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Land Architecture and Tradeoffs: 
Foundations for SustainabilityFoundations for Sustainability

B. L. Turner II
School of Geographical Sciences and Urban Planning

School of Sustainability

Sustainability Science 

In a warmer world

• Global

– Provisioning humankind without threatening the base 
functions of the earth system

In a warmer (wetter/drier) world 

• Local to regional

– Maintaining and enhancing human well being without 
threatening ecosystem services
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3 Pivots of SS

• #1 Coupled human‐environment system = 
phenomenon of study and applicationp y pp
– Synergy/feedbacks of the two subsystems affect one 

another and outcomes relative to external links and such 
issues as sustainability or vulnerability 

3 Pivots of SS

• #2 Natural capital expanded to include all 
t  (   i t l)  iecosystem (or environmental) services

Biotic diversity

Biotic diversity
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• #3 Tradeoffs among ecosystem services 
(outcomes land of cover) & between those services and 

3 Pivots of SS

(outcomes land of cover) & between those services and 
human outcomes (outcomes of land use)

Underemphasized Facets of 
Tradeoffs

• Physical tradeoffs
(change in service 
or human outcome 
relative to others), 
which can be as 
useful as economic 
tradeoffs (placing 
monetary value) 

Bennett, Peterson, & Gordon, 2009, Ecological Letters
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Underemphasized Facets of 
Tradeoffs

• Spatial dimensions of the tradeoff resultsSpatial dimensions of the tradeoff results
– land architecture (LA)

– spatio‐temporal scale of assessment

– spatio‐temporal dynamics

Where

LA = kind, amount, pattern, distribution of cover/use

Simple Example from Southern Yucatan 
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Ecological, landscape, 
nutrient cycling

Census, household 
surveys [gen. & 
specific], participant 
obs., land surveys

Spatially explicit 
econometric models

Spatially explicit 
agent-based
assessment models

DEPE
NDEN
T VAR

AGENCY-
BASED 
MODEL

STRUCTUR
E-BASED 
MODEL

JOINT 
STRUCTURE-
AGENCY 
MODEL

Milpa R2=0.6387
Entitlement
Family size

R2=0.5577
PROCAMP
O

R2=0.8625
Tenancy
Labor/Consumer 
ratio

Tests of concepts-theory 
Results informed by qualitative

Land Tenure and Ejidos & SYPR Sample
[ejido [ejido area = 18,703 kmarea = 18,703 km22]]

N

19° 00´19° 00´

Private

Forest amplifications
to            outside SYPRejidos

LEGEND

N
25 KM

Ejido 18° 30´

National

Ejidos  in sample

89° 30´90° 00´90° 30´ 89° 00´

18° 00´



6/25/2010

6

Land Unit #1

• LA favoring Reserve’s biotic 
diversity and carbon storage 
themesthemes

• Fragstats; PD 0.02, ED 2.01, LSI 
2.67

• Carbon sink
• Old, slow growth species
• Captures large amount of P for 

nutrients
• Emits much water vapor for 

regional rfeg o a
• Lower farm income
• Focused are cultivated = 

reduced available soil P
• Weed‐pest concentrations

Land Unit #2

• LA favors farming
• Fragstats: PD 0.16, ED. 5.91, g , 9 ,

LSI 4.2
• Secondary forest = less 

habitat for mature 
diversity species; lower 
carbon stocks; less 
evapotranspiration; less P 
capture
F  i o e highe• Farm income higher

• Increase use of inputs 
(pesticides and fertilizers)

• External markets are key
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Land Unit #1 Embedded in Others

Given LA in which units are 
embeddedembedded

• bio‐goals of Unit 1 not 
likely met

• farm goals of Unit 2 
affected by increased 
pests, decrease P and 
precipitationprecipitation

Each unit and region = 
different tradeoffs given 
its LA and its embedded LA

• Absent tradeoff assessment, cannot determine 
vulnerability and resilience of any coupled system
 Within its usual range of variance

• Design or architecture of land system = critical but 
overlooked facet of tradeoffs
 Land architecture essential for built environment

 LA = kind, amount, pattern, distribution of land use‐cover
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Hypothetical Example of Phoenix & 
Central Arizona Megapolitan

Thank you Soe Myint for the subsequent imagery.

Commercial

• + heat island (clim rs)
• ‐‐ biotic diversity (ps)

  b  & l d  i i  ( )• + carbon & lead emissions (ss)
• + albedo (ss)
• + tropospheric pollution (clim rs)

Poor scores on most environmental 
services

• + economic income/growth

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the  
image and then insert it again.

g
• + employment opportunities
• + cultural/entertainment access

Scores high on many human 
outcomes
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High (?) Density Residential

• + heat island offset (clim rs)
• ‐‐ native biotic diversity (ps)
• ‐‐ potenital carbon & lead emissions (ss)potenital carbon & lead emissions (ss)
• + tropospheric pollution (clim rs)
• ‐‐ albedo (ss)

Variable scores on environmental services

• ‐‐ amt. daily travel
• + access to social services
• + neighborhood diversity
• + heat related health issues

Variable scores on human outcomes

Low Density Residential

• +/‐‐ heat island (clim rs)
• +/‐‐ household water use
• + native biotic diversity (ps)y (p )
• + carbon & lead emissions (ss)
• + albedo (ss)
• ‐‐ tropospheric pollution (ss) [but]

Variable scores on environmental services

• + per capita tax base [‐‐ on per area]
• + per capita spending
• + health insurance coverage
• + landscaped valued
• ‐‐ social diversity

Scores high on many human outcomes
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Urban‐Agri‐Wildland Interface

• ‐‐ heat island (clim rs)

• +/‐water use/ha (ps)

• + native biotic diversity (ps)

Environmental services scores 
depend on amount of agr.

• + maintains agri. sector

• ‐‐ housing development

• + access to favored landscapes

Scores high on AZ citizen 
assessment. 

Scalar 
Dynamics

Decreased metro‐area per capita water 
consumption offset by regional desiccationco su pt o o set by eg o a des ccat o

Biotic friendly LA of metro‐fringe rendered 
moot by loss of habitats in region.

Reduced water demands by loss of agr. lands 

Inner‐city green cooling offset by metro‐area 
warming

Reduced water demands by loss of agr. lands 
partially offset by inner‐city and metro‐area 
temperature increases
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What’s Needed

• “Real‐world” land architecture multiple 
l d  lland classes

•Multiple ecosystem tradeoffs

•Multiple human outcomes

• Combine in spatially explicit & dynamic 
modelsmodels

• Test robustness of modeling outcomes
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