
Appendix E – Monitoring Plan 

Table 150. Four Forest Restoration Initiative socioeconomic monitoring framework for social systems  

Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

I. GOAL: There is broad public awareness, understanding, knowledge and support for collaboratively based forest restoration decisions, processes, and outcomes, including the use of 
fire as a management tool. 

There is broad public 
awareness for 
collaboratively based 
forest restoration.  

Is the public aware of 
the collaboratively-
based 4FRI forest 
restoration project (e.g. 
current decisions, 
processes and 
outcomes)? 

Awareness of the 
collaboratively-
based 4FRI 
forest restoration 
project (e.g. 
current 
decisions, 
processes and 
outcomes). 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The public is 
unaware of the 
collaboratively-
based 4FRI forest 
restoration 
project (e.g. 
current decisions, 
processes and 
outcomes). 

There is broad public 
understanding/ 
knowledge for 
collaboratively based 
forest restoration.  

Is the public 
knowledgeable of the 
collaboratively-based 
4FRI forest restoration 
efforts (e.g. current 
decisions, processes and 
outcomes)? 

Public's 
understanding/ 
knowledge for 
collaboratively-
based forest 
restoration.  

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The public is not 
knowledgeable of 
collaboratively-
based forest 
restoration.  

There is broad public 
support/acceptance for 
collaboratively based 
forest restoration. 

Is there broad public 
support/acceptance for 
the collaboratively-
based 4FRI forest 
restoration project (e.g. 
current decisions, 
processes and 
outcomes)? 

Support 
/acceptance for 
collaboratively-
based 4FRI 
forest restoration 
project (e.g. 
current 
decisions, 
processes and 
outcomes). 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The public does 
not 
support/accept 
collaboratively-
based forest 
restoration. 

Number of objections 
and lawsuits for 4FRI 
projects are minimized. 

Are the number of 
objections and lawsuits 
for 4FRI projects at a 
minimum and/or 
decreasing? 

Number & 
length of time of 
lawsuits. 

Objections database 
available at: 
http://www.fs.fed.us/e
mc/applit/(Cortner et. 
al 2003). 

Track annually for 
first 5 years 
post/analysis area. 

Objections database available at: 
http://www.fs.fed.us/emc/applit/ 
(Cortner et. al 2003). 

Objections and 
lawsuits for 4FRI 
projects are 
delaying project 
implementation. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

Rural community 
residents' perceived 
risk of high-severity 
fire is reduced. 

[If frequency and size of 
high severity fires are 
decreasing] Do rural 
community residents' 
perceive rural 
communities are being 
protected from high-
severity fire?  

Rural 
community 
residents' 
perception of 
risk of high 
severity fires.  

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

Rural community 
residents' 
perceived risk of 
high-severity fire 
is not decreasing. 

Landowners adjacent 
to or in the proximity 
of the four forests (e.g. 
state, private, tribal, 
municipal, etc.) are 
encouraged to 
participate in restoring 
all forested lands in 
Northern Arizona. 

Q1: Are landowners 
adjacent to or in the 
proximity of the four 
forests participating in 
restoring their forested 
lands? 
Q2: What programs are 
in place to encourage 
land owners to treat 
their lands? 

Q1/Q2: 1. Land 
ownership, 
location, number 
and total dollar 
value of: State 
Fire Assistance 
grants, Tribal 
Forest Protection 
Act, AZ Forest 
Health Program, 
Forest 
Stewardship 
Program, etc. 
2. Fire behavior 
including 
adjacent non-
USFS lands. 

Q1: Tracking land 
ownership/location 
and respective 
treatments (fire 
behavior). 
Q2: 1. Tracking 
outreach efforts to 
state, private, tribal, 
municipal landowners. 
2. Tracking land 
ownership, location 
number and total $ 
value of grants 
awarded. 

5 years 1. Headwaters Institute. 
2. State, private, tribal, municipal 
grant/project reports. 
3. USFS by Forests. 
4. 4FRI Stakeholder Group. 
 

Landowners 
adjacent to or in 
the proximity of 
the four forests 
(e.g. state, 
private, tribal, 
municipal, etc.) 
are not 
encouraged to 
participate/are 
not restoring 
forested lands in 
Northern 
Arizona. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

V. GOAL: Social values and recreational opportunities are protected and/or enhanced through forest restoration activities.  
Recreational 
opportunities are 
protected through 
forest restoration 
activities. 

Q1: Are recreational 
opportunities protected 
as restoration projects 
are implemented? 
Q2: Does the public 
perceive recreational 
opportunities are 
protected through forest 
restoration activities? 

Q1: Number & 
type of 
recreational 
activities. 
Q2: Public 
perception of 
protection of 
recreational 
opportunities 
through forest 
restoration 
activities. 

Q1: Analysis of 
USFS, AZG&F, 
USFWS reports. 
Q2: 1. Focus groups 
with community 
members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Q1: 1. National Visitor Use 
Monitoring Program (USDA FS 
2011). 
2. Headwaters Institute 
3. AZG&F The Economic 
Importance of Fishing and Hunting 
(utilizes IMPLAN input/output 
model) (Silberman2002). 
4. USFWS National Survey of 
Fishing, Wildlife, Hunting, & 
Wildlife Assoc. Recreation (USDI 
FWS 2006). 
5. Visitor surveys. 
Q2: Focus group, interview and 
survey results. 

Recreational 
opportunities are 
not protected as 
forest restoration 
activities occur. 

Recreational 
opportunities are 
enhanced through 
forest restoration 
activities. 

Q1: Are recreational 
opportunities improving 
as restoration projects 
are implemented? 
Q2: Does the public 
perceive recreational 
opportunities are 
improving as forest 
restoration activities are 
occurring? 

Q1: Number & 
type of 
recreational 
activities. 
Q2: Public 
perception of 
improving 
recreational 
opportunities as 
forest restoration 
activities are 
occurring. 

Q1: 1. Analysis of 
USFS, AZG&F, 
USFWS reports. 
2. Visitor surveys 
Q2: 1. Focus groups 
with community 
members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 

Pre- post-
implementation/ 
outreach. Track 
annually for first 5 
years post. 

As above. Q1: Recreational 
opportunities are 
not improving as 
restoration 
projects are 
implemented. 
Q2: Public 
perceives 
recreational 
opportunities are 
not improving as 
forest restoration 
activities are 
occurring. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

Aesthetic values are 
protected through 
forest restoration 
activities.  

Does the public 
perceive aesthetic 
values are protected 
through forest 
restoration activities? 

Public 
perception that 
aesthetic values 
are protected 
through forest 
restoration 
activities. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
4. Comparative 
analysis of field trips 
to treated vs. untreated 
sites (*timing relevant 
to post-
implementation is 
critical-minimum one-
year post). 

1. Pre- post-
implementation/ 
outreach. Track 
annually for first 5 
years post. 

1. Focus group, interview and survey 
results. 
2. Headwaters Institute. 

The public 
perceives that 
aesthetic values 
are not being 
protected as 
forest restoration 
activities are 
occurring. 

Aesthetic values are 
enhanced through 
forest restoration 
activities. 

Does the public 
perceive aesthetic 
values are enhanced 
through forest 
restoration activities? 

Public 
perception that 
aesthetic values 
are enhanced 
through forest 
restoration 
activities. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
4. Comparative 
analysis of field trips 
to treated vs. untreated 
sites (*timing relevant 
to post-
implementation is 
critical-minimum one-
year post). 

1. Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

1. Focus group, interview and survey 
results. 
2. Headwaters Institute.  

The public 
perceives that 
aesthetic values 
are not enhanced 
as forest 
restoration 
activities are 
occurring. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

VI. GOAL: Rural communities play an active part in reducing fire risk by implementing FireWise actions and creating defensible space around their property.  
Rural community 
residents are aware/ 
knowledgeable of 
FireWise principles/ 
FireWise communities. 

Are rural community 
residents aware/ 
knowledgeable of 
FireWise 
principles/FireWise 
communities? 

Public 
awareness/ 
knowledge for 
FireWise 
principles. 

1. Focus groups with 
community members. 
2. Interviews with fire 
prevention managers. 
3. Telephone survey 
with residents in study 
area. 

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

Rural community 
residents are 
unaware/not 
knowledgeable of 
FireWise 
principles/ 
FireWise 
communities. 

Rural community 
residents are aware/ 
knowledgeable of 
implementing 
defensible space. 

Are rural community 
residents aware/ 
knowledgeable of 
implementing 
defensible space? 

Public 
awareness/ 
knowledge of 
implementing 
defensible space. 

1. Focus groups with 
community members. 
2. Interviews with fire 
prevention managers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

Rural community 
residents are 
unaware/not 
knowledgeable of 
implementing 
defensible space. 

Number of 
communities that are 
recognized as FireWise 
increases. 

Are the number of 
communities that are 
recognized as FireWise 
increasing? 

Number of 
communities 
recognized as 
FireWise. 

Track no. of 
communities 
recognized as 
Firewise. 

Pre- post-
implementation 
/outreach. 5 years. 

Firewise Communities USA 
(http://www.firewise.org/Communiti
es/USA-Recognition-Program.aspx). 

Number of 
communities that 
are recognized as 
FireWise is not 
increasing.  

VII. GOAL: There is broad public support for the 4FRI Collaborative as forest restoration activities are implemented. 

The public is aware of 
the 4FRI 
Collaborative. 

Is the public aware of 
the 4FRI Collaborative? 

Public awareness 
of the 4FRI 
Collaborative. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The public is not 
aware of the 
4FRI 
Collaborative. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

The public is 
knowledgeable/underst
ands the 4FRI 
Collaborative's role in 
the 4FRI Initiative. 

Is the public 
knowledgeable/understa
nds the 4FRI 
Collaborative's role in 
the 4FRI Initiative? 

Public's 
knowledge of the 
4FRI 
Collaborative's 
role in the 4FRI 
Initiative. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation/outre
ach. Track annually 
for first 5 years post. 

Focus group, interview and survey 
results. 

The public does 
not understand 
the 4FRI 
Collaborative's 
role in the 4FRI 
Initiative. 

The public is 
supportive of the 4FRI 
Collaborative. 

Is the public supportive 
of the 4FRI 
Collaborative? 

Public support 
for the 4FRI 
Collaborative. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The public is not 
supportive of the 
4FRI 
Collaborative. 

