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Introduction
Wildfire may pose serious threats to both direct (for example, heating, dissolved tox-

ic gases) and indirect (for instance, post-fire floods, erosion, changing habitat), aquatic 
ecosystems (Dunham and others 2003; Gresswell 1999). There is, however, increasing 
recognition that major flood, erosion, and mass wasting events after fires can also be im-
portant to the formation of complex habitats that are beneficial in the long-term (Bisson 
and others 2003; Reeves and others 1995).

There is growing interest in restoration of terrestrial vegetation communities that 
have shifted in composition, pattern, and continuity, producing forests that are more 
flammable and more contagious for fire in some parts of the country (Hessburg and 
Agee 2003). Some have noted the potential benefit of restoration to watershed and 
aquatic ecosystem values because the reduction in fuel will mitigate the severity of 
future fires (Graham and others 2004; USDA 2000). Restructuring forests might also 
provide benefits through the restoration of forest-riparian functions that contribute to 
the maintenance of structurally complex and resilient aquatic habitats (Rieman and oth-
ers 2000, 2005). At present, these benefits are largely hypothetical and others have noted 
that management has not always been benign (Bisson and others 2003; DellaSala and 
Frost 2001; Graham and others 2004). The effects of management can also be funda-
mentally different than severe fire, which tends to be more chronic than periodic in 
nature (Istanbulluoglu and others 2004; Reeves and others 1995).

An important question stems from this uncertainty: “Which poses a greater risk, 
wildfire or the management intended to reduce its effects?” (Bisson and others 2003; 
Rieman and others 2003). The answer likely depends on context, and the more conten-
tious question is how we objectively evaluate the differences in risk between fire and 
management for a particular area or project. This question has typically been addressed 
in debate or analysis based on the apparent risks associated with the local and short-
term effects of fire and the management intended to mitigate those effects (O’Laughlin 
2005). Ecologically important differences between the two may only be apparent as we 
consider how they might play out over longer time scales (101 to 102 years) and larger 
spatial scales (103 to 105 ha). In short, differences in cumulative effects may be recog-
nized at these scales.
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How the relative cumulative effects of fire and management alternatives are analyzed 
is important. Analyses that compare only the absolute sediment or thermal loadings 
accumulated through a watershed will be incomplete and potentially misleading. The 
literature on cumulative effects has already noted that non-linear and synergistic effects 
of activities may be important as well (Dunne and others 2001; MacDonald 2000; Reid 
1993; Sonntag and others 1987). In particular, we argue that synergistic effects related 
to synchrony over several watersheds or sub-populations are an important cumulative 
effect consideration for comparing the effects of fire versus fuel management.

Cumulative Watershed Effects
By strict definition, cumulative effects are expected to manifest only as a result of 

multiple management decisions or projects (CEQ 1997). A more general definition de-
scribes cumulative effects as those that occur over larger spatial scales and longer time 
scales and through potentially non-linear interactions of multiple processes (Sonntag 
and others 1987). Concern for cumulative effects, resulting largely from the National 
Environmental Policy Act of 1969, has challenged the limits of existing scientific theory 
in many disciplines, and literature has tried to frame an efficient and effective cumula-
tive effects assessment process (Dunne and others 2001; MacDonald 2000; Reid 1993; 
Sonntag and others 1987) (Chapter 12). Because watersheds are a natural accumulator 
of potential pollutants, such as sediment, nutrients, or thermal energy, they have been 
an area of focused development for analysis procedures (Dunne and others 2001; Reid 
1993).

An individual project with ground disturbing activities typically displays watershed 
effects near the stream’s headwaters. Downstream, these effects are diluted (Bisson and 
others 1992). However, when multiple projects are considered over a short time period, 
potential risks to downstream areas may be more apparent because of the accumulated 
effects (Bisson and others 1992; Reeves 1993). Best Management Practices were devel-
oped to mitigate the effects of any project; however, even the relatively minor effects of 
many projects, particularly during a short time period, might still substantially change 
downstream habitats. Consequently, most of the concern with respect to forestry in wa-
tersheds is with cumulative effects.

This is a well defined problem with a substantial amount of literature providing guid-
ance for the assessment of cumulative watershed effects (CWE) of forest management 
activities. A strong underlying theme is the downstream transport and accumulation of 
watershed materials (water, nutrients, sediment, thermal energy) from multiple land use 
actions (Dunne and others 2001; MacDonald 2000; Reid 1993). The topological con-
text provided by a watershed makes this a natural consideration. In addition, synergies 
between upstream and downstream actions are possible, for example, how the changes 
in gradient and hydraulic geometry along a stream interact with changes in sediment 
and wood supplies and how the downstream reaches can integrate effects from many 
projects in ways that may be more complex than the simple addition and dilution of 
materials.

