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Study Area - Study Area - Upper Midwest, USAUpper Midwest, USA
About 2/3 forested,About 2/3 forested,
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Research Questions and Interim ProgressResearch Questions and Interim Progress

11 What were the types and rates ofWhat were the types and rates of  land cover change andland cover change and
fragmentation over two decades in the study region?fragmentation over two decades in the study region?

■■ Pilot study in three county area of Michigan, methodological progress.Pilot study in three county area of Michigan, methodological progress.

22 What is the sensitivity to the scale/resolution at which those changesWhat is the sensitivity to the scale/resolution at which those changes
are monitored (air photo versus MSS)?are monitored (air photo versus MSS)?

■■ Land use from air photos and Land use from air photos and foresfores cover from  cover from LandsatLandsat; thematic detail.; thematic detail.

33 How are the changes and fragmentation related to changes in theHow are the changes and fragmentation related to changes in the
fragmentation of land ownership?fragmentation of land ownership?

■■ In general, land ownership is fragmenting and forest cover is increasing, andIn general, land ownership is fragmenting and forest cover is increasing, and
often often defragmentingdefragmenting, but the causal relationships require land use information., but the causal relationships require land use information.

44 What quantitative functions describe the effects of socioeconomicWhat quantitative functions describe the effects of socioeconomic
processes on observed rates of land cover composition and patternprocesses on observed rates of land cover composition and pattern
change?change?

■■ Economic, demographic, environmental, and institutional/policy factors.Economic, demographic, environmental, and institutional/policy factors.



Empirical Observation of LCLUCEmpirical Observation of LCLUC

Time Time 
SeriesSeries
DataData
(70-90)(70-90)

Demographic Demographic 
and Economic and Economic 
ChangesChanges

CensusCensus

LandLand
OwnershipOwnership
Change andChange and
FragmentationFragmentation

LUCCLUCC
ProcessProcess

Land UseLand Use
ChangesChanges

Plat MapsPlat Maps

Collected at 136 sample sitesCollected at 136 sample sites

Forest CoverForest Cover
and Patternand Pattern
ChangesChanges

Air PhotosAir Photos LandsatLandsat
MSSMSS



Methods to DateMethods to Date
■■ Forest cover and pattern mapping (NALC)Forest cover and pattern mapping (NALC)

–– Pre-processing, classification, and accuracy assessmentPre-processing, classification, and accuracy assessment
–– Parcel fragmentation and forest cover change in three MichiganParcel fragmentation and forest cover change in three Michigan

counties (S.A. counties (S.A. DrzyzgaDrzyzga, Master’s Thesis), Master’s Thesis)
–– Error in change analysis based of pattern metricsError in change analysis based of pattern metrics

■■ Land use mapping and change analysisLand use mapping and change analysis
–– Arc/Info based tools for: (1) mapping from air photos & parcelsArc/Info based tools for: (1) mapping from air photos & parcels

(2) quality control (near complete)(2) quality control (near complete)

■■ Model developmentModel development
■■ County-level land use estimatesCounty-level land use estimates
■■ ArcViewArcView model & GUI with model & GUI with stochasticity stochasticity and dynamics and dynamics
■■ Link with SNNS for artificial neural network analysisLink with SNNS for artificial neural network analysis
■■ Pilot-testing calibration and validation proceduresPilot-testing calibration and validation procedures



Forest Cover Pattern and ChangeForest Cover Pattern and Change

Based on NorthBased on North
AmericanAmerican
LandscapeLandscape
CharacterizationCharacterization
(NALC) data.(NALC) data.