VIII. GOAL: There is public support for the US Forest Service (USFS) as forest restoration activities are implemented. 

The public is aware of 
the USFS's 
involvement/role with 
the 4FRI 
Collaborative. 

Is the public aware of 
the USFS's 
involvement/role with 
the 4FRI Collaborative? 

Public awareness 
for the USFS's 
involvement/role 
with the 4FRI 
Collaborative. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The public is not 
aware of the 
USFS's 
involvement/role 
with the 4FRI 
Collaborative. 

The public is aware of 
the USFS's 
involvement with the 
4FRI Project. 

Is the public aware of 
the USFS's involvement 
with the 4FRI Project? 

Public awareness 
for the USFS's 
involvement/role 
with the 4FRI 
Project. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The public is not 
aware of the 
USFS's 
involvement with 
the 4FRI Project. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

The public is 
supportive of the 
USFS's involvement 
with the 4FRI 
Collaborative. 

Is there public 
support/acceptance for 
the USFS's involvement 
with the 4FRI 
Collaborative? 

Public support 
for the USFS's 
involvement 
with the 4FRI 
Collaborative. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The public is not 
supportive of the 
USFS's 
involvement with 
the 4FRI 
Collaborative. 

The public is 
supportive of the 
USFS's involvement 
with the 4FRI Project. 

Is there public 
support/acceptance for 
the USFS's involvement 
with the 4FRI Project? 

Public support 
for the USFS's 
involvement 
with the 4FRI 
Project. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The public is not 
supportive of the 
USFS's 
involvement with 
the 4FRI Project. 

IX. GOAL: The general public is aware, knowledgeable and supportive of 4FRI implemented treatments within the analysis area.  

The general public is 
aware of 4FRI 
implemented 
treatments within the 
analysis area. 

Is the general public 
aware of 4FRI 
implemented treatments 
within the analysis area? 

Public awareness 
of 4FRI 
implemented 
treatments 
within the 
analysis area. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The general 
public is unaware 
of 4FRI 
implemented 
treatments within 
the analysis area. 

 Final Environmental Impact Statement for the Four-Forest Restoration Initiative 
812 Coconino and Kaibab National Forests 



Appendix E – Monitoring Plan 

Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

The general public is 
knowledgeable/ 
understands 4FRI 
implemented 
treatments (mechanical 
thinning, road 
alteration, etc. as 
necessary tools) for 
ecological restoration 
within the analysis 
area. 

Is the general public 
knowledgeable/ 
understands 4FRI 
implemented treatments 
for ecological 
restoration within the 
analysis area? 

Public 
knowledge/ 
understanding 
4FRI 
implemented 
treatments 
(mechanical 
thinning, road 
alteration, etc.) 
as necessary 
tools for 
ecological 
restoration 
within the 
analysis area. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation/outre
ach. Track annually 
for first 5 years post. 

Focus group, interview and survey 
results. 

The general 
public is not 
knowledgeable/d
oes not 
understand 4FRI 
implemented 
treatments 
(mechanical 
thinning, road 
alteration, etc.) as 
necessary tools 
for ecological 
restoration within 
the analysis area. 

The general public is 
supportive of 4FRI 
implemented 
treatments within the 
analysis area. 

Is the general public 
supportive of 4FRI 
implemented treatments 
within the analysis area? 

Public support 
for 4FRI 
implemented 
treatments 
within the 
analysis area. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation/outre
ach. Track annually 
for first 5 years post. 

Focus group, interview and survey 
results. 

The general 
public is not 
supportive of 
4FRI 
implemented 
treatments within 
the analysis area. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

There is ample 
notification to the 
public of 4FRI 
implemented projects 
that may include road 
construction, 
mechanical thinning, 
prescribed and 
managed fires, etc.  

Q1: Does the public 
believe there is ample 
notification of 
restoration projects? 
Q2: What campaigns 
and public notifications 
are in place to inform 
the public of restoration 
treatments and/or prep 
for those treatments? 

Q1: Public 
perception of 
notification of 
restoration 
projects/activitie
s. 
Q2: Website 
postings, 
newspaper, 
radio, direct 
signage in the 
forest, 4FRI 
800#, etc. 

Q1: 1. Focus groups 
with community 
members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
Q2: Number, type, 
content analysis of 
public campaigns/ 
notifications. 

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Q1: Focus group, interview and 
survey results. 
Q2: Results from content analysis. 

Q1: Public 
perception of 
notifications of 
4FRI 
implemented 
projects is not 
sufficient (road 
construction, 
mechanical 
thinning, 
prescribed and 
managed fires, 
etc.). 
Q2: An 
insufficient 
amount of 
campaigns and 
public 
notifications are 
in place to 
adequately 
inform the public 
of restoration 
treatments and/or 
prep for those 
treatments. 

X. GOAL: The general public is aware of 4FRI educational and outreach programs and has the opportunity to participate in the 4FRI effort. 

The general public is 
aware of 4FRI 
educational and 
outreach programs. 

Is the general public 
aware of 4FRI 
educational and 
outreach programs? 

Public awareness 
of 4FRI 
educational and 
outreach 
programs. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

The general 
public is unaware 
of 4FRI 
educational and 
outreach 
programs. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

The general public has 
the opportunity to 
participate in the 4FRI 
educational and 
outreach programs. 

Does the general public 
have the opportunity to 
participate in the 4FRI 
educational and 
outreach programs? 

Public's 
opportunity to 
participate in the 
4FRI educational 
and outreach 
programs. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
4. Number, frequency, 
type of educational 
and outreach 
programs.  

Annual 1. Focus group, interview and survey 
results. 
2. USFS by forest. 
3. 4FRI Collaborative Stakeholder 
group. 

The general 
public has not 
had ample 
opportunity to 
participate in the 
4FRI educational 
and outreach 
programs. 

Youth are aware of 
4FRI educational and 
outreach programs. 

Are youth aware of 
4FRI educational and 
outreach programs? 

Youth awareness 
for 4FRI 
educational and 
outreach 
programs. 

1. Focus groups with 
community 
members.2. Interviews 
with land 
managers/key 
decision-makers.3. 
Telephone survey with 
residents in study area.  

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

Youth are not 
aware of 4FRI 
educational and 
outreach 
programs. 

Youth has the 
opportunity to 
participate in the 4FRI 
educational and 
outreach programs. 

Do youth have the 
opportunity to 
participate in the 4FRI 
educational and 
outreach programs? 

Opportunities for 
youth to 
participate in the 
4FRI educational 
and outreach 
programs. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
4. Survey local youth 
group coordinators. 
5. Number, frequency, 
type of youth 
programs related to 
the 4FRI effort. 

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

Youth have not 
had ample 
opportunity to 
participate in the 
4FRI educational 
and outreach 
programs. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

Low income/minority 
populations are aware 
of 4FRI educational 
and outreach programs. 

Are low 
income/minority 
populations aware of 
4FRI educational and 
outreach programs? 

Awareness of 
low 
income/minority 
populations of 
4FRI educational 
and outreach 
programs. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
4. Oversample low 
income/minority 
populations. 
5. Number, frequency, 
type of outreach 
programs geared 
towards low 
income/minority 
populations related to 
the 4FRI effort. 

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

Low 
income/minority 
populations are 
unaware of 4FRI 
educational and 
outreach 
programs. 

Low income/minority 
populations have the 
opportunity to 
participate in the 4FRI 
educational and 
outreach programs. 

Do low 
income/minority 
populations have the 
opportunity to 
participate in the 4FRI 
educational and 
outreach programs? 

Low 
income/minority 
populations 
opportunity to 
participate in the 
4FRI educational 
and outreach 
programs. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
4. Oversample low 
income/minority 
populations. 
5. Number, frequency, 
type of outreach 
programs geared 
towards low 
income/minority 
populations related to 
the 4FRI effort. 

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

Low 
income/minority 
populations have 
not had ample 
opportunity to 
participate in the 
4FRI educational 
and outreach 
programs. 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

The general public has 
the opportunity to 
participate in the 4FRI 
effort. 

Does the general public 
have the opportunity to 
participate in the 4FRI 
effort? 

Public's 
opportunity to 
participate in the 
4FRI effort. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
4. Number, frequency, 
type of outreach 
programs for public 
participation in the 
4FRI effort. 

Pre- post-
implementation/outre
ach. Track annually 
for first 5 years post. 

Focus group, interview and survey 
results. 

The general 
public has not 
had ample 
opportunity to 
participate in the 
4FRI effort. 

XI. GOAL: Treatments within the analysis area minimize short-term impacts and enhance vegetation characteristics valued by Forest users over the long-term. 

Treatments within the 
analysis area minimize 
short-term impacts 
such as skid trails, 
decks, excessive slash, 
roads etc. 

Q1: What are the short-
term impacts of concern 
to Forest users? 
Q2: Are treatments 
within the analysis area 
minimizing short-term 
impacts such as: skid 
trails, decks, excessive 
slash, roads etc.? 

Q1: Treatments' 
short-term 
impacts of 
concern to forest 
users. 
Q2: Public's 
perception of 
short-term 
impacts of 
treatments. 

Q1: Review BMP 
monitoring reports. 
Q2: 1. Focus groups 
with community 
members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
4. Field trips/focus 
groups to restoration 
sites. 

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Q1: BMP Reports 
Q2: Focus group, interview, field trip 
and survey results. 

Treatments 
within the 
analysis area are 
not minimizing 
short-term 
impacts of 
concern to forest 
users (e.g. skid 
trails, decks, 
excessive slash, 
etc.). 
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Objective Monitoring Question 

Monitoring 
Indicator(s) 

(Metric) Assessment 
Frequency of 
Assessment Data Source 

Threshold IF 
(Undesirable 
Conditions) 

Treatments within the 
analysis area enhance 
vegetation 
characteristics valued 
by Forest users over 
the long-term. 

Q1: What are the 
vegetative 
characteristics valued 
by Forest users over the 
long-term? 
Q2: Do these treatments 
enhance vegetation 
characteristics valued 
by Forest users over the 
long-term? 

Q1: Vegetative 
characteristics 
valued by Forest 
users over the 
long-term. 
Q2: Public's 
perception of 
vegetative 
characteristics 
that are valued 
by Forest users 
over the long-
term. 

