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Three North American Frontiers

m Twin Cities: urbanization, suburbanization, ex-urbanization
m  MN/WI/NY: periurban/rural agriculture
m Yucatan: deforestation along Mexico’s ‘New Frontier’
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Southern Yucatan Peninsular Region (SYPR)
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3 HELIA (Human-Environment Land Integrated Assessment)
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Data Archival (Ongoing)

Land use
Institutions
Surveys (1996, 2003, 2006) Climate
Household
Labor
Production
Institutions

Ecological (Ongoing)
Structure / function
Nutrient flows
Biodiversity

Spatial
Satellite imagery (1975 - Present)
Aerial photography (1969, 1980s)
Environmental GIS layers (Ongoing)
Land-use/cover maps (1970 - Present)
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Environment

m Environmental concepts
1 Endogenous functions
1 Exogenous impacts
m Environmental cellular model

1 States in spatial factors
1 Rules

Land Cover
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Institutions

m Institution concepts

1 Influence actors
1 Channel drivers

m Institutional agent-based model

1 Direct change of actor resources
1 Indirect change of spatial factors
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Actors

m Actor concepts

1 Decision making
= Bounded rationality vs. perfect rationality
= Learning under risk/uncertainty
m Networks/Ties/Formation

1 Population/Demographics

m Household dynamics
= Migration at multiple scales

m Actor agent-based model

Movement

Interaction/
Networks
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Agent-Based Model

m Standard approaches tend to focus on:

General assumptions
General model of decision making

Analytical tractability (i.e., math/stats)
Power/elegance

m Agent-based models focus on:

Varying decision making models
Varied actors

Actor interaction i

Local interactions
Simplicity leading to complexity



Example Dynamics Actor must

grow crops to
meet needs
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Model output: the aggregate results
of the modeled subsystems (actors,
institutions, environment) can be
seen in (a) spatially-explicit mappings
of LUCC, (b) estimates of correlation
between LUCC and various factors,
and (c) statistics for individual
households. All of these results in
turn can be applied to social and

environmental scenarios. (a)
(b) 3 ()
Factors Importance . Household Product Diversity
Population 7.30 . [ o
Environment 6.85 ° . A e P
. . . i o
Institutions 28.33 . 2 | N et |
Ejidal 12.86 . -4
Market 15.47 . q \ /\/k/
Land Use/Cover 7.52 . : T\\\\:///’
Fragmentation 20.45 . - vy
Distance 20.47 . 1 2 3 4 5 8 7 8 9 10
Cover type 16.60 S
Total 100 . Rar
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Complex Scales of Reality

Extent vs. resolution
A Explanation vs. observation
Logical positivism Optimal scales .
Scale dependence & variance

Scale invariance

Realist scales / Process vs. Pattern
I Complex scale invariance Upscaling & downscaling
Linking extent to process
Representation & abstraction

Yo! AMicol!
WE NEED THAT TREE
TO PROTECT US

Realist hierarchies Constraints & bounding

T Absolute vs. relative scales
Hierarchy theory

Cross-scale interaction

Complex emergent hierarchies —-H_h\‘_‘_“ Emergence & subjectivity
Simplicity vs. complexity
Shifts in scale levels

Construction of scale Subjectivity
\ Construction of knowledge

MNetwaork scaling Construction of nature
Construction of scale

Epistemological Scale Continuum

Complex constructionist scales
Metworks & space

Indeterminate level & extent
Positionality

Relativism

Self-organization & emergence
Sensitivity & nonlinearity




Complex Reality, Complex Models

Initial conditions
Sensitivity Parameter sensitivity Scale
Nonlinearity
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Conclusion

m Regional modeling needs
Actors + Environment + Institutions
Scale
Complexity

m Future research

Continued socioeconomic & ecological integration

HELIA
m SYPR (NASA)
= Twin Cities region (NASA)
= Rotational grazing in MN, WI, and NY (NSF)
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