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�e Forest Landscape Restoration Act (P.L. 111-11, Title 
IV) directs that each restoration project authorized 
under the law develop an “implementation work plan” 
that includes “a description of the manner in which the 
[project] would be implemented” and requires use of “a 
multiparty monitoring, evaluation, and accountability 
process to assess the positive or negative ecological social, 
and economic e�ects of projects.”  To address these 
requirements, the Colorado Front Range Collaborative 
Forest Landscape Restoration Project (CFLRP) has 
developed an adaptive management (AM) model to 
incorporate data to be developed by its Multiparty 
Monitoring Program (Clement and Brown 2011) into 
future goals and treatment actions for restoration of 
Front Range forest ecosystems.  In this document, we 
provide a brief overview of key concepts and de�nitions 
in the topics of adaptive management and monitoring 
and then describe each step and cycle in our model in 
more detail. 

Adaptive Management and Monitoring - 
An Overview

Our AM model assumes a de�nition provided by the 
National Research Council (2004):

�e key feature of this de�nition is the acknowledgment 
that AM is an active process (“learning by doing”) that 
requires monitoring actions and adjusting future actions 
as knowledge is gained. As the de�nition suggests, it is 
not simply ad hoc course corrections made as past 
mistakes become undeniable.  
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Figure 1.  Typical representation of the adaptive management 
cycle as a closed, step-wise loop (from Williams et al. 2009)

Adaptive management promotes �exible decision 
making that can be adjusted in the face of uncer-
tainties as outcomes from management actions 
and other events become better understood.  
Careful monitoring of these outcomes both 
advances scienti�c understanding and helps 
adjust policies or operations as part of an iterative 
learning process.  Adaptive management also 
recognizes the importance of natural variability in 
contributing to ecological resilience and produc-
tivity.  It is not a ‘trial and error’ process, but 
rather emphasizes learning while doing.  Adaptive 
management does not represent an end in itself, 
but rather a means to more e�ective decisions and 
enhanced bene�ts.  Its true measure is in how well 
it helps meet environmental, social, and 
economic goals, increases scienti�c knowledge, 
and reduces tensions among stakeholders. 

As DeLuca et al. (2010) write:

Typically, AM is represented as a closed loop involving 
planning, implementing, monitoring, and adjusting 
(Figure 1).  �e value of such a representation is that it 
makes clear that every step is necessary.  

Adaptive management is an iterative approach to 
management that is based on a series of feedback 
mechanisms in a continual cycle of evaluation, 
planning, action, and monitoring... Under adaptive 
management, learning is accelerated because man-
agement is conducted in a framework of experi-
mentation, where cause–e�ect relationships 
between management actions and outcomes are 
treated as hypotheses to be tested. Each element of 
this process is fundamental to the success of the 
approach, and exclusion of any one element, 
including monitoring, scuttles the entire process 
and prevents learning.

Unfortunately, such a representation also implies that 
the process is sequential, when in fact, to be e�ective, 
monitoring must be done throughout the AM cycle.  So 
important is this concept that Bliss et al. (2001) repre-
sented adaptive management as two cycles, interlocking 
as gears, comprised of a “monitoring cycle” and an 
“adaptive decision-making cycle” (Figure 2), with moni-
toring engaged continuously throughout the adaptive 
management process.  Figure 2 also makes clear that 
monitoring itself must be self-re�ective – continuously 
planning, implementing, and re-evaluating. 



Figure 2.  Adaptive management represented as a 
combination of two cycles of continuous monitoring 
and decision-making (from Bliss et al. 2001).

