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Abstract: The USDA Forest ServiceNorth Central Research Station has embarkedon a new integratedresearch
anddevelopmentprogramto identify,andunderstandthe development-relatedaspects of Midwesternlandscape _t
change. This paper describesthe framework and scope of the Landscape Change Integrated Program and
higlalightsprojects begun during the first two years. Partnershipsare seen as essentialto the success of the -_.

program, to help implementstudies and to provide answers to pressing questionsconcerningthe Midwestem
regionandbeyond. • o

Introduction. r _
• \ ¢_ "

Across the Seven-stateNorth Centralregionof theU.S., criticalforest landscapesarebecomingincreasingly
fragmentedandtransformedby development.Sometimesabruptandsometimessubtle,thesechangesinthe -
landscapeare havingunintendedconsequenceson thevaluednaturalcharacterof theregion.As a result,people
;wholookto the forestsof theregionfortheirlivelihoodandtheirleisurearef'mdingtheverycharacteristicsand
experiencestheydesirearechangingveryrapidlyor disappearingaltogether.

Concerns raised by landscape fragmentation,urban/suburbansprawl, and shorelandresidentialdevelopment ,_
usually revolve around reducedquantity or quality of resources, decreasedaccess to theseresources, and higher _ o
costs for managers and users. These generaltypes of concerns translateintosignificantmanagementand policy "

issuesfor a wide rangeof stakeholdergroups, including: .

• Commodity interests: reducedtimberandminingresources andhigherextractioncosts; higherlevelsof
conflict with adjacent landowners

•" Environmental interests: reduced biodiversity; loss of habitat, air, and water quality _"_"

•• Community interests: overcrowding,social andeconomicdifferencesbetweennew andestablished <>
' residentsresultingin potentialconflicts

• - Recreational interests: loss of access to privatelands,conflicts betweennew andestablishedrecreational _

• activities, loss of opportunitiesforsolitude __• Governmental interests: increased infrastructure costs and communityplanning challenges

Theproblemsandconcerns faced by theNoah Centralregion areindicativeof changesoccurring in other areas _ _
across the nation,where communitieslargeand small are grapplingfor ways to manage growthandprotectthe _'. _/ t_

criticalnaturalresource base upon which they depend.In theNovember 1999 GeneralElection alone, voters _
passed 85%of more than 150 anti-sprawl and open space ballot initiativesand allocatedmore than $7 billion in ""
funds for new land acquisition. Local, state, and federal programs aimedat "smart growth" and "livable
communities" are gaining visibility and have become a significant priority that has bipartisan support.
Fragmentation of long-establishedforest ownershippatterns has becomea concernshared by a wide range of
stakeholders.
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Scientists have begun to study the patterns of landscape change, the forces that drive them, and the effects
" of landscape change on sustainable forest productivity and other ecosystem functions and values. There is also a

growing literature on the relative success of alternative response strategies for guiding change and mitigating its
negative consequences. This work forms a solid foundation for addressing problems critical to the North Central
region, with its complexity of forest types, landforms, and land use issues. This complexity makes this region in
urgent nccd of improved tools and information that can help decision makers address important questions
regarding natural area protection, resource use, and economic growth and development. How fast arc forest lands
being lost or converted to other uses and where? What are the negative and positive effects of landscape change?
How can forest managers and communities help direct growth and development or mitigate thdr negative

cons_uen¢_? Answers to these and other critical questions are needed so that managers and policy makers can
channeltheir energies and funds where they will be put to best use.

Program Description

_, The types of concerns described here are being addressed through the Landscape Change Integrated Research and
Development Program (LCIP) of the North (_entral Research Station. Launched in the fall of 1998, this program
bringsStation scientists from different Research Work Units and scientific disciplines together in interdisciplinary
teams to address substantive regional research and development problems. The LCIP is one of three integrated

-programs recently instituted by the Station, the others focusing on riparian areas and forest productivity.