1. Focus groups with 
community members. 
2. Interviews with 
land managers/key 
decision-makers. 
3. Telephone survey 
with residents in study 
area. 
4. Field trips/focus 
groups to restoration 
sites. 

Pre- post-
implementation 
outreach. Track 
annually for first 5 
years post. 

Focus group, interview and survey 
results. 

Treatments 
within the 
analysis area do 
not enhance 
vegetation 
characteristics 
that are valued by 
Forest users over 
the long-term. 
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Table 151. Four Forest Restoration Initiative socioeconomic monitoring framework for economic systems  

Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

I. GOAL: The byproducts of mechanical forest restoration offset the costs of treatment implementation. 

Wood byproduct 
sales exceed the costs 
of implementation 
(Contractors are 
operating at a profit 
and the USFS does 
not have to pay 
contractors' treatment 
costs). 

Q1: Do byproduct sales 
exceed operational 
costs? 
Q2: Are treatments 
adequately sequenced 
to enable contractors to 
offset their overall 
operational costs? 
Q3: Are USFS 
contracting costs 
decreasing? 

Q1: 1. Operational 
costs of treatments: 
a. Mobilization: to 
move equipment from 
site to site, to move 
operators (daily) from 
homebase to site. 
b. Loading: cutting, 
skidding, delimbing, 
piling slash, loading 
stems. 
c. Haul: transport 
costs from landing to 
processing site (time 
& distance). 
2. Amount of wood 
and its value (4FRI 
Stakeholder Group 
2010c). 
3. Degree of deviation 
from business plan(s). 
Q2: 1. No. of task 
orders and location. 
2. Wood yields/task 
order ((4FRI 
Stakeholder Group 
2010c). 

Q1: Operational costs 
of treatments vs. 
amount of wood & its 
value ((4FRI 
Stakeholder Group 
2010c). 
Q2: Average wood 
yields vs. No. of task 
orders balanced on a 
semi-annual or 
quarterly basis ((4FRI 
Stakeholder Group 
2010c).  

Dependent on 
business plan(s). 

1. Contractor surveys 
2. USFS business plans (D. 
Jaworski Personal 
Communication 2011). 
3. Contracts: federal databases 
a.USAspending.gov 
b. USFS Natural Resource 
Manager Database (University 
of Oregon 2011). 
4. Headwaters Institute 

Q1: Operational 
cost of treatments 
exceeds byproduct 
sales. 
Q2: Average wood 
yields per task 
order does not 
support contractors 
operating at a 
profit. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

II. GOAL: The economic value of ecosystem services provided by restored forests (such as the value of recreation or water) are captured and reinvested to support forest restoration 
and ecosystem management.  

The economic value 
of ecosystem services 
provided by restored 
forests, such as the 
value of 
recreation/tourism, 
are captured and 
reinvested to support 
forest restoration and 
ecosystem 
management.  

Q1: What is the 
increase (percent) in 
direct service revenues 
related to 
recreation/tourism? 
Q2: What is the 
increase (percent) in 
revenues associated 
w/fee imposed 
recreation activities 
(e.g. hunting, fishing, 
pass/entry fees etc.)? 
Q3: 1. Has a portion of 
the determined value of 
increased recreational 
revenues been 
reinvested in forest 
restoration? 
2. How many 
collaborators are 
involved in contributing 
to this program? 

Q1: 1. Lodging, 
2. Restaurant, 
3. Groceries, 
4. Gas/Oil, 
5. Other 
transportation, 
6. Activities, 
7. Admissions/ Fees, 
8. Souvenirs/ Other 
expenditures (USDA 
FS 2011). 
Q2: 1. AZG&F 
license sales by 
County. 
2. Visitor fees. 
Q3: Dollar value of 
fees invested in forest 
restoration activities. 

Q1-Q3: Travel cost 
method using: USFS, 
AZG&F, USFWS 
reports tracked with 
investments made in 
forest restoration from 
fees/licenses/ private 
revenues. 

5 years (USDA FS 
2011; USDI FWS 
2006)  

Q1: 1. National Visitor Use 
Monitoring Program (USDA FS 
2005). 
2. Headwaters Institute 
Q2: 1. AZG&F The  
Economic Importance of Fishing 
and Hunting 
(utilizes IMPLAN input/output 
model) (Silberman 2002). 
2. USFWS National Survey of 
Fishing, Wildlife, Hunting, & 
Wildlife Assoc. Recreation 
(USDI FWS 2006). 
3. Visitor surveys. 
Q3: S&MWG database  

Q1/Q2: Direct 
service revenues 
and license fees 
related to 
recreation/tourism 
are decreasing as 
forest restoration 
activities are 
occurring. 
Q3: A portion of 
revenues generated 
from recreation and 
tourism are not 
being reinvested in 
forest restoration 
activities.  
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

The economic value 
of ecosystem services 
provided by restored 
forests, such as the 
value of water, are 
captured and 
reinvested to support 
forest restoration and 
ecosystem 
management.  

Q1: What is the effect 
in water yield, pre- 
post-restoration? 
Q2: What is the effect 
in sedimentation, pre- 
post-restoration? 
Q3: What is the 
economic value of 
increase/loss of water 
yield? 
Q4: [If increased] Has a 
portion of the 
determined value of 
increased water yield 
been reinvested in 
forest restoration? 
Q5: Are restoration 
projects reducing the 
costs of producing a 
potable water supply? 
Q6: How many 
collaborators are 
involved in contributing 
to this program and 
what is the $ value of 
each? 

Q1/Q2: SRP Paired 
Watershed Study 
Costs associated w/: 
a. Transport, 
b. Treating, 
c. Developing 
new/existing water 
supplies, 
d. Capture, 
e. Delivery 
Q3-Q5: Watershed 
fund revenues (e.g. 
assess a fee to each 
water consumer based 
on use per 5,000 
gallons per month 
(Santa Fe Watershed 
Association 2009; 
City of Flagstaff 
2010). 
a. Operation & 
maintenance expenses 
b. Taxes/transfers 
c. Capital 
additions/replacement 
d. Debt services 
(principle/interest) 
e. Allocated indirect 
costs 
f. Administration 
(City of Flagstaff 
2010). 

Q1/Q2: SRP Paired 
Watershed Study 
compares results to 
Beaver Creek and 
Castle Creek 
Watershed Studies 
(Arizona Forest 
Resource Task Group 
2010). 
Q3-Q5: Determined 
value of increased 
water yield vs. 
proportion of this 
value invested in forest 
restoration activities. 

Dependent on SRP 
Study and Promotion 
of Ecosystem 
Services Investment. 

Q1/Q2: 
1.SRP/NAU 
2. Beaver Creek Watershed 
Study 
3. Castle Creek Watershed Study 
(Arizona Forest Resource Task 
Group 2010). 
4. Watershed Conditions 
Framework (USFS). 
Q4/Q5/Q6: 
1. City of Flagstaff Utilities 
(Water) Dept. 
2. Long-term Financial Plan & 
Rate & Fee Study (City of 
Flagstaff 2010). 
3. S&MWG database.  

Q1: Water yield is 
decreasing as 
restoration 
activities are 
occurring. 
Q2: Sedimentation 
is increasing as 
restoration 
activities are 
occurring. 
Q3: A portion of 
revenues generated 
from watershed 
restoration and 
protection are not 
being reinvested in 
forest restoration 
activities. 
Q5: Restoration 
projects are not 
assisting in 
reducing the costs 
of producing a 
potable water 
supply. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

The economic value 
of ecosystem services 
provided by restored 
forests, such as 
wildlife habitat 
creation and 
preservation, are 
captured and 
reinvested to support 
forest restoration and 
ecosystem 
management.  

Are forest restoration 
activities maintaining 
and enhancing habitat 
for wildlife to an extent 
that biodiversity offsets 
and compensation 
programs can be 
implemented and 
resulting funds are 
reinvested into forest 
restoration activities? 

1. Wetland & Stream 
Ecosystems 
Compensation. 
2. Endangered 
Species 
Compensation. 
3. Conservation 
Banking (Madsen et 
al. 2010).  

Value of compensation 
for preservation of 
wetland and stream 
ecosystems and 
endangered species vs. 
the proportion 
reinvested into forest 
restoration activities 
(Madsen et al. 2010). 

10 years USFWS NMFS (Madsen et al. 
2010). 

Forest restoration 
activities are not 
maintaining and 
enhancing habitat 
for wildlife to an 
extent that 
biodiversity offsets 
and compensation 
programs can be 
implemented and 
resulting funds are 
reinvested into 
forest restoration 
activities. 

The economic value 
of ecosystem services 
provided by restored 
forests, such as 
wildfire cost savings, 
are captured and 
reinvested to support 
forest restoration and 
ecosystem 
management.  

Q1: What are the fire 
suppression costs 
incurred 5 years post 
4FRI implementation 
and how does this 
compare to 5 years pre 
4FRI implementation?  
Q2: What is the amount 
of cost savings (avoided 
costs vs. treatment 
costs) of wildfire 
suppression that has 
been reinvested in 
forest restoration 
activities? 

Q1: Federal, state and 
local suppression 
costs, 
Private property 
losses (insured & 
uninsured), 
Damage to utility 
lines, 
Damage to recreation 
facilities, 
Loss of timber 
resources, 
Aid to evacuees 
(WFLC 2010), 
resurveying land 
boundaries (M. Lata 
Personal 
Communication 
2011). 
Q2: 1. Acres treated 
& $ amount/acre of 
risk reduction. 
2. Dollar value 
reinvested in 
restoration activities. 

Wildfire suppression 
costs 5 years post-
4FRI implementation 
(control for increases 
in population and 
housing) vs. the 
amount of cost savings 
that is reinvested in 
forest restoration 
activities. 

5 years post-
implementation 

Q1: 1. Direct suppression costs 
obtained from: USFS, BLM, 
NRCD, NIFC, State, County, 
FEMA, DHS, Insurance 
companies, American Red Cross 
(Western Forestry Leadership 
Coalition 2010). 
Q1/Q2: 1. Direct treatment costs 
obtained from: USFS, 
contractors.  
2. Headwaters Economics 
(population/housing). 
3. USFS budget staff  
(D. Jaworski Personal 
Communication 2011) 
4. S&MWG database. 

