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Abstract

This paper provides contextual documentation of the LANDIS model development to provide a framework for the other papers
in this special issue. The LANDIS model of forest landscape disturbance and succession was developed since the early 1990s as ¢
research and management tool that optimizes the possible landscape extent (100 s ha to 00hddproviding mechanistic
detail adequate for a broad range of potential problems. LANDIS is a raster model, and operates on landscapes mapped as cells
containing tree species age classes. Spatial processes, such as seed dispersal, and disturbances such as fire, wind, and harvest
can occur. LANDIS development benefited from the modelling and research progress of the 1960s to the1980s, including the
growth of landscape ecology during the 1980s. In the past decade the model has been used by colleagues across North America
as well as in Europe and China. This has been useful to those not able to undertake the cost and effort of developing their own
model, and it has provided a growing diverse set of test landscapes for the model. These areas include temperate, southern, anc
boreal forests of eastern North America, to montane and boreal western forests, coastal California forest and shrub systems,
boreal Finnish forests, and montane forests in Switzerland and northeastern China. The LANDIS model continues to be refined
and developed. Papers in this special issue document recent work. Future goals include integration within a larger land use
change model, and applications to landscape and regional global change projection based on newly incorporated biomass and
carbon dynamics.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tual scientific growth in forest and landscape ecology
(Mladenoff, in presk Additionally, ecological research
Models that simulate change on forest landscapes work extending back to the 1960s has been key to this
have largely evolved over the last 15 years, building evolution Mladenoff and Baker, 1999 My purpose
on both technology (computer power) and concep- here is to provide documentation, broadly defined, of
the LANDIS (Forest Landscape Disturbance and Suc-
ml 608 265 6321; fax: +1 608 262 9922. cession) modelNlladenoff et al., 1996 This will in-
E-mail addressdjmladen@wisc.edu. clude a brief review of the model’s historical context,
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purpose, original design and rationale; its subsequent Ek and Monserud, 1974FOREST was a very innova-
(and on-going) evolution, an overview of key papers tive model that tracked spatial locations of tree stems
thattrace the model evolution, and a brief review of past in a stand; as such it was ahead of its time in terms of
applications and current users. Some current model de-pushing then current computer capabilities.
sign additions and applications then follow in this spe- JABOWA proved to be a more parsimonious ap-
cial issue. proach and was more successful, spawning a host of
variants and descendants. A fascinating genealogical
chart of JABOWA descendants by D. Malilly is found
in Kimmins (1997)p. 488). The JABOWA family sim-
ulates trees on gap-sized forest plots, which have varied
in different model derivations from 0.01to0 0.1 ha. Often
Research on forest disturbance and succession hagalled individual-based models, they do not really track
been subject to many excellent reviews over recent the spatial location of individual stems, as did the FOR-
decades and will not be repeated here (e3lenn- EST model and the more recent SORTIE moéeldala
Lewin etal., 1992; Pickett and White, 1985; Mclintosh, etal.,1993. SORTIE can be thought of asa more mech-
1985; West et al., 1981; Connell and Slatyer, 1977; anistic gap modelthatis truly spatial. Its costs however,
Drury and Nisbet, 1973 Readers should consult the are the need for very detailed field data for parameter-
primary literature referenced in these reviews. Many of ization, and a limitation of being able to simulate only
the concepts developed over the past century in ecol- 10 s of ha with this detail, and a 3-year instead of an-
ogy have a long and contentious histoidlntosh, nual time-step. All of these individual-to-stand level
1985. These include concepts of climax and succes- models have focused on succession more than distur-
sional seres, equilibrium and non-equilibrium systems, bance, in part because of design limitations, the physi-
community composition along steep versus moder- cal extent of the area over which they could be applied,
ate gradients, the importance of disturbance in nat- computational capability, and ecological knowledge.
ural systems, and long-term effects of human alter- Where such models have included disturbances, such
ations to ecosystems. These concepts and principlesas fire, flooding, etc., they have been limited until re-
are now commonplace in ecology, and they underlie cently by their non-spatial nature and again, limited
the mechanisms and parameters used in forest changextent.
models of all scales, from single trees to regions, Beside the more strictly ecological models, forestry
and whether the models are mechanistically simple or growth and yield models also evolved during the 1970s
complex. and 1980s for a distinctive set of uses. These have also
Models of forest change began as purely narrative, been broadly reviewedarks and Alig, 1988; Loucks
theoretical, or conceptual formulations, leading to ap- et al., 1981; Munro, 1974 Related to these were the
plications of simple mathematical change transitions first forest planning models, linear programming mod-
(e.g., Markov modelsHeller, 1968; Stephens and Wag- els that usually included a growth and yield compo-
goner, 197Y). Later, more complex computer simula- nent (verson and Alston, 19§6Attempts were made
tors followed, based on various mathematical formu- in the late 1980s and the 1990s, especially within the
lations, or rule-based models. Early computer models US Forest Service, to address management and plan-
of forest change in the late 1960s and early 1970s de- ning questions that became more complex, acknowl-
veloped at the time that computer models were first edged to be broader in scale and required addressing
being applied in ecology under the US International more diverse sets of ecological concerns than in the
Biological Program (IBP) in a series of US regional past. These were generally tasks that severely stretched
forest change models. The IBP also funded attempts tothe capabilities and design intent of the growth and
develop complex models of ecosystem processes andyield models and planning modeldohnson, 19939a