Program goals and issues

The Specific goals of the LCIP areto obtain the scientific knowledge necessary to:

• Characterize landscape changes in the region
• Understand the physical, biological, social, and economic factors and interactions influencing the rate and

extent of changes
• Determine the effects of landscape change on people and ecosystems
• Assess the effectiveness of public policies that regulate landscape change

The forests of the North Central Region are diverse and varied, ranging from large, contiguous tracts in the
Northwoods; to scattered fence rows, woodlots, slopes, and bottomlands of the central and southern portions of

the region; to parks, forest preserves, and private open lands in and aroundmetropolitan areas. Together, these
forests provide timber, outdoor recreatiOn,aesthetics, water, wildlife, and other important goods and services at

.. ' local and regional scales and beyond. With rapid changes in the nature of these forests due to development,
_ .intentional changes made for a given purpose often are having unintentional repercussions across the mix of goods

• ' and services for whichthese forests are valued. These aspects of landscape change are becoming increasingly

apparent across the North Central region, but are manifesting themselves in different ways for different areas. For
example:

• There is increasing concern that large forest parcels in northernWisconsin, Minnesota, and Michigan that
were once principally devoted to timber production are being subdivided into smaller parcels and
marketed primarily as recreational property. Little systematic information is available about the rate and
extent of this conversion or of its consequences for a host of forest resources and values: How will

• conversion affect the efficiency of the timber industry to log private lands? To what extent will small-
acreage non-industrial private forest owners include timber production among other resource management
objectives? How will these changes affect forest management for biodiversity? Recreational access (e.g.,
hunting)? Solitude and otherexperiential values of forests?
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• • Recent state and federal initiatives provide incentives for farmers to plant forest buffers and
- convert highly erodable and/or frequently flooded agricultural lands to forests or other natural

communities. These initiatives also have the potential to produce significant added social, ecological, and
•_onomic benefits to rural communities and their residents, but little information is available to help local

landowners and public agencies make appropriate decisions. What restoration or reforestation strategies
Can help optimize habitat for threatened plant and animal species and maintain gene pools for

commercially valued tree species? What economic benefits might be realized by managing converted
lands for timber? What are the potential effects on recreation and aesthetics?

• Rapid expansion of metropolitan areas in the North Central region threatens the loss of natural areas and

the quality of life that people associate with these resources. Protection and restoration of urban forest
ecosystems have become important objectives of park and forest managers, but better information is

needed to guide decision-making. What acquisition and management strategies will most effectively
sustain regional biodiversity? How can ecological restoration be best applied in urban settings to
minimize conflicts among competing social values? How can the design and construction of new homes

_, and subdivisions minimize disruption of wildlife habitat and susceptibility of forest areas to pest and
disease outbreaks like gypsy moth and oCk wilt? At the same time, urban planners and private developers

• need better guidelines for how urban forests can help make cities more livable places, and how growth
can behest guided to protect critical natural resource values. How can urban natural areas be managed to

, provide safe and enjoyable experiences to a broad spectrum of residents? How can we reclaim urban
brownfields to revitalize both the ecological and economic potential of our Rustbelt communities?

While the issues and concerns presented in these examples are varied, a common point underlying them is their
multifaceted nature. Like the other cross-cutting programs developed by the Station, these examples attest that

' issues of landscape change can benefit substantially from an integrated, interdisciplinary approach.
..
.

A model for understanding landscape change

The three examples given above capture the regional and locational (i.e., urban/rural/wildland) variability of
landscape changes taking place in the North Central region. They also indicate the types of issues and questions
inherent in understanding the nature of landscape change. These concerns often present themselves as specific
issues of local importance, but attain a higher level of significance when understood within a more general
conceptual model that can be applied at a regional or national level. Such a model is shown in Figure 1.

This model presents a sequence of organizing concepts for understanding landscape change, specifies the types of
•indicators and data or variables needed for their assessment, and suggests the kinds of outputs or products that

might be expected from an analysis within each component. The four model components tie directly to the four
•, goals of the LCIP mentioned earlier, and also relate to the categories of research questions that follow this section.

• The first component in the model deals with the analysis of landscape character. The aim here is to describe the

physical; biological, and social patterns in the landscape at the regional or sub-regional scale----ecological land
types, forest cover, land use, population densities, and so forth. Information for this component is useful in

understanding the phenomenology of landscape change, and the principals and ideas of landscape ecology are
particularly important in this respect. Data sources-include Ecological Classification Systems (ECS), Forest
Inventory and Analysis (FIA), TIGER Census files, and the like. Time series data are critical for identifying the
magnitude and rate of landscape change.

