
Evaluating the Impacts
of Forest Treatments 

The First Five Years
of the White Mountain

Stewardship Project 

Suzanne Sitko
Sarah Hurteau

June 2010



 
 
 
 
 
 
 
 
 
 
 

[This page intentionally left blank] 



Evaluating the Impacts of Forest Treatments:
The First Five Years of the

White Mountain Stewardship Project

Prepared for the U.S. Forest Service by
The Nature Conservancy

Suzanne Sitko, White Mountains Program Manager
Sarah Hurteau, Forest Ecologist

Suggested Citation:

Sitko, S. and S. Hurteau.  2010.  Evaluating the Impacts of Forest Treatments: The First Five Years of the White 
Mountain Stewardship Project.  The Nature Conservancy.  Phoenix, Arizona.

For more information about this report please contact:

Suzanne Sitko, White Mountains Program Manager
The Nature Conservancy

P.O. Box 189
Lakeside, Arizona 85929

(928) 368-6832
ssitko@tnc.org

This report, and additional supporting documents, can be found on the following website:
http://www.fs.fed.us/r3/asnf/stewardship/multi-party-monitoring.shtml

Photographs:  	 Arizona Game and Fish Department:  Black bear, red squirrel, wild turkey 
	 Bruce Taubert: Lewis’s woodpecker, northern goshawk, plumbeous vireo, red-faced warbler,
		  western tanager
	 Randy Babb: Abert’s Squirrel
	 U.S. Forest Service:  Vegetation pre- and post-treatment comparisons, soil classification examples
		  The Nature Conservancy:  All other photographs

DEP A RTMENT OF AGRICUL T UR
E

FOREST SERVICE

U   S
Pantone Solid Coated 123C
Pantone Solid Coated 322C



!(

!(

!(

!(

!(

!(

!(

!(

Black Mesa RD

Lakeside RD

Springerville RD

Alpine RD

Clifton RD

£¤60

£¤191

£¤180

£¤180

£¤180

£¤70

£¤191

Heber

Greer

Alpine

Clifton

Show Low

Nutrioso

Overgaard

Pinetop-Lakeside

:
0 20 4010

Miles
Projection: UTM Zone 12N

Datum: NAD 83
Scale: 1:1,000,000

Date: 3/30/2010E:\GIS_Data\A-S\5_Year_Report\activities.mxd

WMSP Completed Treatments 
Private Property
Arizona State Line

Apache-Sitgreaves 
National Forests

Figure 1.  Map of the Apache-Sitgreaves National Forests and areas treated under the White Mountain Stewardship Project



Introductory
Letter from the

Monitoring Board

The White Mountain Stewardship Project was, and continues to be, an experiment in 
adaptive management and collaboration undertaken by dedicated forest managers, 
local businesses, and community members to find a solution to a complex issue.  The 
Apache-Sitgreaves National Forests, on which our communities depend for recreation, 
tourism, economic growth, and quality of life, had become vulnerable to severe and 
uncharacteristic wildfires due to a multitude of reasons.  These wildfires risk human lives 
and private property, impact wildlife and wildlife habitat, and affect our local economies.  
Since the mid-1990’s, many of us were already working together under a committee 
known as the Natural Resources Working Group to seek common ground and find ways 
to restore forest health and reduce the threat of uncharacteristic wildfire; we knew what 
could await us if we didn’t work together and find solutions soon.  We were a few years too 
late.  In June 2002, communities from Forest Lakes to Show Low woke up to the “perfect 
storm” that many of us knew would, but hoped wouldn’t, occur.  Two large wildfires, 
occurring in dry conditions and at times each burning over 50,000 acres per day, merged 
to become the largest wildfire in Arizona history, the Rodeo-Chediski.  For many of us, we 
were not surprised.  For others who had not been exposed to forest health issues, it was a 
wake-up call.  Many conflicts related to forest management that occurred in the past were 
set aside to agree on a solution.

With our forests overstocked with small trees and limited markets for the wood fiber 
to be available, we were left at a stalemate.  In 2003, Congress approved legislation that 
allowed federal agencies to commit to ten-year stewardship contracts by paying private 
entities for land management activities.  Many of us felt that this was our opportunity to 
make some dramatic improvements to our communities and forests.  However, most, if not 
all, National Forests were skeptical.  Committing to a long-term contract was one thing; 
fulfilling that contract was another.  Providing the wood was a social and political risk; 
environmental analyses that eventually determine what was available, and where, could be 
delayed.  Costs were largely unknown and annual budget appropriations were uncertain.  
It was over one year later, in late 2004, before one National Forest stepped up to accept 
these risks—the Apache-Sitgreaves.  The experiment of the White Mountain Stewardship 
Project began.  

The contractor, the U.S. Forest Service, and the Monitoring Board embarked upon this 
effort as a learning experience.  No one single Board member had extensive experience 
with monitoring, particularly monitoring a ten-year, landscape-level project.  No prior ten-
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needed to validate these premises.  Some analyses show us that there are unforeseen and unanticipated impacts that 
can be either positive or negative.  Some analyses enlighten us and let us know we have had impacts far beyond what 
we thought we could achieve five years ago.  What has been most valuable, however, is the belief that all of us are 
working towards a better future for those who come after us.   
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year stewardship project across the country existed; nor was the Board aware of an attempt 
made by any collaborative network to monitor multiple aspects of a ten-year project using 
the stewardship contracting authority.  

After working together to understand basic monitoring concepts and to determine what 
would be the priority lessons to learn from the project, we decided that our monitoring 
needed to address aspects of the project that would mostly influence planning and 
management.  Budgetary limitations forced us to choose between undertaking more of a 
scientific research approach or, alternatively, a broader approach by implementing a coarse 
study of multiple aspects that may influence future planning and management efforts.  We 
chose the latter, ultimately preferring to obtain data on a variety of parameters that could 
help managers in the field.

We have worked together, in tandem with the contractor and Apache-Sitgreaves staff, for 
five years to gather data and analyze the effects of this Project.  This report is the culmination 
of this effort, and marks the midpoint of the White Mountain Stewardship Project.  Some 
analyses confirm assumptions that seem to be intuitive, but data are needed to validate these 
premises.  Some analyses show us that there are unforeseen and unanticipated impacts that 
can be either positive or negative.  Some analyses enlighten us and let us know we have had 
impacts far beyond what we thought we could achieve five years ago.  What has been most 
valuable, however, is the belief that all of us are working towards a better future for those who 
come after us.  
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Monitoring the White Mountain Stewardship Project
Together, forest stakeholders ranging from businesses, conservation interests, county, 

state, and local governments, and interested individuals became integral partners with 
the Apache-Sitgreaves National Forests and the stewardship contractor under a Multi-
Party Monitoring Board.  The Monitoring Board recommended which aspects of the 
Project to monitor in four categories:  project administration, ecological effects, economic 
impacts, and social support.  Monitoring objectives and related questions were developed 
for each category.  Information was gathered to answer these questions.  Forest Service 
staff collected most of the monitoring data, with additional help from other collaborators, 
including the Arizona Game and Fish Department, The Nature Conservancy, the 
University of Arizona, and private consulting firms.  Most funds were provided under 
the Project’s budget, with additional grant monies awarded from the Eastern Arizona 
Resource Advisory Council and the All-Birds Conservation Initiative.  The report is 
the culmination of monitoring the first five years of this ten-year project.  It provides 
an analysis of all monitoring data, interpretation of results, and recommendations for 
the next five years.  This Executive Summary reports key findings, lessons learned, and 
recommendations.  

Project Administration
The Project tests the mechanism of stewardship contracting on a ten-year contract 

cycle.  The contract guarantees wood for its duration to generate private business 
investment in wood product industries with the hope of eventually building a sustainable 
market, thereby reducing the need for further government assistance.  Currently, 35,166 
acres have been treated, with an additional 14,553 acres in progress.  The exposure of the 
Project across the country has helped generate an atmosphere in which landscape-scale 
forest restoration projects can occur, such as the Four Forest Restoration Initiative across 
four National Forests in northern Arizona.

Findings and Lessons Learned
	While contract costs per ton have not changed, the contractor has provided additional 

services on treatment areas, such as conducting a total removal of all fiber for the cost 
associated with partial treatment (leaving piles of residue for future burning).

	The contractor has acted to improve marketability of the wood harvested, including 
supporting 20 local businesses making products from small-diameter wood.  

The First Five Years of the White Mountain Stewardship Project

Executive Summary

Examples of Monitoring 
Questions:
How many jobs are associated 

with the Project?

Are patches of dense forest 
connected?

Did forest treatments 
significantly reduce potential 
crown fire?

Have contractors become more 
efficient over time?

Communities Targeted by 
the Project:

Alpine 

Eagar

Forest Lakes

Greer

Heber-Overgaard

Nutrioso

Pinetop-Lakeside

Show Low

Springerville

iv

In August, 2004, the Apache-Sitgreaves National Forests implemented the 
country’s first ten-year stewardship contract. With this contract, the White Mountain 
Stewardship Project (Project) began as an experiment in collaboration with 
multiple stakeholders, the Apache-Sitgreaves National Forests, the contractor, 
and community members working together to resolve decades-long forest health 
issues. The Project’s goals were to reduce the impact of wildfires to communities 
at risk, to improve wildlife habitat, and to restore forest health, while helping rural 
communities stimulate employment in the wood products industry. How will we know 
we’ve met these goals?  With monitoring, we will measure changes that occurred to 
the resources of interest from these management actions. Determining the effects 
of these forest treatments in a systematic monitoring program will help inform and 
improve future management actions.
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Ecological Effects 
Monitoring ecological 

impacts was the most complex 
and challenging aspect of Project 
monitoring.  Obtaining sample 
sizes adequate to make inferences 
on changes and effectiveness 
of treatments becomes difficult 
when there are multiple treatment 
prescriptions, each having different 
results on the ground.  Additionally, 
modifying only parts of a landscape 

generally incurs gradual changes at various scales; inferring 
impacts after a few years of treatments does not indicate what 
may transpire in the long-term, as forests grow and change over 
time.

Findings and Lessons Learned
	A variety of treatments based upon different objectives has 

created a mosaic of diverse forest conditions across the forest.  
In all cases, the potential for active or passive crown fire has 
been reduced in forests surrounding the communities targeted 
for protection.  Monitoring data have indicated that multiple 
objectives for fire behavior, forest structure, and wildlife 
habitat can be integrated together in developing treatment 
prescriptions.

	Habitat connectivity 
for the suite of 
species modeled 
was altered by the 
implementation of 
forest treatments 
and the resulting 
vegetation 
characteristics and 
forest structure.  
Connectivity 
of patches of 
dense forest was 
largely a result of 
the exclusion of 
such areas from 
treatment due to topographic features, slope, sensitive soils, or 
other factors.  As treatments continue to increase across the 
landscape, maintaining connectivity of dense forest patches 
may become challenging unless addressed in the planning 
stage.

	Songbird surveys indicate an increase in density among the 
five most common breeding forest songbirds in post-treatment 
areas.  Composition and diversity indices are varied; more 
post-treatment surveys will be conducted in future years to 
increase sample size.

	The amount of 
expenditures and 
taxes generated 
by businesses and 
employees directly 
associated with the 
Project supersede 
contract costs.  The 
Project has cost the 
federal government 
approximately $30 
million in its first five 
years, while businesses 
have generated approximately $40 million in investments, 
expenditures, and tax revenue.

	A long-term stewardship contract can reduce administrative 
procedures for contract activities through the duration of the 
contract.  A stewardship contract negates the need to undergo 
individual contract bids for each project area, which can take 
months, allowing multiple task orders to be bundled under one 
contract and completed in days.  Use of a single contractor over 
multiple projects facilitates the use of descriptive treatment 
prescriptions rather than the labor-intensive task of marking 
each tree needing to be cut.  As both parties become educated 
to each other’s needs, treatment implementation becomes 
simplified, reducing internal Forest costs. 

	Flexibility and open communication are keys to meeting the 
harvesting objectives set by the Apache-Sitgreaves and the 
wood fiber market needs determined by the contractor.  By 
working closely together, wood harvest operations are designed 
to meet site-specific conditions, environmental requirements, 
and the type of materials purchased from the contractor by 
businesses.

Recommendations
	Stewardship contracts require long-term commitments 

of funding, available stock of wood (with completed 
environmental analyses), and a calculated amount of funds set 
aside to cover U.S. Forest Service liability in case of contract 
cancellation.  Regional U.S. Forest Service offices must work 
closely with their contracting National Forests on budgets 
associated with stewardship contracting to effectively plan for 
these encumbrances.

	Analyze which business niches, such as uses for biomass 
(which comprises 40% of the overall wood fiber resulting from 
treatments), would be helpful to improve markets and reduce 
costs further.  

	Use descriptive treatment prescriptions where appropriate, 
reducing site preparation costs.

	Review contract language to determine if adjustments can be 
made to adapt to improved methods of calculating costs and to 
better reflect cost reductions.
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	Preliminary data suggest that black bears are generally not 
affected by treatments in ponderosa pine.  However, for 
future treatments that occur in mixed-conifer vegetation, the 
ability to maintain movement corridors and denser forest 
structure near preferred feeding areas may warrant additional 
monitoring.

	Understory herbaceous cover increased after treatments at 
several project areas.

	Soil compaction from equipment operating across the 
landscape was minimal; compaction does occur at landings 
and on roads and skid trails, particularly in wet soil conditions.

Recommendations
	Forest managers could implement prescriptions that meet 

multiple resource objectives more frequently where appropriate 
site conditions exist.

	Developing treatment scenarios and modeling impacts to 
wildlife species in the planning phases may help maintain or 
increase wildlife habitat connectivity in future treatments.