NALC Mosaic of theNALC Mosaic of the
Northern LowerNorthern Lower
Peninsula ofPeninsula of
MichiganMichigan

19911991



Locations ofLocations of Landsat Landsat Scenes, Scenes,
Sample Counties and SitesSample Counties and Sites



NALC Processing ProceduresNALC Processing Procedures

Primitive Thresholding
(identifying water, hazy area, clouds, 

and cloud shadows)

Haze Correction
(matching histograms)

Unsupervised Classification
(ISOCLUSTER, 50 classes)

Class Labeling &
Check points interpretation
(using airphotos as ground truth to

label the image and about 20 randomly
selected points for each sample site)

Mosaic NALC scenes Class Merging
(merging 50 classes into 4 data categories:

 forest, nonforested, water, others)

Accuracy Assessment

NALC scenes

Should be complete June 1999Should be complete June 1999



NALCNALC
scenescene

Clouds &Clouds &
shadowsshadows

maskmask

NALC sceneNALC scene
with maskswith masks

WaterWater
maskmask



Labeling classes by using Labeling classes by using airphoto airphoto as ground truthas ground truth

Sample points for accuracy Sample points for accuracy 
assessment (green lines depict assessment (green lines depict 
the actual pixel size on NALC)the actual pixel size on NALC)



Forest Cover ChangeForest Cover Change

Nonforested WaterForest

19731973 19851985 19911991



Forest Fragmentation Pilot StudiesForest Fragmentation Pilot Studies

■■ Sample area study to quantify errors inSample area study to quantify errors in
measuring forest fragmentationmeasuring forest fragmentation
dynamics.dynamics.

■■ Small area study to test for meaningfulSmall area study to test for meaningful
relationships between parcel changesrelationships between parcel changes
and forest cover change andand forest cover change and
fragmentation.fragmentation.



NALC Data for Change AnalysisNALC Data for Change Analysis

1972-19751972-1975

1985-19871985-1987

1990-19921990-1992

Pre-registeredPre-registered
LandsatLandsat MSS MSS
ScenesScenes

60 m resolution60 m resolution

About 25 %About 25 %
overlap betweenoverlap between
adjacent scenesadjacent scenes



Classified Land Cover: Classified Land Cover: Site A 1990sSite A 1990s

Shading indicates overlapShading indicates overlap
areaarea
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Classified Land Cover: Classified Land Cover: Site B 1990sSite B 1990s



Landscape Metrics AssessedLandscape Metrics Assessed
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Summary of Errors in Image PairsSummary of Errors in Image Pairs

a70s a80s a90s b70s b80s b90s

%Forest
Edge Dens.

# Patches
MPS

0

0.5

1

1.5

2

2.5

Root Mean 
Squared Error 

(RMSE) as 
Proportion of 
Mean Value

Scene Pair

Metric



Model of Error in MetricModel of Error in Metric
DifferencesDifferences

HypothesesHypotheses
Errors are larger where:Errors are larger where:
■■ forest is near parity withforest is near parity with

non-forestnon-forest
■■ haze is more prevalenthaze is more prevalent
■■ image pair is taken underimage pair is taken under

divergent divergent phenologicalphenological
conditionsconditions

VariablesVariables

■■ 2nd-order polynomial of2nd-order polynomial of
aveave. percent forest. percent forest

■■ % of site with haze% of site with haze
■■ diffdiff. in image . in image avgavg. NDVI. NDVI

oror difference in Julian difference in Julian
datedate



Predicting Error in Percent ForestPredicting Error in Percent Forest
Error in Percent Forest =Error in Percent Forest =
-7.93 + 0.45 (PF) - 0.005 (PF-7.93 + 0.45 (PF) - 0.005 (PF22) + 0.12 (haze) + 1.99 () + 0.12 (haze) + 1.99 (diff diff NDVI)NDVI)
■■ F-test = 423.84 (p > 0.99);F-test = 423.84 (p > 0.99); Adj Adj. R. R22 =  = 0.500.50

With difference in Julian Date instead of With difference in Julian Date instead of diffdiff
NDVINDVI

-4.87 + 0.37 (PF) - 0.004 (PF-4.87 + 0.37 (PF) - 0.004 (PF22) + 0.06 (haze) + 0.31 () + 0.06 (haze) + 0.31 (diffdiff Days) Days)
■■ F-test = 284.02 (p > 0.99);F-test = 284.02 (p > 0.99); Adj Adj. R. R22 =  = 0.400.40

all variables are significant at p > 0.99all variables are significant at p > 0.99



