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ABSTRACT

To integrate multiple uses (mature forest and com-
modity production) better on forested lands, timber
management strategies that cluster harvests have
been proposed. One such approach clusters harvest
activity in space and time, and rotates timber produc-

‘tion zones across the landscape with a long temporal
period (dynamic zoning). Dynamic zoning has been

shown to increase timber production and reduce
forest fragmentation. by segregating uses in time

. _ without reducing the spatial extent of timber produc-

tion. It is reasonable to wonder what the effect of
periodic interruptions in the implementation of
such as strategy might be, as would be expected in a
dynamic political environment. To answer these

_questions, I used a timber harvest simulation model

(HARVEST) to simulate a dynamic zoning harvest
strategy that was periodically interrupted by changes
in the spatial dispersion of harvests, by changes in

timber production levels, or both. The temporal

scale (period) of these interruptions had impacts
related to the rate at which the forest achieved
canopy closure after harvest. Spatial dynamics in
harvest policies had a greater effect on the amount

of forest interior and edge than did dynamics in
harvest intensity. The periodically clustered scenarios
always produced greater amounts of forest interior
and less forest edge than did their never clustered
counterparts. The results suggest that clustering of
harvests produces less forest fragmentation than
dispersed cutting alternatives, even in the face of a
dynamic policy future. Although periodic episodes
of dispersed cutting increased fragmentation, aver-
age and maximum fragmentation measures were
less than if clustered harvest strategies were never
implemented. Clustering may also be useful to miti-
gate the fragmentation effects of socially mandated
increases in timber harvest levels. Implementation
of spatial clustering during periods of high timber
harvest rates reduced the variation in forest interior
and edge through time, providing a more stable
supply of forest interior habitat across the landscape.

Key words: timber harvest; aggregation of har-
vests; dynamic zoning; spatial simulation model;
forest interior; forest fragmentation; forest manage-
ment policy; forest management planning.

INTRODUCTION

Forest- management occurs in the context of dy-
namic systems, including not only ecological sys-
tems, but also social and political systems (Wiersum
1995). Societal expectations for the management of
forest resources are in constant tension, as people
value both relatively undisturbed forests and the
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forest products needed to support desired lifestyles.
This tension especially affects the management of
public lands and is manifested in the somewhat
independent evolution of policy in the administra-
tive and legislative sectors of governments. Conse-
quently, policies may oscillate in the short term,
even as they are steadily evolving over the long
term (Keiter 1996).

One of the potential ecological consequences of
timber harvest is a reduction in the amount of
habitat for forest interior species. Many interior
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species are thought to be sensitive to the size of
forested blocks (Blake and Karr 1987; Freemark and
Collins 1992), and internal edges may provide
improved habitat for generalist predators and brood
parasites (Gates and Gysel 1978; Brittingham and
Temple 1983; Small and Hunter 1988; Robinson
and others 1995). The practice of dispersing cutting
units hasbeen implicated as a major contributor to
the reduction in forest interior habitat and the
increase in linear edge (Franklin and Forman 1987;
Gustafson and Crow 1994; Wallin and others 1994).
Typically, a large area is identified where timber
cutting is allowed on all land not otherwise set aside
from cutting or unsuitable (timber production zone),
and this zone implicitly is to be used for timber
production in perpetuity (static zoning). Harvests are
dispersed throughout this area during each manage-
ment cycle. Progressive cutting across the landscape
-has been proposed as an alternative to the tradi-
tional approach of dispersing cutting units across
the landscape (Li and others 1993). Under this
strategy, timber harvesting would proceed some-
" what systematically across the landscape. Openings
produced. by harvest would be clustered in both
. time and space, allowing more interior habitat to be
sustained on the landscape as a whole. The practical
application of this approach is complicated by discon-
tinuous ownership of the landscape and the variabil-
ity in the suitability of stands for harvest at any
given point in time. A potential solution to this
_complication is a dynamic zoning strategy, in which
timber production is concentrated in a relatively
small portion of the timber production zone for a
- limited time, and this subzone is moved sequentially
across the timber production zone at 30- to 50-year
intervals (Gustafson 1996). The base timber produc-
-tion zone i$ identical under both the static and
" ‘dynamic zoning strategies, but dynamic zoning has
‘the effect of clustering harvest openings within the
larger landscape, while allowing flexibility in the
placement of individual harvest treatments within
the subzone. Dynamic zoning may also lower costs
of production by clustering operational activities
(for example, road improvement and access con-
trol), and localize disturbance impacts (for example,
stream sédimentation).

