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Identifying capacity involves predicting the maximum amount of use that can be
accommodated with little risk of exceeding thresholds. To do this, one needs to
understand the relationship between amount of use and the response of indicator
variables for which thresholds have been established. Substantial research has

been done on the relationship between amount of use and impacts to biological
and physical attributes (referred to collectively, if somewhat inappropriately, as
biophysical attributes). This paper is an attempt to summarize what is known, make
this research more accessible to the reader, and, particularly, to suggest how a
planner can use existing information to identify capacity. It is not about how to most
effectively minimize impacts. A sizeable amount of literature documents that visitor
management techniques, other than limiting amount of use, are more effective in
limiting impact.

Predicting acceptable maximum use levels is challenging because of the idiosyncratic
nature of the use-impact relationship. The exact nature of the relationship varies
from place to place, depending on the biophysical attribute of concern, the nature
of recreational use, weather, layout of the land, existing infrastructure, and many
other variables. That said, there are a number of general conclusions that can be
made about the use-impact relationship.

Most fundamentally, increasing recreation use will typically result in an increase in
biophysical impact, if all other variables are held constant. However, the magnitude
of increase in impact that results from an increase in use can be relatively small (e.g.,
Cole 1982). For example, doubling the use of a trail may result in an increase in an
attribute such as trail width of only a few percent—or possibly no increase at all.
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Of even more importance, other changes in recreation use characteristics (e.g., the
behavior of users, where use occurs, how use is managed) can have much more
dramatic effects on type and extent of impact than a change in amount of use.
See, for example, several excellent recent review articles (Marion 2016 and Marion
et al. 2016). Moreover, changes in these other use characteristics will modify the
relationship between amount of use and type and extent of impact. This suggests
that, if the goal is to limit or reduce impact, there are likely to be more effective
ways to accomplish this goal than limiting use. Even where it is decided that use
must be limited, the most effective way to limit or reduce impact is likely to be a
combination of use limits and other visitor and site management strategies.

To predict how changes in amount of use will influence amount of impact, it is
helpful to consider the two very different ways that increasing use can result in
increased impact (Cole 1994, 2009). First, as amount of use increases, people tend
to spread out more, resulting in an increase in the area affected by use. Increasing
use typically leads to an increase in the areal extent of impact. Second, as use
increases, each place that recreationists visit gets used more frequently and by
more people, resulting in more intense impact of those places. That is, increasing
use leads to an increase in the intensity of impact per unit of area. The total
magnitude of impact grows with increasing use because either the areal extent or
the intensity of impact, or both, increases. To predict the effect of increasing use on
amount of impact, one must generally predict effects on both the areal extent and
intensity of impact.

Predictions about the relationship between amount of use and the areal extent of
impact are easier to make than predictions about the relationship between amount
of use and intensity of impact. The relationship between amount of use and areal
extent of impact does not vary as much from place to place, and predictions rely
more on understanding human behavior than on understanding how biophysical
attributes respond to changes in intensity of use.

Areal Extent of Impact.

There is little scientific literature helpful in predicting how the areal extent of impact
is likely to respond to changes in amount of use. Rather, planners will have to rely
on logical thinking and common sense, based on an attempt to understand how
recreationists use the area. The existing recreation infrastructure and management
strategies will have a strong influence on the use/areal extent relationship. So will
environmental features such as the distribution of area attractions (where people
are trying to reach) and the ease of travel off the existing infrastructure (e.g.,
off-trail travel).

To illustrate how one can employ logical thinking to make predictions, consider that
there are some situations in which the increase in areal extent of impact should be
proportionally equal to the increase in use. For example, if camping is confined to
established campsites and all campsites are always occupied, doubling the amount
of camping would require doubling the number of campsites needed and, therefore,
the areal extent of camping impact. At the other extreme, there are some situations
in which increasing use may have virtually no effect on the areal extent of impact.



An example might be a place where hiking is only allowed on established trails. As
long as amount of use is not so high that it forces people to violate regulations, a
doubling of use might have no effect on areal extent of impact. Most situations will
lie between these two extremes, with increased use resulting in an increase in areal
extent of impact but of a magnitude much smaller than the increase in use. For
example, doubling the use of a day-use river segment might result in a few more
places where people stop for lunch, resulting in perhaps a 5-10% increase in the
areal extent of impact.

