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Abstract. Riparian forest management plans for numerous regions throughout the world
must consider long-term supply of wood to streams. The simulation model OSU STREAM-
WOOD was used to evaluate the potential effects of riparian management scenarios on the
standing stock of wood in a hypothetical stream in the Pacific Northwest, USA. OSU
STREAMWOOD simulates riparian forest growth, tree entry (including breakage), and in-
channel processes (log breakage, movement, and decomposition). Results of three simu-
lation scenarios are reported. The first scenario assessed total wood volume in the channel
from Douglas-fir plantations clearcut to the stream bank using three rotation periods (60,
90, and 120 yr). Without a forested riparian management zone, accumulation of wood in
the channel was minimal and did not increase through time. In the second scenario, response
of total wood volume to forested riparian management zones of widths between 6 m and
75 m was evaluated. Total wood volume associated with the 6 m wide nonharvested forest
for forest ages $240 yr was 32% of the standing stock associated with a nonharvested
forest buffer one potential tree height in width. Maximum standing stock associated with
the channel for nonharvested riparian forests $30 m required 500-yr-old forests. In the
third scenario, contribution of wood from forest plantations beyond nonharvested forests
of various widths was explored. Forest plantations associated with nonharvested riparian
buffers with widths .10 m contributed minimal amounts of wood volume to the stream.
These results suggest that forest age and width of the nonharvested buffers are more
important than the rotation age of plantation forests in providing long-term supplies of
wood to streams.

Key words: large wood in streams; riparian forest management; OSU STREAMWOOD; Pacific
Northwest.

INTRODUCTION

Complex interactions between riparian forests and
stream systems influence the biological community and
physical environment found in each system (Swanson
et al. 1982, Gregory et al. 1991, Malanson 1993, Nai-
man and Decamps 1997). Streams influence forest con-
ditions, which include edaphic, climatic, and distur-
bance regimes (e.g., Fonda 1974, Palik et al. 1998).
These influences create riparian forest communities
that differ from upland forests in species composition
and structure (Viereck 1970, Hawk and Zobel 1974).
Conversely, riparian forests influence stream condi-
tions such as flow levels (Cleaverly et al. 2000), tem-
perature (Brown and Krygier 1970), and nutrient con-
centrations (Tabbacchi et al. 1998) and are a major
source of sediment and organic materials (Triska et al.
1982, Gregory et al. 1991).

Numerous studies have documented the impacts of
forest harvest operations on stream systems (for ex-
ample, see Gregory et al. [1987], Salo and Cundy
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[1987], Meehan [1991], Forest Ecosystem Manage-
ment Assessment Team [FEMAT; 1993] for major re-
views). The degradation of stream systems and the rec-
ognition of the functional importance of riparian forests
to streams has prompted timber management plans, es-
pecially in the temperate and boreal regions, to include
some level of protection for riparian zones. Protection
of riparian areas, at least in the form of voluntary guide-
lines, has been implemented in a growing number of
nations that include the United States, Canada, United
Kingdom, Sweden, Australia, New Zealand, and South
Africa (Gregory 1997, Boothroyd and Langer 1999).
Initial goals included providing adequate shade, re-
ducing sedimentation, and reducing the amount of for-
est chemicals from entering the stream (Bilby and Was-
serman 1989). Research over that last 30 years has
determined that wood is functionally important in many
streams systems in western North America (e.g., Har-
mon et al. 1986), Europe (e.g., Gurnell and Sweet 1998,
Herig et al. 2000), Australia (e.g., Gippel et al. 1996),
and New Zealand (Evans et al. 1993). Wood in streams
creates habitat for aquatic organisms and is a source
of long-term nutrient loading and influences channel
morphology, hydrology, and sedimentation patterns
(Harmon et al. 1986, Bisson et al. 1987, Maser et al.
1988, Samuelsson et al. 1994).
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Recognition of the functional importance of wood
in streams challenges managers and scientists to con-
sider the long-term implications of riparian forest man-
agement on wood in streams. In western North Amer-
ica, one goal of riparian management strategies is to
maintain ecologically adequate amounts of wood in
streams though time while maintaining sustainable lev-
els of timber production (Chamberlin et al. 1991).
Amounts of wood in channels are highly variable and
depend on geographic region, stream geomorphology,
basin position, natural disturbance regimes, manage-
ment history, and site characteristic that influence the
structural and successional development of riparian
forests.

