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Introduction
The Northwest Forest Plan (NWFP or Plan) rep-

resents one of the preeminent ecoregional initiatives 
implemented in North America. Plan implementation 
utilizes an adaptive management strategy (Walters 1986) 
wherein monitoring is a key step in evaluating ecosystem 
and socioeconomic status and trends. Monitoring for 
the Plan has been reinforced by a Federal court decision 
mandating the implementation of a scientifically-valid 
monitoring program (Dwyer 1994). Monitoring has 
been actively discussed, debated, and supported by the 
Regional Interagency Executive Committee, the set 
of Federal executives in the Pacific Northwest whose 
agency missions involve various aspects of NWFP 
implementation.

While monitoring is central to adaptive ecosystem 
management, the monitoring process can itself be 
evaluated as it is implemented (Ringold and others 
1996). NWFP monitoring has been implemented using 
alternative approaches employing scientifically-derived 
experimental design. The NWFP monitoring program is 
also subject to decisions regarding continuation or change 
in the system by which status and trends are estimated. 
Thus, data about monitoring and possibilities for course 
correction in monitoring program implementation mean 
that opportunities for “adaptive monitoring” within the 
NWFP are possible (fig. 1).

After over a decade of design, planning, review, imple-
mentation, and reporting the results of NWFP monitoring, 
it is timely to assess the program put in place to evaluate 
the status and trend of Plan indicators. While resource 
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Figure 1. A simple depiction of the adaptive management 
cycle (top), with superimposition of an internal “adaptive 
monitoring” loopv to facilitate continuous evaluation, 
planning, and action improvements in monitoring programs 
(bottom).
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managers’ reviews of monitoring tend to emphasize cost 
savings, increased efficiency, tighter focus on manage-
ment issues, and the potential for enhanced information 
yield, the need for monitoring programs to be structured 
around fundamental ecological factors playing out across 
multiple spatial and temporal scales must also be con-
sidered. Additionally, the tendency to create “orphan” 
databases has been detrimental, not only to monitoring 
programs themselves, but also to the decision-making 
processes that they serve (Palmer 2003). Benefits and 
risks of continuation or change in the monitoring of popu-
lations and ecosystems are being used to help structure 
alternatives for NWFP monitoring.

Planning, design, and pilot testing resulted in an 
overall strategy for NWFP monitoring (Mulder and 
others 1999), as well as the implementation of moni-
toring plans covering resources of interest to decision 
makers (for example, Hemstrom and others 1998, Lint 
and others 1999, Madsen and others 1999, Reeves and 
others 2003). By 2004, the monitoring program was 
able to report on trends occurring in the NWFP region 
over a decade or more for forest vegetation (“late-suc-
cessional old growth” or LSOG) and for the threatened 
northern spotted owl. In other cases, the time series for 
monitoring were much shorter or could more realisti-
cally be considered initial inventory or baseline data. All 
monitoring modules have produced results that permit 
at least preliminary examination of underlying assump-
tions, conceptual models, analytical tools, development 
of descriptive or predictive models, and efficiency of 
protocols used for NWFP monitoring. Monitoring results 
are being summarized in a series of reports authored 
by interagency monitoring program leads. Experience 
with NWFP reporting of status and trends has lead us 
to pose a range of questions, the answers to which are 
likely to prove productive for future monitoring program 
implementation both for the NWFP as well as for pro-
grams that are being planned or conducted elsewhere. 
We have grouped questions about monitoring program 
implementation into those related to scale, those related 
to integration, and those related to efficiency.

Scale
The NWFP embodies conservation goals and imple-

mentation standards for approximately 9.7 million ha 
of forest and associated aquatic systems under federal 
ownership in the Pacific Northwest (fig. 2). At the finest 
level of resolution, the NWFP is implemented via man-
agement decisions that can affect as little as a few ha or 
restricted (<1 km) stream segments. Between geographic 
extremes are multiple levels of ecological (for example, 

watersheds, river basins, biophysical provinces) and 
institutional (for example, land management units, des-
ignated reserves, stream buffers) hierarchy upon which 
both monitoring program design and natural resource 
management are focused. Given that the resources are 
never likely to be available to provide robust depictions 
of systems operating at all scales, there are persistent 
questions about how to allocate effort to most effec-
tively meet information needs at multiple levels. Ideally, 

Figure 2. The Northwest Forest Plan region in the states 
of Washington, Oregon, and California. Federal lands 
managed by the U.S. Forest Service, the U.S. Bureau of 
Land Management, and the U.S. National Park Service are 
shown in gray.
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aggregation of monitoring information from smaller 
scales should contribute to the ability to assess higher  
hierarchical levels, while monitoring at greater scales 
should, at a minimum, provide valuable context for 
more localized questions (Morrison and Marcot 1995, 
Trexler and Busch 2003). After 10 years of NWFP 
implementation, both monitoring data and implementa-
tion experience are available to help address some issues 
pertaining to scale. Principal questions include:

What are the primary scales of interest to decision 
makers and how firm must inferences be at these 
scales; what are the opportunities for aggregating data 
or increasing sampling frequency or density in areas 
of special interest?
Given that NWFP monitoring provides good examples 
of both statistically rigorous sample design as well as 
designs utilizing scientific consensus, are there needs 
to adjust monitoring program elements toward one 
approach or the other?
What do we need to know about the influence of 
non-federal lands on federal resources and what are 
the possibilities for developing contextual informa-
tion using data derived across a spectrum of land 
ownerships?
Considering the temporal dimension anticipated for 
responses to NWFP management actions, is the in-
tensity of data collection adequate to detect projected 
trends?
Has new information about dynamic environments 
been incorporated into monitoring design, and are 
information needs about disturbance at odds with 
monitoring of the NWFP reserve system or agency 
land allocations?

Integration
A dominant theme within the literature on monitoring 

and adaptive ecosystem management is one of integra-
tion (Walters 1986, Karr 1987, Davis 1993, Silsbee 
and Peterson 1993, Woodward and others 1999). This 
theme carries through to assumptions and design prin-
ciples employed for NWFP monitoring (Mulder and 
others 1999, Noon 2003). One dimension of this theme 
can be seen in the presumption that systems will be 
managed adaptively based at least partly on informa-
tion developed in monitoring programs. As with other 
major ecoregional monitoring programs, there is also 
a prevalent expectation that monitoring programs will 
be well-integrated internally. In the case of the NWFP 
monitoring program, this implies that Implementation 
Monitoring (evaluating status and trends of NWFP 
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Standards and Guides implementation), Effectiveness 
Monitoring (assessing status and trends associated 
with the effects of Plan implementation on systems of  
interest), and Validation Monitoring (evaluation of 
underlying assumptions and cause-effect relationships 
in the NWFP) will have well-developed interconnec-
tions within the general monitoring program. Another 
expectation is for monitoring modules evaluating Plan 
effects on the status of specific resources to be well-in-
tegrated. For example, utilizing vegetation data from the 
LSOG module in all of the other ecologically-oriented 
monitoring modules is a key provision of the general 
monitoring program design. Perhaps less explicit but 
important nonetheless, is the idea that NWFP monitoring 
and related research programs would be integrated and 
would further the ability to infer causative relationships 
in relation to system responses to management. Among 
questions pertaining to integration are the following:

Is monitoring program information proving effective 
in making necessary adaptations to the NWFP?
Are procedures in place to integrate information from 
NWFP Implementation Monitoring, Effectiveness 
Monitoring, Validation Monitoring, and related data 
sources so that thorough analyses of the Plan can be 
conducted?
How is the program developed to monitor status and 
trends of NWFP-affected resources contributing to 
the ability to evaluate cause and effect relationships 
relating to anthropogenic or natural factors?

Efficiency
In concept, one can think of the efficiency of a 

monitoring program as the information yield per unit of 
resource invested to produce that information. However, 
managers and scientists are rarely interested in the 
amount of raw data produced from monitoring, and 
instead are more focused on the trends that are pertinent 
to the policy questions facing them (Urquhart and others 
1998). Thus, the concept of monitoring efficiency also 
must incorporate a theme relating to how well-targeted 
monitoring information is in relation to the resource 
management decisions being made. Unfortunately, sci-
entific and management questions themselves are not 
stable over time and space since they respond to societal 
factors as well as information produced external to that 
developed in monitoring programs. A number of mecha-
nisms were incorporated in NWFP monitoring program 
design with the prospect of making the program operate 
efficiently and to become more efficient as implemented 
(Mulder and others 1999). An assessment of NWFP 
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monitoring relative to program cost or to management 
questions is beyond the scope of this paper. However, 
a number of questions are important from the perspec-
tive of the NWFP monitoring program’s performance 
relative to several scientific themes:

Does new information accumulated since NWFP 
inception provide a basis for making adjustments to 
the assumptions or conceptual models underlying the 
NWFP monitoring program?
Does information developed on wildlife populations, 
or preliminary models developed to project population 
trends based on habitat, validate a habitat modeling 
approach for NWFP monitoring?
Given that system baseline condition and targets for 
ecosystem restoration were not fully-articulated ini-
tially, does monitoring program information provide 
the means to further define baselines or targets?
Do power analyses based on time series of NWFP 
monitoring data indicate a need to refine efforts to 
determine population trends?
Have scientific information and scientists continued 
to be effectively utilized with NWFP monitoring 
implementation?

Conclusion
Although making progress toward answers for the 

questions posed about NWFP monitoring will benefit 
immensely from information available from the moni-
toring program itself, collectively the questions pose 
a daunting challenge. Solutions will be aided by those 
conducting scientific monitoring and research, but policy 
and cost information will also be of critical importance. 
Most of the questions we articulate have been posed in 
an isolated or adhoc manner over the course of NWFP 
implementation. It is anticipated that this synthesis of 
higher level questions will catalyze productive dialogue 
about potential adaptive adjustments to the NWFP moni-
toring program.
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