Q1: Fire 
suppression costs 
are not decreasing 
(5 years post 4FRI 
when compared to 
5 years pre 4FRI). 
Q2: A proportion 
of cost savings of 
wildfire 
suppression has not 
been reinvested in 
forest restoration 
activities. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

III. GOAL: Rural communities receive direct and indirect economic benefits and ecosystem services as a result of forest restoration and resilient forests. 
Forest restoration 
activities will create 
direct quality jobs in 
rural communities in 
Arizona. 

Q1: How many direct 
jobs have been created 
by forest restoration 
activities? 
Q2: What is the quality 
of the jobs? 
Q3: Are the jobs filled 
by local residents? 
Q4: How many direct 
jobs have been filled by 
low-income/minority 
populations? 

Q1-Q3: Number, 
Types (FT vs. PT vs. 
seasonal), Positions, 
percent of jobs over 
total employment 
(Egan and Estrada-
Bustillo 2011) 
Average length of 
employment, percent 
receiving benefits or 
payments in lieu of, 
Wages 
(average/worker, 
family-supported), 
Locations, percent of 
contracts w/ on the 
job training, Safety 
(percent and number 
of contracts without 
job related 
injuries/illnesses 
resulting in lost work 
time), percent and 
number of local 
workforce (resident 
zip codes), Distance 
traveled to work 
(University of Oregon 
2011). 

Economic Impact 
Analysis: Direct 
reporting of primary 
and secondary data. 

Annual 1. Contractor reporting 
form/survey. 
2. Headwaters Institute (EPS-
HDT Socioeconomic profiles). 
3. Bureau of Labor Statistics 
(Stynes 1992). 

Q1: Forest 
restoration 
activities have not 
created a sufficient 
number of direct 
jobs. 
Q2: Forest 
restoration 
activities have not 
created a sufficient 
number of quality 
jobs (e.g. FT, 
positions, benefits, 
trainings, safety, 
etc.). 
Q3: Forest 
restoration 
activities have not 
created a sufficient 
number of jobs that 
are filled by local 
residents. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

Forest restoration 
activities will create 
indirect jobs in rural 
communities in 
Arizona. 

How many indirect jobs 
have been created by 
forest restoration 
activities? 

Direct Jobs: Number, 
Types (FT vs. PT), 
Average length of 
employment 
(University of Oregon 
2011). 

Region specific dollar-
tracking and multiplier 
effects of direct 
employment (for every 
dollar spent by a 
business, some number 
of dollars are created) 
(Egan and Estrada-
Bustillo 2011, Sitko 
and Hurteau 2010, 
Stynes 1992). 

Annual 1. Contractor reporting 
form/survey. 
2. Headwaters Institute (EPS-
HDT Socioeconomic profiles). 
3. Bureau of Labor Statistics 
(Stynes 1992). 

Forest restoration 
activities have not 
created a sufficient 
number of indirect 
jobs.  

Forest restoration 
activities will create 
increased retail 
sales/services in rural 
communities in 
Arizona.  

Q1: Has city/county 
sales tax on goods and 
services increased as 
forest restoration 
activities have 
occurred? 
Q2: Have retail 
sales/service revenues 
increased as forest 
restoration activities 
have occurred? 

Q1: City/county sales 
tax on goods and 
services. 
Q2: Retail sales & 
services revenue. 

Dollar-tracking and 
multiplier effects 
(region-specific) 
(Sitko and Hurteau 
2010) of business 
activity (Stynes 1992). 

Annual 1. AZ Dept. of Revenue.  
2. City reports. 
3. County reports. 
4. US Census Bureau. 
5. U.S. Department of Labor, 
Bureau of Labor Statistics. 
6. Arizona Indicators (Morrison 
Institute of Public Policy 2011). 

Q1: City/county 
sales tax on goods 
and services has 
not increased as 
forest restoration 
projects have been 
implemented. 
Q2: Retail sales & 
services revenue 
has not increased 
as forest restoration 
projects have been 
implemented. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

Forest restoration 
activities will create 
increased tax 
revenues (e.g. 
property tax, business 
expenditures) in rural 
communities in 
Arizona.  

Q1: Have taxes 
generated from forest 
industry business 
expenditures increased 
as forest restoration 
activities have 
occurred? 
Q2: Have property/sales 
tax/school revenues 
generated from forest 
industry employees 
(direct/indirect jobs) 
increased as forest 
restoration activities 
have occurred? 

Q1: 1. Sales of wood 
products. 
2. Capital 
expenditures of 
project materials. 
3. Subcontract 
thinning services 
(Sitko and Hurteau 
2010). 
Q2: 1. Sales/property 
taxes generated by 
employees (direct & 
indirect) (by county). 
2. School revenues 
generated by avg. 
family. 
3. Sales tax generated 
by avg. per capita 
expenditures on 
consumable 
goods/supplies (by 
county) (Sitko and 
Hurteau 2010). 

Q1/Q2: Total net 
employee revenue 
based on jobs 
estimates and 
economic 
contributions from 
forest industry 
employees 
(direct/indirect). 
Indirect jobs: use 
regional multiplier 
effect, input/output 
modeling) (Sitko and 
Hurteau 2010). 

Annual 1. Contractor reporting 
form/survey. 
2. U.S. Bureau of Economic 
Analysis (Sitko and Hurteau 
2010). 
3. Headwaters Institute (EPS-
HDT Socioeconomic profiles). 

Q1: Taxes 
generated from 
forest industry 
business 
expenditures have 
not increased as 
forest restoration 
activities are 
implemented. 
Q2: Property/sales 
tax/school 
revenues generated 
from forest 
industry employees 
(direct/indirect 
jobs) have not 
increased as forest 
restoration 
activities are 
implemented. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

Forest restoration 
activities will 
increase 
recreation/tourism in 
rural communities in 
Arizona.  

Q1: Has recreation 
increased as forest 
restoration activities 
have occurred? 
Q2: Has tourism 
increased as forest 
restoration activities 
have occurred? 
Q3: Has tourism related 
jobs/housing increased 
as forest restoration 
activities have 
occurred?  

Q1: 1. AZG&F 
license sales by 
County. 
2. Visitor days 
Q2: 1. Lodging 
2. Restaurant  
3. Groceries 
4. Gas/Oil 
5. Other 
transportation 
 6. Activities 
7. Admissions/Fees 
8. Souvenirs/Other 
expenditures (USDA 
FS 2005).  
9. Tourism tax (e.g. 
Flagstaff Bed, Board 
& Booze (BBB) tax). 
Q3: 1. Travel and 
tourism jobs (seasonal 
employment). 
2. Housing related to 
tourism jobs. 

Economic Impact 
Analysis: Track flow 
of economic activity 
associated with 
tourism. 

5 years (USDA FS 
2011; USDI FWS 
2006). 

1. National Visitor Use 
Monitoring Program (USDA FS 
2005). 
2. AZG&F The Economic 
Importance of Fishing and 
Hunting (utilizes IMPLAN 
input/output model) (Silberman 
2002). 
3. USFWS National Survey of 
Fishing, Wildlife, Hunting, & 
Wildlife Assoc. Recreation 
(USDI FWS 2006). 
4. Sales Tax by City (if 
applicable, Tourism tax). 
5. AZG&F 
6. Headwaters Institute (EPS-
HDT SE profiles). 
7. Visitor surveys. 

Q1: Recreation has 
decreased as forest 
restoration 
activities have 
occurred. 
Q2: Tourism has 
decreased as forest 
restoration 
activities have 
occurred. 
Q3: Tourism 
related 
jobs/housing has 
decreased as forest 
restoration 
activities have 
occurred. 

Opportunity for local 
contractors to 
conduct restoration 
work increases. 

Q1: Have opportunities 
for local contractors to 
conduct restoration 
work increased? 
Q2: What is the 
proportion of local to 
non-local awards? 
Q3: Where are the 
contractors located? 

Q1/Q3: Location of 
businesses (zip code 
by county) 
Q2: Percentage of 
local contracted 
businesses (contractor 
and subcontractors) 
and total contractual 
amount for each 
(University of Oregon 
2011). 

Comparative analysis 
of local contract 
awards vs. non-local 
number of contracts 
and respective value). 

Every ten years or 
length of the 
contract. 

1. Contracts: federal databases 
2. USAspending.gov 
3. USFS Natural Resource 
Manager Database (University 
of Oregon 2011). 

Q1: Opportunities 
for local 
contractors to 
conduct restoration 
work has not 
increased. 
Q2/Q3: Local 
awards are 
proportionally 
lower than non-
local awards (# of 
contracts and 
respective value). 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

Construction and/or 
improvement of 
infrastructure 
required for forest 
restoration activities 
increase revenues to 
local businesses. 

Have revenues to local 
businesses providing 
supplies for 
infrastructure 
increased?  

Revenues of local 
businesses providing 
supplies for 
infrastructure.  

Economic Impact 
Analysis: Track flow 
of economic activity 
associated with 
construction and/or 
improvement of 
infrastructure. 

Dependent on timing 
of infrastructure 
development/improv
ement. 

1. Contractor reporting 
form/survey.  
2. Local business reporting 
form/survey. 
3. U.S. Bureau of Economic 
Analysis (Sitko and Hurteau 
2010). 

Revenues to local 
businesses 
supporting 
construction and/or 
improvement of 
infrastructure does 
not increase.  

IV. GOAL: The average net cost per acre of treatment and/or prep, administrative costs in the 4FRI project/analysis area are reduced significantly.  

The average net cost 
(operational costs of 
the contract) of 
treatment per acre in 
the 4FRI project area 
over a thirty-year 
period (the life of the 
project) is decreasing 
over time. 

Are the average net cost 
of treatment per acre 
that are attached to the 
contract in the 4FRI 
project area decreasing 
as new contracts are 
released and awarded? 

Operational cost (per 
acre) attached to the 
contract (D Fleishman 
Personal 
Communication 
2011). 

Tracking and 
comparison of 
operational costs of 
contracts. 

Every ten years or 
length of the contract. 

1. Contracts: federal databases:  
a. USAspending.gov 
b. USFS Natural Resource 
Manager Database (University 
of Oregon 2011). 

The average net 
costs of treatment 
per acre that are 
attached to the 
contract in the 
4FRI project area 
are increasing as 
new contracts are 
released and 
awarded. 

The average net cost 
of treatment per acre 
in the analysis area 
for preparation and 
administration costs 
are reduced over 
time. 