A common feature in riparian management regula-
tions is a fixed riparian management zone (RMZ) width
adjacent to channels where forest harvest is limited or
excluded (Gregory 1997). In the Pacific Northwest, the
level of protection required is dependent on stream size
and the presence of selected fish species. In this report,
RMZ is a nonharvested area with natural tree recruit-
ment. Management of forests outside of the RMZ in-
cludes clearcut harvest followed by planting of high-
yield tree species. Douglas-fir plantations are most
common in the Pacific Northwest and are harvested at
ages between 40 to 120 yr (Williamson and Twombly
1983, Chamberlin et al. 1991). Wood can be recruited
to the channel from forest plantations provided trees
are of sufficient height relative to the distance to the
channel.

The temporal scale required to investigate long-term
implications of various riparian management strategies
on amounts of wood in streams prohibits assessment
through short-term field studies. Computer simulation
models offer a method for exploring the likely con-
sequences over a long time period and for many alter-
native strategies. Several models have been used to
investigate the implications of various riparian man-
agement regimes of recruitment of wood to streams
(Rainville et al. 1986, Van Sickle and Gregory 1990,
Beechie et al. 2000, Bragg et al. 2000). Most models
of wood in riparian forests and streams focus on the
potential recruitment of wood to the stream. In-channel
processes such as tree entry breakage and log breakage,
movement, and decomposition have not been consid-
ered separately. Several models have incorporated a
depletion rate, which includes loss from both down-
stream transport and decomposition (Murphy and Ko-
ski 1989, Beechie et al. 2000, Bragg et al. 2000). Trans-
port of wood from upstream sources has been assumed
to equal output of the reach for a given time interval
(Murphy and Koski 1989, Van Sickle and Gregory
1990) or ignored. In this paper, we explore the con-
sequences of riparian management strategies using a
simulation model that incorporates stand dynamics
(birth, growth, and, mortality), wood input from the
riparian forest, which includes breakage associated

with the tree fall, and in-channel dynamics of the wood
(breakage, stream transport, and decay).

This study assesses the long-term consequences of
various riparian management strategies on stream wood
volume in the absence of catastrophic events. Influence
of catastrophic disturbances such as fires (Bragg 2000),
major wind storms (Steinblums et al. 1984), insect in-
festation (Bragg 2000), or debris flows (May 1998) can
substantially influence amounts of wood in streams.
However, development of management prescriptions is
concerned with the long-term potential of the sites,
which may or may not be realized due to the unpre-
dictability of major episodic events. In this study, three
approaches for riparian forest management were ex-
plored. In the first approach, wood was recruited from
forest plantations clearcut to the stream bank at various
rotation periods. In the second approach, wood was
recruited from RMZs (nonharvested area) of various
widths. In the third approach, wood was recruited from
various combinations of RMZs of various widths and
forest plantations at various rotation periods.

METHODS

Model description

OSU STREAMWOOD is an individual-based sto-
chastic model that simulates riparian forest and in-
channel wood dynamics. A detailed description of this
model is presented in Meleason (2001). Using this
model, stream systems can be simulated from a single
reach to a small basin. The model is run under a Monte
Carlo procedure using an annual time step and the re-
sults are reported as average conditions per reach. The
current version of OSU STREAMWOOD was devel-
oped for fifth-order and smaller streams in the conif-
erous forests of the Pacific Northwest. Species consid-
ered include Douglas-fir (Pseudotsuga menziesii
(Mirb.) Franco), western hemlock (Tsuga heterophylla
(Raf.) Sarg.), western red cedar (Thuja plicata Donn
ex D. Don), and red alder (Alnus rubra Bong.). OSU
STREAMWOOD consists of a forest model and a wood
model. The forest model simulates riparian forest dy-
namics under various management regimes. Output of
the forest model is the input to the wood model and is
a list of trees that have died in the current year. The
wood model simulates recruitment of trees into the
channel and subjects individual logs to in-stream pro-
cesses that include breakage, movement, and decom-
position.