2. Forest ecology and forest management
models

trophic level dynamics. At about the same time, the
first of what became called forest ‘gap’ models ap-
peared (JABOWABotkin et al., 1972, and the first

true, individual tree model of a forest stand (FOREST;

This was one of the forces that encouraged the de-
velopment of LANDIS and related models, along
with ecological advances and enhanced computer
capability.
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3. Early disturbance models Landscape ecology as a science very explicitly links
research and management. Although the name implies
Early models of disturbance began as attempts to a broad, human-scaled context and spatial study extent,
simulate the details of forest fire spread for suppression this need notbe so. Indeed, the conceptual approach has
purposesRothermel, 197Rand were later integrated been applied at a range of scales and across systems as
into a non-spatial forest planning framewoHKegsell, diverse as a few square meters of beetle hat\ietris
1976. Significant empirical ecological work on dis- and Milne, 1989, to all broader terrestrial scales, and
turbance, largely fire (e.gHeinselman, 1973; John- eventhe ocean$eele, 198p Nevertheless, the foun-
son, 1992pbut also wind and to some degree insects dations of landscape ecology are rooted in human-
and disease were required before disturbance becamescaled and human-dominated landscapesrian and
a main component of forest change models. Models in Godron, 1981, 1986 This link of an environmental
this area did not develop to any degree until landscape science and management has never been so explicit as
modelling approaches became more feasible, becauset is with landscape ecology. The very principles of the
of the inherent spatial nature of disturbances. science—that explicit consideration of space is essen-
tial in understanding ecological processes, that inter-
actions occur at and across a range of scales, and that
these processes vary in both rate as well as time—make
4. Landscape ecology and early landscape confronting the real, human-dominated landscape in-
models escapable. The movement of species, energy and mat-
ter, if considered (for forests) beyond a single stand
Landscape models of forest change have their (10-100 s ha), means that a very large context must be
origins both within and outside of forest models considered. Important variables may occur in adjacent
themselves. The gradient modelkdssell (1976Wwas stands, or even much further away. Especially where
perhaps the earliest forest model that was spatial, andmost landscapes are divided up in terms of ownership,
included both biotic disturbance and fire. Major devel- managementauthority, land uses and history, both man-
opment of forest landscape models really occurred in agement and science must confront the effects of this
the latter half of the 1980s. Several growing forces com- division. Researchers and managers have found they
bined at this time to provide major impetus. Landscape need to work together more closely than even before
ecology as an explicit field of study in North America (Mladenoff, in presp
grew dramatically beginning in the 19803ufner, Researchersinlandscape ecology quickly found that
1989; Forman and Godron, 198This contributed by  there are limits to what can be learned empirically, ei-
emphasizing the importance of the explicitinclusion of ther through descriptive, correlative studies, or field
scale (with an emphasis on broad-scale) in ecological experiments. The broad extent of spatial and temporal
research and management. Computer power, andscales thatoften must be addressed means that many of
in particular access to desktop computers, began the traditional methods of experimental science cannot
to grow exponentially. Finally, as alluded to in the be used in landscape ecology. There are limits of both
section on forest models, environmental concerns and cost, and of what is feasible on landscapes where many
the increasing sophistication of land management activities must take place, that will constrain landscape
problems and demands created a large demand forecological research. In the same vein, problems of ex-
new modelling tools Nlladenoff, in press; Sklar and  perimental replication are even more insurmountable at
Costanza, 1990There was a growing need for models broad scales, and for many systems. Thus, spatial mod-
that better integrated the more ecological approachesels become a necessity. We can, in effect, use stochas-
with tangible information that could be used by tic, spatial models to conduct experiments by simu-
managers and planners to examine more complex, lating replicated, factorial experimental designs where
spatial scientific questions. In a sense, this was a we can control and vary important parameters and vari-
push showing that the bifurcation of forest modelling ables according to our needs. There is really no other
approaches in the 1970s into ecological versus forestry way we can assess how many multi-scale processes in-
models failed to meet the newly emerging demands. teract, or understand the very long-term dynamics of