Dynamic zoning serves ta cluster the spatial con-
figuration of timber extraction. Simulation studies
have shown that it is possible to increase timber
production and reduce forest fragmentation across
the landscape as a whole, simply by changing the
spatial and temporal configuration of timber extrac-
tion (Gustafson 1996). In fact, a tightly clustered
harvest strategy produced amounts of forest interior

- and edgeé comparable to that of the dispersed alterna-

tive with half the rate of harvest. Forest interior is
minimal within active timber production zones, but
the clustering of cutting activity produces marked

‘increases of interior elsewhere on the landscape.

Although adjacency restrictions (that is, a harvest
must not be located adjacent to an existing harvest
opening until regeneration has progressed suffi-
ciently) generally serve to disperse cuts and increase
fragmentation, their effect is minimal under dy-
namic zoning, because the dispersion is contained
within a portion of the landscape where fragmenta-
tion is high anyway.

A dynamic zoning strategy essentially initiates a
long-term (1-2 rotations) spatially explicit timber
harvest plan. It is reasonable to wonder what the
effect of periodic interruptions in the implementa-
tion of this plan might be, as might be expected in a
dynamic political environment where long-term
policy stability is not possible. Managers of publicly
owned forests are particularly sensitized to the fact
that management policies may change in unex-
pected ways. Historical examples include the shift
from maximizing forest edge (to increase popula-
tions of game species) toward minimizing fragmen-
tation, and the recent dramatic reduction in harvest
rates on federal forests in the Pacific Northwest of
the United States (Haynes and others 1995). Pos-
sible future policy changes might result from some
international crisis (for instance, interruption in the
supply of imported timber) or a change in adminis-
tration of the executive entity overseeing a public
forest. Ideologically based changes in management
policy resulting from election cycles are potentially
oscillatory. If a dynamic zoning (clustered harvests)
policy were periodically interrupted by a dispersed
cutting policy, or if timber production quotas were
periodically altered dramatically, what would be the
effect on measures of forest fragmentation? Can a
dynamic zoning strategy reduce average measures
of fragmentation even when periodically punctu-
ated by dispersed cutting policies?

The objectives of this study were (a) to quantify
the changes in forest fragmentation (forest interior
and forest edge) as a function of periodic policy
changes, (b) to determine which aspect of manage-
ment policy (spatial dispersion of harvests, harvest
rate, and temporal period of policy changes) has the
greatest effect on forest fragmentation, and (c). to
determine whether spatial clustering can compen-
sate for periodic increases in harvest rates, to aid in
the preservation of forest interior habitat. The study
was designed to determine the spatial pattern conse-
quences of generalized alternative policy scenarios
rather than find an optimal scenario to. produce
some desired spatial pattern. Simulation Ihodelsv are



486 " E.J. Gustafson

___ UNITED STATES

-l«r (”
R EREN YA
LA

~ Y

. Figure 1. Location of the study area.

- well suited to illuminate the statistical range of
expected landscape patterns for given broad manage-
ment strategies. Alternatively, optimization models
can be used to design tactical management activities
by maximizing some objective criterion, such as
amount of forest interior (Hof and Raphael 1997).1

~ used a timber harvest simulation model (HARVEST) to
simulate a dynamic zoning harvest strategy that was
periodically interrupted by a dispersed cutting policy,

- by changes in timber production levels, or both.