	Maintaining songbird surveys over the life of the Project will 
be important to understand if the initial changes observed in 
density, diversity, and composition persist over time.

	Increase contract oversight in wet soil conditions.

	Ecological monitoring protocols should be evaluated and 
improved to reduce uncertainty in monitoring results and to 
better define quantitative-based objectives.

Economic Impacts
One of the goals of the 

Project was to use a long-
term contract mechanism 
to facilitate private business 
investment in the management 
of public land resources, 
with the end result being an 
ecologically and economically 
sustainable system of resource 
extraction and benefits.  
Evaluating how the Project 
impacted local economies and 
employment, as well as how 
economic benefits compared 
to administrative costs, were 
priority monitoring objectives 
for the Monitoring Board.

Findings and Lessons Learned
	Twenty businesses, representing diverse industries, purchased 

material from the contractor.  Materials produced, including 
wood pellets, pallets, moulding, and small-diameter lumber, 
have helped the Project weather national market demands and 
fluctuations, particularly in the context of a national decrease 

in demand for housing materials, which has affected the 
lumber industry nationwide.

	While this diversity has helped increase the value of small-
diameter wood, government investment in the Project remains 
necessary to offset treatment costs.  

	An average of 319 jobs per year have been attributed to the 
Project (226 direct and 93 indirect).  The Project is one of 
the largest economic development programs in the White 
Mountains.  

	Over $13 million has been spent in local communities each 
year, on average, by businesses purchasing wood fiber from the 
Project and by contractor operations.

	An average of over $600,000 is generated every year over the 
lifespan of the Project in tax revenue for Navajo and Apache 
county governments by business purchases and employee 
residency.

	The Project offers mid-level wages for heavy equipment 
operators, loggers/sawyers, mill operators, and manufacturing 
jobs.  This economic sector diversifies employment 
opportunities in this rural region by adding other sectors to the 
current primary employers, such as government, health care, 
and tourist-based industries.

Recommendations
	The contractor, or locally-based economic development 

programs, should continue to research and promote new 
markets to improve the likelihood of continuing a diverse 
wood-product network beyond the ten-year timeline of the 
stewardship contract.

	Annual economic monitoring should continue to track 
employment and users of the Project’s wood fiber, and be 
broadened to include effects of the product sales and other 
factors.

	Non-local expenditures by wood-product businesses should be 
evaluated to determine if a local business could fill needs.

Social Support
When the Project was initiated, the 2002 Rodeo-Chediski 

wildfire was still fresh in most residents’ minds.  A social 
assessment undertaken after the fire indicated that most 
residents supported the need for forest management, including 
both thinning and managed fire.  This assessment was used by 
the Monitoring Board as a baseline to gauge social support for 
the Project.  Several outreach projects were implemented, such 
as newspaper inserts, highway signage, and brief bulletins and 
annual reports.

Findings and Lessons Learned
	The social assessment conducted in 2005-2006 in Navajo and 

Apache counties found that of 722 households, 94% supported 
mechanical treatment in our forests and 92% indicated their 
support of using prescribed fire.  

vi

Products Created 
from Project 
Wood:
Wood Pellets

Biomass Electricity

Pallets

Lumber

Furniture

Moulding

Soil Fertilizer

Animal Bedding
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	This assessment also found that Navajo and Apache county 
residents have a good basic knowledge of the ecological 
benefits of fuel treatments, forest restoration, and prescribed 
fire, with relatively less knowledge of the ecological role of 
fire in ponderosa pine ecosystems.  Respondents answered 
correctly on various forest ecology questions 80% of the time.

	In 2007, the Northern Arizona University’s Ecological 
Restoration Institute commissioned a study to evaluate the 
collaboration effort of the Project and its monitoring and 
management approaches.  Key findings include: 

	 1) communities can play indispensible roles in preparing 
National Forests for stewardship projects; 2) there may be a 
need to structure stewardship contracts on a socially-defined 
“zone of agreement;” and 3) a collaborative framework can 
address challenges and opportunities as they arise.  The 
report found that forest stakeholders in the White Mountains 
region were able to “transition from stalemate to stewardship,” 
providing a model for increasing the scale of forest restoration.  

Recommendations
	Develop a social assessment for the latter half of the Project 

period (2013-2014) using the baseline assessment questions 
for comparative purposes and including questions specific to 
the Project to obtain some level of understanding of public 
perception of the Project.

vii

What Have We Learned?
The first five years of the Project have been a time of 

learning, experimenting, and building trust among stakeholders, 
businesses, and forest managers.  The Project illustrates how 
a National Forest can receive input from stakeholders and 
incorporate changes into future projects; this is exemplified by the 
incorporation of a wildlife habitat-based prescription to test its 
ability to meet ecologically-based objectives while simultaneously 
reducing the potential for active or passive crown fire in treated 
areas.  While the Project demonstrates adaptive management, 
monitoring should be improved to include a better level of 
specificity to measure outcomes and to trigger management 
changes.  

The White Mountain Stewardship Project has demonstrated 
that an investment by the federal government to provide a ten-
year supply of wood fiber to the private market has encouraged 
investment by businesses in the wood products industry.  This 
public-private partnership has helped to add value to small-
diameter wood products, increase employment opportunities 
in rural communities, and boost local economies.  More work is 
needed, however, to develop a sustainable forest-based economy, 
particularly for currently under-utilized fiber, such as biomass.

The White Mountain Stewardship Project has confirmed the 
hope held by many that by working together, those with different 
perspectives can find common ground, achieve shared goals, and 
ensure that their efforts benefit the communities and wildlife that 
depend on a healthy forest environment.

The Next Five Years
In the next five years, the Multi-Party Monitoring Board 

will evaluate and refine its monitoring program and tailor data 
collection to meet specific information needs and to fill data gaps.  
We will continue to build on the use of monitoring data to improve 
planning and treatment designs and project layout.  Lastly, we will 
share lessons learned with other collaborative projects to further 
forest restoration across the nation.
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This report is divided into seven primary parts:

1) Preface, Executive Summary,  and Introduction

2) Administrative Monitoring Results

3) Ecological Monitoring Results

4) Economic Monitoring Results

5) Social Monitoring Results

6) Project Evaluation 

7) Appendices

Report Organization
In each section or sub-section, you will find a light green box 
with a short overview of the section, followed by a darker green 
box with monitoring questions pertaining to that section with 
brief answers to those questions. These shorter descriptions 
are intended to introduce the reader to the section and provide 
a brief synopsis of the results. Following these overviews, 
each section then describes the analysis methods, results, and 
discussion of that analysis. Additional information, data, and 
more technical methods of how these analyses were completed 
are available in the appendices.

This report, along with any supplemental information and original source documents,

 is available on the Apache-Sitgreaves National Forests

White Mountain Stewardship Project Monitoring Board’s website:

 http://www.fs.fed.us/r3/asnf/stewardship/multi-party-monitoring.shtml
 Hereafter, the Report refers to this as the Board’s website.
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Stewardship Contracting and the 
White Mountain Stewardship Project

Overview:   Stewardship contracting is an administrative 
tool authorized by Congress for federal agencies to use for 
trading “goods for services” (Public Law 108-7). For several 
years, small stewardship contracts were implemented 
across the United States to test the validity of this contracting 
mechanism. Recognizing that guaranteeing a long-term 
supply of wood could spur private businesses into building a 
demand for small-diameter trees, thus reducing the overall 
cost per acre of treatment, in 2003, Congress authorized the 
use of stewardship contracts for up to ten years per contract. 
Embedded within this authorization language was the directive 
for the contracting agency (i.e., U.S. Forest Service) to establish 
and oversee a “Multi-Party Monitoring Board” to represent a 
collaborative effort that includes stakeholders in monitoring 
the stewardship contract projects.

Stewardship Contracts
The use of stewardship contracts to address forest 

management has a history dating back to the mid-1990’s. The 
term “stewardship contract” evolved from multiple terminologies 
associated with land management, including “end-results” and 
“goods for services.” Such contracts were meant to save public 
funds by consolidating various forest treatments into one contract 
where costs could then be offset by the value of the material 
harvested (Ringgold and Mitsos 1996). Initially developed to 
facilitate timber management activities, such contracts evolved 
to include wildlife management objectives, soil conservation 
practices, and other resource activities. The term “stewardship” 
was then used as a result of this evolution. Several pilot projects 
were developed in the 1990’s to test and apply this mechanism, 
now known as stewardship contracts, to demonstrate their value 
and usefulness (Pinchot Institute for Conservation 2008).

Most stewardship contract demonstration projects at the 
time were funded by Congressional appropriations, and it 
was Congress, in 2003, that authorized the use of stewardship 
contracts by the federal government for up to ten years (Pinchot 
Institute for Conservation 2008). This authorization allowed 
federal agencies to enter into long-term partnerships that could 
guarantee a wood supply from public forests in order to facilitate 
and encourage private investment in appropriate wood-product 
businesses, with the anticipation that increased private investment 
would decrease the amount of public funds used to manage 
forests and, simultaneously, restore forest health. The evolution 
of stewardship contracts into a long-term administrative tool for 

federal agencies coincided with the nation’s experience of several 
large wildfires that burned in Arizona, Colorado, Montana, New 
Mexico, and Oregon. Stewardship contracts were anticipated to 
be a highly-used mechanism to address the problem of forests 
densely stocked with small-diameter trees to reduce the risk of 
wildfires and associated effects on the forest and within adjacent 
communities.

The Apache-Sitgreaves National Forests (ASNF) was the first 
National Forest to utilize the authority for a ten-year stewardship 
contract. This contract, referred to as the White Mountain 
Stewardship Project (Project), has been a learning experience for 
ASNF staff, interested stakeholders, the contractor, the U.S. Forest 
Service (USFS) agency as a whole, as well as the U.S. Congress. 
While this report focuses on analyzing data to answer the Project’s 
Multi-Party Monitoring Board’s (Board) priority monitoring 
questions, stewardship contracting, as a program authorized 
by Congress, has been monitored and evaluated extensively 
by the Pinchot Institute for Conservation (www.pinchot.org). 
Several reports are available that provide additional insights on 
stewardship contracting in general. We encourage readers to 
review the Pinchot reports for additional information.

White Mountain Stewardship Project
The ASNF comprises a portion of the largest contiguous 

ponderosa pine (Pinus ponderosa) forest in the world. Decades 
of fire exclusion and suppression, livestock grazing, and 
industrial timber harvesting resulted in a forest structure that is 
dramatically different from that recorded by European settlers 

In 2004, the Apache-Sitgreaves National Forests (ASNF) initiated 
the nation’s first ten-year stewardship contract, called the White 
Mountain Stewardship Project (Project). The Project was intended 
to remove primarily small diameter trees in an effort to reduce 
uncharacteristic wildfires around communities. Other resource 
benefits and treatment outside of immediate urban boundaries 
were included, but the primary focus was to improve the ability to 
manage fire on the landscape.

The Project’s objectives were to achieve approximately 150,000 
acres of treatments over the ten-year contract period, treating 
up to 15,000 acres per year, as feasible. The Project has been 
implemented for five of the ten-year contract cycle. This report 
is intended to evaluate monitoring data collected in the first five 
years of the Project, with the goal of providing a single-source 
review of the Project’s collaborative monitoring effort.
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(Covington et al. 1997; Allen et al. 2002; Covington 2003). The 
historic ponderosa pine forest was generally described as an 
open forest, with small groups, or clumps, of large, mature trees 
interspersed with grassy openings (Cooper 1960; White 1985; 
Covington and Moore 1994; Covington 2003; Sánchez Meador 
2009). Low-intensity surface fires occurred approximately every 
two to 25 years, burning herbaceous ground cover, limiting 
pine seedling establishment, and invigorating mid-story shrubs 
and understory plant growth (Covington et al. 1997; Covington 
2003). The ponderosa’s thick, platy bark withstood these fires, 
and contributed to trees that surpass centuries in age and could 
measure over 60” in diameter (Covington 2003). This open 
structure was maintained as a result of naturally-occurring 
and sometimes human-induced fires, in addition to localized 
competition among plants, insect outbreaks, and wind throw 
(Cooper 1960; Allen et al. 2002; Covington 2003).

The fire regimes in the Southwest were disrupted by fire 
exclusion in the 1800’s. The increase in livestock grazing in the 
late 1800’s removed much of the herbaceous layer (Harrington 
and Sackett 1988; Allen et al. 2002). The advent of active fire 
suppression in the early 1900’s completely removed the role fire 
plays in this ecosystem as a natural process (Covington 2003). 
Selective large-tree harvesting removed many of the most fire-
resistant trees (Allen et al. 2002). Regeneration in the Southwest 
often occurs in pulses, such as in 1919, when wet and warm 
conditions favored above average seed germination and seedling 
survival across the region, producing trees that are, in part, the 
focus of current treatments (Swetnam and Betancourt 1998;  
Allen et al. 2002). In combination, these activities modified the 
landscape to allow the continued growth and rapid expansion of 
pine regeneration (Covington and Moore 1994; Covington et al. 
1997; Allen et al. 2002). Decades after these management actions, 
the forest structure has been altered. Smaller-diameter trees, 
mostly those in the 6 – 12” diameter category, blanket the forest. 
Competition for water and other resources from these small trees 
impact the health of the remaining larger trees (Covington et al. 
1997). Forests that were once characterized by 8 – 51 trees per acre 
now averaged more than 1,000 trees per acre (Allen et al. 2002). 
These current forest conditions destabilized the overall resiliency 
of the forest, making it more vulnerable to large, high-intensity 
wildfires (Covington et al. 1997; Allen et al. 2002). Natural or 
human-induced fires now have the potential to be shifted from 
smaller trees into the tallest tree canopies, creating large areas of 
tree mortality.

