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INTRODUCTION

Background and Rationale

The field of landscape ecology has in recent yeaes@ad as an important
component in both theoretical ecology and in applieldi$i such as biodiversity
conservation planning. Sanders#ml. define a landscape as two or more ecosystems in
close proximity (2000). Turnet al. (2001) give a more general definition: a landscape
as any area that is spatially heterogeneous in atdeadtctor of interest. In landscape
ecology, the objects of study are generally on theesdadeographic regions. However,
neither of these definitions is scale dependent anddapa ecology can be applied to
landscapes on the scale of tens of meters as wilbas on the scale of hundreds of
kilometers. The scale used depends on the phenomemdarest. Understanding the
reciprocal effects that spatial configurations and pattefitandscape elements have on
ecological processes is at the heart of landscapeggcoFor example, understanding
how factors such as the total area, shape and fragioendét particular ecosystem or
land cover type affect the survival and success of thaespmhabiting that ecosystem is
a key goal in applied landscape ecology. For conservatanagement, understanding
these relationships would allow for better decisionthersize, shape and connectivity
requirements for an effective nature preserve. Technigué®w to measure such
landscape attributes through various metrics are abunétntever, applied landscape
ecology is still relatively new, and the applicatiom anterpretation of landscape metrics
remains difficult as there is not enough data to tralyarstand the relationships between
these metrics and ecological processes (Twatredr 2001). Another limitation in the

application of landscape ecology is that much of our kedge base is small-area



(Urbanet al. 1999). For example, plant physiologists have considekaidwledge on
how individual trees grow and respond to environmentabfactAs a result, there are
many forest models where stand dynamics is modeled thtbadiehavior of individual
trees. For these kinds of models, the dynamics egsudt of deterministic equations
based on the understood physiological processes of thefeeies present. At larger,
landscape-level scales, vegetation is often simutatedigh abstractions such as plant
functional types and land cover types. The dynamitkese kinds of models is often
based on transition probabilities from one land covee tp another. However, models
from these different scales often do not share a camenirical basis.

The thesis proposed here will touch on both of theseegs Accomplishing this
will require the use of two existing ecological mod&ACET and MOSAIC. FACET is
an individual-based forest growth model that incorporgtesith parameters and
environmental factors to simulate tree stands, using dgvet-scale (Urbaet al. 1999).
FACET is one of several versions of ZELIG. Individbaked forest growth models
such as FACET and the other versions of ZELIG areralfeored to as gap models since
they simulate forest growth at a scale where thecgagited from the death of an
individual large tree is an important dynamic factor. alet fthe plot size used in a gap
model simulation is defined by the size of the crowarofndividual canopy-dominate
tree. MOSAIC is a semi-Markov patch transition mddel uses transition probabilities
between different land cover types to simulate a dyn#é&ndscape (Aceveds al.

1995). The small-area forest model FACET will be used tergés transition
probabilities for successional forest growth that bdlused in a large-area MOSAIC-

modeled landscape. Using FACET to generate these toangiobabilities allows to



empirically link the large-area scaled landscape modéaltvé individual-based forest
growth model (Acevedet al. 2001,a,b, Urbast al. 1999).

There are two primary objectives of the thesis. Tiis¢ it to parameterize and
use MOSAIC to simulate dynamic landscape changes of éoreseas in the modeled
study area. Multiple runs of FACET will be used to geteepmrameter values for this
MOSAIC model. The second objective will be to deternfiow landscape metrics can
be applied to the modeled study area to get a measurematgrpretation of ecological
health. Selected metrics will be calculated on thpuiumaps from MOSAIC, and the
results of these metrics will be used to interprestieeess of selected wildlife species
and the general environmental quality of the modeled landsca@pemodeled study area
is based on a landscape in North Central Texas surrgutite Greenbelt Corridor of the
Elm Fork of the Trinity River.