�e various roles of monitoring have led to recognition 
of several types of monitoring (see box inset).  As 
DeLuca et al. (2010) note, the most common form, 
called implementation monitoring, asks only whether or 
not a management action was performed as designed.  
�is helps establish accountability, but it cannot deter-
mine whether the action achieved its intended result.  
�at takes e�ectiveness monitoring.  Hutto and Belote 
(2013) parse monitoring even more �nely, describing the 
concepts of surveillance monitoring, which establishes the 
baseline conditions of ecosystems, and e�ects monitoring, 
which tests whether treatments are having unintended 
negative e�ects on the system.  As is clear from Figure 2, 
there is a need also to evaluate the monitoring program 
itself to ensure that it is meeting the needs of AM.  
Monitoring that evolves in response to new information 
is called adaptive monitoring (Lindenmayer and Likens 
2009).  Each of these types of monitoring applies to, and 
a�ects, di�erent steps in the AM process. 

Adaptive Management and Monitoring - 
A Model for the Front Range CFLRP

In Figure 3, we present a version of AM that is being 
used to implement restoration on the Colorado Front 
Range and show how monitoring answers di�erent 
questions pertinent to the process.  �e �gure shows 
the sequence of steps in AM, where monitoring is 
conducted in the process, and how the analysis of 
monitoring results can lead to modi�cation of AM 
steps, if necessary.  
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Types of monitoring associated with adaptive 
management

Implementation monitoring – “[I]mplementation 
(or compliance) monitoring assesses whether or not a 
management action has been performed as designed” 
(DeLuca et al. 2010).

E�ectiveness monitoring – “[E]�ectiveness moni-
toring determines whether an action has achieved its 
objective…[It] can provide data that speci�cally 
allow for the evaluation of the impact of the restora-
tion activities on ecosystem attributes, diversity 
indices, wildlife health (e.g., fecundity, habitat 
quality, and migration activities), forest stand 
metrics, and socioeconomic variables (e.g., jobs, 
recreational opportunities, and tourism)” (DeLuca et 
al. 2010).

Surveillance monitoring – “Here, well-distributed 
(geographically strati�ed) locations are surveyed 
repeatedly across years in an on-going e�ort to 
uncover trends in target response variables...�e 
purpose of this type of monitoring is to assess 
whether any change in a response variable exceeds 
some pre-determined threshold requiring manage-
ment action” (Hutto and Belote 2013).  

Ecological e�ects monitoring – “Ecological e�ects 
monitoring seeks to uncover unintended ecological 
consequences of management activity, and should be 
an integral part of any program designed to monitor 
management practices…Explicitly considering and 
monitoring potential ecological e�ects will help 
agencies and stakeholders make more informed 
decisions to minimize tradeo�s, seek complementari-
ties among values, and optimize bene�ts among 
objectives” (Hutto and Belote 2013).

Adaptive monitoring – “A fundamental part of the 
adaptive monitoring paradigm is that the question 
setting, experimental design, data collection, analysis 
and interpretation are iterative steps…A monitoring 
program can then evolve and develop in response to 
new information or new questions” (Lindenmayer 
and Likens 2009).
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In Figure 3, we simplify the analysis of monitoring 
results into those questions that address longer-term, 
landscape-scale goals, which we call e�ectiveness monitor-
ing (left side of the diagram), those that address adaptive 
monitoring (lower left side of the diagram), and imple-
mentation monitoring (right side of the diagram).  
Surveillance monitoring is beyond the scope of the 
CFLRP AM process1.   In our diagram, the Colorado 
Front Range CFLRP AM process is represented as an 
inverted pyramid to emphasize the general trend from 
broad goals to speci�c outcomes – and back again.  In 
addition, implementation monitoring is illustrated in 
the context of an “adaptive NEPA” process.  

1What Hutto and Belote (2013) call “ecological e�ects” monitoring we 
consider part of e�ectiveness monitoring because this type of monitoring can 
be designed to identify both the intended consequences of monitoring (i.e. 
progress toward desired conditions) as well as any anticipated undesired 
e�ects, which should be described as part of the characterization of desired 
conditions.

Figure 3. �e Front Range Collaborative Forest Landscape Restoration Project Adaptive Management model.

Below, we describe all the steps in the AM process and 
how they may be a�ected by monitoring results.