An extreme representation of this change in fire behavior 
occurred in June 2002. The Rodeo-Chediski wildfire complex 
burned 469,000 acres on National Forest, Fort Apache Indian 
Reservation (FAIR), and private lands. In some areas (27% of 
National Forest and private lands within the burn perimeter; 
Subirge and Lovely 2003), 100% mortality of vegetation occurred, 
leaving soils at high risk of erosion and stream drainages exposed 
and vulnerable to extreme floods from precipitation events.

Recognizing the need to address the build-up of fuels such as 
small trees and brush, the ASNF evaluated the applicability and 

usefulness of initiating a long-term, ten-year stewardship contract, 
the administrative option recently authorized by Congress. A long-
term contract has many advantages:
	Such a contract could guarantee a level of product supply 

to spur investment in the private sector wood-product 
industry, thereby, over time, increasing economic benefits in 
the business sector while simultaneously reducing federal 
government costs;

	A long-term contract could ensure that a larger number 
of acres would be treated, with concomitant reductions in 
potential fire behavior to both adjacent urban communities 
and wildland resources;

	Long-term business investment could help provide jobs to 
rural communities;

	Ecological benefits from fuel removal could be realized, such as 
improvements to some wildlife habitat parameters; improved 
water infiltration and groundwater retention from an increase 
in production of herbaceous groundcover and reduced 
competition for water from highly-dense forest stands; and a 
reduction in the risk of uncharacteristic, high-severity wildfire 
across the landscape.

	The successful bidder for the contract is evaluated on several 
factors, only one of which is “lowest cost.” This process 
of evaluation, known as “best-value contracting,” allows 
decision-makers to also include past performance, workforce 
development potential, and other factors in their selection 
process.

However, stewardship contracts came with risks:
	This administrative tool had never before been used by the 

USFS for a ten-year project; outcomes, challenges, costs, and 
processes were uncertain;

	Annual funds for this long-term contract were not 
appropriated by Congress, nor provided as funds above and 
beyond normal USFS budgets. Payment for services was to be 
included within Regional budgets, which inherently meant that 
some internal budget re-alignment would occur, potentially 
impacting other programs and projects;

	Project planning under the National Environmental Policy 
Act (NEPA) carried risks of lengthy approval processes, which 
could stall the ability for the ASNF to provide contracted 
acreage;

	One million dollars was required to be set aside as a 
“contingency clause,” unavailable for any projects; and

	Internal administration processes for large stewardship 
contracts were largely untested and unfamiliar to staff.
After a thorough internal review and external bidding process, 

in August 2004, the ASNF initiated a ten-year stewardship contract 
with an independent business, Future Forests, LLC, a partnership 
between a harvesting operator (Walker Brothers Contracting) 
and a wood pellet manufacturer, Forest Energy. The contract 
emphasized thinning primarily small-diameter ponderosa pine 
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trees in both the wildland-urban interface (WUI) and interior 
forest, emphasizing WUI zones surrounding several communities 
in the White Mountains of Arizona. Other stewardship 
objectives within the Project could include treatment of existing 
slash and dead trees; erosion control; resource protection; 
road maintenance; wildlife habitat treatments; and biomass 
management. While the ASNF, the contractor, and the Board 
support maximizing the number of acres to be treated annually, 
the contract mandates a minimum of 5,000 acres to be offered to 
the contractor per year.

In 2004, the ASNF had slightly over 30,000 acres that had 
completed the NEPA process that were ready for the Project. 
Continuous planning efforts by ASNF staff have maintained the 
availability of NEPA-completed projects to satisfy the acreage 
requirements of the contract over the duration of the Project thus 
far. The use of the Sitgreaves and Apache Community Wildfire 
Protection Plans aided ASNF staff in prioritizing planning areas 
for the Project. At the time the contract was being developed, 
the Forest Supervisor made public statements that to provide 
an available cycle of NEPA-ready projects to meet the 5,000-
acre contract guarantee with minimal controversy, the Forest 
would develop and analyze treatments that generally focused 
on trees less than 16” diameter at breast height (dbh; E. Zieroth, 
communication to the Board). It was believed that focusing on 
small trees would address much of the forest health and fire 
concerns while simultaneously addressing social concerns and 
allowing for mechanical treatments to begin across the landscape.

Current Progress
The Project has been in effect since August 2004, and is 

scheduled to terminate in August 2014. To date, 49,719 acres 
have been awarded under multiple task orders for project areas 
distributed across the Sitgreaves National Forest and the northern 
half of the Apache National Forest, in four Districts (Alpine, Black 
Mesa, Lakeside, and Springerville). Of those 49,719 acres awarded, 
35,166 have been treated as of April 2010, with the remaining 
acres still in progress. Upon completion of the task orders awarded 
to date, over 1,700,205 tons of small-diameter trees will have 
been treated; approximately 60% is comprised of saw logs and 
small-diameter trees that are processed into various products and 
slightly over 40% is comprised of residual matter from treatments, 
such as small stems, limbs, needles, and other waste material (J. 
Drury and R. Taylor, personal communication). Table 1 illustrates 
the general categories of wood product utilization under the 
Project.

The majority of these treated acres have been located adjacent 
to communities within the White Mountains to reduce the 
potential for active or passive crown fires in the WUI.  Several 
thousand acres have been treated in non-WUI areas, providing 
additional protection to smaller, unincorporated populated 
areas; National Forest infrastructure (i.e., campgrounds, 
high-use recreation areas); and wildland areas for the benefit 
of multiple resource objectives, such as wildlife habitat and 
watershed improvement.  Table 2 summarizes the communities, 

Fiber Class / Dimension General Uses Percent

Merchantable non-
sawtimber logs or 
roundwood 
(5” – 8.9” diameter)

Electrical generation, 
pellets, pallets, other 
small-dimension wood 
products

30%

Merchantable stemwood 
(9” – 11.9” diameter)

Electrical generation, 
pellets, pallets, other 
small-dimension wood 
products

25%

Merchantable stemwood 
(> 12” diameter)

Dimensional lumber, 
pellets, pallets, other 
wood products

4%

Residue from all 
above merchantable 
and pulpwood (< 4.9” 
diameter)

Electrical generation

41%

Table 1. Fiber class percentages of all wood volume harvested and 
general uses for wood from the White Mountain Stewardship Project, 
2004-2009

unincorporated areas, and infrastructure benefitting from 
targeted fire and fuels reduction treatment thus far (2004-2009); 
currently under treatment (2009-2010) and projected for the 
remainder of the contract (2011-2014).  Appendix A depicts a map 
of the Project’s analysis areas.

The Project has consistently exceeded its 5,000-acre per year 
contract minimum.  The environmental analysis process has 
kept pace with the contract demands to this point.  Demand for 
wood fiber from the Project is increasing (D. Walker, personal 
communication); the ASNF is anticipating the need for increased 
environmental analysis and site preparation activities.  Three large 
areas are currently slated for inclusion in the Project:  Rim Lakes 
(Black Mesa Ranger District; 27,000 acres) should become available 
for inclusion after a decision due in 2010; Beaver Creek (Alpine 
Ranger District; 27,000 acres) and Timber Mesa (Lakeside Ranger 
District; 20,000 – 30,000 acres) are in the beginning planning 
phase, with decisions anticipated within the next two years.    
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Areas Project Project acres

Completed Activities, 2004-2009

Community

Alpine Alpine WUI (Units 3, 5, 6, 7, 9) 2,810

Eagar Eagar South 1,095

Forest Lakes Little Springs 2,039

 Forest Lakes WUI    946

Greer Greer (Units A, B, D) 5,853

Heber-Overgaard Heber-Overgaard 2,632

Brookbank 1,248

Nutrioso Nutrioso WUI (Unit 1A)     817

Pinetop-Lakeside Blue Ridge (Units 2A, 2B) 2,534

Country Club Escape 915

Camps Tatiyee/Grace 344

Woodland Lake Park 851

Unincorporated Areas

Hideaway Mineral (Units A, B1, B) 3,146

Hideaway (Unit B2) 766

Bunger’s Ranch Dutch Joe (Units A, B) 1,164

ASNF Infrastructure or Wildland

Los Burros Campground Los Burros (Trap) 844

Springerville District Mineral (Unit BX) 3,208

Black Mesa Water Springs (Unit A) 984

Green’s Peak Green’s Peak 11

Current Activities, 2009-2010

Community

Alpine Alpine WUI (Units 2, 4, 8) 5,533

Greer Greer (Units C, E) 3,197

Nutrioso Nutrioso WUI (Units 1B, 1C, 2) 5,579

Show Low Show Low South 4,637

ASNF Infrastructure or Wildland

Black Mesa Campgrounds West Chevelon, Wolfe (Unit A) 1,348

Los Burros Campground Los Burros (McKay, Butler) 1,880

Projected Treatments, 2010 – 2014

Community

Greater Pinetop-Lakeside area to Vernon Timber Mesa, Vernon WUI 30,000 – 50,000* 

Unincorporated Areas

Beaverhead Beaver Creek 27,000*

Hidden Meadows Hall Ranch 1,750

ASNF Infrastructure or Wildland

Woods Canyon recreation area Rim Lakes 32,000*

Green’s Peak Green’s Peak 160

Table 2.  Communities, unincorporated areas, and National Forest infrastructure benefitting from treatments occurring under the 
White Mountain Stewardship Project; completed (2004-2009), current (2009-2010), and projected (2010-2014)

*These projects are large areas that will undergo the NEPA analysis process, from which a subset of treatment acres will be identified
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Multi-Party Monitoring Board

Overview:   When the White Mountain Stewardship 
Project was initiated, the ASNF convened the Multi-
Party Monitoring Board (Board) that developed 
administrative, ecological, economic, and social 
monitoring priorities.  The Board works in tandem with 
the ASNF to determine the impacts of the contract 
to ecological systems; specific wildlife species 
and wildlife habitat characteristics; fire behavior; 
jobs; treatment costs; economic benefits to local 
communities; social and community perspectives; and 
Project costs borne by the ASNF.

Establishing the Monitoring Board
Congress’s authorizing language for stewardship contracts 

requires that the USFS solicit input on the effects of each 
stewardship project through a collaborative, multi-partnered 
effort.  In particular, the authorizing language specifically states 
that the USFS must determine the administrative, ecological, 
economic, and social effects of any stewardship project through a 
collaborative effort made up of invited external interests.  Shortly 
after the Project was awarded to Future Forests LLC, the ASNF 
convened the Board to fulfill the stewardship contract mandates to 
monitor the effects of the Project.  The Board, currently comprised 
of 13 individuals representing local government entities, 
organizations, and individuals, was initiated in August 2004.  The 
Board’s primary objectives were two-fold:
	To work together as a group representing multiple interests 

to prioritize what information is desired from the monitoring 
effort; 

	To provide input to the ASNF on Project outcomes based 
upon monitoring data, in order for the ASNF to incorporate 
input into future planning and management in an “adaptive 
management” cycle.
The concept of a multi-party monitoring effort assumed 

that a sharing of perspectives between multiple interests and 
stakeholders would foster understanding, incorporate monitoring 
results and the ever-growing body of science into planning efforts, 
and result in better forest management.  This effort also affords 
an opportunity to monitor landscape level issues not covered in 
project level monitoring.   

Budget
Each year (2004-2009), the ASNF has allocated approximately 

3% of the annual Project costs to the Multi-Party Monitoring 
effort.  Initially, the Board solicited and heard proposals for 
allocating the money for specific monitoring projects.  They 

also recommended ways to accomplish Project monitoring and 
provided feedback for future Project monitoring expenditures.  
In most cases, funds for monitoring are provided directly to 
the ASNF for their staff to collect monitoring data.  In other 
instances, the Board has elected to fund external parties to 
conduct specific monitoring activities.  At times, grant funding is 
sought for specific projects.  For more information on monitoring 
expenditures, please refer to the Administrative Monitoring 
Results section. 

Administrative Process
The Board met monthly for the first year of its existence.  

Meetings focused on the group’s responsibility to develop priority 
monitoring goals and indicators to measure progress toward 
these goals; to listen to local, statewide, and regional expert 
presentations on existing monitoring efforts and feedback on 
draft goals and indicators; and to prioritize these monitoring 
goals.  Often, narrowing the focus of monitoring was largely due to 
the need to align monitoring priorities with fiscal realities.  

The Board works on achieving consensus, with discussion 
encouraged on all topics.  This Board, in general, focuses its energy 
on finding common ground, while simultaneously asking hard 
questions and seeking answers despite a potential negative outcome.  
Differences in opinion have been diligently worked through by all 
members of the Board.  After five years, this Board works together as 
a cohesive unit to solve problems and make decisions.

After the first two years of its initiation, the Board met, and 
currently continues to meet, approximately every quarter, with 
at least one field trip to Project sites per year.  Administrative 
support for meetings, presentations, staff assistance, and other 
logistics is provided by the ASNF.  Initially, meeting minutes were 
taken by ASNF staff; after two years, this responsibility shifted to 
Board members.  Minutes are circulated to key ASNF personnel 
participating in that meeting for editing and proofing, and then 
distributed to the Board.  
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Representation
The Project’s Board membership is comprised of the following 

individuals and their affiliation:
Don Berry	 Interested Citizen
Jerry Brownlow	 Navajo County Board of Supervisors
Steve Campbell	 University of Arizona Cooperative
	     Extension, Navajo County
Dave Dorum	 Arizona Game and Fish Department
Bruce Greco	 Ecological Restoration Institute
Bill Greenwood	 Town of Eagar
Dustin Sanders	 Red White & Blue Realty
Steve Sims	 Creative Green Homes, Inc.
Sue Sitko	 The Nature Conservancy
Larry Stephenson	 Eastern Arizona Counties Organization
Lorna Thurman	 Life in the Forest
Bob Vahle	 Arizona Wildlife Federation
Liz Wise	 White Mountain Conservation League

Establishing the Monitoring Program
Upon initiation of the Project in 2004, the newly-developed 

Board, in cooperation with the ASNF, was tasked to develop a 
monitoring plan for the Project.  The Board quickly learned 
that monitoring is not a simple process, especially monitoring a 
multitude of projects where changes to the landscape occur in 
small patches, scattered across the forest, over a ten-year period.  
Research indicated that very few projects similar in scope existed.  
In addition, the Board did not have the technical expertise to 
develop a statistically-sound monitoring plan.  