Q1: What is the 
difference in average net 
cost of treatment per 
acre in the analysis area 
for preparation and 
administrative costs 
associated with different 
restoration designations 
(e.g., description vs. 
prescription)? 
Q2: Is average net cost 
of treatment per acre in 
the analysis area for 
preparation and 
administration costs 
reduced over time? 

Costs include: 
1. Project prep 
2.Task order/contract 
administration 
3. Planning under 
NEPA/NFMA 
4. Project 
management 
5. Project-level 
monitoring 
6. Contract 
monitoring (4FRI 
Stakeholder Group 
2010c; Sitko and 
Hurteau 2010). 

Q1: Cost effective 
analysis (Robbins and 
Daniels 2011). 
Q2: Tracking and 
comparison of prep 
and admin costs of 
contracts. 

Every ten years or 
length of the contract. 

Southwestern Region 
Restoration Task Group (4FRI 
Stakeholder Group 2010b). 

Q1: Various 
restoration 
designation costs 
are not analyzed 
and compared. 
Q2: The average 
net cost of 
treatment per acre 
in the analysis area 
for preparation and 
administration 
costs is increasing 
over time. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

Mechanical treatment 
costs are reduced. 
* See Rx fire costs 
GOAL: Wildfire 
management costs 
are reduced; 
aggressive fire 
suppression is 
unneeded or rare 
(below). 

Are mechanical 
treatment costs 
decreasing over time? 

1. Move equipment 
and operators  
2. Cutting 
3. Skidding  
4. Delimbing 
5. Loading 
6. Slash piling 
7. Road Maintenance 
8. Overhead (4FRI 
Stakeholder Group 
2010c).  

Tracking of 
mechanical costs over 
time. 

5 years  Contractor surveys. Mechanical 
treatment costs 
increasing over 
time. 

V. GOAL: Sufficient harvest and manufacturing capacity exists to achieve restoration of at least 300,000 acres in the next ten years.  
Sufficient contractor 
capability exists to 
harvest approx. 
30,000 acres per 
year.  

Is there sufficient 
contractor capability to 
harvest approx. 30,000 
acres per year?  

1. Total number of 
contracts by work 
type, size and 
distribution (# of task 
orders & 
corresponding acres) 
(Mosley & Davis, 
2010; University of 
Oregon 2011; 4FRI 
Stakeholder Group 
2010c). 
2. Financial incentive 
programs (e.g. grants, 
loan guarantees, tax 
incentives) available 
to contractors (4FRI 
Stakeholder Group 
2010c). 

1. Track contracts by 
work type, size and 
distribution. 
2. Track financial 
incentive programs. 

Every ten years or 
length of the contract. 

1. Contracts, federal databases 
a. USAspending.gov 
b. USFS Natural Resource 
Manager Database (University 
of Oregon 2011). 
2. Contractor surveys 
3. Headwaters Institute-
Payments from federal lands 
(financial incentive programs).  

There is 
insufficient 
contractor 
capability to 
harvest approx. 
30,000 acres per 
year. 

Sufficient private 
infrastructure exists 
to utilize woody 
biomass extracted 
from approx. 30,000 
acres per year. 

Is there sufficient 
private infrastructure to 
utilize woody biomass 
extracted from approx. 
30,000 acres per year? 

1. Volume of material 
produced per biomass 
plant vs. volume 
utilized. 
2. Location of private 
infrastructure relative 
to harvesting 
activities. 

Track type of 
infrastructure, location 
and corresponding 
processing capability.  

Tracked annually 
across ten years (or 
length of the 
contract). 

Contractor surveys. There is 
insufficient private 
infrastructure to 
process woody 
biomass extracted 
from approx. 
30,000 acres per 
year. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

A sufficient 
workforce (public & 
private) exists to 
harvest and utilize 
wood byproducts 
extracted from 
approx. 30,000 acres 
per year. 

Is there a sufficient 
workforce (public & 
private) to harvest and 
utilize wood byproducts 
extracted from approx. 
30,000 acres per year? 

1. # of FTE USFS 
employees designated 
for project planning, 
administration, and 
implementation. 
2. # of FTE private 
sector employees 
designated for 
harvesting & 
processing. 
3. USFS workload 
(dependent on current 
conditions-e.g. shift 
from overgrown 
forest to savannah 
system, shift from 
planning to 
implementation). 
4. USFS workforce by 
position. 

1. # of FTE USFS 
employees designated 
vs. # of USFS 
employees needed to 
plan/administer/ 
implement 30,000 
acres per year. 
2. # of private 
employees trained and 
hired vs. # of 
employees needed to 
harvest/process 30,000 
acres per year. 
3. USFS workload vs. 
USFS positions (M. 
Lata Personal 
Communication 2011). 

Tracked annually 
across ten years or 
length of the contract. 

1. USFS by forest. 
2. Headwaters Institute (EPS-
HDT Socioeconomic profiles). 
3. Bureau of Labor Statistics 
(Stynes 1992). 
4. Contractor reporting 
form/survey. 

There is an 
insufficient 
workforce (public 
& private) to 
harvest and process 
woody biomass 
extracted from 
approx. 30,000 
acres per year. 

VI. GOAL: Wildfire management costs are reduced; aggressive fire suppression is unneeded or rare. 

Direct wildfire 
suppression costs in 
4FRI treated areas 
are reduced. 

Q1: Are direct costs 
associated with wildfire 
suppression in 4FRI 
treated areas decreasing 
as forest restoration 
projects are 
implemented over time? 
Q2: What is the 
difference between 
direct wildfire 
suppression costs in 
4FRI treated areas and 
treatment (planning, 
prep, admin & 
operational) costs? 

Q1: Wildfire 
Suppression Costs: 
(as above). 
Q2: 1. Planning, prep, 
admin costs: (as 
above). 
2. Operational Costs: 
(as above).  

Q1: Wildfire 
suppression costs 5 
years post-4FRI 
implementation 
(control for increases 
in population and 
housing) vs. wildfire 
suppression costs 5 
years pre-4FRI 
implementation. 
Q2: Wildfire 
suppression costs 5 
years post-4FRI 
implementation vs. 
treatment costs 
(planning, prep, admin 
& operational costs). 

5 years Q1: 1. Direct suppression costs 
obtained from: USFS, BLM, 
NRCD, NIFC, State, County, 
FEMA, DHS, Insurance 
companies, American Red Cross 
(Western Forest Leadership 
Coalition 2010). 
2. Headwaters Institute (EPS-
HDT Socioeconomic profiles). 
3. USFS budget staff (D. 
Jaworski Personal 
Communication 2011). 
Q2: 1. Southwestern Region 
Restoration Task Group (4FRI 
Stakeholder Group 2010c ). 
2. Contractor surveys. 

Q1: Direct costs 
associated with 
wildfire 
suppression are 
increasing as forest 
restoration projects 
are implemented 
over time. 
Q2: Direct wildfire 
suppression costs 
are higher than 
treatment 
(planning, prep, 
admin & 
operational) costs. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

Short-term (direct) 
rehabilitation costs 
are reduced. 

Are short-term (direct) 
rehabilitation costs 
associated with wildfire 
rehabilitation 
decreasing as forest 
restoration projects are 
implemented over time 
(e.g. Burned Area 
Emergency 
Rehabilitation 
(BAER))? 

BAER funds 
appropriated (tracked 
annually) (Western 
Forest Leadership 
Coalition 2010). 

BAER expenditures 5 
years post-4FRI 
implementation vs. 
BAER expenditures 5 
years pre-4FRI 
implementation. 

5 years (annual 
expenditures) 

USFS BAER expenditure 
database (Western Forest 
Leadership Coalition 2010). 

Short-term (direct) 
rehabilitation costs 
associated with 
wildfire 
rehabilitation are 
increasing as forest 
restoration projects 
are implemented 
over time. 

Wildfire suppression 
frequency and 
duration in 4FRI 
treated areas are 
reduced. 

Are wildfire 
suppression efforts in 
4FRI treated areas 
frequency and duration 
decreasing as forest 
restoration projects are 
implemented over time? 

1. Frequency of 
wildfires. 
2. Duration of 
wildfires. 

Frequency and 
duration of wildfires 5 
years post-4FRI 
implementation vs. 
frequency and duration 
of wildfires 5 years 
pre-4FRI 
implementation. 

5 years USFS by Forests (Greater 
Flagstaff Forest Partnership 
2010). 

Wildfire 
suppression efforts 
frequency and 
duration are 
increasing as forest 
restoration projects 
are implemented. 

Managed fire 
frequency and 
duration are 
increasing. 

Are managed fire 
frequency and duration 
increasing as forest 
restoration projects are 
implemented over time? 

1. Frequency of 
managed fires. 
2. Duration of 
managed fires. 

Frequency and 
duration of managed 
fires 5 years post-4FRI 
implementation vs. 
frequency and duration 
of managed fires 5 
years pre-4FRI 
implementation. 

5 years USFS by Forests (Greater 
Flagstaff Forest Partnership 
2010). 

Managed fire 
frequency and 
duration are 
decreasing as forest 
restoration projects 
are implemented. 

Prescribed fire 
frequency and 
duration are reduced. 

Are prescribed fire 
frequency and duration 
decreasing as forest 
restoration projects are 
implemented over time? 

1. Frequency of 
prescribed fires. 
2. Duration of 
prescribed fires. 

Frequency and 
duration of prescribed 
fires 10 years post-
4FRI implementation 
vs. frequency and 
duration of prescribed 
fires 10 years pre-4FRI 
implementation. 

10 years USFS by Forests (Greater 
Flagstaff Forest Partnership 
2010). 

Prescribed fire 
frequency and 
duration are 
increasing as forest 
restoration projects 
are implemented. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

Prescribed fire costs 
are reduced. 

Are prescribed fire 
costs decreasing as 
forest restoration 
projects are 
implemented over time? 

1. Burn plans 
2. Prep work 
3. Cutting hand lines” 
4. Implement burn 
5. Monitor burn (4FRI 
Stakeholder Group 
2011c). 

Costs of prescribed 
fires 10 years post-
4FRI implementation 
vs. costs of prescribed 
fires 10 years pre-4FRI 
implementation. 

10 years USFS budget staff (D. Jaworski 
Personal Communication 2011). 

Prescribed fire 
costs are increasing 
as forest restoration 
projects are 
implemented. 

Reduce size, and 
frequency of pile 
burns.  