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many systems. Also, using these models in this way here I distinguish among models that arepiricaland
gives us a method to assess the variability in simu- analytical, such as statistical models that often have
lation outcomes. While this is a typical approach in a single solution. There are contrasted wstbchas-
testing models, such as in sensitivity analySsidner tic models that include algorithms based on random
and Urban, 2004 we are also interested in the range of choices. These are typically simulators. Models can
possible outcomes of the system interaction in general. also bespatial in that they simulate entities such as in-
In other words, what is the range of confidence we have dividuals or cells that have explicit coordinates in two-
in the scenario outcomes that our models give? or three-dimensional space. But not all spatial mod-
Related to this is a more typical use of these mod- els arespatially dynamicA spatially dynamic model
els in ecology. Ideally models and empirical studies includes not only explicit locations of entities, but in-
are used together, iteratively, where data inform model cludes processes that incorporate interactions among
design and algorithms, and then modelling feeds back entities in space that in part drive change in the fo-
to guide further empirical research and ‘traditional’ ex- cal entity over time. Such models do not have a single
periments. Inlandscape ecology, this approach may notsolution, and are usually run in multiple replicates to
work as simply as in other areas of ecology. It is often generate a mean trajectory of system change. This can
difficult to create and carry out such broad-scale em- be thought of as the simulated version of the ‘natural
pirical work. Nevertheless, the process still can work. range of variability’, a concept that is becoming more
The needed data may still be difficult to gain, but the common in ecology and ecosystem management.
models can help to clarify what those data needs are. The problems inherent in designing and building
There are still many imperfectly understood processes any model are multiplied with stochastic, spatial
at many scales, many amenable to research. landscape models, and therefore present even larger
A significant problem to all of this kind of research, pitfalls. Beside the usual problem of data availability
is that often landscape studies, and building and using mentioned above, spatial landscape models require
landscape models, require even greater amounts of timespatial input data, usually in map form suitable for
and money that much other ecological research. While digital processing within the model itself or linked
models can help in assessing extremely long-term sys-with a geographic information system. At the same
tem behavior, in a relative sense this research demandgime, confronting the design of a spatial model quickly
very long-term support. reveals that our increased ecological knowledge and
geometric growth in computer speed are not panaceas.
We still have technical limitations so that no spatial
5. Trade-offs in landscape modelling model can include interactions at all scales. There are
similar technical limitations as well, in that the output
A driving need of the growth in landscape mod- of complex models quickly reaches a point where it
els has been the realization that ecological science andis not possible to analyze or absorb the results. Both
management questions have gotten more complex. Forof these limitations support an assumption inherent
example, traditional stand level management, simple to successful spatial models, that to understand the
sustained yield and multiple use concepts, non-spatial outcome of a spatial process at a given scale, complete
estimates of growth and yield, and the unquestioned ap- knowledge of underlying mechanisms is not necessary,
plication of fire suppression, have all been applied too and likely is not possible. We need to resist the se-
optimistically and uniformly across our forests, creat- duction, so irresistible to many scientists, that adding
ing a caricature of well-functioning landscapes. They greater mechanistic complexity produces a better
represent a failed conceptual model that for too long model. The real problem is determining how much
avoided acknowledging spatial interactions at a range knowledge is needed, at what scales and resolution, for
of scales, and over longer time scales. the questions and applications planned for the model.
Landscape models can be categorized in many ways There are trade-offs to consider that are both tech-
(Gardner et al.,, 1999; Baker and Mladenoff, 1999; nical and conceptual. Spatial forest landscape models
Baker, 1989. My focus here is on models that simulate and landscape models in general can operate on a num-
change over some range of time steps. For my purposesher of different focal entities. The entities may be trees
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Fig. 1. Computational trade-off between technical limits—increasing spatial resolution (smaller cell size or minimum entity) and increasing
extent (total landscape area)—in model design.