Goal Setting
�e �rst step in the process is to de�ne the goals that 
stakeholders have gathered to achieve.  It is very impor-
tant that all stakeholders hold the same understanding of 
the goal(s), or they may work at odds.  A common 
understanding and clear articulation of project goals is 
essential to e�ective collaboration.  Stakeholders who do 
not share the same goal are engaged in negotiation, not 
collaboration.  In the case of the Front Range Round-
table, the collaborative group implementing the Colo-
rado Front Range CFLRP, the goal is to bring the dry 
montane forests of the Front Range into a condition that 
can sustain desired ecosystem values in the presence of 
inevitable wild�re.
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�e characterization of desired conditions is fundamen-
tally a statement about the ecosystem dynamic that will 
exist when sustainability is achieved.  It is therefore 
implicitly a statement of how we believe the ecosystem 
functions, and characterization of desired conditions 
involves description of the dynamics and disturbance 
regimes that will sustain ecosystem composition and 
structure over time across a changing landscape. It is not 
about describing a static reference condition.   An 
extremely useful step in that evaluation is the explicit 
consideration of uncertainties in our knowledge about 
the function of the system.  �is acknowledgment of 
uncertainty both helps with the identi�cation of 
variables to monitor and can help with the development 
of a research program to improve our understanding of 
the ecosystem.

De�ne Restoration Areas  
Once the problem and desired conditions have been 
de�ned, it is important to identify where work will be 
prioritized.  Prioritization is essential because resources 
are simply too limited to address problem conditions 
everywhere they exist; resources should be focused where 
they provide the greatest return on investment.  In its 
2006 report Living with Fire, the Front Range Round-
table identi�ed 1.5 million acres that would bene�t from 
treatment to improve either community safety (700,000 
acres) or the health of lower montane forests (800,000 
acres).  Within this area, 400,000 acres could be treated 
to achieve both goals.  In its CFLRP proposal, the 
Roundtable modi�ed the boundary of the restoration 
zone to include higher elevation, dry mixed-conifer 
forest in the upper montane zone as well, adding an 
unspeci�ed area to the 800,000 acres identi�ed earlier in 
which restoration was considered a high priority. �e 
CFLRP proposal described a program of work that 
would treat 32,000 acres of national forest land within 
this project area, only some of which had been identi�ed 
at the time the proposal was written. �e precise location 
of remaining treatments within this vast area  is to be 
determined by stakeholders in collaboration with the 
Forest Service based on careful evaluation of landscape 
condition. �e collaborative is currently working to test 
a structured method for treatment area prioritization 
that evaluates subwatersheds based on treatable area and 
opportunity to achieve project objectives.

Prioritization of future treatment areas will be guided in 
part by data collected during e�ectiveness monitoring. 
As this monitoring is limited to e�ects only within and 

�e relevant monitoring question pertaining to this step 
is whether the goal is still appropriate.  As monitoring 
data are collected and analyzed, it may be discovered that 
the original problem is not as it seemed.  For example, it 
is possible (though not likely) that monitoring would 
reveal that the current condition of the forest would have 
no e�ect on the sustainability of forest values in response 
to wild�re.  At that point, we would need to modify our 
understanding of the situation.  It is essential to the 
success of the adaptive management process that the 
appropriateness of the goal statement be reviewed based 
on knowledge gained through monitoring.

De�ne Desired Conditions for Ecological Restoration 
and Identify Uncertainties   
In this step, stakeholders describe the kind of forest they 
want to see in the future, including the undesirable 
conditions they want to avoid.  For the Colorado Front 
Range, conditions prior to about 150 years ago are 
believed to have supported �re behavior that, if it 
occurred today, would not threaten the sustainability of 
forest values.  �e Roundtable’s 2006 report Living with 
Fire provided a general summary of desired conditions, 
describing “a complex mosaic of forest structures with 
patches of variable tree densities and ages that favor 
retention of the older trees.”  �e CFLRP proposal 
expanded on this description, calling for work “to 
substantially decrease the density of ponderosa pine and 
Douglas-�r in the lower montane favoring ponderosa 
pine, [and] to create a more diverse age structure. Treat-
ments would increase meadows, patchiness and herba-
ceous understory across the landscape while maximizing 
ponderosa pine old growth.”

