Distribution

Regional 
Temperature 
Distribution

Rapid Urbanization

Coping Exposure Risk



Urban Vulnerability to Climate Change 

What impact does the development and intensification of 
global climate change/urban heat islands have on health 
disparities?  

Are people in certain types of neighborhoods more vulnerable 
to the health effects of extreme temperature?

What is the role of vegetation and other land covers in 
regulating neighborhood heat vulnerability?

How can neighborhood built environments be reconfigured to 
reduce negative health impacts of climate change in arid 
cities?

Presenter
Presentation Notes
	My research team is seeking to understand the evolution of urban heat islands as a product of human settlement patterns; the community health disparities by social class and race that it causes; and the paths toward reducing health impacts of extreme heat among the most vulnerable population.  This is necessarily an interdisciplinary study that includes climatologists, ecologists, and geoscientists as well as sociologists and geographers.  The social scientists are in the driver’s seat on this project, having framed the research questions in ways that highlight the crucial social drivers and impacts of climate.  Phoenix, Arizona is the location of the study (which is an ideal place to study extreme heat ☺).
	
Dynamics of Coupled Natural-Human Systems Program.  Coupled human and natural systems (CHANS) are integrated systems in which humans and natural components interact. CHANS research has recently emerged as an exciting and integrative field of cross-disciplinary scientific inquiry, with research projects covering a variety of coupled systems in locations spanning the globe.  (National Science Foundation)




Phoenix, AZ: Model and well studied 
system

Jack Swilling Modern Phoenix, AZ
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Sensu Vitousek – again importance of lter
Founded 1867, now 5 million people divided in 20 municipalities



Phoenix Land Cover Trajectory

Jenerette GD and J Wu. 2001. Analysis and simulation of land‐use change in the central Arizona ‐ Phoenix region, USA.
Landscape Ecology 16:611‐626.
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5 million people 2011 and 20 distinct municipalities
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Has long-long term dynamics



How has urbanization affected regional climate?

Brazel, A., Selover, N., Vose, R. and Heisler, G. 2000. The tale of two climates ‐ Baltimore and Phoenix urban 
LTER sites. ‐ Climate Research 15: 123‐135.



Land cover and an Expanding Heat Island

Weather Research Forecasting Model
2 m Air Temperature Simulations
1700 LST 14 July 2003
Spatial resolution = 1 km

Source: Susanne Grossman‐Clarke
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Expansion of the heat island using mesoscale weather/climate model, WRF.
	Shows the 2 m air (above ground) temperature distribution in the Phoenix metro region on July 14th 2003 at 5 pm using LULC for different years.  The simulations were done with a 1 km resolution but this is not really visible. The urban area and places on the fringe that are developed are marked by black lines. The temperature scale does not resolve really fine details in T differences but it is well visible that there is quite a variety in T in the urban region that expands outward with real and projected human settlement.




Applications of decadal ground and 
satellite measurements for UHI research
• Weather station

– Local meteorology

• Landsat satellite
– Temperature, NDVI

• Census and health incident data
– Social segregation and heat related deaths

• Analysis
– GIS overlays, Monte‐Carlo resampling, process 
modeling



Increasing Variable

Regional Societal, Vegetation, and 
Climate Relationships

Jenerette, G. D., S. L. Harlan, A. Brazel, N. Jones, L. Larsen, and W. L. Stefanov. 2007. Regional relationships between 
surface temperature, vegetation, and human settlement in a rapidly urbanizing ecosystem. Landscape Ecology 
22:353‐365.

Vegetation



Temperature

Vegetation

Increasing Variable

Regional Societal, Vegetation, and 
Climate Relationships

Jenerette, G. D., S. L. Harlan, A. Brazel, N. Jones, L. Larsen, and W. L. Stefanov. 2007. Regional relationships between 
surface temperature, vegetation, and human settlement in a rapidly urbanizing ecosystem. Landscape Ecology 
22:353‐365.



Temperature

Vegetation

Income
Increasing Variable

Regional Societal, Vegetation, and 
Climate Relationships

Warming and vegetation are associated
with socio‐economic status

Jenerette, G. D., S. L. Harlan, A. Brazel, N. Jones, L. Larsen, and W. L. Stefanov. 2007. Regional relationships between 
surface temperature, vegetation, and human settlement in a rapidly urbanizing ecosystem. Landscape Ecology 
22:353‐365.



Regional Societal, Vegetation, and 
Climate Relationships



Source: Juan Declet‐Barreto

Vegetation Varies in Urban Landscapes
Historic Anglo Phoenix

Black Canyon Freeway

Object Based Image Classification 
– National Agriculture Imagery 
Project,  1 m pixel (March 2007)
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Presentation Notes
	With new data and tools available in the field of remote sensing, we are measuring vegetation inequalities between neighborhoods and households and we will relate vegetation cover to social characteristics and heat-related health outcomes.  Similarly we can measure other land covers, such as impervious surfaces (pavement) and water (swimming pools, lakes) to understand how poorer, predominantly minority neighborhoods are configured relative to wealthier communities.



Presenter
Presentation Notes
	This slide shows our project’s preliminary analysis of mapping contemporary heat-related deaths.  Deaths occur all around the Valley, but note that deaths are clustered in the central city and the NW corridor.  (Note deaths of homeless people as the most vulnerable group).  Data are from death certificates but there is broad consensus in public health community that coroners’ reports undercount heat-related deaths.
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Seasonal Dependence of Vegetation Heat Mitigation
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Using Irrigation for Cooling

Rn = H + λE + S
Basic Equation (Watts/m2)

Sensible Heat
Heat of 
vaporization

Evaporation rate Storage

E = (Rn – H) / λ

Estimated from air 
temperature and 
bare surface 
temperature

Water used for 
cooling estimated 
for each pixel

Estimated from air 
temperature and 
surface 
temperature for 
each pixel

Physical property
of water

Radiation
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Irrigation 
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Managing Urban 
Riskscapes through 
Irrigated Vegetation

Selecting heat criteria

Designing landscapes for 
neighborhood cooling

Assessing trade offs of 
management choices



What we have learned

• Vegetation has a large impact on local urban 
surface temperatures

• Income and ethnicity are strong determinants of 
vegetation and thus urban heat riskscape

• Surface cooling and water use are a key 
sustainability trade‐off

• However, the coupling of risk and income is of 
recent origin
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Revised Conceptual Framework

• Socio‐ecological systems: humans affect and respond 
to ecological change
– Temperature, vegetation,  and society are coupled

• Vulnerability to climate change is “distributional” and 
occurs at multiple scales
– Neighborhoods vary in risk and coping capacity for heat
– Vegetated cool refugia are a management opportunity

• Slow and fast variation requires long‐term research to 
understand
– Local effects of regional high temperature events are 
determined by decadal landscape changes
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