In contrast to the integration effects over the spatial domain of a watershed, quanti-
tative cumulative effects analyses for forestry often consider the distribution of effects 
across time (Cline and others 1984; Dunne and others 2001; MacDonald 2000; Megahan 
1974; Reid 1993; Washington Forest Practices Board 1995), generally with annual time 
steps. One reason for this approach has been to examine patterns of recovery after an-
thropogenic disturbances. This approach is in line with the Total Maximum Daily Load 
(TMDL) concept used to regulate cumulative pollutant loads from multiple point and 
non-point source activities (such as silviculture or agriculture) under the Clean Water 
Act. One of the key mitigations for point loading activities is to meter out pollutants 
generated in bulk to allow flow and biological processes to dilute, assimilate, or trans-
form the pollutant. TMDLs are regulatory limits to pollutant loadings that are set using 
state standards and the expected flow at a given point that will dilute the pollutant. 
This approach is easily applied for silvicultural chemical use, but prescribed allowable 
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loadings for sediment are more commonly based on an average over an unspecified 
multi-annual time scale than on a daily time scale. TMDLs become, in essence, a pre-
scribed limit to CWEs. The goal of many CWE analyses then becomes manipulation of 
various treatments and mitigations to control the distribution of pollutants over time at 
each required point of compliance.

A comparable analysis of the distribution of cumulative effects in space is seldom 
considered. The growing body of work in landscape ecology argues that this is an im-
portant issue. In essence, the spatial pattern, structure, and quality of habitats may have 
a profound influence on the resilience, persistence, and diversity of aquatic populations 
and communities (Naiman and others 1992). From a cumulative effects perspective, 
the question becomes not just how much degradation within a watershed could cause 
significant declines in important biological indicators (for instance, abundance or pro-
ductivity of sensitive species), but how many stream segments within a watershed or 
how many watersheds within a larger river basin might be degraded simultaneously 
(Benda and others 1998; Reeves and others 1995). An example comes from the Oregon 
Coast Range, where substantial work has documented that the downstream accumula-
tion of impacts has degraded habitats and decreased diversity of populations in streams 
with logging (Bisson and others 1992; Reeves 1993). It has been estimated that 86 per-
cent of 5th code watersheds in the Oregon Coast Range have seen reductions in forest 
cover between 1936 and 1996 (Wimberly and Ohmann 2004). This is both a remarkable 
achievement of human engineering and labor and a potentially dangerous ecological 
situation for what was once a large interconnected collection of populations of fishes 
and other organisms. It seems reasonable to suggest that analysis of cumulative effects 
within any of the remaining 14 percent of the coast range watersheds consider the im-
portance of their role within the larger context.

Cumulative effects analysis then may consist of two contrasting approaches—a se-
rial (downstream) cumulative effects technique derived from multiple impacts along 
a single flow path and/or on parallel cumulative effects technique derived from mul-
tiple impacts among individual flow paths that do not necessarily flow into one another 
but may share a common ecological context (fig. 1). The serial analysis considers the 
downstream transport or accumulation of many watershed products, for example, water, 
sediment, nutrients, and energy. It also considers non-linear effects from serial contribu-
tions with changes in transport capacity and the interactions of multiple constituents. 
Parallel analysis captures effects to watershed products that move both up and down-
stream (for instance, genetic material, biological populations), and are vulnerable to 
processes that cross boundaries of multiple watersheds. Both have defining scales in 
time and space. With respect to the interpretation of the significance of effects, the 
serial analysis can be thought of as an integrated approach in space, while a paral-
lel approach will be more spatially explicit. In the serial analysis, we may accumulate 
spatially distributed inputs to look at effects at a point. In the parallel analysis, the idea 
is to consider the spatial relationships between affected habitats and sub-population or 
population units. The context of fire and fuel management is particularly relevant for the 
contrast between parallel and serial analyses, precisely because of the large spatial scale 
that fires and proposed fuel management projects may occupy.