The next component in the model focuses on the drivers or forces of landscape change. Two types of drivers are

distinguished here. Primary drivers are major social and economic forces of change; these push-pull factors
include public policies such as taxing and incentive programs, improvements in technology such as mound septic
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systems,infrastructureimprovementsin transportationandcommunication,demographicshifts in
" population,andmarketsat local-to-globallevels. Whileit is usefulto describeandunderstandthese principal

forcesof changein andof themselves,they take on addedutility whenthey can be relatedto changes in
developmentpatternsaffectingforest landscapes.Thesesecondary drivers (orprimaryeffects) areobservable
manifestationsof landscapefragmentation,urban/suburbansprawl,andrelatedphenomenaand includedatathat
quantifychangesin landownership,landuse,parcelsize, andhousingand roadnetworkdensity.

The thirdcomponentin themodeldealswith the effects of landscapechangeon peopleandecosystems. This is the
part of landscapechangethattendsto drawthemost attentionfrompolicymakers,for it is wherethepositive and
negativeimpactsaremost directlyfelt. Studieshereincludedescriptiveanalysesof the impactsof currentor
proposedlandscapechanges(e.g., EISs, SIAs) andpredictivemodelingefforts.Studiesandresearchquestions
aimedat thislevel areextremelyvaried,andrangefromassessmentsandpredictionsof theviabilityof critical
species' populationsandestimatesof timbersupplyto thestabilityof ruraleconomiesandthequalityof life of
urbanandruralresidents.

J

The forthcomponentinthe modelexaminesresponsestrategies to enhanceor mitigatethe effects of landscape
cliange.Workat this level aims to informmanagersanddecisionmakersof the likelyconsequencesof
alternatives,andincludestechnologytransferefforts,policystudies, andattitudeandbehaviorsurveys.InFigure
1, an arrowfromthis lastmodelcomponentbackto the first componentindicatesthedynamicnatureof landscape
change.This impliesthatresponsestrategies, if successful,can alterthe state of affairstowarda moredesired
landmape character,whichinturncan alterconditionsthroughoutthe rest of the model.

Althoughthis modelportraysthe understandingof landscapechangeas a total process_from patternrecognition
to causesandeffects to responsestrategies_it shouldbe emphasizedthat studiesof landscapechangeneednot
addressall of thesecomponents,nordo they needto beginat the first modelcomponentbeforeproceedingto other
concerns.The,modelis offeredas a tool to organizeconceptsandstudiesandto helpmapwhereresearchefforts
arebeingfocusedas partof thebiggerpicture.

The last pieceof themodelincludesdimensionsthat accountforvariabilityacrossthe region.Whilethe process
. describedin themodelis a genericone, thedimensionsindicatethat specificquestionsandissues may vary

dependingon the places or locationsunderstudy.Foresttype anddegreeof urbanizationaretwo important
dimensionso£variabilityin theNorth Centralregionthat will guideresearchissuesandquestionsregarding

landscape change.

. A Tw_Year Progress Report

•_ The rangeof researchquestionsthatcome underthepurviewof this modelis potentiallyverybroad.Thusa major
• challengeof theprogramwill be to distillfrom thismenukey issuesthat will bestbenefitour constituenciesand
" will also helpbuilda focusedresearchprogramatthe Station.Findingthis centerhas beena key activityduring

• theinitial year of our program,and a seriesof workshopswith Station scientistsand externalclients have helped
to identifypriority projects.In the spring of 2000 we also sent out a mailingsolicitingsuggestionsfromsome300
individualsandgroupsregionallyand nationallyto extendthis needsassessmentto a broadersample.In concert
with thesurveywe areconductingliteraturereviewsandWeb searchesto findoutwhat othersaredoingor
finding important.

B_ed on these efforts, we haveidentifiedthree main problemareas of research dealing with patterns and drivers
• of landscapechange, the effects of change on people and ecosystems, and assessing policies and strategies for

dealingwith change.(These problemareas map directlyto our model and programgoals, withthe first problem
combininggoal/modelcomponentsone and two dealingwith patterns and drivers.) Within these areas we have
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begun a number of projects that bring Station scientists and outside research cooperators together in
cross-disciplinary teams (Table 1). The following sections highlight some research efforts we have begun in these
three areas todate.

Where are the hotspots of change in the North Central region?

