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Three North American Frontiers

Twin Cities: urbanization, suburbanization, ex-urbanization
MN/WI/NY: periurban/rural agriculture
Yucatan: deforestation along Mexico’s ‘New Frontier’

www.mo.nrcs.usda.gov



Southern Yucatan Peninsular Region (SYPR)



Land use = 1338 km2 / 7.7 %

Land use = 2356 km2 / 13.4 %
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Data

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

Surveys (1996, 2003, 2006)
Household
Labor
Production
Institutions

Ecological  (Ongoing)
Structure / function
Nutrient flows
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Archival (Ongoing)
Land use
Institutions
Climate



Environment

Land Cover

Soils

A EI

Environmental concepts
Endogenous functions
Exogenous impacts

Environmental cellular model
States in spatial factors
Rules



Institutions
A EI

Institution concepts
Influence actors
Channel drivers

Institutional agent-based model
Direct change of actor resources
Indirect change of spatial factors
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Actors
Actor concepts

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

Population/Demographics
Household dynamics
Migration at multiple scales

Actor agent-based model

A EI

MovementLand Use Interaction/ 
Networks



Agent-Based Model

Standard approaches tend to focus on:
General assumptions
General model of decision making
Analytical tractability (i.e., math/stats)
Power/elegance

Agent-based models focus on:
Varying decision making models
Varied actors
Actor interaction
Local interactions
Simplicity leading to complexity

A EI
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Household Product DiversityFactors Importance
Population 7.30
Environment 6.85
Institutions 28.33

Ejidal 12.86
Market 15.47

Land Use/Cover 7.52
Fragmentation 20.45
Distance 20.47
Cover type 16.60

Total 100

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.

(b)

(a)

(c)

A EI



No Ejidal Limits Ejidal limits



Complex Scales of Reality



Science-policy Gap Post-normal 
Science

Pattern vs. ProcessSimplicity vs. 
Complexity

ScaleSensitivity

Emergence
Supervenience

Scalar distributions

Deduction by analogy
Equifinality

Pattern/Process conflation

Initial conditions
Parameter sensitivity

Nonlinearity

Confounding behavior
Uncertainty

Deep uncertainty
Surprise

Deduction by analogy

Complex Reality, Complex Models



Conclusion

Regional modeling needs
Actors + Environment + Institutions
Scale
Complexity

Future research
Continued socioeconomic & ecological integration
HELIA

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