The forest model is a forest-gap model based largely
on ZELIG (Pacific Northwest version by Dr. Steve Gar-
man, Forest Science Laboratory, Corvallis, Oregon,
USA), JABOWA (Botkin et al. 1972, Botkin 1993),
and CLIMACS (Dale and Hemstrom 1984, Dale et al.
1986). The forest model adheres closely to the original
design of Botkin et al. (1972) and Shugart and West
(1977), and thus shares many of its limitations (Schenk
1996). Riparian forests in the model can be up to 100
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m wide and are composed of a nonharvested area
(RMZ) and a harvested area (forest plantation). Harvest
rotation schedules (which include thinning, clearcut-
ting, and planting regimes) can be defined for each
riparian forest. The forest model includes a soil mois-
ture term that influences species composition and spe-
cies-specific growth rates. For the simulations reported
here, the soil moisture term was set sufficiently dry to
exclude the initial dominance of red alder.

Output of the forest model is the input to the wood
model and is a list of trees that died in the current year.
Trees are assumed conical in form and fall the year
they die. Tree entry is a function of distance from the
stream bank, effective tree height (height to 10 cm
diameter), and tree fall angle. Trees that intersect the
channel undergo a randomly selected number of break-
age events between zero and a maximum number of
breaks. The location for each break is randomly se-
lected using a normal distribution with a user-defined
mean (and standard deviation) break location. The set-
tings used in the simulation reported here include a
maximum of five breakage events for a given tree and
a mean and standard deviation breakage location of 0.6
and 0.2, respectively. Since trees do not break with
respect to the location of the channel bank, logs can
be partly outside of the channel. Logs that are com-
pletely outside the channel or do not meet minimum
size requirements (10 cm diameter and 1 m in length)
are excluded from further analysis. Total log volume
is the volume of all logs that are at least partly in the
channel.

Following entry, all logs are subjected to the in-
channel processes of breakage, movement, and decom-
position. In-channel breakage consists of two func-
tions: chance of breakage and breakage location.
Chance of log breakage is a stochastic function based
on the assumptions that the likelihood of a log breaking
decreases with size and increases with residence time.
Breakage occurs at half the natural logarithm of length.
The log movement component includes functions for
chance of movement and distance moved. The likeli-
hood of a log moving is assumed to increase with great-
er annual flow and decrease with increased ratio of log
length to bankfull width, proportion of the piece outside
the channel, and number of key pieces (i.e., number of
logs with lengths . bankfull width) in the reach. An-
nual peak flow is represented as a recurrence interval
between 1 and 100 yr and generated with a random
number generator using a log normal distribution. The
same flow regime is used in all iterations of all sim-
ulations. The chance of movement function can be ad-
justed to the retentive properties of a given system, and
was set conservatively to represent a relatively reten-
tive system such as a boulder and cobble-dominated
streams in the Oregon Cascade Mountains. The dis-
tance a log moves is assumed to follow a negative
exponential distribution where the reciprocal of the
slope is the average travel distance. This was set to

120 m for all simulations reported here. Logs are de-
composed using a single exponential model with spe-
cies-specific decomposition rates. Decomposition rate
for logs partially in the channel is a linear extrapolation
between terrestrial and aquatic decay rates as a function
of the proportion of the log outside the channel.

Initial conditions

The hypothetical riparian forest and stream condi-
tions represent a third-order channel in the Oregon Cas-
cade Mountains at ;500 m elevation. Recruitment of
wood to the channel was limited to recruitment from
the riparian forest and fluvial transport from upstream
reaches. All simulations started with no trees in the
forest and no logs in the stream. Soil moisture and other
site conditions were set to favor the establishment of
a productive Douglas-fir–western hemlock forest (Fig.
1). Riparian forests in the RMZ grew under unmanaged
conditions. Management of the forest plantations in-
cluded planting 1000 Douglas-fir seedlings per hectare
the year of the clearcut and thereafter no other trees
were permitted to establish on the site (Fig. 2). In sim-
ulations that included both an RMZ and plantation for-
est, total width of the forest was 75 m and width of
the plantation forest was the difference between the
total and RMZ widths.

Each reach included a riparian forest adjacent to each
bank and grown independently of each other but with
identical riparian management prescriptions. Trees
were assumed to fall the year they died and had an
equal chance of falling in any direction. The hypo-
thetical stream system consisted of four consecutive
reaches each 200 m long and 12 m wide (active chan-
nel). Results for all simulations used in the analysis
were from the farthest downstream reach with the three
upstream reaches served as sources of wood through
fluvial transport. The standing stock of wood was re-
ported as total wood volume, which included the entire
volume of any log that intersected one of the stream
banks. The standing stock was subjected to in-channel
processes (log breakage, movement, and decomposi-
tion). Logs were assumed to be conical in form and at
least 1 m in length and 10 cm in diameter.