Q1: Is the frequency 
and size of pile burns 
decreasing as forest 
restoration projects are 
implemented over time? 
Q2: Is the volume of 
slash that is chipped 
(not burned) 
increasing? 

Q1: 1. Frequency of 
pile burns. 
2. Size of pile burns. 
Q2: Volume of slash 
that is chipped. 

Q1: Frequency and 
size of pile burns 10 
years post-4FRI 
implementation vs. 
frequency and size of 
pile burns 10 years 
pre-4FRI 
implementation. 
Q2: Volume of slash 
chipped 10 years post-
4FRI implementation 
vs. volume 10 years 
pre-4FRI 
implementation. 

10 years USFS by Forests (Greater 
Flagstaff Forest Partnership 
2010). 

Size and frequency 
of pile burns is 
increasing and 
volume of slash 
that is chipped is 
decreasing as forest 
restoration projects 
are implemented. 

VII. GOAL: There is a sufficient market place for small diameter wood products. 
A sufficient market 
exists to consume 
wood biomass 
products. 

Is there a sufficient 
market to sell wood 
biomass products? 

1. # of businesses and 
type of wood biomass 
material purchased 
(e.g. clean chips, dirty 
chips, roundwood and 
sawtimber) (Sitko and 
Hurteau 2010). 
2. Dollar amount 
and/or percent of 
available 
inventory/sales 
businesses purchased. 

Economic Impact 
Analysis: include # of 
businesses, type of 
small diameter wood 
material purchased and 
dollar amount and/or 
percent of available 
inventory/sales 
businesses purchased. 

5 years Business surveys There is an 
insufficient market 
to sell small 
diameter wood 
products. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

Economic value of 
wood biomass 
products is sufficient 
to profitably process 
small diameter wood 
products. 

Does the market value 
of wood products 
exceed production 
costs? 

1. Sales ($ value) of 
wood products. 
2. Production costs: 
raw materials (wood 
products), hauling, 
petroleum products, 
mill equipment/parts, 
heavy 
equipment/parts, 
electricity, vehicle 
parts/tires, and 
transport equipment 
(Sitko and Hurteau 
2010).  

Financial analysis: 
Compare sales of 
wood products to 
production costs. 

5 years Business surveys The market value 
of wood products 
does not exceed 
production costs. 

Increase the amount 
of wood products 
(wood biomass and 
value-added) that are 
processed locally. 

What is the proportion 
of biomass processed 
locally vs. non-local? 

1. Number of local 
businesses processing 
small diameter wood 
products. 
2. Number of non-
local businesses 
processing small 
diameter wood 
products. 
3. Amount of wood 
(volume) products 
processed locally. 
4. Amount of wood 
(volume) products 
processed non-locally 
(Greater Flagstaff 
Forest Partnership 
2005). 

1. Compare # of local 
vs. non-local 
businesses (percent 
each). 
2. Compare local vs. 
non-local business 
volume of wood 
product production 
(percent each). 

5 years 1. Contractor surveys. 
2. Contracts, federal databases 
a. USAspending.gov 
b. USFS Natural Resource 
Manager Database (University 
of Oregon 2011). 

The proportion of 
biomass processed 
locally is lower 
than biomass 
processed outside 
of the defined local 
area. 

Increase the amount 
of wood products 
(wood biomass and 
value-added) that are 
distributed locally. 

Q1: Where are the 
wood products 
distributed? 
Q2: What is the 
proportion of end-
products distributed 
locally vs. non-local? 

Q1: Location of wood 
product distribution. 
Q2: Volume/quantity 
of wood products 
distributed locally and 
non-local. 

Compare location of 
wood product 
distribution and 
proportion of volume 
of wood products 
distributed locally vs 
non-local. 

5 years 1. Contractor surveys. 
2. Contracts, federal databases 
a. USAspending.gov 
b. USFS Natural Resource 
Manager Database (University 
of Oregon 2011). 

Q1/Q2: The amount 
of wood products 
(small diameter and 
value-added) that are 
distributed locally are 
not increasing. 
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

Investment, research 
and development in 
utilization of wood 
biomass are 
increasing.  

Is investment, research 
and development in 
utilization of wood 
biomass increasing?  

1. Number of forest 
product industries 
involved in market 
research for small 
diameter wood uses. 
2. Amount invested 
by businesses for 
development and 
research. 
3. Type and amount 
of market analysis. 
4. Number of 
companies applying 
for grants that support 
small diameter market 
research (Greater 
Flagstaff Forest 
Partnership 2005). 

Track # involved in 
market research for 
small-diameter wood 
uses, amount invested, 
type and intensity of 
market research, # of 
companies applying 
for grants supporting 
small diameter product 
development. 

5 years 1. Contractor/ business surveys. 
2. Headwaters Institute  

Investment, 
research and 
development in 
utilization of small 
diameter trees is 
not increasing. 

Uses for wood 
biomass and/or 
value-added products 
are expanded and 
diversified.  

Q1: What is the type 
and proportion of the 
production of wood 
biomass end-products? 
Q2: Are uses for wood 
biomass and/or value-
added products 
expanding and 
diversifying? 

Q1/Q2: Percentage 
production of: Pellets, 
Pallets, Molding, 
Small lumber, 
Biomass-energy, 
Livestock bedding, 
Soil fertilizers, (Sitko 
and Hurteau 2010) 
OSB, Plywood, 
Particle board, 
Fiberboard, 
Roundwood products 
(4FRI Stakeholder 
Group 2010c). 

Compare percent of 
production of type of 
wood products and 
track over time. 

5 years Contractor/business surveys. Q1/Q2: Uses for 
small diameter 
material and/or 
value-added 
products are not 
expanding and 
diversifying.  
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Objective  
Monitoring 
Question 

Monitoring 
Indicator(s) 
(Metric) Assessment 

Frequency of 
Assessment  Data Source 

Threshold IF… 
(Undesirable 
Conditions) 

GOAL: There is a predictable wood supply throughout the life of the 4FRI project. 
Ensure the 
availability of forest 
material at a 
sustainable, 
consistent level to 
support appropriate 
forest product 
industries throughout 
the life of the 4FRI 
project.  

Q1: Are the length of 
contracts sufficient to 
recover costs and 
realize return on 
investment? 
Q2: Do contracts 
provide the flexibility to 
respond to fluctuating 
markets (e.g. pile and 
burn slash vs. removal) 
& redetermination of 
wood product's value? 
Q3: Do contracts 
provide guaranteed 
treatable acres that will 
provide a return on 
investment? 
Q4: Are objections and 
lawsuits for 4FRI 
projects hampering the 
project's progression? 

Q1: 1. Length of 
contracts. 
2. Operational cost 
incurred to complete 
contracts (as above). 
3. Wood yields and 
respective 
value/contract. 
4. Number of 
acres/year USFS 
admin planning are 
complete. 
Q2: 1. Pile/burn costs 
2. Slash removal costs 
3. Wood product 
value 
Q3: 1. Avg. wood 
yield/ treatable 
acres/contract 
2. Operational cost 
incurred to complete 
contracts (as above). 
Q4: Number and 
length of time (each) 
of objections and 
lawsuits that are 
delaying the 4FRI 
project's progression. 

Q1: Economic Impact 
Analysis: 
1. Operational costs 
vs. wood yields and 
respective value. 
2. # of acres USFS 
admin/planning are 
complete vs. # of 
acres/contract.  
Q2: Contract analysis 
of: 
1. Pile/burn slash costs 
vs. removal costs. 
2. Valuation of wood 
products. 
Q3: Avg. wood yield 
per treatable 
acres/contract and its 
respective value vs. 
operational costs. 
Q4: # & length of time 
of lawsuits; # of 
delayed treatable 
acres, volume and its 
value. 

Ten years or length 
of the contract. 

Q1-Q3: 
1. Contractor surveys 
2. USFS business plans (D. 
Jaworski Personal 
Communication 2011). 
3. Contracts: federal databases 
a. USAspending.gov 
b. USFS Natural Resource 
Manager Database (University 
of Oregon 2011). 
4. Headwaters Institute 
Q4: Objections database 
available at: 
http://www.fs.fed.us/emc/applit/ 
(Cortner et. al 2003). 

Q1: The contracts 
are not long 
enough to recover 
costs and realize a 
return on 
investment. 
Q2: Contracts do 
not provide the 
flexibility to 
respond to 
fluctuating markets 
& redetermination 
of wood product's 
value. 
Q3: Contracts do 
not provide 
guaranteed 
treatable acres that 
will yield a return 
on investment. 
Q4: Objections and 
lawsuits for 4FRI 
projects are 
significantly 
delaying the 
project's 
progression (acres 
treated & 
respective value). 
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Acronyms used within Socioeconomics Framework Tables 
• AZG&F Arizona Game & Fish Department 

• BAER Burned Area Emergency Rehabilitation 

• BLM Bureau of Land Management  

• DHS Department of Homeland Security  

• FEMA Federal Emergency Management Agency  

• NEPA National Environmental Protection Act 

• NIFC National Interagency Fire Center 

• NFMA National Forest Management Act  

• NMFS National Marine Fisheries Service  

• NRCD Natural Resource Conservation Districts 

• SRP Salt River Project Power & Water 

• SWRRTG Southwestern Region Restoration Task Group 

• WMSC White Mountain Stewardship Contract 

• USFS United States Forests Service 

• FWS United States Fish & Wildlife Service 
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Attachment 1. Mexican Spotted Owl Project Monitoring 

Prepared by: Shaula Hedwall, U.S. Fish and Wildlife Service and 
the 4FRI Core Team 
As part of the Four Forest Restoration Initiative Project (4FRI), fuels reduction and prescribed 
burning activities will occur within Mexican spotted owl protected activity centers (PACs). By 
definition, PACs are occupied habitat. The effects of treatments to owls and nesting/roosting 
habitat are not fully known. The Mexican spotted owl Recovery Team felt that PACs can be 
afforded substantial protection by emphasizing fuels reduction and forest restoration in 
surrounding areas outside of PACs and nesting and roosting habitat. They also stated that this by 
no means advocates for a “hands-off” approach in PAC habitat, recognizing that in some cases 
protection of PAC habitat requires management actions. Some PACs could benefit from well-
designed treatments. The Mexican spotted owl Recovery Plan, First Revision (USDI FWS 2012) 
provides guidance for these treatments and emphasizes the need for monitoring and feedback 
loops for adaptive management. Well-designed monitoring could provide valuable information on 
the effects of activities on owls and their habitat. In the long-term, properly designed treatments 
are known to create habitat conditions that are recognized as not only improving nesting and 
foraging opportunities, but also reducing the risk of habitat loss to unmanaged wildfires. 
However, in order to understand the short-term effects of thinning and burning on Mexican 
spotted owls and their habitat, the Forest Service (FS) and the U.S. Fish and Wildlife Service 
(FWS) worked together to develop a monitoring plan that focuses on the years immediately 
before, during and after treatment.  