Where recreationists are allowed to travel and recreate wherever they wish,
predicting the effect of increasing use is more uncertain than in situations in which
recreationists are required to keep to established sites and routes. As previously
noted, in these situations, increasing use is likely to increase areal extent of

impact, but the increase in impact is likely to be much smaller than the increase

in use. This follows from the fact that, despite increased use, most people will still
attempt to visit the same places and do the same things they always did. Given
this, one might predict that increases in use will have no effect on areal extent of
impact until increases are so great that people are “forced” to seek less preferred
places or leave more easily traversed travel routes (i.e., areal extent of impact
increases exponentially with increasing use, rising slowly at first before increasing
dramatically). For example, increasing use of a lightly used trail is unlikely to
physically force people off the trail. However, there is a point at which use density
becomes so high that people are physically forced off the trail. Another logical
conclusion is that the magnitude of increase in areal extent with increasing use
should be greater in places where it is easy to travel off established travel routes
and/or where there are a large number of attractive places in which to visit and
recreate. For example, the effect of increasing use on areal extent of impact is likely
to be greater on flat, even, and dry terrain than in steep, rugged, and rocky terrain;
places with impenetrable vegetation; or wetlands. It is likely to be greater in places
where many of the vistas, lakes, or other attraction sites in the area are not accessed
by established trails.

Intensity of Impact.

A large number of studies have documented the relationship between amount of
use and intensity of impact. Despite some conclusions about the general nature

of this relationship, specifics are highly idiosyncratic, varying particularly with the
amount and nature of recreation use, the biophysical attribute of concern, and

its durability. Most studies have examined the effects of relatively high levels of
recreation use on attributes that are profoundly impacted by even modest levels

of use. This follows from the tendency to study situations in which impacts are
considered problematic and to study variables that are readily observable and highly
responsive to the disturbance being applied. For example, a large proportion of
available research has examined the effects of pronounced trampling on vegetation.



Disturbance ecology studies—of many stressors other than recreation—have found
that most of the data relating a “dose” of stress to an environmental response fit a
sigmoid curve. There is no reason to think that the sigmoid curve should not apply
in situations in which the “dose of stress” is amount of recreational use and the
environmental response is some type of recreation impact (figure 1). This conclusion
may seem somewhat at odds with the conclusions of numerous recreation impact
studies that have found the use-impact relationship to be asymptotic (Cole 1995b)
or the observation that not all recreation use-impact relationships fit the asymptotic
model (Monz et al. 2013). These discrepancies disappear when one considers that—
with a sigmoid curve—the shape of the curve that relates amount of use to amount
of impact is dependent on which portion of the curve is being studied. Referring

to figure 1, some portions of the curve are linear, others show accelerating impact
with increasing use, and some show declining increases in impact (a plateauing of
impact) with increasing use. So the shape of the curve will be dependent on the
range of use levels that were examined. No studies have examined all use levels
from zero to infinity.

Thus, given this variability in even the shape of the use-impact relationship, how
can a planner predict how impact will respond to changes in amount of use? The
first guideline is to try to decide which portion of the sigmoid curve applies to the
situation at hand. This is dependent on the amount and type of use that is occurring
and the durability of the ecological attribute that is being impacted by recreation
(i.e., the indicator variable for which a threshold has been established). The lower
the amount of use is and the more durable the ecological attribute is, the more
likely the left-hand side of the sigmoid curve applies (figure 2). For example, as
Monz et al. (2013) point out, even a very large increase in the number of people
walking on a highly durable substrate such as solid rock will result in a minimal
increase in amount of impact to the rock. Even for a more fragile attribute, such as
many vegetation types, increasing trampling frequency tenfold, from once every 10
years to once every year, may result in @ minimal increase in vegetation impact.

Figure 1. The sigmoid curve that characterizes the relationship between amount of
recreation use and the resultant intensity of environmental impact.
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Figure 2. The relationship between amount of recreation use and the resultant
intensity of environmental impact—the left portion of the sigmoid curve in

figure 1—that applies where use is low and/or the environmental attribute of
concern is highly durable. Note that across this entire range of use, impact increases
exponentially; however, some portions are linear.
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The problem with this latter example is that capacity is generally not an issue if use
levels are that low. The higher use is and the less durable the ecological attribute
is, the more likely the middle and right-hand side of the sigmoid curve applies
(figure 3). This is where the nature of the relationship is asymptotic. Where use is
low, small increases in amount of use can cause pronounced increases in impact;
however, the rate of increase in impact decreases as use intensity increases.

Returning to figure 1, in situations toward either the far left or right sides of the
figure, changes in amount of use are associated with rather small changes in
amount of impact. If this is the situation that likely applies, planners might simply
estimate that an increment of change in use will result in a small change (perhaps
10% or less of a change in impact). There is no way to get away from the fact
that this will be an educated guess. One must make an informed prediction and
then make adjustments based on monitoring data. But if one is correct that impact
intensity is little affected by amount of use, whether the appropriate proportion is
5% or 20% makes little difference.



Figure 3. The relationship between amount of recreation use and the resultant
intensity of environmental impact—the middle and right portion of the sigmoid
curve in figure 1—that applies where use is not low and/or the environmental
attribute of concern is not highly durable. Note that across this entire range of use,
the relationship is asymptotic; however, some portions are linear.
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In between the far left and far right sides of figure 1 are situations—characterized
by either relatively low use of a fragile ecological attribute or relatively high use of

a durable attribute—in which changes in amount of use can result in substantial
changes in impact intensity. Again, one must predict how much change will result
from an increment of change in use, and this prediction is likely to be little more
than an educated guess. There may be some situations in which an incremental
change in use will result in a similar (or even greater) magnitude of increased
impact intensity (e.g., doubling the use will result in a doubling of impact intensity).
However, research suggests that, usually, the magnitude of change in impact will be
smaller than the change in use.