The modeling scenarios

A total of 30 simulations were conducted using an
incomplete matrix design of 10 nonharvested buffer
widths (0, 6, 10, 15, 20, 25, 30, 35, 40, and 75 m) by
four harvest rotation periods (nonharvest, 60, 90, and
120 yr) (Table 1). Each simulation is named by RMZ
width (B) and the rotation age (R). For example,
‘‘B6R60’’ represents the simulation with a 6-m non-
harvested buffer width and a forest plantation cut every
60 yr. The rotation period for simulations with riparian
buffers only (a nonharvested portion without a forest
plantation) is designated as R0. For example, ‘‘B6R0’’
represents the simulation with a 6-m buffer without a
plantation forest. Since recruitment from the riparian
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FIG. 1. Composition of the hypothetical forests used in all simulations with (A) the old-growth forest used in simulations
that included an RMZ and (B) the three hypothetical plantation forests used in simulations that include plantation forests.
Symbols in (A) represent basal area per hectare for Douglas-fir (filled diamonds), western hemlock (filled squares), western
red cedar (filled triangles), and total forest (cross). Symbols in (B) represent basal area per hectare for plantation forest with
rotation ages of 60 yr (open triangles), 90 yr (open squares), and 120 yr (open diamonds), and total basal area per hectare
from the old-growth forest (crosses).

forest did not include upslope input processes, a buffer
width equal to one maximum tree height is the maxi-
mum buffer width where a tree could fall and enter the
stream. A buffer width of 75-m, approximately one
maximum tree height, was assumed wide enough to
include all input events from the riparian forest and
referred to as the standard run because it represented
the maximum potential recruitment to the stream from
the riparian forest.

All simulations were for 720 yr and 250 iterations.
The simulations were divided into three series. In the
first series, recruitment of wood to the channel was
limited to plantation forests clearcut to the stream bank
at 60-, 90-, and 120-yr rotation cycles (Table 1, row
1). In this first series, no wood was assumed to enter
the stream as a result of the harvest operation. The
second series of simulations (Table 1, nonharvested
column) varied the RMZ width from 6 m to 40 m and
did not include any wood contributed from beyond the

buffer. The third series of simulations included recruit-
ment from both the RMZ and forest plantation using
all combinations of three rotation periods and six RMZ
widths (Table 1, indicated by box).

RESULTS AND DISCUSSION

Total wood volume from the standard run

The forest in the standard run simulation consisted
of a 75-m wide RMZ with a maximum basal area of
96 m2/ha (Fig. 1A). Total wood volume for a given
time in the standard run simulation represented the
maximum wood standing stock at any time for the hy-
pothetical stream. A little over 50 yr was required to
exceed 5 m3/100 m of stream length (Fig. 2A–C and
Fig. 3A). Maximum total wood volume accumulated
was 176 m3/100 m of stream length at year 525 and
then declined to 150 m3/100 m of stream length by year
720 (Fig. 3A). The decline in total volume after 525
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FIG. 2. Total wood volume from RMZ forest widths of (A) 0-m, (B) 6-m, and (C) 10-m with the plantation forests clearcut
at 60-yr (V), 90-yr (□), and 120-yr (#) intervals. The contribution from the plantation beyond the 6-m and 10-m RMZ is
the difference in total wood volume from RMZ forests with plantation forests and RMZ forests without plantation forests
(7). Total wood volume from the 75-m RMZ (1), which represents a buffer width of one tree height, defines the maximum
potential total wood volume for the site. Total wood volume includes the volume of all logs intersecting at least one stream
bank.

years resulted from changes in species composition of
the forest (Fig. 1A). Initially, the forest was dominated
by Douglas-fir, a shade-intolerant species, but was
eventually replaced by western hemlock, a shade-tol-
erant species. Since maximum height of Douglas-fir
exceeds western hemlock by 15 m (Franklin and War-
ing 1980), eventual dominance of western hemlock de-
creases total volume of wood in the channel.

Total wood volume from forest plantations

In the first series of simulations (Table 1), riparian
management consisted of Douglas-fir plantations cut to
the stream bank using three rotation periods. The forest
for these simulations achieved maximum basal areas
of 45, 55, and 65 m2/ha on the year of the harvest for
the 60-, 90-, and 120-yr rotation cycles (Fig. 1B). Total
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TABLE 1. Design of simulations.