A high priority project that emerged from our workshops was to identify important patterns and drivers of change
operatingacross the North Central region. This broad scale assessment will be useful in detecting where the

"hotspots" of change are occurring and where we might want to conduct more detailed, subregional studies in the
future. The objectives of the project are to:

* Produce maps showing the spatial distribution of rates of change for a multi-disciplinary set of
socioeconomic and natural resource characteristics. The focus will be on changes related to the
distribution of people over the landscape and related changes in land cover and selected natural resources

_ in that landscape. Variables to map have been selected based on the usefulness of the information to
support further research and to inform policy.

• : Study interactions of rates of change among socioeconomic and natural resource characteristics. Potential
interactions to study include land development (housing density) and timber supply; seasonal home
development and changes in human-held values in those areas; pest outbreaks and timber extraction
patterns, changes in land use and bird diversity, road density and tree mortality rates, urban development
and ozone pollution.

• Develop methods to quantify the amount and patterns of change and infer the processes (drivers) that
produce the patterns. Spatial statistics and neural net analysis methods show promise for this work.

Directed by landscape ecologist Eric Gustafson, the project includes participants from many of North Central's
research work units. A major outside contributor to the effort is the Applied Population Laboratory at the

University of Wisconsin-Madison under the direction of Paul Voss. The lab is providing essential data on
demographic change in the region, including housing density changes and migration patterns across the region
during the last 50 years. This information will also benefit assessments being conducted by the Station's other
integrated programs as well as the Forest Service's Global Change Research Program, which is funding a portion
of this project.

Effects of sprawl on metropolitan amenity resources

We.have begun a series of interrelated studies aimed at understanding the impacts of sprawl on people-nature
relationships at the urban fringe. Residential development on the fringes of urban areas and in urban-proximate

• communities can transform landscapes and bring changes in the natural environment, the quality of life, economic
development, and government programs. Prospects for these changes raise important policy questions.

Research Underway in the metropolitan and rural areas of northeastern Illinois, southern Wisconsin, and
southeastern Michigan is examining how new development is impacting the perceived quality of life of new and
established residents. Research objectives being addressed through social surveys, in-depth interviews, and
discrete choice experiments include:

• Describe the characteristics, recreational use patterns, socioeconomic impacts, and work-commuting
patterns of those who live full or part-time in urban-proximate, high-amenity areas.

• Examine the dynamics of residential choice and the role of the natural environment in the decision to build
or buy housing at the urban fringe.
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•• EXplorethe implicationsof diverse natureopportunitiesfor residentialsatisfactionandbenefitsin
fringe areas.

• Understand how developersview their work and its relationshipto issues of sustainability and the natural
World.

A team of social scientists headed by North Central's John Dwyerand Susan Stewart includes several Station
Scientists and research cooperators from four universities with expertise in demography, marketing, anthropology,
environmentalpsychology, and sociology. As these projects progress, we will develop a range of information
includingdecisionsupport modelsand computersimulationsto enableurban planners and policy makers to
predict how new regulations, incentives, and zoning policies may affect patterns of development, and the impact
of these patterns on natural resources on the urban fringe.

Assessing the effectivenessof_eial, ecological, and managementresponse strategies

'Our thirdproblemarea will examinedifferentstrategiesbeingusedto manage landscape change. North Central
economistsDavid Bengstonand RobertHaig_tareworkingwith researchersat the Universityof Minnesotaon
projectsthat will provideinformationin this area at two differentscales. At the broad scale, a comprehensive
reviewof the literatureis underwayto:

• Identifyand classify the fullrangeof policy optionsthathave been implementedor proposedfor
managingforest landscapechange at a rangeof spatial scales.

• Assess the lessons learnedfromevaluationsof the effectivenessand the economic, social, and
• environmentalimpactsof thesepolicies.

• Developan agendaforfutureresearchon publicpoliciesfor managinglandscapechange.

At a moredetailedscale we arebeginningto evaluateoneprimarymechanismforamelioratingthenegativeeffects
of landscapechangeon naturalresources_that of naturalarealandacquisition.In metropolitanareasland
acquisitioncosts can beveryhigh,andlandmanagersface complexandoften-competinggoalsfor allocating
limitedfunds,Importantgoals includeprotectingcriticalspecies andplantcommunities,linkingexistingpublic
holdingsto extendareasandcorridorsforwildlifeandrecreation,acquiringthe most acreagepossible,and
spreadingnewpurchasesequitablyamongconstituents.To helppolicymakersweigh the impactof these
alternativegoals andvisualizehow they will influencethe futurelandscape,this researchprojectwill:

• _Identifythegoals of naturalareaprotectionat countyandregionalscales.
• Develop modelsof naturalareaselectionthat are consistentwiththe alternativegoals.
• Use these models to investigatethe tradeoffs betweenalternativenatural area selection strategies.