The core of the Board’s first exercise was to determine what 
the Board wanted to learn from these treatments; how monitoring 
data would be collected; who would be the party responsible for 
collecting the data; what the estimated cost might be; and where 

this monitoring would occur.  In some cases, USFS-standardized 
protocols were used.  In other instances, known experts on 
selected monitoring objectives were asked to review monitoring 
protocols.  Modifications were made to protocols based upon 
expert input and incorporated prior to implementation.  However, 
in the case of vegetation plot monitoring, no power analysis was 
conducted to ensure the design adequately included enough 
plots in order to extrapolate data to a stand or cut unit level.  The 
formulation of a monitoring plan took place for each of the areas 
of interest to the Board (e.g., administrative, ecological, economic, 
and social).  

Administrative Monitoring Plan
As part of the stewardship contracting authorizing language, 

monitoring must include tracking administrative costs of the 
Project.  The ASNF tracks internal planning, preparation (marking, 
site preparation), and contract costs throughout the span of 
the Project.  The Board prioritized the following administrative 
monitoring questions for the Project (Table 3).

Table 3.  White Mountain Stewardship Project Administrative Monitoring Questions

Category Question Data gathering and analysis 
method(s)

Party responsible

Internal Costs 1.  What are the annual internal ASNF costs for the 
Project?

Tracking and summarizing ASNF

2.  What are the annual costs for monitoring the 
Project?

Tracking and summarizing ASNF; Monitoring Board

Contract Costs 1.  How does the U.S. Forest Service calculate 
contract costs?

Tracking and summarizing ASNF

2.  Has the Project demonstrated an increase in value 
or in efficiency to the U.S. Forest Service?

Tracking and summarizing ASNF

3.  How many acres have been treated per year? Tracking and summarizing ASNF

 Stewardship 
Contracting

1.  What are some positive aspects of stewardship 
contracts relating to internal administration?

 Internal discussion and 
summarizing

ASNF

 2.  What are some challenges associated with 
stewardship contracts relating to internal 
administration?

 Internal discussion and 
summarizing

ASNF
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Ecological Monitoring Plan
Ecological monitoring is the most complex aspect of 

monitoring the Project.  To obtain information that is beyond 
subjective or anecdotal, enough data must be collected prior 
to treatment (pre-treatment), as well as multiple seasons or 
even years after treatment (post-treatment), to be able to fully 
understand effects of the treatments.  Factors such as fluctuating 
annual weather patterns (ranging from a singular event such 
as a heavy late spring snowfall to long-term drought), wildlife 
seasonal movements or annual migration patterns, fires, and 
more can affect data collection from year to year; multiple years 
of data collection are often needed to attribute changes in a 
given monitored element to forest treatments.  Often, that level 
of analysis demands a large sample size to yield statistically-
significant results.  In general, the more information that was 
needed increased the cost of obtaining that information.

7

To prioritize ecological monitoring questions, a sub-
committee of natural resource managers from the Board met 
with ASNF biologists to design a multi-pronged series of 
monitoring activities to assess effects to ecological resources.  
The Board prioritized studying effects to: 1) forest vegetation 
composition and structure at both project and landscape levels; 
2) fire behavior; 3) specific wildlife populations and habitat 
characteristics; and 4) soil and water quality.  The sub-committee 
determined that obtaining data to quantify forest vegetation 
changes in composition and structure through the use of 
vegetation plots would also assist in extrapolating effects on fire 
behavior, and in some instances, wildlife habitat characteristics.  
Other monitoring projects were determined through analyzing 
cost effectiveness, quality of information, and capacity.  As a result, 
the Board prioritized ecological monitoring questions for the 
Project (Table 4).

In most cases, data were analyzed by long-
established and widely-accepted methods.  In 
other cases, data were analyzed using new tools 
recently published to explore landscape level 
assessments through modeling.  In all cases, 
however, data analysis techniques were vetted 
among internal and external experts to the 
extent possible.  Assumptions, data gaps, and 
uncertainties are outlined where appropriate.
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Table 4.  White Mountain Stewardship Project Ecological Monitoring Questions

Category Question Data gathering and analysis 
method(s)

Party responsible

Stand Structure 1.  Did forest treatments significantly reduce tree 
density?

Stand Exams/Live Tree 
Variable Plot

ASNF

2.  Did forest treatments significantly alter 
canopy cover?

Stand Exams/Canopy Cover 
Transect

ASNF

3.  Did forest treatments significantly alter snag 
density?

Stand Exams/Snag Fixed Plot ASNF

Understory 
Community

1.  Did forest treatments significantly alter 
community composition?

Daubenmire Plots ASNF

2.  Did forest treatments significantly alter 
understory percent cover?

Daubenmire Plots ASNF

Fire Behavior 1.  Did forest treatments significantly reduce the 
threat of uncharacteristic high-severity wildfire?

Stand Exams/FVS/Flammap ASNF / USFS

2.  Did forest treatments significantly reduce 
crown bulk density?

Stand Exams/FVS ASNF / USFS

3.  Did forest treatments significantly alter height 
to live crown?

Stand Exams/FVS ASNF / USFS

4.  Did forest treatments significantly reduce fuel 
loading?

Stand Exams/Flammap ASNF / USFS

Forest Landscape 1.  Are remaining trees aggregated or randomly 
dispersed across project area?

Ripley’s K Spatial Test TNC / Experts

2.  Did forest treatments increase structural 
heterogeneity across the forest?

Ripley’s K Spatial Test TNC / Experts

3.  Are patches of dense forests connected? Patch Morph Connectivity 
Analysis

TNC / Experts

4.  Are patches of open forests or pine 
savannahs connected?

Patch Morph Connectivity 
Analysis

TNC / Experts

Avian Community 1.  Did forest treatments significantly alter avian 
composition?

Songbird Surveys/DISTANCE 
Program

ASNF / TNC

2.  Did forest treatments significantly alter avian 
density?

Songbird Surveys/DISTANCE 
Program

ASNF / TNC

3.  Did forest treatments significantly alter avian 
diversity indices?

Songbird Surveys/ 

“Estimate S” Program

ASNF / TNC

Black Bears 1.  Did forest treatments significantly alter bear 
movement?

Black Bear Spatial Ecology AGFD

2.  Do bears avoid or prefer treated areas? Black Bear Spatial Ecology AGFD

3.  Is bear movement correlated with topographic 
features or forest attributes?

Black Bear Spatial Ecology AGFD

Soil Compaction 1.  Did forest treatments result in compacted 
soil?  

Soil Compaction Study ASNF

Best 
Management 
Practices (BMPs)

1.  Did contractors adhere to Best Management 
Practices?

Best Management Practices 
Compliance Monitoring

ASNF

2.  Do Best Management Practices result in 
maintenance of water quality standards and 
guidelines?

Best Management Practices 
Compliance Monitoring

ASNF
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Field Reviews
The ASNF and Board conducted annual field trips to both 

untreated and treated areas, examining project objectives and 
results.  Input was provided as immediate feedback to Forest 
personnel.  Experts with knowledge related to various project 
objectives and/or issues were invited to provide professional 
expertise and input.  These field trips resulted in many 
suggestions by participants; photographs and summaries are part 
of the monitoring record and can be found on the Board’s website.  
In several instances, changes in treatment prescriptions and other 
aspects of the Project were altered based on the feedback provided 
by the Board and other forest stakeholders.  While this report is 
the first analysis of the monitoring data, some Project planning 
efforts have incorporated this feedback.  The Eagar South 
Demonstration Area is the most significant example.  

Eagar South Demonstration Area
In 2004, the towns of Springerville and Eagar were listed as 

“communities at risk” for wildfire in the Apache County Wildfire 
Protection Plan (Logan Simpson Design 2004).  To address 
this risk, the ASNF developed the Eagar South Wildland Urban 
Interface Fuels Reduction analysis area that same year, and 
initiated an environmental assessment under NEPA.  Management 
activities planned by the ASNF were guided by the ASNF Land 
Management Plan (LMP).  The LMP directed that the ponderosa 
pine vegetation type within the Forest be treated under northern 
goshawk (Accipiter gentilis) guidelines based upon concepts 
outlined in the Management Recommendations for the Northern 
Goshawk in the Southwestern United States (MRNG; Reynolds 
et al. 1992).  These management recommendations are hereafter 
referred to as “goshawk guidelines.”  However, in order to meet fire 
behavior reduction goals, a perceived conflict existed between the 
goshawk guidelines and hazardous fuels management objectives.  
It was perceived that meeting fire behavior objectives was 
incompatible with the goshawk guidelines.  This project area could 
then be used to test goshawk guidelines for their ability to meet 
fire risk reduction objectives.    

Based upon the NEPA decision, several silvicultural 
prescriptions could be implemented to meet fire and fuels risk 
objectives within the project’s plan.  Previous fuels treatment 
projects were reviewed to generate ideas as to how these 
prescriptions could be modified to also meet other resource 
objectives.  Concurrently, stakeholder interest in modifying typical 
ponderosa pine fuels reduction prescriptions to encourage a 
more historic clumpy structure, as represented in the goshawk 
guidelines, was increasing.   Demonstrating compatibility between 
the goshawk guidelines, fuels reduction, and ecologically-based 
forest restoration concepts became one of the goals of the USFS 
Southwest Region; a site to implement these concepts was then 
needed.

The Eagar South project was selected to demonstrate 
this compatibility.  This project was a good candidate for a 
demonstration area for several reasons.  The NEPA decision 
did not include a diameter cap on trees to be harvested, which 

allowed flexibility in implementing goshawk guidelines.  Two 
northern goshawk Post-fledgling Family Areas (PFAs) were 
present.  In addition, the original analysis included historic 
condition ecological forest restoration concepts in northern 
goshawk Foraging Areas (FAs; the largest management block for 
this species).  Now known as the Eagar South Demonstration 
Area, this landscape is anticipated to provide a framework for 
understanding and restoring forest conditions based on historic 
evidence, ecological processes, and wildlife management concepts 
while still meeting fire and fuels reduction goals.

The Natural Resources Working Group (NRWG), a socio-
political forest-stakeholder committee established in eastern 
Arizona in 1996, was approached to ensure that a collaborative 
effort to implement this project was used.  The NRWG appointed 
several members to work with the ASNF on a separate Northern 
Goshawk Collaborative Interdisciplinary Working Group.  This 
working group met several times over 2007 and 2008 to develop 
project monitoring goals; to better understand the MRNG 
guidelines and goshawk guidelines; and to provide input on 
prescriptions.  The ASNF also approached the Board to include 
their input on this demonstration project.  In addition, Northern 
Arizona University’s Ecological Restoration Institute (ERI) 
became involved in the project and set up vegetation monitoring 
plots to demonstrate the restoration of this area to historic 
reference conditions.

The primary management objective under the goshawk 
guidelines was to create a mosaic of age and structural classes 
of trees across the landscape in order to provide a diverse 
habitat for the prey species of the northern goshawk.  This 
required that stands be managed to provide for the desired 
representation of groups of differing age-classes (uneven-aged 
forest management).  Interpretation of these guidelines differed 
amongst forest managers; age-class structures could be measured 
either at a landscape or at a stand or group level.  In 2006, the 
USFS Southwestern Region developed workshops to obtain 
consistent implementation of the goshawk guidelines.  These 
workshops included discussions with the authors of the MRNG, 
who indicated that management should focus on creating or 
maintaining uneven-aged forest structure within stands.  As a 
result of the workshops, it was determined that age-classes and 
canopy cover measurements should be focused on the group level, 
not the previously-measured stand or project level. The goshawk 
guidelines specify minimum canopy cover levels within mature 
tree groups, but no density levels are specified for immature 
tree groups.  With this knowledge, managers realized that the 
combination of mature and immature tree groups and openings 
between groups would result in a clumped, discontinuous 
arrangement of forest canopy at the stand level.  

The prescriptions would create clumpy forest structure 
based upon pre-settlement reference conditions (when apparent 
and feasible).  Pre-settlement evidence could be used to locate 
uneven-aged clumps and density of replacement trees.  In stands 
with limited pre-settlement evidence, clumps could be designed.  
Openings between groups could be increased in size to decrease 
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Table 5.  Monitoring questions developed specific to the Eagar South Demonstration Area

Category Question Data gathering and analysis 
method(s) Party responsible

ECOLOGICAL 
MONITORING

Wildlife and 
Wildlife Habitat

1.  Did treatments improve habitat for northern 
goshawk prey species?

Small mammal surveys; Avian 
surveys

AGFD; ASNF

2.  Did northern goshawks continue to 
occupy existing nests in the Eagar South 
Demonstration Area?

Field survey ASNF

3.  Did forest treatments impact species 
requiring more cover?

Black Bear research project; Patch 
Morph Connectivity Analysis; 
songbird point counts

AGFD; TNC; Experts; 
ASNF

Tree Removal 1.  How many trees greater than 16” dbh were 
removed across the treatment area?

GPS all trees >16 marked GPS; 
number of tree harvested

ASNF

ECONOMIC 
MONITORING

Internal USFS 
Costs

1.  What was the difference in costs for 
treatment layout and marking time between 
Eagar South and other fuel reduction 
treatments?