with actualx,y coordinates, gaps that may be occu- GIS) operating in vector mode also have much greater
pied by multiple stems without explicit locations, cells computational costs in general for other technical rea-
or pixels on a rasterized landscape map, or delineatedsons Burrough and McDonnell, 1998l believe that
stands or patches (polygons). The lastimply a GIS data raster models have several advantages, both being the
format that is vector mode, where entities are part of faster computational mode in general and, if incorpo-
maps with patches. Raster mode is the second format,rated into the design, being capable of representing the
where a map is gridded into a contiguous lattice of cells greatest range of the resolution/extent spd€g. (1,
(Bolstad, 2002; Burrough and McDonnell, 1998 Mladenoff et al., 1995

The important technical and conceptual trade-offs At the same time raster-based models, because of
are therefore the spatial resolution at which the model their computational efficiency can also best represent
runs, i.e., cell size or minimum spatial entity such as the largest portion of the spatial dynamism/mechanistic
patch size, the maximum landscape extent that can bedetail spaceKig. 2). Therefore raster models have been
simulated by the model, and the degree to which a shown to be most efficient and flexible to use over a
model incorporates mechanistic detail and spatial dy- range of scales. However, specialized uses can argue for
namics. Whatever the prevailing computer capabilities one of the other approaches; the raster approach does
or model detail, there will always be a computational not cover the entire space represented in each graph
trade-off between spatial resolution and extent—higher (Figs. 1 and 2
resolution (smaller cell size) or increasing extent both
result in more cells to simulate. Different forest land-
scape model designs optimize these constraints in dif- 6. LANDIS model purpose and design
ferent ways Fig. 1). In general, the highest resolution
in these models would be carried by a model that sim- ~ The LANDIS model design came about with these
ulates individual trees, or cell sizes small enough to issues in mind. The goals were to simulate forest land-
represent such entities (e.g., individual based models scapes (100 s ha—1000 s%)r,‘ninitially including suc-
to gap models). Patch or vector stand models can op- cession and wind and fire disturbance that operate spa-
timize extent, but will sacrifice resolution. Models (or tially (Fig. 3, Mladenoff et al., 1996 Initial work on
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Fig. 2. Computational trade-off between conceptual model design factors—degree of spatial dynamics vs. increasing mechanistic detail.