In the adaptive management process, review of monitor-
ing results would include evaluation of whether desired 
conditions have been appropriately described as well as 
whether they have been (or will be) achieved.  Already, 
our work to develop monitoring protocols has revealed 
that more precision is needed in the characterization of 
desired conditions simply to facilitate evaluation of 
treatment success, and we have initiated a process to 
improve our characterization.  In practice, monitoring 
plan design, project planning, and implementation of 
both management actions and monitoring actions are all 
likely to reveal whether desired conditions have been 
appropriately described; evaluation of monitoring results 
should explicitly consider whether modi�cation of the 
desired condition objectives is needed.
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near treated areas, it is not an optimal way to determine 
the locations of additional priority treatment areas, but it 
can help identify whether treatments seem to be achiev-
ing progress toward desired conditions.  If they are not, 
either the treatment implementation or the criteria for 
identifying priority areas for treatment should be 
changed.  �e important step in the AM process is to 
ask, based on knowledge gained through monitoring, 
whether the criteria used to identify priority restoration 
areas are still appropriate.

De�ne Restoration Actions/Treatments  
Once priority treatment areas have been identi�ed, a 
general plan de�ning and describing the approach to 
forest restoration must be developed.  �is document 
will/should describe the kinds of activities that will be 
used to achieve the desired conditions in general terms.  
It should document the silvicultural and other tools that 
will be used as well as constraints on the use of those 
tools (e.g., maximum opening sizes based on desired 
conditions) and restrictions on where those tools should 
be used (e.g., proximity to roads and communities).  

�is step should yield a written framework for restora-
tion that will inform the public about the broad outlines 
of the long-term restoration program and help guide 
development of the monitoring plan and the speci�c 
restoration treatment (“project”) plans.  �is is also the 
step where budgets should be developed, including the 
budget for monitoring. �e document should clarify 
processes and stakeholder/Roundtable responsibilities 
for critical elements of the restoration program such as 
treatment implementation, monitoring, data storage, 
data analysis, communication, and AM decision-
making. 

�e appropriate monitoring question at this stage is 
whether the restoration framework is still adequate.  
Does the approach to forest restoration described in the 
proposal/plan appear to be achieving desired conditions 
without causing undesired e�ects?  �is is the essential 
question of e�ectiveness monitoring and should be the 
focus of the monitoring plan.  If the framework is deter-
mined to be inadequate, it should be revised.

Develop/Modify Monitoring Plan
�e monitoring plan should �ow directly from the 
articulation of restoration actions and treatments in the 
restoration framework.  Monitoring should be designed 
to answer the fundamental question:  Are treatments 
achieving desired e�ects without causing anticipated 
negative e�ects?
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In our �gure, we have drawn an arrow from the 
analysis/evaluation step back to the 
development/modi�cation of the monitoring plan, to 
represent adaptive monitoring.  �ere are a lot of ways to 
approach adaptive monitoring, from periodic 
self-re�ection of the monitoring committee to establish-
ment of a monitoring program as a rigorous experiment 
itself.  �e important point here, though, is that stake-
holders evaluate the monitoring plan to assess whether it 
is continuing to serve the needs of the long-term restora-
tion program.  If it is not, it should be revised.  �e 
adequacy of the monitoring budget should also be 
reviewed here.

�e question of who conducts monitoring should also 
be addressed in the monitoring plan.  Depending on the 
desires and capacity of the collaborative, stakeholders 
may be very involved in the collection of monitoring 
data, or they may rely on the agency implementing the 
treatments (for the CFLRP, this is the U.S. Forest 
Service) to collect data.  �e Roundtable currently 
employs a hybrid approach, with the Forest Service 
collecting  some data through Common Stand Exams 
and stakeholders collecting  other important informa-
tion through a separate but complementary process.