Time and cost tracking ASNF

Product and 
Utilization Value

1.  Was the volume of material removed 
different from other Project treatments?

Contract oversight; volume 
calculations and payments

ASNF

2.  Were treatment costs different for the 
contractor than other Project treatments?

Contract oversight; payments ASNF
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crown fire potential.  In some cases where dwarf mistletoe 
infections prevented implementation of the guidelines, a different 
prescription would be used to address this issue.  

Several field reviews were hosted for the NRWG, the 
collaborative workgroup, and the Board to obtain input on 
marking trees and designing clumps.  When the Springerville 
Ranger District was marking trees, members of these groups 
participated in this effort.  

Specialized Monitoring for Eagar South
This project demonstrated a different treatment scenario than 

most Project fuel reduction treatments; it was also the first site in the 
region to implement the most recent interpretation of the goshawk 
guidelines.  Interest in determining the effects of the project was 
high.  As a part of the Project, monitoring would occur under the 
existing monitoring program (i.e., avian community, fire behavior, 
vegetation plot collection, black bear research).  However, a separate 
and specialized monitoring plan was developed by the collaborative 
working group to enhance the Project’s monitoring effort and provide 
answers to questions specific to the Eagar South Demonstration 
Area.  Table 5 on this page outlines these specific questions.

To answer the above monitoring questions, the collaborative 
working group worked closely with the ASNF and the Board to 
determine which monitoring questions could be answered by the 
Project’s overall monitoring program and which questions would 

need additional data.  For example, avian community monitoring 
transects were established in the demonstration area and are 
included in the songbird density, diversity, and composition 
analyses.  Fire behavior, snag density, understory vegetation, and 
stand structure information would be collected as part of the 
existing vegetation plot protocol and for the Ripley’s K spatial 
aggregation statistical test.  To determine effects on wildlife 
species that depend on high levels of canopy cover, the monitoring 
program used a wildlife habitat connectivity model for Abert’s 
squirrel and results from the black bear research project by the 
Arizona Game and Fish Department (AGFD).  ASNF biologists 
annually monitor northern goshawk nests for reproductive 
success and adult survivorship.  In addition, the ASNF tracks 
internal and contract costs as well as volume removed as a part of 
their administrative monitoring.

Additional monitoring was then needed to answer the 
specialized questions developed for the demonstration area.  The 
AGFD was approached to assist in small mammal research; a 
project was designed in 2008 and initiated in 2009 that would 
compare population indices on eight key prey species of the 
northern goshawk between treated and untreated areas.  ASNF 
silviculture staff quantified large-tree removal and layout and 
marking costs.  Results of this project-specific monitoring effort 
are included in the Ecological Monitoring section.
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Table 6.  White Mountain Stewardship Project Economic Monitoring Questions

Category Question Data gathering and 
analysis method(s) Party responsible

Local Business 
Capacity

1.  How many wood-product businesses are directly 
involved, through either purchasing or processing, 
material from the Project?

Annual survey by contractor University of Arizona / 
Private Contractor

2.  Where are these firms located? Annual survey by contractor University of Arizona / 
Private Contractor

3.  What is the effect of local expenditures for Project 
expenses in the community?  

Annual survey by contractor University of Arizona / 
Private Contractor

4.  What are the opportunities to keep Project 
expenditures within the local communities?

Annual survey by contractor University of Arizona / 
Private Contractor

Employment 1.  How many jobs within these firms are tied directly to 
the Project?

Annual survey by contractor University of Arizona / 
Private Contractor

2.  How many jobs rely on exporting produced goods, 
thereby bringing “new” money into the region?

Annual survey by contractor University of Arizona / 
Private Contractor

3.  Given a multiplier effect, how many total jobs in the 
region can be attributed to the Project?

Annual survey by contractor University of Arizona / 
Private Contractor

4.  Do employees live where they work?  If not, which local 
communities benefit the most from the Project?

Annual survey by contractor University of Arizona / 
Private Contractor

Contribution to 
Regional Tax 
Base

1.  What is the overall value of the Project (including 
multiplied effects) to the general tax base of the 
region?

Economic Analysis Small Business 
Development Center, 
Northland Pioneer 
College

11

Economic Monitoring Plan
One of the objectives of all 

National Forest management across 
the country is to work in tandem with 
appropriately-scaled private industry 
to help especially rural communities 
adjacent to these public lands derive 
some level of economic benefit from 
the multiple use of Forest resources.  
The realization of economic benefits 
was a Project objective.  Stewardship 
contracting language authorizing a 
ten-year contract cycle was developed 
in part for the purpose of helping 
facilitate private businesses to create 
a sustainable wood product industry 
in order to decrease the overall cost 
of treatment.  The Board prioritized 
economic questions for the Project 
(Table 6).

The Board determined that annual 
surveys by an outside contractor with 
experience in economic analyses, rural economics, and “cluster” 
economies would be the most efficient means of responding 
to most of the above questions.  An expanded perspective of 

the Project’s impact on the regional tax base, including sales 
tax, school funding, and property taxes was developed by the 
Northland Pioneer College’s Small Business Development Center. 
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Table 7.  White Mountain Stewardship Project Social Monitoring Questions

Category Question Data gathering and analysis method(s) Party responsible

Awareness and 
Support of Forest 
Restoration 

1.  Do people understand and support 
large-scale mechanical and prescribed 
fire treatments?

2005-2006 Navajo and Apache County 
Social Assessment; follow-up assessment 
in latter half of Project period

University Contractor

2.  Do people recognize or differentiate 
USFS treatments from other agency 
forest treatments?

2005-2006 Navajo and Apache County 
Social Assessment; follow-up assessment 
in latter half of Project period

University Contractor

3.  Are people aware of the White 
Mountain Stewardship Project? 

Follow-up assessment in latter half of 
Project period

University Contractor

Perceived Wildfire 
Threat

1.  Do people believe that forest 
treatments reduce the threat of  wildfire?

2005-2006 Navajo and Apache County 
Social Assessment; follow-up assessment 
in latter half of Project period

University Contractor

Forest and Fire 
Ecology

1.  Do people have an understanding of 
forest and fire ecology?

2005-2006 Navajo and Apache County 
Social Assessment; follow-up assessment 
in latter half of Project period

University Contractor
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Social Monitoring Plan
Most forest managers and interested stakeholders have 

studied the current conditions of the forest and recognize the 
departure from historical conditions that have transpired in the 
last several decades.  They understand the need for mechanical 
harvesting of small-diameter trees to reduce the risk of high-
severity wildfires, and the need to return the forest to a condition 
that is resilient to low-severity surface fires.  However, the 2002 
Rodeo-Chediski wildfire was an alarm to the general public, and 
brought forward a level of social acceptance to harvesting trees 
that had not been present beforehand.  The Board prioritized 
social monitoring questions for the Project (Table 7).

The Board decided that a social assessment conducted for 
a post-doctoral research project by Timothy W. Collins, Ph.D. in 
2005 would provide good baseline data for future comparison 
in the latter half of the Project period.  A follow-up survey is 
anticipated in the Project’s later years.  There are other indirect 
efforts undertaken by the Board and ASNF to increase the 
awareness of the Project by the general public and specific 
constituencies that are further described in the Social Monitoring 
Results. 
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Administrative Monitoring Results

Overview:  Administrative monitoring is largely a function 
of the ASNF tracking overall Project costs through 
internal processes.  Costs of interest to the Board include 
preparation of projects (analysis and planning; marking 
trees); task order oversight (contract administration); and 
monitoring.  Additionally, determining whether or not costs 
per ton were decreasing per unit over time, a measure 
which may indicate an increase in the value and market for 

What are the annual internal ASNF costs for the Project?

On average, annual internal costs for managing the Project 
total $2,550,000, which break down into site preparation 
($1,100,000); task order/contract administration ($600,000); 
NEPA planning ($450,000); pile burning ($250,000); and 
program management ($150,000).  

What are the annual costs for monitoring the Project?

To date, the costs for monitoring undertaken by ASNF staff, 
contractors, and partners average $221,100 per year, 
breaking down as follows:  the ASNF invests $143,900 per 
year for internal monitoring; two multi-year projects (black bear 
and northern goshawk prey) have totaled $293,000; and three 
one-time projects (social survey, highway signs, and this report) 
have totaled $93,000.  Monitoring costs for the first five years 
of the project totaled $1,105,500.  

How does the U.S. Forest Service calculate Contract Costs?

Due to the variety of stand conditions, type of material 
harvested on site (i.e., logs, chips), and site-specific tasks in 
a given task order, the ASNF calculates Project contractor 
payments on the estimate of tons of wood harvested per 
task order, with the cost of each ton based upon the type of 
treatment that will occur on site.  Several treatment options are 
available, ranging from total removal of all fiber to a variety of 
partial-removal treatments (e.g., leave residue piles for future 
burning, scattering residue on site for erosion control or soil 
needs).  Each treatment option has a set contract price per ton.  
The ability to increase costs for treatments, such as for cost-
of-living expenses, is embedded within contract guidelines.  A 
bi-annual cost-of-living increase of 6% can be incorporated as 
requested.  The ability to decrease contract costs is dependent 
upon an audit finding of a proven increase in product or fiber 
values. 

Has the Project demonstrated an increase in value or in 
efficiency to the U.S. Forest Service?

Given set contract prices, the Project can be better assessed 
in terms of efficiencies gained per contract dollar, or the extent 
to which the contractor showed a better value for contracted 
expenditures.  Efficiencies can be generally attributed to the 
contractor’s ability to market a diversity of low-value wood 
products (e.g., pulpwood, biomass residue).  When fiber from a 
treatment area can be sold, often the contractor would implement 
a total removal of all wood products, including biomass residue, 
at a cost equivalent to a partial treatment option.  As a result, the 
contractor removes piles of residue that would otherwise have to 
be burned later by ASNF staff.  This example demonstrates that 
total removal of all fiber can be accomplished at a partial-removal 
rate.  In addition, the contractor has requested one cost-of-living 
adjustment rather than the three that have been available 
between 2004 and 2010.  This adjustment was used to offset 
mandatory wage increases established by the U.S. Department 
of Labor.  With the nation’s recession causing a steep decline in 
lumber demand and prices and an increase in fuel costs, it was 
anticipated that overall contract costs would increase, yet the 
Project demonstrated a better value to the federal government 
during this time period.  

How many acres have been treated per year?

Acres treated per year have ranged from a low of 3,105 (2005) to 
a high of 8,845 (2007).  In 2009, the last year of a full data set, 
6,203 acres were treated.  While annual contract payments have 
remained relatively similar for each year, annual acreage treated, 
as well as treatments that include total removal of all wood fiber, 
have generally increased.  
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wood products, is of high interest.  The Board relied heavily 
on ASNF staff, and to a large extent the contractor, to 
track costs and trends over time.  The Board understands 
that some information held by the contractor (a private 
business) is confidential.  It should be noted, however, that 
the contractor has been an active partner to the Board, 
ASNF staff, and USFS staff at the Regional Office level, and 
has participated in Project monitoring.

White Mountain Stewardship Project Monitoring Questions and Answers to Date:

continued on next page
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What are some positive aspects of stewardship contracts 
relating to internal administration?

A long-term stewardship contract affords the ASNF to use 
task orders for each project under the umbrella contract, 
rather than developing and bidding out a separate contract 
for each project.  Task orders can be created in a matter of 
days, while individual contracts could take two months or 
longer.  Additionally, given the short turnaround time needed 
for a task order, any monies from other National Forests that 
have not been spent by the end of each federal fiscal year can 
be re-directed to the ASNF for their use on the Project.  While 
a long-term stewardship contract could be administratively 
challenging to initiate, once initiated, contracts or task orders 
for treatments under that contract are simplified.

14

Analyzing Administrative Impacts
Administering a large, long-term contract is a complex 

process.  Tasks, such as requesting and reviewing contract 
bids; providing wood resources through planning and site 
preparation; developing and overseeing multiple contracts or 
task orders; and overseeing and monitoring contracted activities, 
require adherence to federal policies, standards, and guidelines.  
Planning for random events must be incorporated.  For example, 
an extremely wet season can preclude the use of mechanical 
equipment for an unexpected period of time, affecting the amount 
of acreage anticipated to be treated in a given year.  Wildfires 
can remove NEPA-ready available acreage and create the need 
for more planning on a shorter timeline.  Annual budgeting 
processes can extend beyond the beginning of a new fiscal year 
and provide uncertainty on what actions can be implemented.  
Demand for material can fluctuate due to the state of the national 
economy and impact what is bought and sold from the Project.  
Local labor shortages can affect how many acres can be treated 
by the contractor.  These, and many other circumstances, have 
actually occurred throughout the duration of this Project.  
The commitment to the Project by ASNF and USFS staff, the 
contractor, and the Board has been an underlying reason why 
these challenges have been overcome (D. Walker and R. Taylor, 
communication to Board).  Many of these challenges have likely 
affected the administrative process of the Project more so than 
the ecological, economic, or social aspects.  Administration of 
a project with this duration and complexity should take these 
somewhat intangible factors into account.

To answer the Board’s administrative monitoring questions, 
the ASNF, as the contract administrator, determined the most 
effective measurements to track.  ASNF staff track their time, 
travel, and expenditures for supplies and materials through 
existing time and expense reporting forms.  

Measuring the amount of material removed from the forest 
is a factor used for estimating payments to the contractor.  

What are some challenges associated with stewardship  
contracts relating to internal administration?

Long-term stewardship contracts signify a commitment to a 
private contractor over the life of that contract.  Projects that 
have been appropriately analyzed and planned under NEPA 
that meet contract acreage requirements must be prepared.  
Payment to the contractor must be incorporated within existing 
budgets.  Each long-term stewardship contract includes a 
cancellation clause, requiring the set-aside of a fee by the 
USFS in case of contract default.  In the case of this Project, the 
cancellation fee is one million dollars.