the model began in 1991, and a prototype was first range of questions to be addressed. At the same time
used and results presented in 1988gdenoff et al., we concluded, based on earlier attempts, that the model
1993. The design purpose was to optimize flexibil- should have relatively few, simple parameters so that it
ity. This meant incorporating the ability to use a range could be transportable and used in different locations.
of cell sizes {~10 m-1 km) to allow a relatively broad  This is one of the strengths of the gap models of the
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Windthrow
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Fig. 3. Original conceptual diagram of LANDIS operation (based/Madenoff et al., 19961993).
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Table 1
LANDIS model goals and purposes, and corresponding model design characteristics for LANDIS 1

Purpose or goal Model general design characteristic

Reasonable landscape realism in results
Spatial, stochastic, context-dependent cell change
Spatial dynamics Species-specific seed dispersal distances
Disturbance spread

Patch dissolution and aggregation Raster (cell-based) mode

Computational efficiency
Raster (cell-based) mode, 10-year time step
Free-standing program, outside GIS, GIS file format link
Some parameters, inputs semi-quantitative, categorical
Tree species represented as presence/absence of 10-year cohorts in a cell, not individuals

Easily modifiable code Object-oriented design, hierarchical, C++ language

Usability for diverse users, locations, purposes
Graphical user interface
Flexibility of scales Variable resolution (cell size 10 m—1 km), and map extent
Portability to different regions, forest types Moderate, flexible input parameter needs
Flexibility in required input data
Successional dynamics
Individual species, 10-year age classes
Spatial influences on succession Seed dispersal distance functions by tree species

Disturbance dynamics
Fire, windthrow, code structured to add others (e.g., insects)
Landscape spread, interaction of disturbances
Management consequences Flexible forest harvest routine; spatial controls

Landscape environmental heterogeneity
Variable land types

The general model purpose was to examine fundamental questions about ecological dynamics, as well as questions of forest management
consequences.

JABOWA/FORET lineage, though they are mechanis- each species, not actual sterRoberts, 1996 At this
tically more complex than LANDIS and cannot op- point, the DISPATCH modeRaker etal., 1991; Baker,
erate typically on entire landscapeSh{igart, 1984 1994 was also a significant step in formulating a model
but see adaptations Hyrban et al., 1999 The les- that simulated disturbance and regeneration of forest
son of the need for mechanistic simplicity was learned patches on very large landscapes. DISPATCH com-
from attempts at extending the more complex gap mod- bined a patch-based disturbance algorithm with for-
els to spatial dynamics and across entire landscapesest age-based regeneration in the patches, but not tree
(Sarkar et al., 1996; Smith and Urban, 1988 pos- species.