The results of the thesis will be used in the NSF supdgrojectBiocomplexity:
Integrating Models of Natural and Human Dynamics in Forest Landscapes across Scales
and Cultures that is being conducted by the University of North Texasaher
collaborating institutions. The objective of this Biagaexity project is to study the
complex interrelationships between human and natysé s on a landscape-level
scale. This is done using an agent-based model (ABM) evtheragents act on a
modeled landscape, with feedback going in both directietwden the two. The
MOSAIC model will provide the landscape for the Biocoexitly model. The transition
probabilities calculated as part of this thesis will pec#ic to the forest cover types
found in the modeled study area, and will thus make up osijpset of all the transition

probabilities needed in the Biocomplexity landscape moblietrics calculated on the



landscape will be used to provide feedback on ecologicdhhteahe modeled human
agents. The agents then use this feedback in the ademsiking on how to act on the
landscape. This thesis will provide the basis forrd@teng what metrics to use and
how to interpret them to achieve this end.

Literature Review

The importance of empirically linking small-area (tst@nd) models to large-area
(landscape) models has been recognized in the literafinexe are various approaches
on how to accomplish this (Urb&hal. 1999). One approach consists of using FACET
to generate transition probabilities for MOSAIC, whias hhe advantage of providing a
consistent method to bridge the gap between the twosq@sdevedcet al. 1995, 2004,

b, Urbanet al. 1999). Holcomb’s (2001) research on bottomland forest®ithNCentral
Texas examines much of the parameterization needed topevEACET model in the
study area. Geographic Information Systems (GIS) willserl as a tool throughout this
project. Using GIS in linking gap models with patch tramsitmodels is discussed by
Acevedoet al. (1996).

Although there has been considerable work done imtdery of landscape
ecology, far less has been accomplished in applyirsgttieories to practice (Bissonette
and Storch 2003). Bissonette (1997) presents some conceatnaworks for applying
landscape ecology theory to the practice of wildii@nagement. Bissonette and Storch
(2003) further this effort to link landscape ecology theoith @pplications useful to
wildlife and natural resource managers. Tuetel. (2001) present many of the methods
and techniques of landscape ecology and their practicatapghs to fields such as

forest management. Forman (1995) discusses many basic otkptdscape ecology



and their applications to resource management. Geaen&ahation on the use of
landscape metrics, as well as details on the caionlat various metrics is discussed
extensively by McGarigal and Marks (1994), McGarigal (2002), akeBE997).
Parker and Meretsky (forthcoming) discuss the use offepé&mdscape metrics to
measure model outcomes in an agent-based landscape muldelts the University of
North Texas Biocomplexity model. However, very dittlata or research exists relating
specific landscape metrics to generic ecosystem hexalththe ability for any particular
species to be successful. Johnson and Gage (1997) discuss tifdandscape metrics
to quantify aquatic ecosystem health. Andrén (1994) discusgeseral the effects of
habitat fragmentation on mammals and birds. Hoffman (208tusses the relationships
between some species richness indices and forest andtdistance-to-edge metrics for
avian communities in the Greenbelt Corridor. Barry (2@@6%ents a more thorough

study relating biological indices and landscape metritsarGreenbelt Corridor.

OBJECTIVES

The objectives of the study can be stated hierarchicall the top-level, the
goals of the study are to provide a basis for modeling fgrestth at the landscape level
in the Greenbelt study area, and to provide a methaudoeled agents to obtain
feedback on environmental health from the modeled landsc@bpese research goals
will be addressed through a set of more specific resednjelstives. An empirical basis
for forest succession in the MOSAIC landscape modébeiprovided by calibrating the
FACET model to the Greenbelt study area and using FACHEEtermine transition

probabilities from the various land cover types to theous forest cover types.