Project Planning, NEPA  
Once the project framework and monitoring plan are in 
place, speci�c guidance to implement restoration should 
be developed in the form of a project plan.  A project 
a�ecting federal land must adhere to the strictures of the 
National Environmental Policy Act and requires a 
Project Plan and environmental review that meet 
NEPA’s requirements for speci�city.  �e challenge here 
is to write a plan that meets those requirements but is 
still capable of improving over the life of the plan in 
response to knowledge gained through monitoring.  �e 
key to success of this so-called “adaptive NEPA” will be 
the inclusion of “triggers” that commit to changes in 
course depending on the results of monitoring (Nie and 
Schultz 2011).  It is the responsibility of the U.S. Forest 
Service to develop the Project Plan with input from the 
public.

In our diagram, the e�ectiveness monitoring loop closes 
on this step only if treatments are e�ective.  If monitor-
ing shows them to be ine�ective, a new restoration 
framework is needed, as is a new monitoring plan and 
new project planning.  �is would seem to defeat the 
purpose of “adaptive NEPA;” however, in our scheme, 
the triggers built into the plan come into play not 



�e various roles of monitoring have led to recognition 
of several types of monitoring (see box inset).  As 
DeLuca et al. (2010) note, the most common form, 
called implementation monitoring, asks only whether or 
not a management action was performed as designed.  
�is helps establish accountability, but it cannot deter-
mine whether the action achieved its intended result.  
�at takes e�ectiveness monitoring.  Hutto and Belote 
(2013) parse monitoring even more �nely, describing the 
concepts of surveillance monitoring, which establishes the 
baseline conditions of ecosystems, and e�ects monitoring, 
which tests whether treatments are having unintended 
negative e�ects on the system.  As is clear from Figure 2, 
there is a need also to evaluate the monitoring program 
itself to ensure that it is meeting the needs of AM.  
Monitoring that evolves in response to new information 
is called adaptive monitoring (Lindenmayer and Likens 
2009).  Each of these types of monitoring applies to, and 
a�ects, di�erent steps in the AM process. 

Adaptive Management and Monitoring - 
A Model for the Front Range CFLRP

In Figure 3, we present a version of AM that is being 
used to implement restoration on the Colorado Front 
Range and show how monitoring answers di�erent 
questions pertinent to the process.  �e �gure shows 
the sequence of steps in AM, where monitoring is 
conducted in the process, and how the analysis of 
monitoring results can lead to modi�cation of AM 
steps, if necessary.  
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through e�ectiveness monitoring, but through imple-
mentation monitoring conducted as part of 
contract/project oversight.  If the triggers are set up 
correctly, they will allow for modi�cation of restoration 
practices at the project implementation stage without 
modi�cation of the project plan.  If, however, required 
changes are beyond the scope of the triggers in the plan, 
a new project plan will be needed.  In our scheme, imple-
mentation monitoring does much more than determine 
if the project was completed as designed; it allows for 
improvement based on monitoring results.

Project (Treatment) Preparation  
Most restoration projects are implemented as a series of 
site-speci�c treatments conducted under the aegis of a 
single NEPA process.  �ese site-speci�c treatment 
documents are “where the rubber meets the road” in 
restoration planning, as this is where site-speci�c infor-
mation about stand conditions is taken into account in 
the preparation of contracts and “task orders” to guide 
project implementation.  �is is the step where sizes of 
trees to be cut, sizes of openings to be created, number of 
snags, amount of course woody debris to be left, etc. is 
speci�ed.  It is therefore a critical step in the restoration 
process.