itive example of the power of mechanistic simplicity Ultimately, we decided on a conceptual design sim-
in forest modelling was learned from Dave Roberts’ ilar to that of Roberts for LANDIS, but with somewhat
work in the very early 1990s which provided a patch- greater mechanistic detail. Thus the need for more com-
based landscape model of simple and elegant designputational speed and the desire for greater flexibility
(Roberts, 1992, personal communication; though not brought us to the LANDIS desigiéble 1 Mladenoff
published until the mid-1990&Rpberts, 199§. How- et al., 1996; Mladenoff and He, 19p%riorities were
ever, Roberts’” model was particularly important in to (i) provide a desired level of landscape dynamics
showing that individual tree species age classes couldand realism, (ii) maintain practical computational effi-
economically be simulated on landscapes if a raster ciency, (iii) emphasize non-equilibrium successional
approach was used with a 10-year model time-step, dynamics, (iv) include major disturbance types and
and only presence/absence of age classes tracked fotheir interactions, (v) represent environmental hetero-
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geneity, and (vi) maximize usability, flexibility, and history traits Fig. 4b), such as shade tolerance and
portability (Table ). Greater narrative detail on the longevity. Simplified fuel dynamics and species and
design rationale and process originally used to develop age-specific mortality caused by different disturbances
LANDIS is found inMladenoff (in press) constitute the third conceptual component of LANDIS
The LANDIS model can be represented conceptu- (Fig. 4c). Because the diagramis a conceptual represen-
ally as a repeating cycle of processes that operate ontation, the arrows linking disturbances imply possible
the initial input map and subsequent time stépg.(4). pathways, not necessarily a fixed sequence of opera-
Tree species are filtered for their ability to exist on a tions. In other words, any of the disturbances—fire,
particular cell based on propagule availability (seed or harvest, or wind—may occur at a cell or group of cells,
sprouting ability) in relation to th&and type a spatial depending on the various algorithms.
landscape input that may correspond to soils, slope, or  Interactions within LANDIS can be complex due to
other physical characteristicBif. 4a). Land type can  species and age-specific responses to spatially-explicit
be an input data layer that can be scaled according todisturbances that vary in their relative intensity. Fire
data availability and user needs. The species establish-is a bottom up disturbance, where younger age classes
ment coefficient (SEC) is derived by using the LINK- are relatively more susceptible to fire than older age
AGES gap modelRastor and Post, 198& model that classes, and higher intensity fires will kill progres-
incorporates ecosystem processes, and an algorithm tcsively older age classes. These age-dependent fire sus-
rank tree speciesresponse to dite étal., 1999amod- ceptibility thresholds decrease with increasing fire tol-
ified in Scheller and Mladenoff, in pressThe SEC erance of individual species. Conversely, windthrow
encapsulates a static, relative ranking of a species inis a top down disturbance, most affecting older age
relation to site type, characterized by moisture and nu- classes first. Higher intensity events kill progressively
trient dynamics as implemented in LINKAGES. Next, smaller individuals (younger age classes) in a cell.
succession occurs within a cell based on species life Overall, disturbance-caused mortality then drives sub-
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ability Land type Shade tolerance
1 l (b) l
Tree Species =
Establishment > gzrcnclfaesgtilc\:rel
and Growth
| |
Seed Longevity Background mortality
dispersal
Disturbance and Management
() Harvesting
v j b
o
@©
|| Disturbance-Related Fire £ %
Mortality (Bottom up) i :E‘
o=
§5
3 9
>3
Fuel T 5
Accumulation/removal _E
3
&
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Fig. 4. Major LANDIS 1.0-3.7 model dynamics, including (a) species-site quality interactions, (b) successional dynamics, and (c) disturbance.
Aninsect and disease mod@eurtevant et al. (2004nd revised fuel and fire modules (He et al., and Shang et al., in press) are being incorporated
into LANDIS 4.0. Biomass is incorporated 8cheller and Mladenoff (2004&nd will be released in LANDIS-II.
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sequent species establishmefig( 4a). The harvest-  Tablez _
ing module was developed later, in the mid-late 1990s, Tree species life history parameters that drive the model

and benefited from previous development of separate Parameter Representation
raster-based harvest simulatongllin et al., 1994; Li Species longevity Years
et al.,, 1993, and particularly the HARVEST model  Age of sexual maturity Years
(Gustafson and Crow, 1994Harvesting, depending ﬁha‘:elto'erance CC"’t“ego_”CT' (7'3559511‘55)
on the particular mode implemented, can affect cellsin e oo ance ategorical (classes 1-5)
Effective seed dispersal Meters
either top down or bottom up fashion, dependingonage gistance
classes removed and frequency. The harvesting modulemaximum seed dispersal Meters
in LANDIS can be used to implement complex cutting  distance _
regimes, with species, spatial, and temporal controls, Pmbab””yt"f vegetative Binary (Y/N)
as well as several harvesting methoBsitafson etal., | PoPdaion
aximum sprouting age Years
2000. ) Species site response Species establishment
Operationally, the model operates on a raster GIS coefficient (derived probability)