Feedback on environmental health will come in the fofmetrics calculated on the
output landscape. To accomplish this, the study wileha determine which metrics
will be relevant to the study area, and how thoseicsedre interpreted. These research
objectives can be divided into two distinct sets dtgasThe following tasks will be
performed in order to use FACET to determine the MOSAd@dition probabilities for
forest growth:

1. Use GIS data layers to generate FACET input parameties for the study

area.

2. Classify terrain types from input parameter maps.

3. Classify various forest cover types and stages éostidy area.

4. Perform multiple FACET runs using various terraid eover types.

5. Use established statistical techniques to deternansition probabilities to be

used in the MOSAIC model.

6. Test and analyze results from simulation.
Another set of tasks will be undertaken to address th@fisandscape metrics to
measure environmental health:

1. Determine which species in the Greenbelt study asegepresentative of

general ecosystem health.

2. Determine which species in the Greenbelt study aneadaubstantial impact

on human perception.

3. Select a subset of these species based on existingation on their

landscape requirements.

4. Determine landscape metrics that are relevant se tleguirements.



5. Determine landscape metrics to be used in general tddraton of
landscape structure and pattern.

6. Calculate metrics on MOSAIC simulated landscapedym®d as a result of the
first set of tasks.

7. Integrate metric measurements into the model in dodamovide agent-based

models with environmental feedback.

METHODOLOGY

Sudy Area

The study area, found in Denton County, Texas, inclugestan of the
watershed that contains the Greenbelt Corridor of tireHerk of the Trinity River that
runs between Lake Ray Roberts and Lake Lewisville. nidge below shows the study
area and its location within Denton County. As casd®n on the map, the study area is
a largely rural area ringed by mostly small municipalitied two lakes. With its
proximity to Dallas and its surrounding suburbs, it is @@ dhat is subject to rapid
urbanization. The Greenbelt Corridor, an area witbrsiclerable amount of native
bottomland and upland forest cover, can be seen dsithextension of the Denton city
limits that runs up from the northeast corner of DaritoLake Ray Roberts, going up

approximately a third of the way from the eastern eddbeo$tudy area.
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Figure 1: Greenbelt study area within Denton County. Only thasasts within

the study area boundary and only those municipalitiedthvater or intersect the

study area are depicted.
Although mostly rural, the study area contains a mixtdingrban, suburban, agricultural,
and natural vegetation land covers. Input for the FA&Edst model will include
parameters for the entire study area. Howeverpiilshoe noted that the transition
probabilities from developed areas to any vegetated lavet ¢ype will be zero, thus not
allowing forest growth to occur on areas that are dg@esl. The MOSAIC transition
probabilities determined with FACET will only include traimns between vegetated

land cover types.



FACET and MORAIC

The steps required to use FACET for generating the MO $/itSition
probabilities include obtaining and manipulating GIS datartafer the study area,
defining the terrain and forest cover types, and usingipteiEACET simulations to
generate the probabilities. One limitation of the entrversion of FACET for modeling
bottomland forests is that it does not simulate theoruflow or the possible surface
pooling of water. A parameter called a run-on coefficieilitbe added as an input to
FACET in order to represent the rain water that ams a low-lying plot from
surrounding areas. A prototype of this input parameter wdsingmted in ZELIG
(Holcomb 2001) and will be used as a starting point to detbls-ACET modification.
Another parameter called a storage coefficient wilhtbded as an input to FACET to
simulate the pooling of surface water. Currently FACERdles rainfall by initially
removing a certain portion of it to represent surfaceaffiand allowing the rest of it to
percolate into the soil at a rate that depends orygaland percent of saturation. Once
the soil is saturated, the remaining water runs off amd ilonger accounted for. The
intent of the run-on coefficient is to account for thevement of this run-off water. The
run-on water will be added to the rainfall amount, andl valsubjected to the same
initial diversion of a certain portion due to run-offhe remaining sum of rainfall and
run-on water will be allowed to percolate into the soiil saturation. The storage
coefficient, calculated from the slope of the ploil] lae used to prevent all of the
remaining water from running off once the soil has reachedation. If the plot has a
non-zero storage coefficient, then some portion dfwzder will remain on the plot,

keeping the soil saturated.
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Figure 2: Digital elevation model with the Greenbelt study ar€he study area

boundary and all the hydrological maps of the study aedetermined from the

DEM.