The cumulative effect literature has emphasized the point of considering non- 
linear, non-additive, or synergistic interactions of multiple actions or processes (Dunne 
and others 2001; MacDonald 2000; Reid 1993; Sonntag and others 1987). The parallel 
analysis is one example of this idea that focuses on geographic interactions. The reason 
we highlight the distinction using the serial-parallel classification is that this particu-
lar geographic interaction is a strong example of the synergistic effect; could apply to 
the conservation issues for many sensitive aquatic species populations (for example, 
salmon and trout); may have profound consequences for management and regulation; 
has limited exposure in existing CWE literature; and, as a consequence, has had little 
exposure with watershed management professionals. The general scope of the idea has 
been recognized for decades as being a cornerstone of cumulative effects analysis for 
terrestrial vertebrates (Collinge 1996; Debinski and Holt 2000; Fahrig and Merriam 
1994; Sonntag and others 1987; Wiens 1976; Zavala and Burkey 1997). However, even 
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broad, general discussions of cumulative watershed effects still emphasize the down-
stream accumulation of water and sediment as the driving factor in cumulative effects 
analysis (Dunne and others 2001; MacDonald 2000; Reid 1993).

When addressing geographic interactions, synchrony or asynchrony of impacts in 
separate populations is the rationale for parallel analysis. This approach tends to require 
larger spatial scales than have traditionally been used for downstream accumulation 
types of analysis. Recent advances in the understanding of scaling in physical and eco-
logical processes provide a foundation for quantitative analysis of effects at larger scales 
and in more complex landscapes than was practical in the past. In light of this growing 
understanding and the need for solutions to problems posed by fire and fuel manage-
ment decisions, we believe it is important to revisit the utility of parallel cumulative 
watershed analyses of ecologically and operationally relevant effects that are spatial 
scale and pattern dependent.

There are attendant choices in temporal scale to be considered as well. Different 
resources are affected over different time scales. For example, an analysis of concerns 

Figure 1. In serial cumulative watershed 
effects analysis, the effects focus 
on the accumulated contributions 
above a certain point, for example 
the northern watershed (brown) in 
(a). In a parallel cumulative effects 
analysis for the same basin, one 
may need to consider effects to 
populations in neighboring basins 
(green and yellow) linked only 
through a separate waterbody (light 
blue) to which they are tributary “in 
parallel,” such as a large river, lake, 
or ocean. It may also be helpful to 
look within the original basin at 
stream segments (varying segments 
of white to blue) that may be 
affected independently by extreme 
events. We suggest that both types of 
analysis may be useful with respect 
to fire and fuels management.

(a)

(b)
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about a reservoir filling with sediment could consider information averaged (or summed) 
over a few decades, while analysis of ecological concerns must consider shorter time 
scales consistent with species seasonal habitat use and life cycles (for example, months 
to years). Both biological and physical processes have important seasonal variations 
that may create non-linear interactions. For instance, in climates with summer convec-
tive storms, production of fine sediment from roads is introduced to streams when flows 
are too low to transport the sediments away. Because time scales are important ecologi-
cally, some have noted the need to not just consider the magnitude of sediment loading, 
temperature, or peak flow changes, but the temporal distributions as well (Poole and 
others 2004). Important aspects of time are frequency or spacing of disturbances, dura-
tion and recovery times, and the overall temporal extent. A key concept in the discussion 
of disturbance and population response is that changes in the “predictability” or the tim-
ing and frequency of disturbances can have a profound influence on native species that 
evolved under one regime and are now faced with something novel in their evolutionary 
experience (Poff and others 1997). The issues with time and scale are inherent in either 
serial or parallel analyses, but with the latter, the concept of temporal synchrony in dis-
turbance among multiple analysis units represents an important dimension for parallel 
cumulative effects analysis.

Ecological Limitations of Serial CWE Analysis
Serial analysis is most useful for describing processes where thresholds may be ex-

ceeded or long-term total loads are important. Reaches that trap substantial sediment 
and wood, for example, reservoirs, lakes, estuaries, and spawning habitat, are points 
where changes to total sediment load may be an important quantity to assess for that 
site. There are similar circumstances where total loads of nutrients such as phosphorous 
or nitrogen would be important to ecosystem processes (Reckhow 1999). Historically, 
there has been a strong reliance on serial cumulative effects for forest management, 
particularly for rigorous process based analyses (Cline and others 1984; examples sum-
marized in Reid 1993; Washington Forest Practices Board 1995).