format, but is a free-standing prograffig. 5. Many
inputs can be thought of as represented by maps of cli-
mate, soil, and topography (that may defied types. cations, biomass is also now a spatial out/8dheller
Implemented processes such as harvest and natural disand Mladenoff, in pressjb

turbance can also be thought of as 2-D map representa-  Tree species life history parameters drive the species
tions, all of which relate to the raster map of the land- dynamics of the modefTgble 2. This approach is in
scape at a given time-step. Outputs similarly can be part similar to the gap models, but here some parame-
thought of as various mapped or table representationsters are simplified to categorical representation. This is
of the data Fig. 5. Similarly, under current modifi-  part of the trade-off of maintaining more spatial dy-

model input model simulation  processes

7 Probability, size, ignition,

@ —— spread, severity
climate zone / FIRE
soil map Probability, size, ignition, spread,
DEM qp severity

WIND

Stands, management units

HARVEST £~
multiple species and

i Fire retum intervals; species
age input maps establishment coefficients;
LANDTYPE fuel accumulation

Cell object = site species info,
disturbance history, succession,
seeding, and disturbance interaction

Z
[

|

outptlJt single output species output output age
year 0 species map classification disturbances distribution

year n

Fig. 5. Computer operational design of LANDIS.
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namics and broader usability of the model (modest
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agement and applied uses of the model, and examining

data input and parameter information needs), againstecological concepts and theory of spatial disturbance

more fine-scale mechanistic detdiaple 7). More spe-
cific details on the model design and algorithms are

and long-term change on a landscape @énd Mlade-
noff, 19991. Up to this point, the model has benefited

published in several papers. Model structure, behav- from colleagues willing to adapt and test the model

ior and testing are iMladenoff and He (1999)Spe-
cific modules are described in detail in several papers:

in various landscapes and forest ecosystems in North
America and several other locatiorisid. 6). This is

model object oriented design and tree species represenhot an attempt at model imperialism and hegemony, but

tation He et al., 1999) seed dispersal effects on tree
species spread across the landsckigsad Mladenoff,
19993, fire module and long-term landscape dynamics
(He and Mladenoff, 1999band the harvesting module
(Gustafson et al., 2000

rather meeting two needs—that of other researchers to
avoid the long path of model development, and our own

desire to see the model tested in different systems. For
example, the model was adapted to the oak forest land-
scapes of Missouri, to simulate change in a topograph-

This special issue contains papers on the designically more fine-grained and fire dominated landscape

and modification of the original basic LANDIS design
(1.0-3.7), and some initial applications of these modifi-
cations. The original development region for the model
was northern Wisconsin (USA), a region of mixed de-
ciduous and coniferous forestig. 6, Mladenoff et

al., 1996. This was used as the landscape for contin-
ued model development, as well as projects of man-

(Shifley et al., 200D The model is also being used to
examine ecological theory and effects of modified fire
regimesin a southern California (USA) Mediterranean-
type shrub and forest landscapednklin et al., 200
Inthe eastern Finland boreal foréBennanen and Kuu-
luvainen (2002added information on tree density and a
more detailed, mechanistic fire module (FIN-LANDIS)

“ Bc ' Canada
B . AB ‘
3 | -~
e | et
. : JF
'|
| ™ =
[
,': E‘g 1 - .F - = /
": Hnlite St aile s _ \ L | IN I‘k \ Finland
CA \ | | | MO BB .
B } =18 7 ; [ Rond
NEg I,‘ | | » 7 e
| | { |\ !
) 1 GA
Wy (4] z , y
[ T o ) -
China % ) ‘ \ 2
L Mexico? ; %
VSN N SN
i \‘, -
)
m P e

Fig. 6. Known locations where the LANDIS model has been or is being used, beyond the development region of the US northern Great Lakes

region. Since the model is freely available, other users likely exist.
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to simulate change. In northeast China the model was sic successful formula will remain the same: keeping
used to examine long-term dynamics under a natural model complexity within the bounds of research needs
disturbance regimeHe et al., 200p and practical usability.