Buffer
width
(m) Nonharvested

Harvest rotation (yr)

60 90 120

0
6

10
15
20
25
30
35
40
75

NA
B6R0
B10R0
B15R0
B20R0
B25R0
B30R0
B35R0
B40R0
standard run

B0H60
B6R60
B10R60
B15R60
B20R60
B25R60
B30R60
NA
NA
NA

B0H90
B6R90
B10R90
B15R90
B20R90
B25R90
B30R90
NA
NA
NA

B0H120
B6R120
B10R120
B15R120
B20R120
B25R120
B30R120
NA
NA
NA

Notes: A total of 30 simulations were conducted using an
incomplete matrix design of 10 RMZ widths (nonharvested
forests) by four harvest rotation periods. The simulations
were divided into three series. In the first series, plantation
forests were clearcut to the stream bank at three different
rotation periods (row 1). In the second series, recruitment
was limited to the nonharvested buffer (nonharvested col-
umn). The third series of simulation included recruitment
from various combinations of RMZ widths and forest plan-
tation rotation periods (indicated by boldface type). NA rep-
resents simulations that were not included in the analysis and
standard run is the simulation of a forest with RMZ width of
75 m, which represents the maximum recruitment to the
stream.

wood volume from the three simulations without RMZs
was similar to the standard run up to the first harvest
cycle (Fig. 2A). The standing stock at the year of the
second rotation harvest for the 60-, 90-, and 120-yr
plantations was 31%, 36%, and 38% of the standing
stock of the standard run. From the third rotation cycle
to the end of the simulation, the proportion of the stand-
ing stock of the standard run ranged from 5% to 17%
for the 60-yr, 11% to 22% for the 90-yr, and 15% to
29% for the 120-yr plantation forest.

After each harvest event, total volume of wood de-
creased indicating that depletion from in-channel pro-
cesses exceeded recruitment. The time required after
harvest for recruitment rate to equal depletion rate was
approximately half the rotation period allowing accu-
mulation of standing stock of wood only in the last
half of rotation. As a result, this management approach
provided only a fraction of the potential volume for a
site (Fig. 2A).

Total wood volume as a function of RMZ width

In the second series of simulations (Table 1), re-
cruitment to the channel was limited to the RMZ width
of the riparian forest. All forests were identical to the
standard run in terms of density, species composition,
and basal area (Fig. 1A). Wood recruitment to the chan-
nel was limited to the simulated RMZ, which ranged
from 6 m to 40 m in width. Buffer width and stand age
strongly influenced total wood volume associated with
the stream (Fig. 3A and B).

In general, the greater the RMZ width, the greater
standing stock of wood associated with the stream (Fig.
3A). However, relative to the standing stock of the

standard run, total wood volume was generally .90%
of the standard run for all buffer widths $30 m (Fig.
3B) for a given stand age, indicating that the majority
of total volume is contributed within the first 30-m from
the stream. This result is consistent with field obser-
vations reported in McDade et al. (1990), who exam-
ined source distance (slope distance from the stream
bank to the base of the source tree) in 39 streams ad-
jacent to either mature conifer (80–200-yr-old) or old-
growth conifer (.200-yr-old) riparian forests in west-
ern Oregon and Washington. Approximately 90% of
the logs originated within 26 m of the channel in mature
conifer and 36 m of the channel in the old-growth
stands (McDade et al. 1990). Total volume of wood
through time was reported for all simulations, which
is a more conservative measure of wood abundance
than the number of pieces. The contribution of total
volume from 50 m to 75 m was ,5% of the standing
stock for the standard run at year 525 (the year with
the maximum standing stock).

The standing stock associated with RMZ widths ,30
m were limited by buffer width beyond a given forest
age. For example, the forest age required for the stand-
ing stock of a given RMZ width to be ,90% of the
standing stock of the standard run was 43 yr for the
10-m RMZ, 90 yr for the 20-m RMZ, and 178 yr for
the 25-m RMZ. For each RMZ width, potential re-
cruitment was fully realized at a specific stand age, as
indicated by an asymptotic standing stock (Fig. 3A).
For example, the 6-m RMZ width achieved its maxi-
mum potential relative to the standard run by 200 yr,
and thereafter was ;32% of the potential total wood
volume for the hypothetical stream (Fig. 3B). The 10-
m RMZ width was ,50% of the standing stock of the
standard run by year 280, and the maximum potential
for the 15-m, 20-m, and 25-m RMZ relative to the
standing stock of the standard run was 63%, 73%, and
82% respectively (Fig. 3B).