METHODS

. 'Study Area

"The study was conducted on a rectangular study
area (1,058,046 ha) that included the entire Hoosier
National Forest (HNF) Purchase Area, located in
‘southern Indiana, USA (Figure 1). The HNF was
used tb_'provide a realistic ownership and timber
production zone pattern for assessing alternative
harvest strategies. Ownership boundaries were digi-
tized from 1:24,000 scale paper maps produced by
the US Geological Survey, (USGS) for the Forest
Service. I used the timber production zone bound-
aries from the 1991 HNF Amended Plan (USDA
Forest Service 1991), which were manually trans-
ferred from the Forest Plan maps (approximate
scale, '1:127,000) to 1:100,000-scale USGS maps
and digitized. HNF land within these boundaries
was considered suitable for timber harvest and is

. represented with black shading in Figure 2. A
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Figure 2. Map of the Hoosier National Forest (HNF)
timber land base on which harvests were simulated, based
on timber production zones in the 1991 HNF Amended
Forest Plan (USDA Forest Service 1991). The black shad-
ing represents land on which timber harvests were simu-
lated, which is about 65% of the land owned by the HNF.
The dashed lines represent the subzones used for the
clustered alternatives. The numbers indicate the order in
which timber harvest was allowed on the subzones for the
clustered alternatives.

forest-cover map of the entire Purchase Area was
generated from USGS-Land Use Data Acquisition
(LUDA) data, and all layers were gridded to a
common cell size of 100 X 100 m. I used this map as
the starting landscape condition, which ignores
existing harvest openings and assumes an initial
unharvested landscape. Consequently, the initial
forest condition appeared less fragmented than it is
in reality.

Timber Harvest Model

HARVEST is a timber harvest simulation model de-
signed to evaluate quickly the spatial pattern conse-
quences of alternative timber management sce-
narios. The user controls a number of parameters
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commonly found in National Forest Plan standards
and guidelines that can be used to determine the
spatial attributes of harvest units that produce forest
openings (clear-cuts, shelterwood, and group selec-
tion) (Gustafson and Crow 1994, 1996). The model
produces landscape patterns that have spatial at-
tributes resulting from initial landscape conditions
and the simulated timber management activities.
The model does not attempt to optimize timber
production or spatial pattern. Instead, the model
stochastically allocates harvest units, using the pa-
rameters of the standards and guidelines, and the
timber production zone (or subzone) boundaries.
Modeling this process allows experimentation to
link variation in management strategies with the
resulting pattern of forest openings. HARVEST is
useful for exploring strategic issues (for example,
evaluating broad alternatives) rather than tactical
issues (for instance, designing timber sales).
HarvesT allows control of harvest size distribu-
tions, the total area of forest to be harvested, and the
rotation length (by specifying the minimum age
- where harvests may be allocated). HARVEST selects
harvest locations randomly within currently active
- timber production zones, checking first to ensure
that the forest is old enough to meet rotation length
requirements, Cells are added to a harvest unit until
its size reaches a size drawn from a normal distribu-
tion of harvest sizes with a user-specified mean and
variance. Before a cell is actually harvested, a check
is made to verify that the cell is older than the
" fotation age and not in violation of any spatial
constraints that have been specified by the user (for
example, adjacency restrictions or outside timber
‘production zone). The spatial configuration of areas
where timber harvests are allowed is controlled by
~using a Geographic Information System (GIS) to
" mask areas-on the input map that are not to be
" harvested. '
A number of simplifying assumptions were made
in the development of HARVEST to reduce input data
‘requirements and enable it to simulate harvest
activity quickly over a relatively large area (>10¢
ha). The first is that harvest allocations within
timber production zones typically take a spatially
random distribution over the period represented by
the time step of the model run. However, this
assumption does not nullify the spatial constraints
most important in strategic management planning:
“harvest allocations are constrained by the locations
of existing stands that are older than the rotation
length, by the boundaries of management zones,
and by buffer requirements (distance of uncut forest
that must be'left around harvest units). The spatially
. random assumption is based on an analysis of stands

reaching rotation age and on past harvest alloca-
tions. Using nearest-neighbor analysis (Davis 1986)
on 10 subsets of HNF stand maps (mean size of

-subsets, 3366 ha; SD = 1062 ha), the observed

mean nearest-neighbor distance between stands of
similar age was compared with the distance ex-
pected if stands were randomly distributed, and a z
statistic was computed. The null hypothesis that
stands are randomly distributed could not be re-
jected at the 95% confidence level for 8 of the 10
subsets [see Gustafson and Crow (1996)].