We have also developed a system within a sin-
gle interface that combines the LANDIS model with
the spatial species metapopulation model, RAMAS Acknowledgements
GIS (Akcakaya, 200p This system provides the
first attempt at linking detailed, spatial landscape

habitat change with a species metapopulation model ¢ jeagues. In particular work with my colleague Hong
(Akcakaya et al., 2004 Since the LANDIS model it g \yas key, and at a critical period. Eric Gustafson,
self is freely available, other work is in progress at a popert Scheller, Janet Franklin, Steve Shifley, Brian
number of labs, some of which we are awarefif( Sturtevant, and Resit Alakaya contributed a great
6), but many others have not interacted with us after 4., conversations with, and past work of Dave
downloading the program. Roberts, Bill Baker, Dean Urban, Monica Turner, Bob
Gardner, John Pastor and Bob Keane were influential,
as well as the work of those others cited in the refer-
ences. | also thank Brian Sturtevant, Hong He, Robert
i Scheller, and Eric Gustafson for comments on this
_ The LANDIS model, as aresearch tool, and increas- manyscript. Funding for LANDIS development and re-
ingly as a management tool, will continue to evolve. gearch has been provided largely by the US Forest Ser-
This |s_what the original design sought to fz_icmtz_ite. In vice North Central Research Station, and the US For-
part this is shown by many of the papers in this vol- gt Service Northern Global Change Program, Wiscon-
ume that highlight current development work and new gy pepartment of Natural Resources, and the National

applications in diverse locations. The need to remain ggience Foundation. LANDIS 3.7 and 4.0. test data
conscious of the trade-off between mechanistic detail 5,4 gocumentation are freely available for download

and model scope remains. LANDIS 4.0 capitalizes on (www.snr.missouri.edu/LANDIS/landis LANDIS-I|

the existing age-list and ordinal ranking structure of \,:ih piomass fully integrated as a model currency
the original model, but adds new capability that in- s exnected in fall of 2005. We strongly recommend
cludes more explicit fuel dynamics (He etal., in press; ¢ potential users first become familiar with the
Shangetal., in press), fuel-fire interactions, and biolog- 1,5 del design, capabilities, and limitations, by read-
ical disturbancesSturtevant et al., 2004LANDIS-II ing the published papers. The LANDIS and RA-
adds mechanistic detail to the succession and distur-\yag g|s modelling system RAMAS Landscape
bance interactions by changing the model ‘currency’ 5 gyailable commercially (Applied Biomathematics,
from the age-list to biomas$¢heller and Mladenoff, Setauket, NY, USA:http://www.ramas.cojn Sup-
2004, and will allow greater flexibility in time step port for the development of the RAMAS/LANDIS

length. Other modifications are occurring indepen- system was provided by grant 00-33610-9437 from
dently by others. These changes will allow simulation o g Department of Agriculture to R. Akkaya
of agreater variety of disturbance and recovery dynam- 5,4 Applied Biomathematics. A LANDIS uéer’s bul-

ics, and carbon dynamics. letin board is located atttp://ash.forest.wisc.edu/cgi-
High priorities for the near-term future also reflect bin/users/YaBB.pl

the nature of both ecological research as well as grow-
ing management needs. In the near future we plan links
with an economic model, and embedding LANDIS
within a larger land use change model. The model will
continue to evolve, and continually increasing com-

Akcakaya, H.R., Radeloff, V.C., Mladenoff, D.J., He, H.S., 2004. In-

puter capabllle and gr0W|n.g knOWIedge WIII allow tegrating landscape and metapopulation modelling approaches:
some growth in model detail and complexity. Trade- viability of the sharp-tailed grouse in a dynamic landscape. Con-
offs will always remain part of the equation. The ba- serv. Biol. 18, 526-537.

The work reported here has benefited from many
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