In sum, these simulations indicate that the standing
stock of wood associated with the stream was influ-
enced by the age of the forest and the width of the
buffer. For buffer widths ,30 m, a forest age was ob-
tained whereby the standing stock was limited by the
width of the buffer.

Contribution of wood beyond the RMZ

The third series of simulations (Table 1) evaluated
the contribution of wood from forest plantations grown
beyond native riparian forests. All combinations of
three rotation ages (60, 90, and 120 yr) by six RMZ
widths (6, 10, 15, 20, 25, and 30 m) were simulated
(Table 1). Total wood volume contributed from the for-
est plantation was quantified as the difference between
the simulation that included recruitment from both the
nonharvested and plantation forest and the simulation
that recruited wood from the nonharvested area only
(Fig. 2B and C).
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FIG. 3. Total wood volume associated with the channel by RMZ widths expressed (A) as m3/100 m of stream length and
(B) as a percentage of the standing stock from the nonharvested, 75-m forest simulation. Wood recruitment from plantations
forests was excluded in these simulations.

The greatest contribution of wood from the forest
plantation was with a 6-m buffer (Fig. 2B). Without
the contribution of the plantation forests (B6R0 in Ta-
ble 1), the standing stock at years 60, 90, and 120 was
63%, 52%, and 43% of the standing stock of the stan-
dard run (Fig. 2B). By including recruitment from the
plantation forests, the standing stock at the end of the
first rotation for each of the three plantation forests was
equal to or slightly greater than the standing stock of
the standard run, and then declined sharply. The con-
tribution from the forest plantation at the end of the
remaining 60-yr rotations ranged from ,1% to 12% of
the standing stock of the standard run. The contribution
of standing stock at the end of the remaining rotations
for the 90- and 120-yr plantation forest ranged from
6% to 14% for the 90-yr rotation and 9% to 20% for
the 120-yr rotation.

Contribution to standing stock from the plantation
forest beyond a 10-m RMZ was less than from the
plantation forest beyond 6 m (Fig. 2C). Without the
contribution of the plantation forests (B10R0 in Table

1), the standing stock at years 60, 90, and 120 was
78%, 70%, and 61% of the standing stock of the stan-
dard run (Fig. 2C). By including recruitment from the
plantation forests, the standing stock at the end of the
first rotation for each of the three plantation forests was
equal to or slightly greater than the standing stock of
the standard run, and then declined. The contribution
at the end of the remaining 60-yr rotations ranged from
,1% to 8% of the standing stock of the standard run.
The contribution of standing stock at the end of the
remaining rotations for the 90 and 120-yr plantation
forest ranged from 3% to 9% for the 90-yr rotation and
5% to 10% for the 120-yr rotation.

The contribution to the standing stock from the plan-
tation forest associated with RMZ widths .10 m was
minimal. The 15-m RMZ without the contribution of
the plantation forests (B15R0 in Table 1) accounted for
88%, 86%, and 77% of the standing stock of the stan-
dard run at years 60, 90, and 120. By the end of the
second rotation, the contribution from the plantation
forest beyond a 15-m RMZ was ,2% for the 60-yr and
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,5% for the 90-yr and 120-yr rotation forests. By the
end of the second rotation for the 20-m RMZ, the con-
tribution from the plantation forest was ,3% for all
three plantation forest simulations.

These results suggest that, for rotation ages up to
120 yr, plantation forests have very little influence on
standing stock associated with the channel if the non-
harvested buffers are at least 10 m wide.

Influence on model assumptions on simulated results

The goal of these simulations was to assess the long-
term consequences of various riparian management
strategies on standing stock of wood in streams. All
nonharvested forests were identical in structure and
species composition (Fig. 1A) and differed only by
RMZ width. Likewise, all forest plantations were iden-
tical even-aged stands of Douglas-fir and differed only
by rotation age (Fig. 1B). Plantation forests were not
thinned because a variety of thinning prescriptions
could be applied to each of the three rotation ages,
which would result in a variety of recruitment rates
from the plantation forests (Beechie et al. 2000).