During project analysis, the FS and the U.S. Fish and Wildlife Service collaboratively reviewed 
117 PACs in the general 4FRI area. Forest conditions were individually evaluated within each 
PAC in terms of their potential to support resident Mexican spotted owls and their prey. PAC 
assessments included dominant forest type (e.g., pine-oak, mixed conifer), habitat structure, 
available demographic data (based on ongoing occupancy surveys or past research), topographic 
attributes (e.g., aspect and slope), human access, designated wilderness boundaries, recent and 
ongoing projects affecting PAC habitat, fire history, status of current habitat and, ultimately, 
whether mechanical treatments could potentially move the forest towards desired conditions 
described in the Recovery Plan. It was agreed that no mechanical treatments would occur in core 
areas. 

Once the status of each PAC was determined, potential mechanical treatments were considered in 
terms of whether they could: 

3. Decrease the amount of time needed to increase tree height and diameter;  

4. Decrease overall tree density while maintaining overall canopy cover, and 

5. Reduce the threat of surface fires becoming crown fires and increase canopy base height to 
improve flight zone (i.e., improve owl foraging ability).  

PACs were not considered for treatment if they were treated in previous projects (n = 32), habitat 
was not suitable for 4FRI treatments (PACs occurred in habitats outside the scope of 4FRI such as 
mixed conifer, designated wilderness, or canyon habitat; n = 20), habitat had been previously 
burned (n = 10), habitat conditions inside PACs were such that treatment was not necessary (n = 
11), the balance of conditions inside and outside PACs were such that treating outside the PACs 
would be adequate and active management would not be necessary inside the PACs (n = 24), or 
there simply was not enough information available to identify a need for treatment (n = 2). 
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Because historical fire return intervals have not been met across most of this landscape, 
prescribed fire was recommended for all PACs, including a recommendation for using prescribed 
fire in core areas. 

Ultimately, we concluded that 99 of the 117 PACs assessed did not need mechanical treatments. 
Most of the remaining 18 PACs selected for mechanical treatment are not only believed to have 
among the lowest quality habitat (in terms of number/density of large trees, canopy cover and 
other predictors of owl nesting and roosting sites), but also have the greatest potential for long-
term improvement if mechanical treatments are implemented.  

The U.S. Fish and Wildlife Service and the FS completed field reconnaissance of a subset of 
PACs chosen for treatments (see the 4FRI Wildlife Specialist Report for more detail). The U.S. 
Fish and Wildlife Service also reviewed field observations for most of the other PACs proposed 
for both mechanical thinning and prescribed fire. Vegetation simulation modeling was done to 
develop potential treatments tailored to individual stand conditions within each PAC. Modeling 
indicated mechanical treatments could move 10,741 of 35,566 acres (31 percent of total PAC 
acres) onto a trajectory that better meets the above criteria for habitat within the 18 PACs (see the 
4FRI Silviculture report). 

While existing occupancy data for these 18 PACs is not comprehensive, there is strong evidence 
from other PACs supporting the assertion that occupancy rate declines as habitat quality declines. 
In other words, some of the PACs with low habitat quality are likely to be only intermittently 
occupied, if at all. There is an acknowledged risk that measuring the effects of treatment on 
Mexican spotted owl PACs of marginal quality may be confounded by intermittent occupancy 
prior to treatment. A short-term absence of occupancy post-treatment could be indistinguishable 
from pre-treatment use if occupancy was originally intermittent. It is, nevertheless, valuable to 
monitor short-term impacts of treatments in low quality habitat as these are the areas in greatest 
need of treatment. Additionally, the results may be leveraged with those of other related 
monitoring efforts to better describe broader trends and there is potential that this effort could set-
up long-term monitoring efforts that better address changes to forest structure and the resulting 
effects to Mexican spotted owls.  

The proposed monitoring plan would pair treated and reference PACs within the project area to 
compare occupancy, reproductive success, and habitat changes. There will be two groups of study 
PACs. The first group will consist of PACs receiving thinning and burning treatments and 
corresponding paired reference PACs (Group 1) and the second group of PACs will consist of 
PACs receiving prescribed fire-only treatments and their corresponding paired reference PACs 
(Group 2). Criteria for pairing selected treatment and reference PACs will include the following: 

• Both treatment and reference PACs must be currently occupied by a pair of spotted owls. It is 
recognized that this may be problematic due to the potential for inconsistent occupancy in 
some of the PACs. 

• Both treatment and reference PACs should consist of similar habitat (e.g., percentage of pine-
oak, etc.). 

• Both treatment and reference PACs should have similar environmental conditions (e.g., fire 
history, management history, etc.). 

• Treatment and reference PACs should not have other confounding factors (e.g., heavy 
recreation, multiple land managers, etc.)  
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• Treatments in selected PACs should ideally occur across the majority of their spatial extent to 
maximize the ability to detect cause and effect. 

• Reference PACS may come from a pool of PACs including those not proposed for any 
treatment or PACs where treatment has been deferred in order to maintain an “untreated” 
condition during the monitoring period. In order to achieve maximum similarity, reference 
PACs may also be selected from PACs outside of the 4FRI project area. 

• PACs may be stratified by treatment type, year of treatment, etc. 

Guiding Question: 
• How do planned thinning and fire treatments affect habitat in the short-term and do the 

resulting changes affect short-term occupancy and reproductive success in treated versus 
untreated PACs?  

Identified Response Variables: 
• Owl occupancy (the percent of PACs occupied before and after treatments). 

• Owl reproductive success (ideally the number of fledglings observed per adequately checked 
pair before and after treatments). 

• Habitat change (post-treatment changes for key variables selected from Table C.2 (USDI 
FWS 2012, pp. 276-277) showing description of desired conditions [DCs]) in forest cover 
types typically used by Mexican spotted owls for nesting and roosting.  

Planned Treatments: 
• Treatments will likely be variable in spatial extent and intensity (intensity measured by 

degree of change in key habitat variables related to desired conditions [see Table C.1]).  

General Study Design Approach: 
• Monitoring will contrast a set of reference PACs to a set of treatment PACs for each PAC 

treatment group. As stated above, reference PACs will match the environmental conditions as 
closely as possible in PACs where treatments are proposed. Treatment PACs will be 
prioritized for management actions soon after the initiation of the 4FRI. If reference PACs are 
selected from PACs with assigned treatments, then those treatments will not occur for at least 
5 years.  

♦ Group 1 PACs are proposed to have both thinning and prescribed fire treatments and will 
be drawn from those PACs listed in Table 5 of the biological opinion or as described 
above. Three treatment PACs and 3 paired reference PACs will be selected for Group 1 
comparisons. Final treatment PACs and reference PACs will be collaboratively identified 
by the FS and U.S. Fish and Wildlife Service after occupancy is determined.  

♦ Group 2 PACs are proposed to have prescribed fire-only treatments and will be drawn 
from those listed in Table 6 of the biological opinion or as described above. Three 
treatment PACs and 3 paired reference PACs will be selected for Group 2 comparisons. 
Final treatment PACs and reference PACs will be collaboratively identified by the FS and 
U.S. Fish and Wildlife Service after occupancy is determined.  

• Surveys for occupancy and reproductive success will be conducted for at least 2 seasons 
before treatment. 
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• Surveys for occupancy and reproductive success will also be conducted in consecutive years 
post-treatment starting with the year of mechanical treatment and continuing until 2 years 
post-prescribed fire treatments. We expect this will total at least 5-6 years of surveys per PAC 
requiring 3-6 visits per PAC per year. 

• Vegetation data will be collected prior to treatment, then 1 year post-mechanical treatment 
and 2 years post-fire treatment for a total of 3 visits per PAC. 

• Vegetation and spotted owl survey protocols will remain consistent across treatments groups 
and throughout the monitoring period. Combined, this effort could require anywhere from 
300 to about 550 PAC visits.  

Sampling Considerations: 
• Sample response variables have been selected to allow estimation of the short-term effects of 

treatment on occupancy, reproductive success, and habitat desired conditions.  

• Mexican spotted owl data will come from standard survey protocols and should ideally yield 
determinations of occupancy and reproductive success  

• Vegetation data will come from nested variable radius and fixed plot surveys, large diameter 
woody debris transects and spatial analysis of 1-meter resolution aerial photography. These 
methods should yield measures of tree species diversity, basal area, large tree frequency 
(more than 12 inches and more than 18inches d.b.h.), canopy cover and horizontal structural 
diversity. We have a protocol developed for monitoring conducted on the Flagstaff Watershed 
Protection Project with U.S. Fish and Wildlife Service and ERI that could be used or 
modified.  

Potential Analytic Approaches: 
• Simple treatment effect stratified by treatment type and geographic area/cover type. Two-

sample tests, ANOVA, regression-based approaches, power dependent on sample size and 
variability. 

• Subsequent analyses only if treatment effects are apparent – gradient analysis, AIC based 
model selection if sample size permits use of treatment /habitat covariates. 

Quality Control / Assurance 
• The monitoring plan is a result of agreements reached with the U.S. Fish and Wildlife Service 

during the consultation process for the 4FRI. 

• FS and U.S. Fish and Wildlife Service will coordinate and plan monitoring work 
cooperatively 

• A written annual report with survey results will be submitted to U.S. Fish and Wildlife 
Service 
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Attachment 2. Arizona Bugbane Administrative Study: Fire 
Effects  
The FS is collaborating with the U.S. Fish and Wildlife Service to finalize a strategy to monitor 
the impacts of prescribed fire on Arizona bugbane.  

Introduction 
Arizona bugbane is endemic to northern and central Arizona. It requires shade from forest or 
riparian overstory. Arizona bugbane is known to occur in mesic habitats, typically along the 
bottoms and lower slopes of steep, narrow canyons, where the overstory often includes a 
combination of coniferous and deciduous tree species. Important overstory species include 
Douglas fir (Pseudotsuga menziesii), white fir (Abies concolor), big tooth maple (Acer saccharum 
ssp. grandidentatum), Arizona alder (Alnus oblongifolia) and red osier dogwood (Cornus 
stolonifera).  