Putting It All Together.

As the preceding discussion should make clear, research and science are primarily
helpful in suggesting a general relationship between amount of use and resultant
environmental impact. Empirical research seldom can suggest a specific number
with any precision, particularly given that results often must be extrapolated from
studies conducted in a different time and place. This leaves the planner with the
task of deriving an estimate of capacity based largely on professional judgment,
drawing on logical thinking and knowledge about use-impact relationships. The
planner needs to consider the likely effects of a change in use level—whether it
involves a decrease from current use levels or an increase up to some capacity
higher than current use. How would such a change affect the distribution and areal
extent of use? And how would it affect the intensity of use across the areas that are
being used for recreation?

For example, the planner may assume that a doubling of use would result in a 25%
increase in the area used for camping or picnicking or hiking. Given that twice as
much use is distributed across only 25% more area, the intensity of use across the
area being used increases about 60%. However, if that increase occurs on trails and
recreation sites that are already substantially impacted, the effects of this increased



intensity may be minimal—aside from the 25% increase in new trail, camp, or picnic
sites. Therefore, the planner may estimate that close to double the current amount
of use could be accommodated (i.e., capacity could be doubled) if established
thresholds for impact allow for an increase in impact of 25-30%.

Consider a similar situation in which it is decided that impacts need to be reduced
25%. One may be inclined to estimate that this could simply be accomplished by
reducing use by 25%. However, if there is no attempt to limit recreation use to a
smaller number of recreation sites, this change would have little effect on the areal
extent of impact. The main effect of the use reduction would be on the intensity
of use on established trails and sites. It is possible that, despite the reduction in
use, near-maximum levels of impact would continue (as depicted in the right half
of figure 3). If so, a 25% reduction would not keep impacts under established
thresholds. Use reductions would either have to be much more substantial than
25%, or the 25% reduction in use would have to be supplemented by a closure of
25% of the system of trails and recreation sites.

These examples portray the type of analysis in which planners must engage to arrive
at a capacity estimate. Obviously, there is substantial uncertainty in such estimates,
because there are so many unknowns and so many required assumptions. That is
why the capacity should be considered an estimate that can be made more precise
only through adaptive management. Best practice for planners involves identifying
capacity, applying that estimate and monitoring results, and adjusting capacity as
necessary. It may also be prudent to use the precautionary principle and initially err
on the side of the low range of an estimate.

A Guide to the Scientific Literature.

The References section contains most of the sources available on the relationship
between amount of recreation use and resultant biophysical impact. Most of these
are highly site-specific studies, conducted at one place and time. However, a few
overviews of the use-impact relationship are available. Among the most useful are
several books or book chapters (Cole 2009; Hammitt et al. 2015; Liddle 1997),
state-of-knowledge reviews published in proceedings (Cole 1987; Leung and Marion
2000), grey literature (Kuss et al. 1990), and journal articles (Kuss and Graefe 1985;
Liddle 1975; Monz et al. 2013).

By far, the largest numbers of studies have employed an experimental approach,
applying various amounts of recreational use and then observing the response.
Wagar (1964) was the first to apply this approach. Trampling by hikers is by far the
most common type of recreation use explored, but some studies have examined
impacts caused by horses and llamas (Cole and Spildie 1998; DelLuca et al. 1998;
Newsome et al. 2004), bicycles and motor vehicles (Wilson and Seney 1994),
camping (Cole 1995a; Cole and Monz 2003, 2004), and diving (Hawkins and
Roberts 1993). Vegetation is the response variable most frequently examined;
however, some studies have examined soil response (Lei 2009). Most studies

have been conducted in terrestrial environments in North America (Cole 1995b);
however, studies have been conducted around the world, most notably in Australia



(Hill and Pickering 2009; Sun and Liddle 1993), and a few have been conducted in
aquatic environments (Casu et al. 2006). Several studies have attempted to draw
conclusions from experimental trampling about how vegetation durability varies
with vegetation type (Bernhardt-Rémermann et al. 2011; Cole 1995c; Yorks et

al. 1997).

Other studies have assessed the influence of amount of use on amount of impact
by examining established recreation sites that receive different intensities of use. A
number of studies have assessed the degree to which campsite impacts vary with
how frequently they are used (Cole 1982, 2013; Frissell and Duncan 1965; Marion
and Cole 1996; Marion and Merriam 1985b; Young 1978). Trails that receive
different levels of use have also been studied (Coleman 1981; Dale and Weaver
1974; Olive and Marion 2009; Wimpey and Marion 2010). In addition to impacts of
nonmotorized use, studies have also examined the effects of motorized use (Adams
et al. 1982; Buckley 2004).
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