Modeling of sediment loads has been applied in a general way to the problem of fire 
versus fuel management. Elliot and Miller (2002) provide an example comparing the to-
tal loads of sediment derived from surface erosion of roads that might accompany active 
fuel management (for instance, mechanical thinning) over multiple years versus a fire 
event that erodes and recovers. They assumed that one disturbance replaced the other. 
Istanbulluoglu and others (2004) provide another example contrasting the effects of tim-
ber harvest and the effects to fire, also assuming that the first could be used to replace the 
latter. The two studies showed very different results. Elliot and Miller (2002) found that 
management produced substantially less sediment overall and Istanbulluoglu and others 
(2004) showed relatively similar values between treatments. The primary differences 
between the models were the slope of the land considered (moderate gradient in the first 
and steep in second) and consequently, the physical processes modeled (surface erosion 
versus mass wasting). The results are consistent with the situations and temporal scales 
assumed in each analysis, and the results of Elliot and Miller (2002) reflect the fact that 
surface erosion from roads is commonly a small part of the total or long-term sediment 
yield in moderate to high relief landscapes (Luce and others 2005).

An important lesson from Istanbulluoglu and others (2004) was that while the total 
load integrated over time was about the same, under a management scenario, the in-
dividual landslide events were smaller and the frequency was higher, changing from 
once every few centuries to once every few decades. From an ecological perspective, 
changes on this order could have profound effects on the succession of vegetation and 
the ultimate structure of the channel and availability of habitats. We might anticipate a 
similar result in the temporal distribution of sediments with a pulsed introduction fol-
lowing a fire compared to a smaller but more chronic supply associated with roads. The 
duration, persistence, or frequency of impacts is often more ecologically relevant than 
the magnitude of individual events, so brief high loading events after fire may be less 
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damaging than persistent minor loads from roads (Reeves and others 1995; Rieman and 
others 2003; Yount and Niemi 1990). Although Elliot and Miller (2002) showed that 
total yields may differ substantially, they provide no information that can resolve the 
differences that influence ecological processes through time.

While there are ways we can improve serial CWE analysis, such as being tempo-
rally explicit or using regime based (stochastic) standards that better reflect the natural 
history of any basin (Poole and others 2004), there are still limitations to a spatially in-
tegrated approach. First, standards or analyses based on natural disturbance regimes are 
problematic because we may have limited understanding of what the “natural” regime 
is and the degree of departure that is biologically important (Reckhow and others 2001), 
and second, the spatial details may be important (Luce and others 2001).

These shortcomings are not just academic in scope but they lead to particular prob-
lems from an ecological perspective. First, attempts to meet a specific limit to change 
any single segment or watershed leads to policies spreading impacts over larger areas 
and longer durations. If loading for a particular stream needs to be kept below a particu-
lar standard, then disturbance in the basin must be limited within a given time frame, in 
other words, acres or harvest or miles of new road per decade. This means that planning 
to optimize activities on the landscape to produce timber or restore vegetation patterns 
must move activities from basin to basin, metering out the potential for impacts at the 
prescribed level on a continuous basis. Under such a scenario, most watersheds would 
eventually be expected to become compromised to some degree (Reeves and others 
1995; Rieman and McIntyre 1993). Although each would meet the minimum criteria 
defined by typical CWE, few would retain the full productivity characteristic of more 
intact systems.

Second, attempts to identify an optimum or threshold condition of disruption leads 
to poor preparation for major stochastic disturbances. Essentially, major disturbances 
are treated as an exception in serial CWE analyses. Large floods, fires, and debris flows 
are often well beyond the scope of what can be manipulated by human intervention, 
which means that they are not generally considered within a regulatory framework. 
However, they do provide important ecological context within the system being regu-
lated, and they often provide the greatest proportion of the load averaged over time 
(Istanbulluoglu and others 2004; Kirchner and others 2001). When working with a con-
stant standard, a single major disturbance can fill an allocation for a long period, which 
is often not considered a reasonable burden for human interests to bear. Unfortunately, 
a stochastic standard (regime based or range of natural variability) could not provide 
a framework either, since one would need to know the context of that event within the 
distribution of events to know whether the standard had been met. Consequently, major 
disturbance is treated externally to the planning, monitoring, and regulatory (in other 
words, land management) processes. Without clear recognition of these events in the 
planning process, means to mitigate their effects are limited and reactive. Fortunately, 
there are management strategies and practices that can reduce risk from catastrophic 
events with forethought, so it is possible to design ecosystems that are more or less 
resilient to them. These strategies must consider natural adaptations that allowed spe-
cies persistence through major disturbances (for instance, use of refugia, migration and 
dispersion, variable life histories) and the spatial scope of natural disturbance and man-
agement (Dunham and others 2003; Rieman and others 2003).