The ability of HARVEST to produce patterns similar
to those produced by actual timber management
has been demonstrated on three landscapes (size
range 34,053-49,515 ha) on the HNF (Gustafson
and Crow forthcoming). Beginning with a forest age
map and the timber production zone boundaries as
of 1968, two decades of harvest activity were simu-
lated by using the total area and size distribution of
stands actually regenerated in each decade. The
amount of forest interior and edge predicted by
HARVEST (based on three replicates) was compared
with the amounts derived from the 1978 and 1988
age maps (n = 6). HARVEsT predicted the amount of
forest interior between 0.2% and 2.8% of the range
possible (given the pattern of nonforested land) in
each case except one, where the mean prediction
departed from the actual by 5.3% (Gustafson and
Crow forthcoming). Predicted amounts of forest
edge deviated even less from the actual amounts.
This is not surprising since edge is related more to
the size of harvests than to their spatial location, and
HARVEST is able to match closely the size distribution
of the actual harvests. These results suggest that the
simple rules used by HARVEST can mimic the land-
scape patterns produced by forest planners who
typically allocate harvest units under complex con-
straints.

Experimental Design

The land base harvested in the simulations was
determined by the Management Area boundaries
specified in the 1991 HNF Amended Plan (USDA
Forest Service 1991). Timber production was simu-
lated on approximately 65% of the HNF land base
and only on land owned by the HNF (Figure 2).
Harvest was never simulated on land reserved from
harvest under the 1991 Amended Plan. The total
land base that was harvested (timber harvest land
base) over a period of 12 decades was identical
among all alternatives (48,884 ha). The timber
production zones in the HNF have an extensive road
network, so road access was not considered to be a
limitation for the placement of harvest units. Timber
harvest parameters were chosen to fall within the
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Table 1. Témporal Sequence of Experimental Treatments for the Four Simulated Scenarios, When Periodic

- Policy Changes Occurred Within a 2-Decade Period#

Never Clustered, Never Clustered,

Periodically Clustered, Periodically Clustered,

High Intensity Dynamic Intensity High Intensity Dynamic Intensity

Decade  Intens’  Dispers® Intens? Dispers* Intens® Dispers* Intens? (ha) Dispers¢
1. ~2600 D 1300 D 2600 C 2600 C
2 2600 D ’ 1300 D 2600 C 2600 C
3 2600 D 2600 D 2600 D 1300 D
4 2600 D 2600 D 2600 D 1300 D
5 2600 D 1300 D 2600 C 2600 C
6 2600 D 1300 D 2600 C 2600 C
7 . 2600 D 2600 D 2600 D 1300 D
8 2600 D 2600 D 2600 D 1300 D
9 2600 D 1300 D 2600 C 2600 C
10 .- 2600 D 1300 D 2600 C 2600 C
11 2600 . D 2600 D 2600 D 1300 D
D 2600 D 2600 D 1300 D

12 - 2600

aThe sequences for a 1-decade period are not given, but followed a pattern analogous to that shown here.

bIntensity of cutting expressed as area of forest (ha) cut per decade.
<Dispersion of harvest openings: D, dispersed; C, clustered.

parameter space of the original HNF Management
;Plani (USDA Forest Service 1985) and the 1991
Amended Plan (USDA Forest Service 1991), with
opening sizes ranging between 3 and 8 ha. Only
harvest methods that produce forest openings (ana-

- logusto clear-cut, shelterwood, and seed-tree treat-

ments) were simulated, and harvest placement was
not.constrained by adjacency prohibitions.
"'The experimental treatments involved periodic
- changes in (a) the strategies governing the spatial
- dispersion of harvests, (b) the intensity (area cut per
“decade) of harvest, and (c) the temporal period
(interval) at which these changes occurred.
. The two strategies governing spatial dispersion of
“harvests were a dynamic zoning strategy (clustered
harvests) and a dispersed harvest strategy. The
dynamic zoning strategy was implemented by divid-
ing the timber harvest land base into five subzones,
and harvest was allowed only within a single sub-
zoné (active subzone) at any given time (beginning
with subzone 1; Figure 2). The active subzone was
rotated sequentially among subzones every 3 de-
cades, so that all five subzones would be harvested
over a period of 15 decades. Thus, each subzone was
harvested for 3 decades and reserved from harvest
for 12 decades. Experimental treatments were de-
vised to introduce temporal variation in the applica-
tion of the spatial clustering strategies (Table 1) by
periodically interrupting the dynamic zoning strat-
egy with a dispersed strategy. The dispersed harvest
strategy was simulated by allowing harvests any-
.where within all five subzones. Under the periodi-