Traditionally, timber volume has been estimated in cubic board-
foot.  This measurement was established when most wood 
harvested from National Forests was sawtimber (trees greater 
than 12” dbh).  However, in the case of this Project, the majority of 
wood material anticipated to be removed was less than 12” dbh.  
Therefore, using cubic foot was not an appropriate measurement 
for Project tracking purposes.  Initially, payments to the contractor 
were planned to be calculated on costs per acre.  Given the 
diversity of forest stand conditions across multiple project areas, 
costs per acre could vary substantially.  If a site has a high tree 
density and those trees are primarily in the smaller diameter 
size-class, it is more expensive in terms of operation and time to 
treat that site than a site with fewer, larger trees.  Fluctuations in 
cost per acre could be impacted by which project sites are treated 
in a given year; arriving at a payment agreement under a ten-year 
scenario would be extremely difficult.  After much discussion, the 
ASNF determined that the most consistent method to determine 
costs for contract payment and tracking purposes would be 
measuring tons treated per acre.  Using a spreadsheet, the ASNF 
tracks contract costs and payments, the types of treatments 
conducted, the average tons per truckload; number of loads per 
task order; projects and acres treated; and type of material (e.g., 
merchantable wood, residue) within each ton.  

Cost per ton is measured in two categories:  cost per ton 
removed (treatment with total removal of all material) and cost 
per ton treated (most material is removed and sold to local forest 
products markets while residue is left on site according to resource 
needs).  Several treatments that leave wood residue on site are 
included as options for the ASNF and contractor within the 
contract.  Options may include piling residue for future burning 
by ASNF staff; “lop and scatter,” where limbs and other residue 
material are scattered on site for erosion control or soil health 
purposes; or other treatments that perform additional resource 
objectives.  Total removal generally costs more than leaving some 
material on site; however, costs to burn the piles and to conduct 
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any site restoration are then borne by the ASNF staff at a later date.  
Costs for these types of treatments are set at the initiation 

of the contract.  Increasing or decreasing these costs, thereby 
adjusting the contract, can occur under limited circumstances.  
Contract costs can be increased by 6% every other year upon 
request by the contractor to account for cost-of-living increases.  
The ability to decrease contract costs is dependent upon a proven 
increase in wood fiber values based on an audited finding.    

Evaluating advantages and challenges associated with 
stewardship contracts, and this Project specifically, is largely 
subjective and based upon the experiences of USFS staff and the 
contractor.  Monitoring these aspects, then, largely relies on the 
perspectives of these individuals and the experiences, stories, and 
anecdotes they share.  Some perspectives are based upon actual 
policies or limitations set within stewardship contracting language 
that may have been unforeseen when policies and standards were 
designed; some are a result of on-the-ground experiences that 
surface over the duration of the Project.

Results and Discussion

ASNF Internal Costs 
ASNF staff, on average, spend approximately $2,550,000 

per year in preparing analysis areas for treatments.  In order of 
highest to lowest costs, this includes site marking and preparation 
($1,100,000); contract oversight ($600,000); all environmental 
analyses under NEPA ($450,000); pile burning ($250,000); and 
program management ($150,000).  Site preparation includes 
evaluating and determining road and access conditions for 

treatment units; conducting stand exams to estimate pre- and 
post-treatment conditions; developing treatment prescriptions; 
and marking trees for harvest (or in some cases, marking trees 
that are to be left).  Contract oversight includes the administrative 
processes involved in developing and writing task orders; on-site 
inspections and reviews; and administering the task order or 
contract once completed.  A NEPA analysis for a given project area 
includes completion of wildlife surveys, archeological review, and 
clearances; public scoping; and an inter-disciplinary evaluation 
of the proposed action and any alternatives for effects on  soil, 
water, wildlife, air quality, economics, and other parameters.  Pile 
burning includes preparing burn plans and on-site ignitions of 
residual biomass.  Program management includes reporting and 
budget oversight of the Project and task orders at the Supervisor’s 
Office.

Monitoring Costs 
In calculating monitoring costs, the funds expended by the 

ASNF for internal monitoring are only one part of the entire 
suite of Project monitoring.  Several projects are included that 
may have been funded by grants or other funding sources.  Many 
monitoring activities occur every year.  Some monitoring activities 
are special projects implemented in multi-year blocks, and there 
are other projects that are one-time occurrences.  Table 8  breaks 
down these separate projects and costs; however, calculating the 
average cost per year for all monitoring efforts combined is a 
valuable exercise for future planning.  Lastly, ASNF staff time used 
to administer Board operations (minutes, agendas, setting up 
meetings and speakers, planning field trips, etc.) was included. 
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Monitoring Activity Annual Cost 
($)

Multi-year Project 
costs, per year ($)

One-time 
costs ($) Brief Description

Wildlife surveys per 
NEPA direction 32,200 Baseline wildlife studies; special status species 

surveys

Vegetation plots, 
Forest-wide 28,600

Permanent vegetation plots for forest structure, 
snag, understory composition; fire models; and 
wildlife habitat analyses

Songbird monitoring 35,600 Avian density, diversity, and composition

Best Management 
Practices/soil 
compaction

20,200 Water quality, erosion, and soil compaction 
monitoring

Annual economic 
analysis (contractor) 15,000 Employment and business expenditures

Monitoring Board 
administration 9,300 Meeting and field trip coordination

“Stakeholder’s 
Report” 3,000 Annual newspaper insert

AGFD black bear 
research project

233,000
(Project length four 

years)
Black bear habitat use in treated areas

AGFD northern 
goshawk prey study

60,000 (Project 
length two years)

Prey studies of eight primary prey species of 
northern goshawk

Development of Five 
Year Report 80,000 Monitoring data analyses and report design

Social assessment 
(contractor) 10,000 Perspectives on forest management in Navajo 

and Apache counties

Highway signs 3,000 Project signs designed and placed along highways

Total 143,900
per year 293,000 93,000

Total 2005-2009 719,500 293,000 93,000

GRAND TOTAL 1,105,500 (2005 – 2009)

Table 8.  Average annual, multi-year, and one-time monitoring costs in dollars for the White Mountain Stewardship Project, 2004-2009

A total of $143,900 has been spent annually on monitoring 
projects from Project monitoring initiation (2005) through 2009.  
Two multi-year projects have been initiated, with a total cost of 
$293,000.  An additional $93,000 has been spent on one-time 
only costs for individual projects.  If all are calculated together, 
monitoring for years 2005-2009 totaled $1,105,500, with an 
average cost of $221,100 per year.

Contract Costs and Trends 
Contract payments for specific treatment tasks (e.g., total 

removal of all material; piling residue for future burning) have 
increased by one cost-of-living adjustment requested by the 
contractor in 2007 to offset mandatory wage increases set by the 
U.S. Department of Labor.  Due to the complexity of conducting 
an audit to determine proven increase in fiber value, contract 
payments for specific tasks have not decreased.  However, from 
the increase in local market development and demand for 
Project wood fiber and where feasible given market locations 
and transportation costs, the contractor charges a lower payment 
option (partial treatment) while conducting a total removal 

operation.  Therefore, the USFS receives added value for the 
treatments, as well as not having to incur costs associated with 
future internal resource management, such as burning piles of 
residual material.  

It should be noted that from 2006-2009, housing lumber 
market prices have declined due to the recent global recession and 
the associated decrease in housing demands (Bernhardt 2009), 
while fuel prices have increased in that same period.  These factors 
had an impact on the degree to which markets have developed 
and on operational costs (R. Davis, personal communication); 
however, contract payments have remained stable.  This indicates 
the ability of the contractor to promote and support diverse, local 
small-diameter wood-product markets while obtaining a higher 
level of efficiency in operations.  

A shift in the value of residual material, comprising 41% of 
the fiber available across all Project treatments, occurred in late 
2009.  Snowflake White Mountain Power (SWMP), an electrical 
power generating plant, has signed a four-year contract with 
Future Forests, LLC to purchase treatment residue from projects 
occurring on the Sitgreaves portion of the ASNF that was formerly 
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left on site in piles for future burning by the ASNF.  Both the 
contractor and ASNF staff anticipate a continued increase in value 
of this residue starting in 2010.  The use of biomass residue for the 
energy market has had the effect of helping offset the declining 
lumber market demand.    

Advantages and Challenges of Stewardship Contracting
Administering a stewardship contract affords the opportunity 

to bundle several task orders under one contract.  A task order is a 
simpler process to complete administratively, as it can be viewed 
as a sub-contract under one larger umbrella contract.  Multiple 
task orders could be given to a contractor for one project analysis 
area.  Task orders generally are allowed three years for completion.  
Task order contracts can be processed in a matter of days, rather 
than the weeks or months that individual contracts take to 
process.  A benefit of the stewardship contract, then, is the ease in 
which task orders can be used to get treatments accomplished on 
the ground.

In addition, given the short turnaround time needed for 
task orders, the ASNF can obligate funds that have not been 
used by other National Forests, within or outside of that Forest’s 
administrative Region, or by the agency’s Washington D.C. office 
by the end of the federal fiscal year (September 30).  If a National 
Forest finds they have funds remaining in their budget that were 
not used for some reason, they can transfer those funds to the 
ASNF as late as the last week in September; the ASNF can then 
issue a task order and obligate those funds almost immediately.  
In essence, while a long-term stewardship contract could be 
administratively cumbersome to initiate, once initiated, task 
orders under that contract are simplified and processed quickly 
and efficiently.

A long-term relationship with a contractor can also lead 
to reduced internal costs by allowing the contractor to work 
directly under “designation by prescription” or “designation by 
description” in certain treatment areas.  These directives allow the 
contractor to determine which trees will be cut by using either a 
written prescription or a fairly simple description of treatment 
objectives.  This allows the USFS to avoid using the labor-intensive 
and costly effort to mark individual trees to be removed (or left).  

Much of the wood fiber harvested from the Project is 
considered to be of low economic value.  As such, efficiency 
in costs, operations, and contract implementation should be 
maximized.  A potential factor that can enhance the ability for 
both the contractor and the National Forest to achieve a high level 
of efficiency is ensuring that both parties communicate and are 
flexible in the preparation and implementation of each task order 
under the contract.  The contractor often works with potential 
buyers of material before harvesting begins in order to bring the 
appropriate wood processing equipment on site. Coordination 
with the ASNF on equipment needs for each project helped 
both parties understand if equipment or processing needs were 
approved under any given project’s environmental analysis.  A 
constant flow of communication and flexibility on behalf of both 
parties helped achieve that level of efficiency.  

National Forests are faced with multiple challenges in 
committing to a long-term stewardship contract. Administratively, 
stewardship contracts are not a commonly-used mechanism for 
forest management; they carry additional requirements such as 
multi-party monitoring and a “cancellation clause” whereby a 
portion of the total value of the contract must be budgeted and 
set aside on the chance that the USFS must cancel the contract.  
At times, this value could exceed one million dollars.  Current law 
under Federal Acquisition Regulations dictates that each long-
term contract must carry a separate cancellation fee; one pool of 
money for multiple contracts is not allowed by law at this time.  

A long-term contract also implies that enough project sites 
must be appropriately analyzed under NEPA each year to provide 
the contractor with the agreed-upon acreage for treatment.  
NEPA analysis for a project site can take from six months to 
over two years due to multiple factors, including threatened and 
endangered species habitat analyses; the amount of baseline data 
required (stand exams, road conditions, archeological surveys as 
examples); vegetation diversity; and potential litigation.  These 
factors could delay the final decision and the availability of the 
area for treatment.  

Long-term stewardship contracts are a financial commitment 
by each National Forest and their Regional Office.  While the use 
of stewardship contracts is ultimately authorized and allowed by 
Congress through federal law, at this time, no additional monies 
are appropriated (beyond demonstration projects) by Congress 
to carry them out.  Each contract must receive the monies they 
need through the annual USFS budgeting process, which is set for 
each National Forest by its respective regional office.  As a result 
of the Project, other resource programs on the ASNF and National 
Forests in Region 3 have contributed to Project costs, thereby 
experiencing budget decreases in their programs  (R. Taylor, 
personal communication).  

The Pinchot Institute for Conservation (www.pinchot.org) 
has been contracted by the national-level USFS office to evaluate 
the stewardship contracting program.  Since the mid-1990’s, the 
Pinchot Institute has evaluated stewardship contracts around 
the nation.  Most have been small projects under 1,000 acres; 
the White Mountain Stewardship Project is the largest to date.  
The Pinchot Institute has developed several reports that analyze 
accomplishments, challenges, and lessons learned for stewardship 
contracts in several documents which are found on their web 
page.  We encourage readers to access these reports for more 
information.

   In addition, the Government Accountability Office (GAO) 
of the federal government analyzed stewardship contracts in a 
report entitled “Federal Land Management:  Use of Stewardship 
Contracting is Increasing, but Agencies Could Benefit from Better 
Data and Contracting Strategies” (GAO 2008).  This report credits 
stewardship contracts with allowing land managers to perform 
more work with less money, due to the ability to exchange goods 
for services.  Improvements in collaboration with National 
Forest stakeholders are discussed.  Stewardship contracts allow 
contractors and industries some level of guaranteed supply over 
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time, enabling them to obtain loans and grants for equipment 
and other needs.  The report recognizes the challenges associated 
with obligating funds for the cancellation fee and other perceived 
or real roadblocks, and concludes that federal land managing 
agencies (particularly the Bureau of Land Management and the 
USFS) have not adequately developed a long-term strategy to 
implement these contracts at the national level.  This GAO report 
can be found on the Board’s website.