Parallel CWE Analysis to Extend Ecological Relevance
Fish and other aquatic species have survived for millennia with disturbances of vary-

ing scale and magnitude, some much greater than anything we have seen or created 
through management. A recent example is the aquatic ecosystem recovery from Mt. St. 
Helens’ eruption (Dale and others 2005). Evidence from paleoclimatic studies suggests 
that fires have been severe and even more extensive in the past (Meyer and Pierce 2003; 
Whitlock and others 2003). Sedimentation data reinforces this, where drainages in ex-
cess of 100 km2 show evidence of occasional large disturbances as the major source of 
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long-term sediment yields (Kirchner and others 2001). Furthermore, as noted earlier, 
there is growing evidence that productive aquatic habitats can benefit or even depend 
on fire related disturbance (Benda and others 2003; Reeves and others 1995). Certainly, 
the evolution of aquatic species in the western United States has been influenced by a 
violent past, and the species and species assemblages have likely evolved in response to 
fire and related disturbances.

Emerging work in population biology and landscape ecology provides some insight 
into how species survive in disturbance prone environments. The expression of migra-
tion and the spatial structure of fish populations or networks of populations appear 
key (Rieman and Clayton 1997; Rieman and Dunham 2000). Migration means that 
individuals move among different habitats, generally in response to the availability of 
resources necessary to complete their life cycles. Because different habitats are distrib-
uted in space, migration is often variable in timing and extent, and the spatial extent 
and duration of catastrophic events in streams is limited (Miller and others 2003); not 
all members of the population are vulnerable to the same disturbances at the same time. 
Other species, such as amphibians and macroinvertebrates, may have life histories with 
terrestrial components, taking some part of the population out of harm’s way by entirely 
removing them from the stream (Pilliod and others 2003). Spatial structure implies that 
species may exist in a network of habitats linked through dispersal. If fish are lost to 
disturbance in one habitat, for example, it may be recolonized through dispersal from 
others. From an engineering process control point of view, fish populations are using 
spatial and temporal complementation and redundancy to mitigate the risks associated 
with any particular strategy. Both mechanisms require a spatially extensive and inter-
connected network of habitats.

Forest management interferes with these survival processes by

1. fragmenting habitat with physical or thermal barriers;
2. encroaching on habitat, reducing the quality, number, and size of habitats composing 

the network; and
3. increasing the chances that spatially distinct habitats may be degraded simultaneously.

While serial CWE does not address these issues, parallel analysis can.
If the spatial structure and quality of habitats has an important influence on species 

persistence, then an analysis of CWE in the context of spatial structure and its variabil-
ity seems important. The range of natural variability has been proposed as a foundation 
to characterize variability, and an important part of the quantification is in geographic 
pattern and spatial structure (Swanson and others 1997). Although the concept is com-
monly applied at point or reach scales, the range of variability at a given point can often 
be anything from severely disturbed to pristine or simplified to complex, which is unin-
formative. A more informative approach would be to quantify the spatial distribution of 
habitat conditions in a population of streams or watersheds (Benda and Dunne 1997). 
The goal in the context of CWE would become the maintenance of the total amount, 
grain size, and spacing of conditions that is consistent with the evolutionary past, or 
at least the distribution of conditions that will allow native species and communities 
to persist in the future. While actual disturbances could not be managed, the spatial 
distribution of risk might be. Such an approach simultaneously reduces risks to popu-
lations while allowing short-term increases in risks to segments of those populations 
for the long-term benefit of both terrestrial and aquatic ecosystems. With appropriate 
analytical support, managers might consider the frequency distribution of conditions 
in a population of watersheds (Benda and others 1998). For example, simulations of 
historical disturbance indicated that at any point in time, no more than 40 percent of the 
watersheds in the Oregon Coast Range were in a condition of reduced productivity or 
complexity resulting from recent natural disturbance (Reeves and Duncan 2009). This 
level of disruption could become an ecologically defensible standard for spatially ex-
plicit cumulative effects. That is, no more than 40 percent of the watersheds in a larger 
basin could be in a degraded condition at any point in time. Ultimately, natural patterns 
of forest succession, disturbance, and watershed recovery would dictate the amount of 
human related disturbance that any basin could support (Swanson and others 1997).
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Many landscapes have been strongly influenced by spatially extensive disruption and 
habitat fragmentation (Hessburg and Agee 2003). Management activities that contribute 
to the restoration of processes that will ultimately lead to a more resilient landscape 
and connected network could be important. Rieman and others (2000) suggested that 
there may be parts of the landscape where terrestrial restoration would not be in conflict 
with aquatic restoration goals even if it did contribute to short-term, local degradation 
of habitats. In particular, they identified that most of the forest in need of structural 
restoration was at relatively low elevations in mixed severity ponderosa pine forests. 
Commonly these are also areas along main stem corridors that have experienced sil-
vicultural manipulations and fire suppression for several decades. These areas are less 
likely to have strong populations of sensitive species, which have gradually become iso-
lated in smaller and higher elevation tributaries, using main stems for migration when 
not blocked. While efforts to restore forests along these main stem corridors would 
likely increase sediment loads and the likelihood of landslides and debris flows from 
steep facing drainages, those loadings and events would be of little immediate eco-
logical consequence since few important populations remain. Even where important 
populations remain, such disturbances could benefit populations if not spatially exten-
sive within a particular habitat patch (Benda and others 2003; Rice and others 2001). If 
these projects break up fuel continuity, reducing the spatial footprint of individual fires 
and related disturbances, and leverage the restoration and reconnection of stream net-
works that could become productive elements of a larger spatial network in the future, 
the long-term benefits could still be important ecologically.