�is step is also critical to “adaptive NEPA” because it is 
in the preparation of treatment contracts that improve-
ments can be made under the Project NEPA document.  
If the thresholds identi�ed in the NEPA document are 
not exceeded, preparation of the next treatment contract 
may proceed with improvements learned through moni-
toring.  If, however, implementation monitoring reveals 
that a threshold has been exceeded, a new NEPA process 
will be needed.

Pre-treatment Monitoring
�e monitoring plan should spell out the methods, scale, 
and timing of pre-treatment monitoring; pre-treatment 
monitoring should involve con�rming the appropriate-
ness of project locations and initiating the monitoring 
work.  While adherence to the monitoring plan is 
preferred, the adaptive monitoring loop does encourage 
evaluation and possible modi�cation of monitoring 
methods throughout implementation of the project 
plan, and when changes are necessary, the monitoring 
plan should be modi�ed.  Caution should be used in 
data collection and comparison if methods were changed 
between seasons (only data sets collected with the same 
methods from one year to the next can be compared in 
statistical analyses.)

If possible, pre-treatment data should be evaluated prior 
to implementation of the treatments to help con�rm 
pre-treatment conditions and/or guide details of treat-
ment implementation, as well as reveal any needs to 
modify monitoring methods to better measure both 
pre-treatment and post-treatment conditions.  Data 
collected as part of the “presale assessment” used to 
prepare the treatment task order may also be useful here.  
Although the �gure implies that changes to monitoring 
methods would result in modi�cation to the Project 
Plan/NEPA, minor modi�cations to methods triggered 
by adaptive monitoring may be made at this step as long 
as they are consistent with the project plan/NEPA, with 
amendment of the monitoring plan a�ecting only devel-
opment of the next project plan.

Project Implementation  
Much could be said about project implementation, but 
it is largely outside the scope of this process description.  
Also, most restoration activities will be conducted by 
Forest Service crews or by contractors, either purchasers 
of timber sale contracts or contractors providing 
stewardship services, so there is little direct role for the 
collaborative in project implementation.  We include it 
in the diagram only to indicate that we understand 
implementation is the key component of the adaptive 
management process.  Without implementation, there is 
no process!

�e monitoring of implementation is conducted in two 
phases.  During completion of the project, an on-site 
contract administrator ensures that the contractor is 
doing the work consistent with the terms speci�ed in the 
NEPA document and the contract.  If the terms of the 
contract do not allow achievement of the design criteria 
in the NEPA document, the contract may be modi�ed 
and the work resumed (on rare occasions, the contractor 
may not be able to accomplish the needed work, and the 
contract will need to be canceled).  

�is “during-project” monitoring is backed up by post-
project monitoring, traditionally conducted by the inter-
disciplinary team that developed the NEPA document, 
but stakeholder participation in multiparty monitoring 
is desirable.  In this phase, the team asks whether the 
treatment was implemented in the way it was intended; 
if not, they determine if the problem was with the 
contractor or with the way the contract was prepared.  If 
the problem does not appear to lie with the contractor or 
the preparer, they determine if the design criteria were 

    



feasible in the �rst place. If not, the project will need to 
be redesigned (new NEPA process) before a new 
contract can be issued.

If, however, the contract was implemented well, or it was 
prepared well but implemented poorly, or it was feasible 
but prepared poorly, the “adaptive NEPA” process 
requires a second screen to determine if the trigger 
points identi�ed in the NEPA document have been 
exceeded.  If they have been, a new NEPA process will be 
needed; if they have not, a new treatment (contract/task 
order) may be prepared under the same NEPA docu-
ment, while ensuring that the contractor and the 
contract preparers have a satisfactory understanding of 
what the review team wishes to achieve through the next 
contract (as informed and improved by monitoring 
results).