In summary, the Project has afforded the USFS an opportunity 
to test the use of a ten-year stewardship contract.  While there 
are challenges in the administrative process, the ASNF has 
treated nearly 40,000 acres under this contract between August 
2004 and April 2010.  The threat of potential passive and active 
crown fires has been reduced for communities adjacent to these 
National Forest lands for the lifespan of the treatments.  Rural, 
economically-challenged areas have seen an average of 319 jobs 
created per year both directly (226) and indirectly (93) from 

this contract, resulting in millions of dollars in local purchases 
and expenditures, as well as hundreds of thousands of dollars 
generated in local tax revenue annually.  In addition, businesses 
that have invested in the region due to the Project may have created 
a network for these wood products, which may result in a privately-
funded economic niche that could help sustain future forest 
treatments after the termination of the Project in August 2014.  

Lastly, there are intangible benefits of the Project that cannot 
be associated with a dollar figure.  Saving costs from fighting 
future wildfires that might have occurred in these areas would be 
an exercise in speculation, but nevertheless could be considered.  
Additionally, benefits associated with community protection, 
conserving the forested environment around communities, 
and the increase in social trust built around this community 
collaborative experiment are aspects to evaluate and discuss.  
These overall benefits are discussed in the Project evaluation 
section.

Alpine Wildland-Urban Interface, two years post-treatment
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Ecological Monitoring Results

Introduction to Statistical Results:  Basic 
statistics were used to evaluate the Project’s 
monitoring data.  Basic statistics test what is 
known as the “null hypothesis,” which asks 
if there is a difference between two averages 
or means.  For several monitoring datasets, 
the difference between pre-treatment and 
post-treatment means of the ecological factor 
of interest was examined.  To determine if 
these different means are significant, an 
“alpha level” threshold is applied.  For these 
analyses, an alpha level of 0.05 was selected.  
This alpha level is commonly used in scientific 
research, which attempts to discern discreet 
changes from a robust sample size.  With 
an alpha level set at 0.05, it means that 
there is a 5% chance that the observed 
differences in the two means tested are 
actually not different; or, alternatively, there is 
a 95% chance that the observed differences 
are actually different.  When the pre- and post-treatment 
data means differ based upon this alpha level, you have a 
“significant difference” between the means.

When a statistical test is completed, the results include 
a p-value (commonly represented in the text as P = some 
value less than 1.0).  The p-value is a measure of how much 
evidence you have against the null hypothesis of no difference, 
and represents the probability of observing the results from 
your sample data.  The p-value, however, does not indicate 
the size or importance of the observed effect; it is merely 
the probability of that observation occurring.  If no significant 
differences were found from the datasets, it was difficult to 
determine if that result was due to too few samples, or if no 
change actually occurred; or that changes did occur, but not at 
the prescribed alpha level to determine significance.  

When Project monitoring was initiated, the Board did not 
specify the desired level of change they thought was needed 
to achieve their objectives for the key questions they outlined.  
The monitoring effort was focused on extrapolating more 
general trends and impacts over a larger landscape.  Due 
to various factors, sample sizes were limited, affecting 
interpretation of the results.  

Modifying the alpha level may lower the stringency of the test, 
but may still provide meaning for management purposes and 
interpretation of the results.  Using fire behavior models as 
an example, we see that with an alpha level of 0.05, three 
out of the five project sites modeled resulted in a statistically-

significant difference in crowning and torching indices.  
However, the model outputs in all projects indicated a net 
change in fire behavior from passive or active crown fire to 
surface fire conditions, despite not showing a statistically-
significant change in these indices.  If the alpha level were 
modified to 0.2, all project areas would show a statistically-
significant difference in the crowning index.  For future 
evaluations of monitoring data associated with the Project, it 
may be beneficial to explore what alpha level is appropriate 
and biologically relevant to the monitoring question at hand 
prior to the analysis phase. 

Introduction to Thinning Prescriptions Implemented:  Over 
the course of the Project’s first five years, many prescriptions 
were implemented across the ASNF.  In a cursory tally, over 75 
different prescriptions were counted.  It was determined that 
using three general categories would be most beneficial for 
analysis purposes:  restoration, northern goshawk guidelines, 
and evenly-spaced treatments.  Within each category there 
was considerable variation; for example, the evenly-spaced 
treatments ranged from 19’ to 34’ spacing, some with basal 
area targets, others without.  Within the restoration category, 
some prescriptions had a restricted distance from remnant 
evidence to the replacement tree, while others used the 
remnant evidence for targeting trees per acre, with grouping 
replacement trees with the best or healthiest tree available.  
Differences within each prescription category are incorporated 
into some analyses as feasible.
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White Mountain Stewardship Project Monitoring Questions and Answers to Date:

Overview:  Treatments within the Project vary in objectives 
and prescriptions.  In the first three years, most forest 
treatment prescriptions emphasized evenly-spaced, 
non-connecting trees, with minimal retention of downed 
logs, snags, and other fuel sources in order to reduce 
the potential for passive or active crown fires.  Feedback 
from stakeholders, including the Board, emphasized the 
desire to shift to treatments based upon general historic 

Stand Structure and Understory Community Vegetation

Analyzing Stand Structure and Understory 
Community Vegetation 

A major emphasis in the Project monitoring effort was 
to determine changes in forest structure and understory 
vegetation.  Vegetation changes were a key component of the 
monitoring program because of the implications for exotic 
species introduction, fire behavior, grazing, recreation, understory 
diversity, and wildlife habitat.  A vegetation plot protocol was 
developed and implemented beginning in 2004, described in 

Appendix B.  Trees were measured on variable-radius plots; 
understory and canopy cover were measured along transects.  
These data were used to identify trends in understory recovery 
after thinning treatments,    as well as to inform wildlife 
connectivity and fire behavior models.  Under the protocol, 
vegetation data were measured at permanent plots stratified by 
forest type, in a rotating manner, with data collected at each plot 
prior to treatment and three and ten years post-treatment.  New 
plots were initiated every year, and in some cases, certain plots 
were revisited more frequently.  Control plots were included for 
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ponderosa pine forest conditions (groups or clumps of trees 
interspersed with openings) or the use of northern goshawk 
guidelines, which attempts to create a mosaic of stratified 
age-classes in clumps and groups.  Understanding how the 
thinning prescriptions changed forest structure and understory 
vegetation, regardless of treatment objectives, was a key 
monitoring priority of the Board.

Did forest treatments reduce tree density?

Yes.  One measure of tree density commonly used is basal area 
(BA; square footage of stems per acre).  Project treatments, 
regardless of prescription, reduced basal area.  The Alpine 
WUI, Eagar South, and Mineral sites had the greatest reduction 
in BA, which was found to be statistically different between pre- 
and post-treatment conditions. 

Did forest treatments alter overstory canopy cover and 
snag density?

Canopy cover, or the amount of land area covered by tree 
canopy, was also reduced at all project sites measured; however, 
the Eagar South and Mineral sites were the only locations with 
a statistically significant reduction in canopy cover.  At most 
sites, a small sample size precluded the ability to determine the 
difference between treatment conditions in this highly variable 
ecological factor.

Snags, or standing dead trees, are a forest component 
that provide valuable wildlife habitat.  Snag density was 
lower in some project areas after treatment; in some cases, 
significantly lower.  Due to the small number of points sampled 
in each project area, not enough data were collected to 
determine which factors most influenced the reduction in snag 
density.  It does not appear that any one treatment prescription 

impacts snags more than any other.  However, snags may have 
been negatively affected by treatments, either directly through 
prescriptions or inadvertently due to mechanical equipment 
operation.  This report recommends that modifications be 
made to the current vegetation plot protocol to improve snag 
density monitoring to better understand the mechanism behind 
their loss.

Did forest treatments alter understory community 
composition and percent cover?

Species-specific information will be assessed during the 
Project’s tenth year to allow a longer period for growth and 
recovery and to include the affects of prescribed fire.  General 
cover categories (bare ground, litter, grasses, forbs, and coarse 
woody debris) were assessed to determine the impacts of forest 
treatments on the understory community.  Percent cover of 
grasses declined post-treatment at Alpine WUI and Mineral, 
but they were not found to be significantly different between 
sample periods.  There was a statistically significant increase 
in grasses and forbs at Greer and a significant increase in total 
vegetative cover at Brookbank and Forest Lakes.  Combined, 
the data collected to evaluate changes in understory cover have 
identified a minor trend toward recovery.
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Illustration of loss of a snag between pre- and post-treatment conditions

Pre-treatment Post-treatment

21

comparison purposes.  
Data collected at these plots include trees per acre in three 

different size classes, basal area, canopy cover, snags per acre, 
fuel loads, and downed wood.  This plot protocol also provided 
information on the understory vegetation community, which 
was used to test the hypothesis that a reduction in tree density 
and overstory canopy would open the forest floor to sunlight 
and more precipitation infiltration, therefore resulting in 
increased herbaceous groundcover.  Vegetation data collected 
at these plots were summarized and analyzed as part of the fire 
behavior modeling process.  Six project sites were analyzed for 
the fire behavior model; hence, these six sites were evaluated for 
vegetation changes after treatments.    

Results and Discussion 
Basal area was measured at five project areas (Alpine WUI, 

Eagar South, Greer, Forest Lakes, and Mineral).  At all sites, basal 
area was reduced, ranging from a 22% to 63% reduction.  Alpine 
WUI, Eagar South, and Mineral were found to have a statistically-
significant reduction in basal area measured between pre- and 
post-treatment periods.  Canopy cover was measured at these 
same sites.  A reduction in canopy cover was shown in the post-
treatment period across all areas modeled, and the reduction 
ranged from 23% to 50%.  Eagar South and Mineral, however, were 
the only sites that had a statistically significant difference.  

A total of 167 permanent plots were sampled for snags in both 
the pre- and post-treatment period thus far.  Project areas where 
post-treatment surveys were completed included the Alpine WUI, 
Blue Ridge, Brookbank, Forest Lakes, Greer, Mineral, and Nutrioso.  
Each project area was analyzed separately to account for variation 
across the forest.  There was no significant difference between snag 
density on permanent sampling plots pre- and post- treatment for 
Brookbank (P = 1.0), Forest Lakes (P = 0.11), Greer (P = 0.25), 
and Mineral (P = 0.96).  There was a significant reduction in snag 
density measured at permanent sampling plots at Alpine WUI (P 
= 0.02), Blue Ridge (P < 0.001), and Nutrioso (P = 0.03).

Snags are an important habitat characteristic for many wildlife 
species, including songbirds, raptors, bats, and small mammals.  
Previous research has shown that there are fewer snags on the 
landscape than the target density in Forest Service management 
documents (Ganey 1999).  Therefore, the implementation of 
forest treatments that remove this habitat resource, directly or 
indirectly, requires continued monitoring.  For most treatments, 
the desired result was no change in snag densities from the pre-
treatment to the post-treatment period.  From the analysis of 
these data, we found that there was a trend in snag reduction over 
the course of treatment implementation.  It is unclear at this time 
the reasons behind this decline.  We recommend that additional 
data collection associated with snag densities be implemented to 
track these changes in future treatments to better understand the 
mechanism leading to their reduction, and to make changes to 
future prescriptions to help retain these habitat features at higher 
densities. 

Figure 2.  Mean snag density (snags per acre) changes in pre- and 
post-treatment conditions for permanent plots sampled at three project 
areas in the White Mountain Stewardship Project

*Indicates statistical significance
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The analysis of fixed-radius permanent plot snag densities 
only represents a small portion of the treated areas; not enough 
plots were included in the study design to extrapolate results 
across all areas treated.  Snags, especially larger snags (dbh > 16”), 
occur infrequently across the landscape.  Measuring snag density 
can be difficult because of their rarity.  These results cannot be 
attributed to any particular prescription or set of prescriptions 
implemented.  Additional specialized sampling focused in specific 
treatment areas would be needed in order to determine causes for 
these declines.  

A total of 88 surface cover transects were sampled in both 
pre- and post-treatment conditions.  Project areas that had 
post-treatment data available included Alpine WUI (n = 21), 
Brookbank (n = 11), Forest Lakes (n = 11), Greer (n = 16), 
Mineral (n = 19), and Nutrioso (n = 10).  Categories of surface 
cover analyzed include forbs, grass, bare ground, litter, wood, 
and total vegetative cover.  At Brookbank and Forest Lakes, data 
were not collected in categories as specific as grass and forbs, but 
lumped together in a “vegetation” category.  Therefore, analyses for 
these two project areas do not contain results specific to grass and 
forbs, only total vegetative cover.  

No statistically significant difference in pre- and post-
treatment percent cover of forbs was found at Alpine WUI (P = 
0.12), Mineral (P = 0.54), and Nutrioso (P = 0.94).  However, a 
statistically significant increase occurred in forb cover at Greer 
(P < 0.01).  Similarly, there was no statistically significant change 
in grass cover at Alpine WUI (P = 0.63), Mineral (P = 0.20), and 
Nutrioso (P = 0.51).  There was also a statistically significant 
increase in grass cover at Greer (P = 0.02).  A statistically 
significant increase in 
vegetative cover was observed 
at Brookbank (P < 0.01) 
and Forest Lakes (P = 0.02).  
There was a statistically 
significant increase in the 
bare ground cover class at 
Alpine WUI (P = 0.03), but 
no difference in the bare 
ground cover class at Forest 
Lakes (P = 0.69), Greer (P 
= 0.50), Mineral (P = 0.42), 
and Nutrioso (P = 0.47).  
A statistically significant 
decrease occurred in bare 
ground at Brookbank (P 
< 0.01).  There were no 
statistically significant 
changes in the percent cover 
of litter or wood pre- to post-
treatment at any of the project 
areas, except for an increase 
in litter at Alpine WUI (P = 
0.02).
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Understory measurements were taken three years after 
treatments were implemented to allow the forest understory time 
to recover after mechanical treatments and to provide at least one 
growing season of recovery.  Even with several years of recovery 
time, there were few changes in understory vegetation cover.  
The Board had hypothesized that by opening up the canopy, the 
understory would respond to increased light and potential water 
availability.  Nonetheless, fire plays a key role in ponderosa pine 
systems and has been shown to promote understory vegetation 
growth (Korb and Springer 2003).  Many of these sites have not yet 

Figure 3.  Mean bare ground (%) changes in pre- and post-treatment 
conditions for permanent point-intercept transects sampled at three 
project areas in the White Mountain Stewardship Project

*Indicates statistical significance
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Illustration of minimal change observed in ground cover post-treatment

Pre-treatment Post-treatment
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received broadcast burning as a treatment, which will likely help 
increase grass cover as these sites recover.