Challenges to Implementation
While there are some clear benefits to parallel CWE analysis, it represents additional 

effort and a shift in the way of thinking. Acceptance of the additional effort by land 
managers will be needed. In exchange, decisions would be more firmly grounded in 
impacts to ecology, which often increase flexibility for landscape restoration projects. 
Local and temporary disruption to watersheds or streams with little current ecological 
value or vulnerability as a tradeoff for potential long-term benefit would challenge the 
current regulatory framework. Ultimately, however, we believe such an approach is 
more centered on the overall goal of conserving species and their potential for resil-
ience and adaptation in changing environments, not just protection of current habitat 
conditions.

Both managers and regulators will require sound science that demonstrates that the 
geographic relationship of a group of actions is key to the significance of their impact 
on aquatic communities, even across multiple watersheds. They will also need evidence 
that both aquatic and terrestrial ecosystems would benefit from using spatial pattern 
information to make decisions, even with the risk of increased loading. Some of that 
science must explore spatial and temporal scales of disturbance to understand the en-
vironment in which current ecosystems evolved. At issue is a need to understand the 
bounds of the physical processes that we would like to influence and emulate (Landres 
and others 1999), in other words, what are the limits of disturbance at larger spatial 
scales and longer time scales? Finally, science needs to provide improved and more 
efficient means to inventory aquatic habitat and population conditions over large areas. 
Parallel analysis steps out of traditional monitoring of reaches or watershed outputs and 
into a distributed view of the aquatic landscape. Terrestrial ecologists have been able 
to use aerial photography and satellite imagery for some time for their inventories, and 
similar technology is needed for this type of approach. Many of the scientific challenges 
are being addressed by a range of studies at this time. Agencies will receive the great-
est benefit from this research within the conceptual framework of combined serial and 
parallel analysis.
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Conclusions
Considering spatial patterns in CWE analysis presents some advantages over the spa-

tially lumped approach that has traditionally been used. Aquatic biology has begun to 
incorporate a landscape perspective to better predict population and community dynam-
ics and persistence in the face of major disturbances. The physical sciences supporting 
the relevant analyses of disturbance will also require flexibility in spatial and temporal 
scaling to match ecological process scales, in other words, to explore the spatial pattern 
and timing of landslide and debris flow events across a network of streams under natural 
wildfire regimes compared to a range of managed regimes.

While this portends more effort by management and regulatory agencies, the de-
velopment of the science has led to automation of GIS tasks for spatially distributing 
impact analysis (Prasad and others 2005). Advances in estimating the local impacts of 
projects and serial cumulative effects as discussed in this book are also directly appli-
cable within a parallel CWE approach.

The subsequent analyses will have a closer tie to ecological outcomes, making them 
more useful and more defensible. In particular, spatially distributed analyses support 
planning that is based on the natural range of variability concept. Although the transition 
from an existing landscape with spatially extensive homogenization and degradation of 
habitat to one where natural disturbances play a more active role is challenging, it is 
likely that the parallel approach can highlight priorities for restoration activities. At the 
same time, it could also highlight where the short-term risks posed by restoration activi-
ties might be unacceptably high without advance preparations.
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