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Research Questions

How do coupled human-natural systems

generate the emergent patterns that we see In

metropolitan regions?

How can we best discriminate among urban
patterns based on ecological conditions?

How do emergent urban landscape patterns
Influence ecological functions?

How can planning integrate this knowledge to
develop sustainable urban landscape patterns?
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Linking Urban Landscape Pattern to Ecological
and Human Function: A Hypothesis
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Urban Landscape Patterns
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Predicted Population Densities
Central Puget Sound 2030




Land Cover Transitions Modeled

P is the probability of land cover change at site s at time t.

X is the y x m matrix of the y independent variables and a
unitary constant associate with each m site with initial class i.

Bi—>] is a vector of estimated logit coefficients.

k is the number of land cover states.



Land Cover Sample Variables

Landscape Composition Metrics | Development Intensity Variables

Percent Urban Development Event

Percent Light Urban Geometric Mean Parcel Size

Percent Forest Recent Development Variables
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All Urban Aggregation Index
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Land Cover Change Model
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Observed and Predicted Land Cover
King County 1991- 2023
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Model and Null Percent Correct at Multiple Scales*:
Predictions of 1999 Landscape from 1991-95
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- A- NULL Asymptote
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*Derived using methods from Pontius et al. 2004 Ecological Modeling 179




Relationship between population change and
Increases in impervious surfaces

Impervious Surface Change and Population Change by Cities
in Central Puget Sound 1990-2000
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Distribution of land cover across urban development patterns
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High Resolution Land Cover Analysis

Random selection of
the entire King County
area for the 30
development types

N = 30 per class




Impervious Surface by Urban Landscape Types
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Land Cover Signatures of Development Types
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Effects of urban patterns on streams
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Urban Patterns and Macroinvertebrates

We delineated 42 sub-basins of variable
degree of urbanization from 42 points
with an associated Benthic Index of
Biological Integrity (B-IBI).

We chose basins that were not larger
than 5km2.

We developed five scales of analysis

for investigation with each spatial metric:
from large-scale analysis to small-scale
analysis these scales are: basin-wide
scale, 300m riparian zone, 200m
riparian zone, 100m riparian zone,

and local riparian zone.
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Scales of Analysis
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Urban Landscape Pattern Metrics

Form Patch size Patch Area
Patch shape Shape Index
Density Land use density Building Units/Area
by Land Use
Built up density Building SQFT/Area
by Land Use
Heterogeneity Land use composition Shannon Diversity Index
Land cover composition Shannon Diversity Index
Connectivity Adjacency Aggregation Index
Road network Intersection Density
Cul-de-sac Density
Proximity to urban centers | Proximity Index




Example: Percent Land Cover

Sum of the area of all patches of
the corresponding patch type
divided by total landscape area.




Example: Aggregation Index

gi Al equals the number of like adjacencies
divided by the maximum possible number
of like adjacencies involving a specified class

Al = (100){
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Relationships between Transportation and B-IBI

#Road Crossings and BIBI - Basin Scale Road Density and BIBI - Basin Scale
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Relationships between Landscape
Configuration and B-IBI
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Summary Conclusions

Urban landscape patterns emerge from local interactions
of human agents, real estate markets, built infrastructure,
biophysical factors, and natural disturbances.

Distinct landscape signatures relevant to various
ecosystem processes can be identified for different urban
land use patterns.

Landscape configuration not only composition influences
ecological conditions in urbanizing watersheds.

Landscape pattern changes have significant
consequences for the response of aguatic systems to
human-induced landscape alterations.
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