Post-treatment Monitoring
Post-treatment monitoring is expected to replicate the 
pre-treatment monitoring protocol such that pre- and 
post-treatment conditions can be directly compared in 
the analysis/evaluation step.  However, as post-treatment
monitoring occurs, it may identify unexpected e�ects 
and challenges associated with treatments, as well as  

7

progress toward desired conditions and/or occurrence of 
unanticipated undesired e�ects. Whether the ecological 
changes are positive or negative, expected or unexpected, 
this step may catalyze modi�cation of the methods in the 
monitoring plan for the future, and/or changes to the 
design or implementation of the treatments.  Possibly, 
new methods that were not needed in the pre-treatment 
forest will have to be added to measure post-treatment 
change adequately.  Careful analysis/evaluation will 
reveal whether change is needed based on the post-
treatment monitoring results.  

Analysis/Evaluation
In their recent guidance for fuel management in dry 
mixed-conifer forests, Jain et al. (2012) consider a 
number of questions relevant to  analysis and evaluation, 
including, “How, when, and by whom will monitoring 
data be analyzed? “ and “Where will monitoring data be 
stored, archived, and documented?” �ey note: 

     [T]aking time to ensure data integrity, security, and  
     accessibility over time is critical. �e data have to be: 
     (1) accessible to managers and researchers; (2) 
     archived in stable formats on stable media…; (3) 
     resistant to corruption and accidental destruction;

Field crew collecting 
data during post-
treatment e�ective-
ness monitoring.
Photo credit: Brett Wolk 



     4) accompanied by detailed metadata containing 
     su�cient descriptive information about the data and 
     their collection that others can use to interpret the 
     data, possibly for purposes beyond what was initially 
     envisioned; and (5) stored and archived as corporate 
     data backed by a long-term information management 
     commitment. 

With regard to involvement in analysis, the authors 
explain:

     Ideally, when monitoring is an interdisciplinary enter
     prise with multiple constituencies, there will be
     multiple analysts representing a range of disciplinary 
     expertise with a stake in analyzing the data to address 
     di�erent questions. If data are publicly available, there 
     can be entire networks of university and agency 
     research analysts that may be interested in exploring 
     the data…, but building at least some analysis capac-
     ity in-house will likely lead to more timely results and
     provide the �exibility to employ exploratory analysis 
     that ultimately addresses a broad range of questions 
     about treatment e�ectiveness and e�ciency.

�e Roundtable is fortunate to have an abundance of 
technical expertise to contribute to analysis and evalua-
tion, but many details remain to be worked out.  In our 
diagram, we have identi�ed several of the key questions  

that must be evaluated and how the answers lead into 
di�erent steps in the AM process.  Monitoring results 
should be reviewed at least annually in a collaborative 
setting to evaluate e�ectiveness.  Implementation moni-
toring (and evaluation of “triggers” in the “adaptive 
NEPA” process) should occur throughout and following 
each treatment.  It is likely that the analysis/evaluation 
step will reveal a number of issues that were not 
adequately addressed in each of the previous steps of the 
AM process and thus require modi�cation.

External/Internal Research
Our �gure also includes a two-headed arrow intended to 
represent the fact that research may inform and be 
informed by project development, implementation, and 
monitoring, and by activities external to the CFLRP.  In 
some cases, this research may be identi�ed by CFLRP 
stakeholders and conducted by them such that results 
directly inform the CFLRP, or it may be conceived of 
and conducted external to the CFLRP but inform future 
implementation of the AM cycle.  In either case, results 
could have important implications for any step of the 
AM process, and guidelines should be developed by the 
collaborative regarding the most e�ective ways to 
communicate research needs and learn from research 
results.  Ideally, such exchanges of information would be 
integrated with the analysis and evaluation of monitor-
ing data described above.

�e relevant monitoring question pertaining to this step 
is whether the goal is still appropriate.  As monitoring 
data are collected and analyzed, it may be discovered that 
the original problem is not as it seemed.  For example, it 
is possible (though not likely) that monitoring would 
reveal that the current condition of the forest would have 
no e�ect on the sustainability of forest values in response 
to wild�re.  At that point, we would need to modify our 
understanding of the situation.  It is essential to the 
success of the adaptive management process that the 
appropriateness of the goal statement be reviewed based 
on knowledge gained through monitoring.