cally clustered scenarios, the spatial clustering of
harvests (that is, the restriction of harvesting to a
specific subzone) was periodically interrupted by a
dispersed harvest policy. Alternatively, the never
clustered scenarios featured a dispersed strategy
throughout the 12 decades. For comparative pur-
poses, I also simulated the dynamic zohing scenario
without interruption, referencing it in the results as
the always clustered scenario.

The intensity of harvest could also vary periodi-
cally (Table 1). Under the dynamic intensity scenarios,
the area harvested was periodically doubled and
then halved (1300 ha/decade and 2600 ha/decade)
whereas, under the high intensity scenario, harvest
rate was a constant 2600 ha/decade. Finally, an
interaction experiment was included to assess
whether periodic increases in harvest rates can be
compensated for by spatial clustering to mitigate
increases in fragmentation. In this periodically clus-
tered, dynamic intensity scenario, when the harvest
rate was high, harvests were clustered, and when
the harvest rate was low, harvests were dispersed.

For each scenario, the length of time (period)
between these periodic changes in strategy was also
simulated with two levels (1 decade and 2 decades).
Thus, a complete factorial design was implemented,
with two levels of spatial variation (constant and
dynamic), two levels of harvest intensity variation
(constant and dynamic), and two levels of temporal
period (1 decade and 2 decades). Three replicates of
each factorial combination were produced.
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Analysis

At each decade, I used a GIS to measure the amount
of forest interior habitat [forest > 300 m from an
opening or edge (DellaSalla and Rabe 1987; Andren
and Angelstam 1988)] on the entire study area. A
simple FORTRAN routine was written to calculate
linear forest edge. Cleared sites in the HNF generally
achieve canopy closure in 12-20 years (T. Thake
personal communication 1993), so harvested cells
were assumed to create openings in the forest for 20
* years and were assumed to return then to a closed-
canopy condition. The total amount of interior and
edge was plotted over simulated time for each of the
alternative scenarios, using the means of the three
replicates.’ .

To evaluate the relative effects of spatial and
harvest intensity dynamics, and the temporal period
of these dynamics on forest interior and edge,
analysis of variance (ANOVA) was used to test for
treatment effects (average amount of forest interior
and edge over simulated time) reflecting spatial
dynamics (spatial), harvest intensity dynamics (inten-
sity), and temporal period (period). Decade 1 was
excluded from the analysis because the spatial

. pattern of forest openings in the first decade was
transitional between the unharvested starting condi-
tions and the equilibrium trends established by the
second decade (Figures 3 and 4).

RESULTS

The amount and spatial pattern of forest interior
were markedly different between many of the
- scenarios (Figure 5). The replicates produced little
variability in the amount of forest interior and edge
at any point in simulated time, being generally less

than the width of the symbols in the plots and not -

‘shown. The temporal period of the management
dynamics had a marked effect on the variation in
forest interior and edge over time (Figures 3 and 4).
The curves representing a 1-decade period (Figures
3a and 4a) resemble what one would expect if a
smoothing algorithm were applied to the curves
representing a 2-decade period (Figures 3b and 4b).
This is related to the relationship between the
length of the temporal period and the time it takes
for canopy closure to occur (in this case, 2 decades).
When the period is less than the canopy closure
time;, openings persist between policy changes, act-
ing to dampen oscillations in spatial pattern. When
the period is greater than or equal to the canopy
closure time, there is sufficient time for the spatial
pattern produced by previous policies to be erased
by forest regeneration, allowing the pattern pro-
duced by the new policy to manifest itself.
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Figure 3. Amount of forest interior produced by dynamic
timber harvest policies over simulated time on the entire
study area. Harvest rates are plotted on the right axis. The
temporal period of policy changes was 1 decade a and 2
decades b. The always clustered, high intensity alternative in
b is the 120-year-hiatus scenario of Gustafson (1996) and
is shown for comparison. The standard deviation from
each plotted point is generally less than the width of the
symbols and is not shown.