Predicting Error in # of PatchesPredicting Error in # of Patches
Error in Number of Patches =Error in Number of Patches =
-27.00 + 2.03 (PF) - 0.02 (PF-27.00 + 2.03 (PF) - 0.02 (PF22) + 0.42 (haze) + 7.56 () + 0.42 (haze) + 7.56 (diff diff NDVI)NDVI)
■■ F-test = 453.23 (p > 0.99);F-test = 453.23 (p > 0.99); Adj Adj. R. R22 =  = 0.510.51

With difference in Julian Date instead ofWith difference in Julian Date instead of diff diff
NDVINDVI

-9.85 + 1.71 (PF) - 0.02 (PF-9.85 + 1.71 (PF) - 0.02 (PF22) + 2.00 (haze) + 1.01 () + 2.00 (haze) + 1.01 (diffdiff Days) Days)
■■ F-test = 307.81 (p > 0.99); F-test = 307.81 (p > 0.99); AdjAdj. R2 = . R2 = 0.420.42

all variables are significant at p > 0.99all variables are significant at p > 0.99



(+/-)

Application to Change AnalysisApplication to Change Analysis



Conclusions from Pilot Study IConclusions from Pilot Study I
■■ Landscape metrics calculated from satelliteLandscape metrics calculated from satellite

images are subject to measurement error.images are subject to measurement error.
■■ Increasing size of landscape partitionsIncreasing size of landscape partitions

decreases error, but map generalizationdecreases error, but map generalization
through sieving or filtering has inconsistentthrough sieving or filtering has inconsistent
effect on error.effect on error.

■■ Error at a location for some metrics can beError at a location for some metrics can be
estimated using percent forest, haze, andestimated using percent forest, haze, and
difference in difference in phenological phenological condition.condition.





Parcel Size Average and ChangeParcel Size Average and Change
by County Typeby County Type
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Forest Cover fromForest Cover from
NALC CompositesNALC Composites

Pilot study area used for aPilot study area used for a
student thesis. Foreststudent thesis. Forest
fragmentation wasfragmentation was
compared with ownershipcompared with ownership
parcelization parcelization at county,at county,
township (township (MCDsMCDs), and), and
survey section scales.survey section scales.



Conclusions from Pilot Study IIConclusions from Pilot Study II

■■ Forest cover increased from 1973-91 and becameForest cover increased from 1973-91 and became
less fragmented.less fragmented.

■■ KalkaskaKalkaska County, with high population growth County, with high population growth
rate (156% over period) but low initial populationrate (156% over period) but low initial population
(5272), experienced greatest forest (5272), experienced greatest forest regrowthregrowth
(22.4%) and (22.4%) and defragmentation defragmentation (24%).(24%).

■■ Spatial patterns tend to be at scale ofSpatial patterns tend to be at scale of MCDs MCDs..
■■ Although consumption theory of land rentAlthough consumption theory of land rent

explains a good deal of variation in parcel sizes,explains a good deal of variation in parcel sizes,
relationship with forest cover is inconclusive.relationship with forest cover is inconclusive.



Hypothesized Land Use DriversHypothesized Land Use Drivers
■■ Development of agricultural landsDevelopment of agricultural lands

■■ AgAg to developed, with some forest recovery to developed, with some forest recovery

■■ Development of undeveloped landsDevelopment of undeveloped lands
■■ undeveloped (including forest) to developedundeveloped (including forest) to developed

■■ Agricultural abandonmentAgricultural abandonment
■■ AgAg to undeveloped, usually with  to undeveloped, usually with regrowthregrowth

■■ Recreation and tourism based developmentRecreation and tourism based development
■■ any conversion to recreation-based useany conversion to recreation-based use

(includes seasonal homes)(includes seasonal homes)













Land Use Drivers in the RegionLand Use Drivers in the Region

Source: Natural Resources Inventory (NRI),Source: Natural Resources Inventory (NRI),
NRCSNRCS
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Air Photo Archive & Parcel DataAir Photo Archive & Parcel Data
■■ 136 sample sites (~2500 ha) three epochs136 sample sites (~2500 ha) three epochs

each (early 1970s, early 1980s, early 1990s)each (early 1970s, early 1980s, early 1990s)

■■ >1,200 archival photos>1,200 archival photos
scanned, rectified,scanned, rectified, mosaiced mosaiced (2 (2
m resolution)m resolution)

■■ >10,000 polygons per epoch>10,000 polygons per epoch
georeferencedgeoreferenced & digitized from & digitized from
plat books.plat books.