Total wood volume (in-channel volume and volume
outside the channel) as opposed to in-channel volume
was used as the primary comparison measure because
it is less sensitive to the flow regime. A greater pro-
portion of the in-channel volume moves than the total
wood volume for a given flow event. Total volume in
the standard simulation at year 500 (171 m3/100 m of
channel length) was somewhat lower than the observed
volume (264 m3/100 m of channel length) in a section
of Mack Creek adjacent to a 500-yr-old riparian forest
in Cascade Mountains, Oregon. The underestimate in
total volume may be due to the random tree fall regime.
Preliminary analysis of the fall regime at Mack Creek
suggests that tree fall may not be completely random,
which would contribute substantially more wood to the
channel. Total wood volume for the standard run with
a fall regime that forced all trees to fall directly towards
the channel had a total volume of 520 m3/100 m at year
500, which is three times the total volume than using
the random fall regime. However, in-channel wood vol-
ume is the measure commonly reported from wood
studies (Harmon et al. 1986). The in-channel volume
from the standard simulation at year 500 with a random
fall and a directional fall regime was 601 m3/100 m
and 1602 m2/100 m respectively. The observed in-chan-
nel volume in the study reach at Mack Creek was 800
m3/100 m. Other in-channel wood volumes observed
in streams with similar forest type and age, with the
mean channel width in parentheses, include Cold Creek
850 m3/100 m (7.0 m) and North Fork of Winberry
Creek 700 m3/100 m (8.5 m) (Harmon et al. 1986).

Structure and relative species dominance in riparian
forests of the Cascade Mountain, Oregon are highly
variable (Kauffman 1988, Naiman et al. 1998). The
simulated riparian forest represented productive, co-
nifer-dominated forests in the Cascade Mountains and

was calibrated using simulations from ZELIG (S. Gar-
man, personal communication). Maximum basal area
of the simulated native forest was 96 m2/ha between
years 300 to 400, when 63% to 70% of the basal area
was Douglas-fir, and 80 m2/ha at year 720, when 60%
of the basal area was western hemlock. Observed basal
areas in old-growth (.400-yr-old) Douglas-fir/western
hemlock stands in the western Oregon Cascades (H. J.
Andrews Experimental Forest) ranged 70 m2/ha to 140
m2/ha and depended on the relative dominance of the
two species. Plots with the greatest basal areas were
dominated by Douglas-fir and plots dominated by west-
ern hemlock did not exceed 84 m2/ha (Grier and Logan
1977).

These simulations also did not take into account the
influence of catastrophic events such as windthrow,
fire, landslides, and debris flows on standing stock of
wood associated with streams. Therefore, these simu-
lations represent long-term potentials for a given buffer
width and forest age, which may or may not be realized
due to the unpredictability of major episodic events.
For example, narrow buffers have been found to be
extremely vulnerable to windthrow within the first de-
cade of formation (Steinblums et al. 1984). Suscepti-
bility to windthrow depends on the exposure of the site
to the most damaging winds. For these simulations, the
sites were assumed to be protected from windthrow.

CONCLUSION

Riparian forest management goals typically include
the long-term supply of wood to streams. In this report,
long-term implications of selected riparian manage-
ment strategies were explored with a computer simu-
lation model. Simulation modeling provides a platform
to examine standing stocks in streams over time scales
associated with forest succession and development.
Our results suggest that the width of the nonharvested
buffer and forest age are the most important factors
associated with providing a long-term supply of wood
to streams. Plantation forests under typical rotation
ages, even in combination with a nonharvested buffer,
can provide only a fraction of the long-term potential
of the site.

Although our results suggest that a 30-m buffer width
would be sufficient to maintain the long-term recruit-
ment of wood to streams for the Douglas-fir/western
hemlock riparian forests, it may not be wide enough
for other riparian forest functions, including those as-
sociated with the terrestrial environment. For example,
a forest edge in a Douglas-fir forest in western Oregon,
USA, was found to influence relative humidity up to
240 m into the forest (Chen et al. 1995). The influence
of a double edge effect on the riparian forest created
with the harvest of the plantation forest beyond the
riparian buffer is poorly understood. Increase in mor-
tality rates of various tree species at the edge have been
observed (Young and Mitchell 1994) as well as a sub-
stantial increase in blowdown rates within the first 5



1220 MARK A. MELEASON ET AL. Ecological Applications
Vol. 13, No. 5

yr after harvest (Steinblums et al. 1984). The selection
of a buffer width that would provide adequate protec-
tion for stream ecosystems and riparian forest functions
may vary by landscape position and local site condi-
tions (Bragg and Kershner 1999).
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