These analyses, however, provide some insight as to the trend 
in how the understory community has begun to recover.  To date, 
the Greer project area was the only area to see a significant increase 
in both grass and forb cover.  Bare ground was the  other cover class 
that appears to be most affected by forest treatments.  In several 
areas, there was no change in the percent bare ground along the 
transects; however, the Alpine WUI area had a significant increase 
and the Brookbank project area had a significant decrease in the 
percent bare ground cover.  Because of the limited sample size 
in each project area, it is difficult to infer the mechanism driving 
these changes in cover.  It is recommended that future transects 
focus on a specific prescription or project area to improve our 
understanding of how various treatments impact understory 
cover.  Another confounding factor was that these measurements 

were recorded on permanent transects that were not monumented 
on both ends making it difficult for field technicians to record 
data in the exact location in re-measurement periods, introducing 
sampling error.

Figure 4.  Mean forb, grass, and wood cover (%) changes in pre- and 
post-treatment conditions for permanent point-intercept transects 
sampled at the Greer project area in the White Mountain Stewardship 
Project

*Indicates statistical significance
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Fire Behavior

Overview:  Forest ecologists understand that fire, as it 
occurred historically in ponderosa pine forests, is a natural 
ecological process that rejuvenates the herbaceous, shrub, 
and soil layers; thins dense, small trees; and provides the 
tree spacing and openings important to wildlife, water 
infiltration, and plant growth.  Modifying current forest 
conditions to enable future fire use and to return these 
areas to their natural fire regime was a primary goal of 
the Project.  Understanding how fire behavior could be 
modified by forest treatments was a high priority monitoring 

objective for the ASNF and the Board.  The use of fire models 
helps inform managers if treatments achieved their fire 
and fuels objectives, and to what degree treatments were 
successful in reducing certain fire patterns and behaviors.  
Tree densities, canopy cover, downed woody material, basal 
area, and other information gleaned from the vegetation 
plots and information from Geographic Information System 
(GIS) spatial layers were incorporated into fire models in 
order to predict potential post-treatment fire behavior.  

White Mountain Stewardship Project Monitoring Questions and Answers to Date:

Natural History of Fire
Fire has been a naturally occurring process in northern 

Arizona forests for millennia (Covington 2003).  A fire regime is 
a general description of the role fire plays in an ecosystem, and 
commonly includes a description of the frequency and severity 
of fire that occurred historically.  It also refers to the pattern and 
variability of fire occurrence and the effects it has on the native 
vegetation.  Several researchers have developed coarse-scale 
definitions for natural or historic fire regimes (Hardy et al. 2001; 
Schmidt et al. 2002) which were then interpreted for fire and fuels 
management by Hann and Bunnell (2001).  Ponderosa pine, other 
long-leaf pines, and dry Douglas fir forests were grouped into 

Did forest treatments impact potential fire behavior 
(crowning and torching indices)? 

Fire behavior characteristics were assessed by torching 
and crowning indices.  The values indicate the wind speed 
20 feet above the ground that would cause a fire to torch 
or crown.  As the index value increases, it shows that it 
would take a greater wind speed to induce torching and 
crowning fire events.  At all sites evaluated, both indices 
were higher post treatment, indicating that the potential 
for passive or active fire behavior has been reduced due to 
forest treatments.  However, Alpine WUI, Eagar South, and 
Mineral were the only sites to show a statistically significant 
difference in torching and crowning indices.  Statistical 
testing is only one way to judge whether the treatments 
implemented achieved the objectives of the ASNF or the 
Board.  No quantitative measures were set by the Board 
when the monitoring plan was developed to assess if 
treatments achieved their objectives.  This was true for all 
ecological factors monitored, but became noticeably absent 
while interpreting the fire modeling results.

Did forest treatments reduce crown bulk density and fuel 
loading?

Crown bulk density is a measure of canopy volume and 
provides information for fire behavior models regarding canopy 
fuels.  Ground-based fuels were also measured using a planar 
transect.  Forest treatments implemented by the Project reduced 
crown bulk density at all sites; however, reductions were only 
statistically significant at three of the five sites measured.  Eagar 
South and Forest Lakes also had a significant decrease in fuel 
loads measured during the post-treatment period.

Did forest treatments increase height to live crown?

The height to live crown measurement is the distance from the 
ground to the lowest living branch.  This measure is important 
because this is generally how fire “climbs the ladder” of fuels 
into the forest canopy.  The higher the height to live crown, 
the lower the likelihood of a fire reaching the canopy.  Forest 
treatments increased the height to live crown at all sites.  
However, only half of the sites measured showed a statistically 
significant difference. 

a single category.  These vegetation types were characterized by 
frequent low- to mixed-severity fires occurring at return internals 
ranging from 0 to 35 years.  The Western United States Biophysical 
Setting Key (Comer et al. 2003) further refines the fire return 
interval by identifying the mean fire return interval as four years 
for Southwestern ponderosa pine and ten years for mixed-conifer.  
These fires typically maintained existing  open areas and created 
new openings through small-scale tree mortality.  On a landscape 
level, both ponderosa pine and mixed-conifer vegetation types 
have already missed several natural mean fire intervals.  With this 
absence, these forest types have accumulated unnatural levels of fuel 
that would cause a natural fire to exhibit more extreme fire behavior.
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Many factors influence fire behavior including topography, 
temperature, humidity, wind speed, and fuel levels.  Forest 
managers can control one of these factors – fuel levels.  
Management of fuels can modify fire behavior, ameliorate 
fire effects, and reduce suppression costs, fire intensity, and 
fire severity (DeBano et al. 1998; Pollet and Omi 2002).  Fuels 
contribute to fire intensity, flame length, spread rates, residence 
time, and the overall size of the fire. Fuels managers can reduce 
fire effects by isolating or breaking up large contiguous blocks 
of fuels and by reducing the quantity of fuels in the forest 
(Rothermel 1983; DeBano et al. 1998; Agee et al. 2000).  

For our purposes, we have classified and monitored fuels at 
two levels:  surface fuels and canopy fuels.  Surface fuels include 
downed logs, woody debris, pine needles or leaves, and understory 
vegetation.  These types of fuels do affect fire behavior, but it 
is generally thought that ground fires dependent upon surface 
fuels are controllable (Scott 2003).  Canopy fuels are made up of 
crown bulk density and crown base height.  Crown bulk density 
is a measure of the mass of available canopy fuel per unit volume 
(Scott and Reinhardt 2001).  Stands with higher crown bulk 
densities are more likely to sustain crown fires, independent of 
surface fuel loads.  Crown base height is the distance between the 
ground and the lowest live branch with sufficient fuels to carry 
the fire into the canopy (Scott and Reinhardt 2001).  The lower the 
crown base height, the more likely it is for a surface fire to become 
a crown fire.  Together, crown bulk density and crown base height 
provide information managers can use to determine how likely a 
crown fire is to initiate and sustain itself across the landscape.

Analyzing Fire Behavior Data 
The primary goal of the Project was to reduce the threat 

of uncharacteristic high-severity fire to human communities.  
When the Project began in 2004, the majority of thinning 
prescriptions implemented were designed to reduce fuels that 
would also reduce crowning and torching indices.  The ASNF 
started to receive feedback from the Board and community 
members that some of the projects appeared to result in relatively 
homogeneous stands of evenly-spaced trees, which were not a 
representation of historical forest conditions, nor aesthetically 
pleasing to some.  ASNF managers shifted thinning projects to 
restore a more historic forest structure (clumps and openings).  
Testing fire behavior scenarios through modeling determined 
whether or not prescriptions based on multiple objectives also 
reduced crowning and torching indices.  The fire behavior model 
FlamMap was selected for this analysis.  FlamMap is a fire 
behavior mapping and analysis program that calculates potential 
fire behavior characteristics (i.e., spread rate, flame length) over a 
selected landscape under a variety of weather and fuel moisture 
conditions.  The model was populated with spatial data such as 
topography, slope, and vegetation layers as well as tree and fuels 
data collected at vegetation plots.  Fire behavior was modeled 
with a 20 ft wind speed of 23 mph, which were the average 
conditions recorded during the Rodeo-Chediski fire that burned 
on the ASNF in 2002.  While 23 mph wind speeds are common 

in northern Arizona, they are much lower than sustained winds 
and gusts (winds 40-60 mph) shown to drive other large fires 
in the Southwest.  This fire behavior analysis is likely to be an 
underestimate of fire intensity and effectiveness of treatments 
when compared to potential severe conditions, and would most 
likely reflect the upper limit of conditions under which prescribed 
fire could be used.  These models are useful in a comparative 
sense but should not be relied on to provide absolute numbers.  A 
variety of prescriptions and project types are represented in the 
following analyses.  A more detailed explanation of fire behavior 
modeling is found in Appendix B.

Results and Discussion 
Fire behavior and associated forest structural characteristics 

were assessed at Alpine WUI, Eagar South, Forest Lakes, Greer, 
and Mineral.  Forest structural characteristics were found to 
be moving in the right direction of desired change between the 
pre- and post-treatment periods, although not all sites showed a 
statistical difference.  For example, crown bulk density and fuel 
loads were reduced in all project areas sampled.  Crown bulk 
density was significantly reduced at Alpine WUI (P < 0.01), Eagar 
South (P = 0.01), Greer (P = 0.05), and Mineral (P < 0.01).  Fuel 
loads were significantly reduced at Eagar South (P < 0.01) and 
Forest Lakes (P = 0.05).  Reductions in these stand characteristics 
help reduce fire behavior to a desired and more historic fire type 
for these stands (surface fires) instead of active or passive crown 
fires.  

We also found that crown base height and crowning and 
torching indices increased at all project areas sampled.  An 
increase in these characteristics represents a reduction in modeled 
fire behavior.  The height to live crown was significantly higher at 
Alpine WUI (P = 0.01), Eagar South (P = 0.05), Forest Lakes (P 
= 0.02), and Mineral (P< 0.01).  Crowning and torching indices 
were significantly increased at Alpine WUI (crowning: P = 0.03; 
torching: P = 0.03), Eagar South (crowning: P = 0.04; torching: 
P = 0.05), and Mineral (crowning: P < 0.01; torching: P = 0.04).  
Forest Lakes and Greer had no statistically significant changes in 
torching or crowning indices between pre- and post-treatment 
periods.  

Six project areas were modeled in the fire behavior program 
FlamMap to determine the overall fire behavior and to visualize the 
fire type projected to occur under pre- and post-treatment forest 
conditions.  Brookbank was the only area where fire behavior was 
modeled that did not have enough samples to test for statistical 
changes in forest structure.  At all sites, fire behavior was reduced 
from an active or passive crown fire to a surface fire in treatment 
areas on the modeled map.  These systems evolved with surface 
fires that historically occurred as frequently as every two years, 
which tend to be much more manageable, benefitting vegetation 
and recycling nutrients previously unavailable in the soil.  The 
Alpine WUI and Forest Lakes sites are near private property 
and were implemented as WUI treatments that tend to remove a 
considerable volume of trees and fuels to improve protection of 
local human communities from the threat of wildfires.  



When the Project began, fuels reduction was the primary 
goal.  After viewing these results, the Board expressed concern 
regarding the lack of statistically significant results for fire-related 
stand structural characteristics at all project areas.  However, 
biological relevance is an important component when interpreting 
statistical results.  This particular situation highlights this 
concept.  If a quantitative goal in stand characteristic changes 
was established in the initial monitoring planning phase, the 
need for using a conservative statistical analysis would have been 
eliminated.  Regardless of the level of statistical significance, all 
forest stand characteristics and fire behavior models show a trend 
toward a reduction in severe fire behavior.

The Eagar South site was initiated as a demonstration area 
to illustrate the shift from fuels-only treatments to multiple-
objective treatments, which incorporated wildlife habitat needs 
and ecological restoration concepts.  Previously, there was a 
perceived conflict between silvicultural, wildlife, and fuels 
treatments.  The Eagar South project was selected to test a 
multi-objective thinning prescription.  Areas were treated for 
fuel reduction, ecological restoration, and northern goshawk 
reproduction and prey habitat characteristics.  The Board felt it 
was important to include this project in the fire behavior analysis.  
At Eagar South, fire behavior was reduced from active or passive 
crown fire to surface fire over the majority of treated areas.  Of all 
the sites included in this fire behavior analysis, the Eagar South 
demonstration area was the only site that showed a statistically 
significant change in all forest characteristics measured.  Eagar 
South illustrates that thinning prescriptions can achieve both 
fire and fuels objectives while maintaining wildlife habitat.  
Additional analysis specific to the demonstration area can be 
found in Eagar South monitoring section.
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Figure 5.  Projected fire behavior characteristics for pre- and post-treatment conditions in the Alpine WUI project area, treated as part of the White 
Mountain Stewardship Project

Projection: Albers
Datum: NAD 83

Scale: 1: 109,000
Date: 3/18/2010
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