The effect of periodic spatial dynamics on forest

interior can be visualized by comparing curves

having symbols with the same fill (that is, solid or

- open; Figure 3), representing scenarios with differ-

ing-spatial policies. Note that periodically clustered
scenarios always produce greater amounts of forest
interior than do their never clustered counterparts.
The always clustered scenario (Figure 3b) illustrates
the level of forest interior that can be achieved with
an uninterrupted dynamic zoning policy, even when
a high intensity of harvest is sustained throughout
the simulations. ' :

The effect on forest interior of periodic changes in
harvest intensity can be visualized by comparing
curves having symbols with the same shape (Figure
3), representing scenarios with differing harvest
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Figure 4. Amount of forest edge produced by dynamic
timber harvest policies over simulated time on the entire
~ study area. Harvest rates are plotted on the right axis. The
temporal period of policy changes was 1 decade a and 2
decades b. The standard deviation from each plotted point
is generally less than the width of the symbols and is not
-shown.

- intensity policies. As might be expected, periodic
"“reductions in harvest rate result in more forest
interior. .

The periodically clustered, dynamic intensity scenario

(Figure 3) illustrates the effect of attempting to
compensate for increased timber harvest rates by
spatially clustering those more numerous openings.
When compared with the never clustered, dynamic
intensity case, it is evident that higher amounts of
forest interior are maintained by spatial clustering of
harvests. When the temporal period was 2 decades
(Figure 3b), the periodically clustered, dynamic intensity
scenario also reduced the variability in forest inte-
rior through time.

The effect of periodic spatial dynamics on forest
edge can be visualized by comparing curves having
symbols with the same fill (Figure 4), representing
scenarios with differing spatial policies. Here, never
clustered scenarios always produce the same or greater

ALWAYS CLUSTER

NON-FOREST ./ HARVESTED
FOREST EDGE HABITAT
FOREST INTERIOR

1003

PERIODICALLY CLUSTERED D?NAMIC INTENSITY, DISPERSéD

Figure 5. Forest interior in the study area at the end of 12
decades of simulated harvest for four selected scenarios.
In the two clustered cases, the subzone most recently
harvested was subzone 4 (see Figure 2) located in the
southern-most part of the Hoosier National Forest (HNF).
Harvest intensity was high (2600 ha/decade) in all but the
dynamic intensity case, where intensity oscillated with a
period of 1 decade. In the periodically clustered case, the
harvest strategy oscillated between dispersed and clus-
tered with a period of 1 decade. The solid lines represent
the approximate location of the HNF Purchase Boundary,
and simulated harvests occurred only on HNF land (see
Figure 2) within those boundaries.

amounts of forest edge than do their periodically
clustered counterparts. This is because adjacency
constraints were not applied in these simulations,
allowing openings to coalesce when harvests were
clustered, reducing edge-to-area ratios. If adjacency
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Table 2. Analysis of Variance Comparing the Effects of Spatial Dynamics in Harvest Policies (spatial), Harvest
Intensity Dynamics (intensity), and the Temporal Period of Those Dynamics (period) on the Area of Forest
Interior and Linear Forest Edge Maintained on the Landscape?

aAnalysis included three replicates of simulations conducted for 12 decades.

Forest interior (km?) Forest edge (km)
Source daf SS F P>F R? SS F P>F R?
Spatidl . 1 1.675E + 5 156.6 0.0001 2.724E + 8 160.7 0.0001
Intensity 1 6.998E + 4 65.4 0.0001 1.560E + 8 92.0 0.0001
Period. 1 2.965E + 3 2.8 0.0997 5.025E + 6 3.0 0.0888
- Error "84 8.986E + 4 1.424E + 8
Total 87 3303E+5 0.73 5.757E + 8 0.75

restrictions were applied, temporal variability in the
amount of edge would be minimal (Gustafson and
Crow 1996). The effect of periodic changes in
harvest intensity on forest edge can be visualized by
comparing curves having symbols with the same

'shape (Figure 4), representing scenarios with differ-

ing harvest-intensity policies. It is clear that periodic
reductions in harvest rates reduce the amount of

- forest edge produced (Gustafson and Crow 1994).