Land Use ClassificationLand Use Classification
Code Land Use Type

100 Developed
110 Residential

111 High density Residential

112 Low density Residential

120 Retail/Office

130 Industrial/Warehouse

140 Infrastructure/Transportation
141 Airport

142 Transport Corridor or Terminal
143 Utility corridor or station

144 Institutional

150 Site-based outdoor recreation
151 Campground

152 Golf course

153 Ski area

154 Marina
155 Park and outdoor assembly

160 Mining/extractive

170 Other developed

200 Agriculture
210 Row crop
220 Non-row crop
230 Pasture/grazing
240 Other agriculture

300 Undeveloped
310 Open/grass

320 Old field/young forest
330 Mature Forest
340 Tree Plantation
350 Open Water
360 Wetland

370 Riparian Zone / Forested
Wetland

380 Other Undeveloped

Students trained to identifyStudents trained to identify
classes using rules based onclasses using rules based on

••photo interpretationphoto interpretation
••parcel sizeparcel size



Land Use Patterns and ChangeLand Use Patterns and Change

Digitized parcelDigitized parcel
map and aerialmap and aerial
photographyphotography



Interactive Land Use Classification SystemInteractive Land Use Classification System



LPQC - Quality ControlLPQC - Quality Control



Interpreted Land UseInterpreted Land Use

Unclassified
Residential
Commercial
Trans/Utility
Recreational

Mining/Extract
Other/Cemetery
Agriculture
Open/Grass
Old Field/Yng Forest

Forest
Open Water
Wetland
Other Undev

19731973 19851985 19911991



Approach to LCLUC ModelingApproach to LCLUC Modeling
■■ Regional economic & demographicRegional economic & demographic

model produces county-level estimates.model produces county-level estimates.
–– statistically calibrated to projectstatistically calibrated to project

change in land use proportionschange in land use proportions
using NRI data.using NRI data.

■■ GISGIS-based Land Transformation Model-based Land Transformation Model
(LTM) used to spatially (LTM) used to spatially disaggregatedisaggregate
and map LU changes.and map LU changes.

■■ Probabilistic link between LU and forestProbabilistic link between LU and forest
cover change.cover change.



Regional DemographicRegional Demographic
and Economic Modeland Economic Model

Output fromOutput from
NPA DataNPA Data

Region/Region/
CountyCounty

Modeling of LCLUCModeling of LCLUC

Site/Site/
Parcel/Parcel/
PixelPixel

Spatial SimulationSpatial Simulation
(LTM)(LTM)

Interpreted Interpreted 
Land UseLand Use

Forest CoverForest Cover
SimulationSimulation

NALCNALC
DataData

Land Use ProportionLand Use Proportion
EstimatorEstimator

NRI DataNRI Data

CalibrationCalibration

ValidationValidation

&&

(Amount, Location, Pattern)(Amount, Location, Pattern)



Land Use Proportion EstimatesLand Use Proportion Estimates

Change in land use proportionChange in land use proportion = f( = f(
■■ change in population and number of householdschange in population and number of households
■■ initial populations and numbers of householdsinitial populations and numbers of households
■■ initial land use proportionsinitial land use proportions
■■ change in employment and income by 1-digit SIC codechange in employment and income by 1-digit SIC code
■■ average climate and soilsaverage climate and soils
■■ change in population age structurechange in population age structure
■■ state-level policy differences)state-level policy differences)

To be estimated using NRI data (1982, 1987, 1992) and socioeconomicTo be estimated using NRI data (1982, 1987, 1992) and socioeconomic
data from NPA Data Associates (1967-2030).data from NPA Data Associates (1967-2030).