The run-on coefficient will be determined through a sesfeSIS hydrological
calculations that start with the digital elevationdal (DEM) layer. The run-on
coefficient will be based on a secondary topographitbate known as the compound
topographic index (CTI), also referred to as the stetate wetness index (Gessteal.
1996, Chamraset al. 2002). The CTlI is a measure that combines the tendémeater
to accumulate in any cell from the surrounding catchraezd with the tendency for the
force of gravity to move that water out of that céllhe first steps in generating the CTI

map are to obtain the flow accumulation and slope $afyem the DEM. The slope is
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calculated directly from the DEM, while flow accumtiden is derived from slope and
aspect. The flow accumulation map indicates for eadithe number of cells in the
DEM layer that contribute run-on to that cell. Tipedfic catchment area is calculated
from the flow accumulation. The CTlI is then defifedeach cell based on the specific

A
tang

catchment area and slope of that cell. The form@dlis= In( ), whereA is the

specific catchment area ands the slope of the cell. The CTI can be seendease
with larger catchment areas and with smaller slofgé® run-on coefficient map will be

determined from the CTI.

- CTI
-0
| ]10-126
| J126-15
15-17.5
B 7247

Figure 3: This image shows the compound topographic ind@)(for the study
area. The classification used here was chosemaailly as an example.
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In addition to the run-on coefficient, FACET reeps input of several soil
parameters, parameters for tree species and farest types, site-specific data including
longitude and latitude, slope, aspect, elevatiod, statistical weather data. The soil
parameters will be determined from the soil typeefined in the National Resources
Conservation Service soils map. Each combinationreon coefficient and set of soil
parameters will determine a unique terrain typmpiit parameters for the study area.
Determining the terrain types will be accomplislbgdverlaying the run-on coefficient

and solil type maps.

Soil Type

Rur-on Coefficient

v
Terrain Type

Phe.

A

Figure 4. Combinations of sets of soil parameters and runemfficients will
define the different terrain types. Terrain typei$be determined by overlaying
the run-on coefficient and soil type maps.
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Forest cover types are defined by species composaind tree maturity. Determining the
forest cover types will be done using a reviewitefature on vegetation in the study
area, beginning with Holcomb's (2001) work on baitend forests in the study area.
After FACET has been modified with all the site-sifie and vegetation parameters,
multiple simulations will be performed for eachréan type. Results from the FACET
runs will be analyzed using a developed semi-Markodel parameter estimation
program, SEMAPAR (Acevedet al. 2001a, b). These steps are summarized in the flow

chart below.

Run-on Soil type map

—P> -
DEM coefficient map

Define
terrain

types
(GIS)

l

SEMAPAR
to calculate
transition

probabilities

Terrain types |

Forest cover types

FACET to
model forest
growth,

multiple runs

Tree species parameters

Slope, aspect, and elevation

W eather parameters

Figure 5: Diagram showing steps for generating transitiaybpbilities
with FACET.
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Landscape Metrics