-Spatial dynamics in harvest policies appear to
have a greater effect on the amount of forest interior
than do dynamics in harvest.intensity. Examination
of the ANOVA sums of squares shows that the
spatial dynamics of harvests (spatial) explains 50.7 %

of the total variance of forest interior, whereas

harvest-intensity dynamics (intensity) explains 21.2%
of the variance (Table 2). Period explains only 0.9%
of the variance. Although different temporal periods
produce marked decade-to-decade variation in for-
est interior, the mean response is only marginally

“different between a period of 1-2 decades. Similarly,

spatial explains 47.3% of the total variance of forest
edge, whereas intensity explains 27.1% of the vari-
ance (Table 2).

DiscussioN

The utiliiy of simulation models lies in their ability
to manifest the consequences of assumptions as a
function of variation in the input parameters. Mod-
els also allow control of effects that are difficult to
control in empirical experiments. Here I assumed
that timber harvest allocations over the course of a
decade are spatially random within timber manage-
ment zones, and that harvests produce openings
that perforate the forest interior for 20 years. Some
features of the study area may not be duplicated in
other managed forests (for example, extensive exist-

.ing road network). By varying inputs (spatial con-

straints on harvest allocations and harvest rates), I
was able to use the HARVEST model to evaluate the
relative consequences of alternative harvest policy
dynamics on forest spatial pattern. Although it is not
appropriate to use HARVEST to predict the precise
location of future forest openings, the simulations
clearly showed the landscape effect of periodically
changing certain input parameters, and illuminated
consequences that were not intuitively obvious
prior to the simulation exercise.

The answer to the original question, “Can a
dynamic zoning strategy reduce average measures
of fragmentation even when periodically punctu-
ated by dispersed cutting policies?” appears to be
“yes.” These results consistently suggest that cluster-
ing of harvests produces less forest fragmentation
than dispersed cutting alternatives, even in the face
of a dynamic policy future. A continuously imple-
mented dynamic zoning strategy can produce a
marked increase in contiguous forest, even when
harvest rates increase (Gustafson 1996). Although
periodic episodes of dispersed cutting increased
fragmentation, average and maximum fragmenta-
tion measures were less than if clustered harvest
strategies were never implemented. This suggests
that embarking on a course of dynamic zoning may
be prudent, even in the face of future policy uncer-
tainty. Clustering may also be useful to mitigate the
fragmentation effects of increases in timber harvest
levels. Implementation of spatial clustering during
periods of high timber harvest rates can reduce the
variation in forest interior and edge through time,
providing a more stable supply of forest interior
habitat across the landscape.

The temporal scale of policy shifts has obvious
consequences on the resulting spatial pattern of
forest through time. My results indicate that when
the period is less than the canopy closure time,
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openirigs persist between policy changes, acting to
dampen oscillations in spatial pattern. It is not
possible to predict future political trends, although
recent experience suggests that forest policy changes
may be dramatic and occur within a relatively short
period. A consistent, dynamic zoning strategy is
likely to reduce forest fragmentation markedly while
allowing relatively high amounts of timber to be
extracted (Gustafson 1996). If policies are in fact
dynamic in the future, however, perhaps a short-
period dynamic-is to be preferred, because this
allows the supply of forest interior and edge to be
more stable. Although short-period policy dynamics
never allow large areas of interior to develop,
stability in the amount of forest interior may help
stabilize populations of organisms that depend on
interior habitat. These results also suggest that
spatial clustering of harvests improves average frag-
mentation’leve,ls through time, regardless of the
temporal period of policy changes.
Political and social change is a fact of life. Manag-
ers of forests must allow for changing social man-
- dates as they formulate plans to sustain the goods
and benefits associated with the forested land they
- manage. To manage change, one must first under-
" stand the consequences of change. Simulation mod-
els such as HARVEST are potentially useful tools to
help understand the consequences of management
alternatives and the impact of future social change.
The HARVEST model, documentation, and source
code are available at no charge on the World Wide
"Web at http://www.ncfes.umn.edu/products/har-
vest/harvhome.htm.
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