GIS

External programs

LTM Spatial 
Driver

Development 
GUI

Driver 
Integration and 
Stochastic Event

Simulator

Theory and 
Empirical Analysis

Neural Network
and Logit 

Modeling Tools

Principal Index 
Driver Database 

and Toolbox

Spatial-temporal
Land Use
Database

Output Analysis and
Visualization 

Toolbox

LTM Modeling ToolboxLTM Modeling Toolbox

Land Use 
Simulation 

Forest Cover 
Simulation

Spatial-temporal
Forest Cover

Database

Spatial Data





Spatial VariablesSpatial Variables

■■ soilssoils
■■ terrainterrain
■■ waterfronts (lakes and rivers) and viewswaterfronts (lakes and rivers) and views
■■ surrounding land use and existing urbansurrounding land use and existing urban
■■ roadsroads
■■ parcel sizesparcel sizes
■■ public land ownership (constraint)public land ownership (constraint)





Artificial Neural Net (ANN) ModelingArtificial Neural Net (ANN) Modeling

■■ Use ANN to learn howUse ANN to learn how
factors influenced historicalfactors influenced historical
land use changeland use change

■■ Software link writtenSoftware link written
between LTM in between LTM in ArcViewArcView
and SNNS neural netand SNNS neural net
software.software.

■■ Drivers include: prior landDrivers include: prior land
use, roads, distance touse, roads, distance to
urban,urban, prob prob. of farm. of farm
closure, infrastructure,closure, infrastructure,
surrounding land use.surrounding land use.





Methodological Contributions to DateMethodological Contributions to Date

■■ Procedures and tool development for land useProcedures and tool development for land use
change mapping.change mapping.

■■ Error estimation in quantifying forest coverError estimation in quantifying forest cover
change and fragmentation.change and fragmentation.

■■ Incorporation of neural network estimation,Incorporation of neural network estimation,
stochastic events, and dynamics into a nestedstochastic events, and dynamics into a nested
version of version of GISGIS-based Land Transformation-based Land Transformation
Model.Model.



Possible Policy ImplicationsPossible Policy Implications
■■ Current patterns and trends in forest cover andCurrent patterns and trends in forest cover and

pattern change tend to be positive (says nothing ofpattern change tend to be positive (says nothing of
forest characteristics).forest characteristics).

■■ Development has not yet had a significant negativeDevelopment has not yet had a significant negative
influence on forest cover, but influence on forest cover, but agag. abandonment has. abandonment has
had a positive influence.had a positive influence.

■■ Ownership fragmentation increases complexity ofOwnership fragmentation increases complexity of
management and likelihood of land use conflict.management and likelihood of land use conflict.

■■ Agriculture is interrelated with forest Agriculture is interrelated with forest regrowthregrowth and and
carbon sequestration. We need a good model ofcarbon sequestration. We need a good model of
agricultural abandonment.agricultural abandonment.



OutreachOutreach

■■ USGCRP National AssessmentUSGCRP National Assessment
–– Land use/cover change is often not included inLand use/cover change is often not included in

assessments of system response to climateassessments of system response to climate
change (e.g., VEMAP I). Data and models willchange (e.g., VEMAP I). Data and models will
help.help.

■■ Upper Great Lakes RESACUpper Great Lakes RESAC
–– Output from project supports delivery of landOutput from project supports delivery of land

use/cover change tools and data to agency-baseduse/cover change tools and data to agency-based
stakeholders (stakeholders (DNRsDNRs, USFS, USGS, NRCS)., USFS, USGS, NRCS).



Project TimelineProject Timeline
Tasks 1997 1998 1999 2000

Air Photo Interpretation

NALC Pre-Processing

NALC Classification

Accuracy Assessment
and Mosaicking
Empirical Analyses

LTM Modification and
Testing
Reports and Papers