De�ne Desired Conditions for Ecological Restoration 
and Identify Uncertainties   
In this step, stakeholders describe the kind of forest they 
want to see in the future, including the undesirable 
conditions they want to avoid.  For the Colorado Front 
Range, conditions prior to about 150 years ago are 
believed to have supported �re behavior that, if it 
occurred today, would not threaten the sustainability of 
forest values.  �e Roundtable’s 2006 report Living with 
Fire provided a general summary of desired conditions, 
describing “a complex mosaic of forest structures with 
patches of variable tree densities and ages that favor 
retention of the older trees.”  �e CFLRP proposal 
expanded on this description, calling for work “to 
substantially decrease the density of ponderosa pine and 
Douglas-�r in the lower montane favoring ponderosa 
pine, [and] to create a more diverse age structure. Treat-
ments would increase meadows, patchiness and herba-
ceous understory across the landscape while maximizing 
ponderosa pine old growth.”

In the adaptive management process, review of monitor-
ing results would include evaluation of whether desired 
conditions have been appropriately described as well as 
whether they have been (or will be) achieved.  Already, 
our work to develop monitoring protocols has revealed 
that more precision is needed in the characterization of 
desired conditions simply to facilitate evaluation of 
treatment success, and we have initiated a process to 
improve our characterization.  In practice, monitoring 
plan design, project planning, and implementation of 
both management actions and monitoring actions are all 
likely to reveal whether desired conditions have been 
appropriately described; evaluation of monitoring results 
should explicitly consider whether modi�cation of the 
desired condition objectives is needed.
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CFLRP team evaluating a 
treatment area on the 
Roosevelt National Forest. 
Photo credit: Rob Addington



In our �gure, we have drawn an arrow from the 
analysis/evaluation step back to the 
development/modi�cation of the monitoring plan, to 
represent adaptive monitoring.  �ere are a lot of ways to 
approach adaptive monitoring, from periodic 
self-re�ection of the monitoring committee to establish-
ment of a monitoring program as a rigorous experiment 
itself.  �e important point here, though, is that stake-
holders evaluate the monitoring plan to assess whether it 
is continuing to serve the needs of the long-term restora-
tion program.  If it is not, it should be revised.  �e 
adequacy of the monitoring budget should also be 
reviewed here.

�e question of who conducts monitoring should also 
be addressed in the monitoring plan.  Depending on the 
desires and capacity of the collaborative, stakeholders 
may be very involved in the collection of monitoring 
data, or they may rely on the agency implementing the 
treatments (for the CFLRP, this is the U.S. Forest 
Service) to collect data.  �e Roundtable currently 
employs a hybrid approach, with the Forest Service 
collecting  some data through Common Stand Exams 
and stakeholders collecting  other important informa-
tion through a separate but complementary process.

Project Planning, NEPA  
Once the project framework and monitoring plan are in 
place, speci�c guidance to implement restoration should 
be developed in the form of a project plan.  A project 
a�ecting federal land must adhere to the strictures of the 
National Environmental Policy Act and requires a 
Project Plan and environmental review that meet 
NEPA’s requirements for speci�city.  �e challenge here 
is to write a plan that meets those requirements but is 
still capable of improving over the life of the plan in 
response to knowledge gained through monitoring.  �e 
key to success of this so-called “adaptive NEPA” will be 
the inclusion of “triggers” that commit to changes in 
course depending on the results of monitoring (Nie and 
Schultz 2011).  It is the responsibility of the U.S. Forest 
Service to develop the Project Plan with input from the 
public.

In our diagram, the e�ectiveness monitoring loop closes 
on this step only if treatments are e�ective.  If monitor-
ing shows them to be ine�ective, a new restoration 
framework is needed, as is a new monitoring plan and 
new project planning.  �is would seem to defeat the 
purpose of “adaptive NEPA;” however, in our scheme, 
the triggers built into the plan come into play not 
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