Implementing landscape metrics to provide infororatn environmental health
to the modeled agents will include steps to deteerai relevant set of wildlife species
and metrics, calculate metrics on output maps,ir@edrate the metrics into the
Biocomplexity model as feedback to agents. Tl §itep in this process will be to use
existing literature, research data, and expertiadable from the University of North
Texas’ Institute of Applied Science to determingefof species. Factors involved in this
decision include the ecological importance of ghecges to the study area, human
perception of the species, and knowledge of theispdandscape requirements. Data
on local wildlife and the studies by Barry (2000gddHoffman (2001) that investigate the
relationship between certain landscape metricsaarah health in the Greenbelt area will
be used as a starting point for this determinationce the species list is known, metrics
that measure the landscape requirements for tipesées will be determined. Those
metrics will then be used to determine the viapit specific wildlife species. The
selection and interpretation of metrics relevariotal wildlife viability will present a
challenge as there is little empirical data onrtbeantitative relationships (Turnetral.
2001). That habitat fragmentatiare. loss of habitat, reduction in habitat patch stze,
increasing patch isolation, has an effect on wadliability is broadly accepted. The
problem is in understanding which metrics are r@teor any given situation. Andrén
(1994) found that the class of metrics relevantstime birds and mammais. total area
or spatial arrangement, changes with the percemtéipe landscape that the habitat

occupies.
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Metrics will also be selected in order to give agal characterization of
landscape structure and pattern. This charactiene@ill include patch size, number
and density for the various patch types, landscapgosition, and landscape
configuration. Information on generic landscaparahterization through metrics is
abundant (McGarigal 2002, Turngral. 2001). As with application to wildlife species,
the problem is a lack of empirical data relating ldBndscape characterization with
ecological processes. This study will seek to Wways of using this landscape
characterization to more generally quantify envinemtal quality, or the human
perception thereof, of the landscape. Metric datans will first be done on static
output maps using the FRAGSTATS program. The meticulations will then be
integrated into the dynamic landscape model adéeddto the modeled agents. The two
diagrams below summarize the process of speciestgal and the steps required for

metric selection and implementation.
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Is the species
found inthe
study area?

YES

I5 it representative
of general

ecosystem health
in the study area?

YES

MO

¥

Does the species
substantially impact

Is there enough
information for the
species’ viahility to
be deterrmined using
landscape metrics?

Consider species for

YES |selection, use the best

YES

hurman perception?

Mo

Is the species
on any threatened

YES

+

Mo

or endangered listsy

MO

A

Do not use

this species.

choices from the list.

Figure 6: Diagram of the species selection process.

Select metrics based an
relationship to selected
species' viability or general
landscape characterization,

—

Use FRAGSTATS to calculate
retrics on static output maps
provided by MOSAIC simulation.

Integrate metric calculations
on hynarmic landscape

of the Biocomplexity maodel.
Use metrics a5 emvironmental
feedback to modeled agents
at each model timestep.

Figure 7: Steps for metric calculation and implementation.
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RESEARCH PLAN
Data Sources
The data required for the thesis includes GIS B@atrs of the study area and data
regarding local wildlife. Sources for the GIS diaygers are summarized in the table

below.

Data L ayer Source

Greenbelt study area boundary Derived from DEM.

Digital Elevation Model (DEM)| United States Geoloagli Survey (seamless.usgs.gav)
Download: 6/28/2004, Published: 1999

Lakes Texas Water Development Board
(twdb.state.tx.us/mapping.gisdata.asp)
Download: 6/28/2004, Published: 1997

Soil type Soil Survey Geographic Database, NafReslources
Conservation Services, USDA
(ncgc.nres.usda.gov/branch/ssb/products/ssurgol/)
Download: 5/21/2004, Published: 8/27/2002

Land cover/Land use Institute of Applied Scienctéisiversity of North
Texas
Streams Denton County GIS data disc, 2004

Table 1: GIS data sources
Timeline

The timeline for the required research activitesummarized below.

Task Target completion date
Obtain necessary data layers June 2004
Proposal presentation August 2004
Generate necessary data layers for model input eBdptr 2004
Determine tree and terrain categories Septembet 200
Determine species and metrics to use September 2004
Run FACET model to generate transition probabditie | October 2004
Calculate metrics on static MOSAIC output map Oetdt004
Integrate metrics into dynamic Biocomplexity model October 2004
Thesis write up November 2004
Thesis defense December 2004

Table 2: Research activity timeline
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