Condusion

Whilethe studiesjust describedare still a yearor moreaway fromcompletion,in our project andprogram
developmentthus far we have quickly learnedthat "integration"in ourIntegratedProgrammeansmorethan
patchingtogethera collectionof disciplinaryknowledge.Theultimatesuccess of an integratedprogramwill
dependon the meaningful collaborationamong multipledisciplinesto solve a problemof scientificand/or
practicalrelevance,we are findingthat thereare differentways to successfullyachieve such integration,some
bettersuitedto a given problemthan others.Commonelements,however,often includeworkingtogetherunder
commonissues and hypotheses,and in commonlocations.
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Partnerships area critical part of this integration, and just as we have begun to see the benefits of pooling
.resources _om our disciplinary work units to implement integrated projects, so too, are we seeing the necessfly of

pooling talent, ideas, _andfunding from the many groups outside our Station who have an interest and concern in
landscape change. As the Landscape Change Integrated Program progresses we hope to contribute toward the

•establishment of a network of groups from the public and private sector, including planners, managers, and
researchers, to help identify research questions and implement studies. By working together, we can more

" effectively address the pressing issues affecting landscape change in Midwestern region and beyond. Please
contact us With your ideas, suggestions, and willingness to participate!| i
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Figure 1. Model for understanding landscape change.
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Table 1.. .

Landscape Change Integrated Program Research Projects 1999-2000
(Cooperating institutions in parentheses)

Problem Area 1: Patterns and Drivers of Change

• Demographic Characteristics and Population and Housing Unit Projections in the North Central Region
" (U of Wl)

• Identification of Past and Future Residential Development and Demographic Change Hotspots across the
North Central Region (U of WI)

• County-Level Net Migration in the U.S., 1990 to 2000 with Analysis of Ago-Specific Migration
Selectivity to Recreational and High Amenity Counties (U of WI, Loyola U)

o- Aligning Social and Ecological Drivers of Urban Landscape Change: The Calumet Urban Riparian Area
. (U of MI)

, • Landscape Change in the Upper Wabash Watershed (Purdue U)

• Recreation-Amenity Migration in Urbim Proximate Areas (Loyola U)
o Landscape Change at Midewin National Tallgrass Prairie (U of IL)

: Problem Area 2: Effects of Change on People and Ecosystems

• Predicting Impacts of Development on Oaks in Minnesota Peri-Urban Forests (U of MN, MN DNR)
• Nest. Predation and Nest Predators of Songbirds along an Urban-Rural Gradient CLIof MO)
• Use of Amenity Indicators to Understand Private Landownership Fragmentation in the Lake States'

Nortliwoods

• Landscape Level Analysis Linking Urban Sprawl and Aquatic Ecosystems (U of MI)
• Social-Costs & B_aefits of Forest Buffers at the Urban Fringe (U of IL)

• Understanding the Dynamics of Residential Choice: The Role of the Natural Environment in Urban
Fringe and Older Suburban Areas (U of MI)

• Nature at the Urban Edge: Ecological and Psychological Values 03 of MI)

-o Perc_tiom of Devdopmont, Sustainability, and Nature: Understanding Real Estate Devdopers and
" Regional Growth Coalitions (MI State U)

• The:Role of Urban Forests and Greenfrastructure on Suburban Sprawl and on Homing Choice Decisions
(De_...aul U)

• Urban Sprawl and a Sense of Self in Place (Northern MI U)

• Tropospheric Ozone Dynamics in the Western Great Lakes Region (Dept. Energy, North Carolina
Supercomputing Ctr.)

Problem Area 3: Assessing Policies and Strategies for Dealing with Change
• Policies for Managing Forest Landscape Change: An Assessment and an Agenda for Future Research 03

of
. o' Sustaining Natural Resources on Private Land in the Central Hardwood Region (Purdue U, U of TN, and

U of MO)

o Exploring Goal Tradeoffs in Metropolitan Natural Area Protection (U of MN)
.
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