Preliminary modelling data for Arizona bugbane indicates that it occurs primarily on a certain soil 
type, soil unit 555. This unit is composed of colluvium material and formed from sandstone and 
limestone. It tends to occupy a northern aspect, which provides cooler and moister conditions and 
has a severe erosion hazard. The dominant plant communities are composed of ponderosa pine 
and mixed conifer with Gambel oak and various shrubs. Within our area of interest, Arizona 
bugbane also occurs on soil unit 549, which is a colluvium soil of cherty bedrock. Here, the 
dominant overstory species include ponderosa pine and gambel oak (USDA Forest Service, 
1995).  

Arizona Bugbane and Fire 
Arizona bugbane often grows in rocky areas with poor soil where surface fuel may be 
discontinuous in and/or around the populations. Current knowledge of fire effects on Arizona 
bugbane is based largely on observations from two local wildfires: the Fry Fire in 2003, and the 
Slide Fire in 2014, both on the Coconino National Forest (Crisp et al. 2004, 2014 personal 
observation). The Fry Fire covered 180 acres of upland and canyon habitats in Fry Canyon and 
was of mixed severity. The highest severity fire effects in areas with individual Arizona bugbane 
plants initially included loss of the above ground portions. On a subsequent visit in 2004, some 
Arizona bugbane plants were observed resprouting along the fire line near the canyon bottom, 
including in some severely burned areas. Observers noted a variety of plant sizes and ages, 
ranging from immature plants to adults with mature fruits. An adult plant with fruits and 
blackened soil at the base is shown in (figure 69). The lower portion of the canyon supports 
mixed-conifer forest and is more mesic than the upland ponderosa pine forest along the rim of the 
canyon. Arizona bugbane populations were informally monitored again in 2005 and 2010, and 
plants were persisting and thriving. Although quantitative data has not yet been compiled from 
the Slide Fire, similar effects immediately post-fire were observed in most affected populations 
(figure 69 and figure 70). As such, it is possible that Arizona bugbane may be adapted to fire, 
although the historic fire frequency in areas where it is found may be less than in the surrounding 
vegetated areas. 

A literature search did not return any published data for fire effects to Arizona bugbane. However, 
based on taxonomic information for the genus Cimicifuga in the Flora of North America, 
members of the genus Cimicifuga have long-lived perennial rhizomes (see Vol. 3 page 177) that 
would persist after the top portions of the plants senesces in the fall. This allows the plants to 
regenerate from the underground rhizomes when conditions are favorable in the spring. Pyke et 
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al. (2010) addressed the persistence of plants after wildfires using several traits including life 
form. Perennial species such as bugbane are categorized as cryptophtyes (see table 1 of article). 
Plants with this life form are generally one of the most protected from death during fire because 
the soil insulates the underground portions of the plants. In these cases, the top portions of the 
plant may be killed, but the underground structures, such as rhizomes, are able to persist (Pyke et 
al. 2010). 

A related species in the same genus, Actaea rubra, has been studied in the Northwestern US. Data 
are available on the Fire Effects Information System website (Crane 1990). In that species, the 
tops of plants are removed by fire and then plants regenerate from thick underground caudices, 
but seedlings did not appear for several years post-fire. 

 
Figure 69. Arizona bugbane plants near the fire line on Fry Fire September 2004 
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Figure 70. Arizona bugbane sprouting from roots about a month after the Slide 
Fire burned though this population 

Given the frequency of fire in the areas surrounding the populations (figure 71) it seems unlikely 
that it would not have some adaptations. Even if separated from the frequent fire areas, there 
would be years when embers would spot near or in populations, an occurrence that is more likely 
in dry years, or between the end of the spring precipitation and the onset of monsoons. 

Historic and recent Fire 
Over a 25 year period, the majority of natural ignitions within an area of approximately 55,000 
acres around known populations of Arizona bugbane occurred from May to September (table 
152). Yet in order to help maintain control, prescribed fires are typically implemented before May 
or after mid-September. It is possible that implementing prescribed fire at these times may 
produce stress on bugbane, because the plant’s adaptations are likely related to fires occurring 
during this peak period. The Fry Fire and the Slide Fire are known to have burned into an Arizona 
bugbane population between May and September.  

There is an unnaturally high surface fuel buildup in areas surrounding these populations and 
possibly within them as well. Although we do not know the details of its fire adaptations, there 
are concerns about the potential for unnaturally high severity fire effects in and around bugbane 
populations. Therefore, it seems advisable, based on the limited information available, to use 
prescribed fire in a manner that seems most likely to benefit the species and to document the 
effects for informing future management actions. 
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Table 152. Number of ignitions by month over a 25-Year period within the area shown in figure 71 
January February March April May June 

0 0 1 1 12 30 
July August September October November December 
146 106 39 17 1 0 
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Figure 71. Arizona bugbane populations are shown in orange. Lightning fires locations are shown as: Yellow = January through April; Pink = May 
through September; Blue = October through December. 2) Perimeters of lightning fires that grew to 10 acres or larger are in green. 
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Study Design 
To address concerns over the potential fire effects to Arizona bugbane, we are proposing to 
incorporate into the 4FRI analysis a prescribed burning and monitoring project for population sites in 
the Upper West Fork area that are currently proposed for treatment. The burning and monitoring 
project may be carried out as part of this analysis or as a separate administrative study.  

Pre-and post-monitoring would occur across multiple Arizona bugbane populations. Areas outside of 
the 4FRI analysis area may be used for controls or treatment after consultation with district personnel. 
All activities would be subject to limitations such as human safety, timing restrictions as they apply to 
Mexican spotted owl nesting seasons, burn windows, wilderness considerations, etc.  

As part of 4FRI implementation, prescribed burning may occur in or near some populations of 
Arizona bugbane. Direct effects to Arizona bugbane could include death or top killing of individual 
plants, or parts of plants. Indirect effects may come from the decreased shade from decreased canopy 
cover if trees or portions of tree crowns are killed in the surrounding area; increased sprouting and/or 
flowering resulting from the post-fire nutrient pulse and decreased litter cover; increased seedling 
establishment from increased area of exposed mineral soil; or other more complex effects resulting 
from changes to surface albedo, precipitation reaching the soil, decreased competition, and/or other 
changes resulting from the fire and the antecedent conditions. Under the current NEPA analysis, 
mitigations would include managing prescribed fires to keep severity low in and near the bugbane.  

This monitoring/burning project was designed by Fire Ecologist, Mary Lata and Forest Botanist, 
Debra Crisp. We would coordinate with the U.S. Fish and Wildlife Service and a fire specialist in the 
selection of sites in the West Fork Area for study.  

The proposed study area consists of stands within the Upper West Fork Mexican spotted owl PAC 
(figure 72 and table 156). No bugbane test burning would occur in the core area. The Recovery Plan 
(USDI FWS 2012) does not recommend burning in Mexican spotted owl PACs during the breeding 
season (March 1 to August 31) except when non-breeding is confirmed or inferred that year. The area 
would be surveyed for Mexican spotted owl before implementation of the raking and burning 
treatments to determine reproductive status of Mexican spotted owl in the PAC.  

Table 153. Arizona bugbane locations and sites in the Upper West Fork PAC 
Restoration subunit Date Collected Location Site Alternative C 

3-5 9/12/2012 167 33 Burn Only 

3-5 9/12/2012 167 34 Burn Only 

3-5 9/12/2012 176 3 Burn Only 

3-5 9/1/1980 176 7 Burn Only 

3-5 9/12/2012 176 10 Burn Only 

The study would include 2 to 3 different treatments as follows:  

1. Control (a population with characteristics and location as similar as possible to the one being 
treated, or a portion of a single large population if treated and untreated areas can be separated by 
at least 50 meters): The control area would not be burned although, as stated above, it would 
receive whatever mechanical treatments have been prescribed for the area, and would serve as a 
comparison for the other two treatments.  
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2. Prescribed fire (as stated above, this area would be at least 50 meters from a control, or as similar 
as possible to a control): This area would be subjected to a burning treatment as proposed for the 
location/site and already incorporated in this alternative. Fire within and adjacent to the bugbane 
population would be managed to produce only low severity effects.  

3. Partial raking with no burning (a portion of the control population): The intent of this treatment is 
to mimic historical levels of litter and duff under characteristic fire levels without necessarily 
using fire as a treatment. It would be included in the design if there are sufficient populations or 
they are sufficiently large to accommodate additional treatments. If historically, these areas 
burned periodically, even if it was a lower frequency than surrounding areas (there are no site-
specific, definitive data for fire frequency in Bugbane populations) it is likely that there would 
normally have been less litter and duff than is currently observed.  

Fireline would be created as needed to aid in administering consistent fire treatments. Individual 
treatments including controls would be separated by at least 50 meters to minimize the risk of effects 
from adjacent controls.  

The preferred time for conducting burn treatments would be between May and August, when fire 
would have been historically expected to burn in this area. However, since most areas containing 
bugbane are near or adjacent to Mexican spotted owl habitat, timing restrictions for Mexican spotted 
owl may take precedence over the burning treatment and a fall burn would be implemented. A fall 
burn would be expected to be less harmful than a spring burn because individual plants would have 
had the preceding growing season to produce and store energy. In addition, plants are emerging in the 
spring and allocating stored energy to growth and reproduction. Raking (if used) and fire line 
construction (if needed) would occur immediately prior to the ignition of fire to assure that there is no 
effect from timing of the raking or the fireline construction. The area to be burned will be on the 
downhill side (if there is a slope) in order to prevent overland flow from carrying nutrients from the 
burned area into one of the non-burned areas, potentially biasing results.  

Unless safety concerns preempt it, the fire would be monitored during ignition and burning to 
document fire behavior (rate of spread, flame depth) as it burned through the bugbane. Scorch would 
be kept to less than five feet in and adjacent to bugbane populations.  
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Figure 72. Map of the treatment areas. Arizona bugbane is shown in black. 
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Design Features 
1. Implementation will require coordination between the Forest Botanist, District Wildlife 

Biologists, Fuels, Fire Ecologist and Wildlife Biologist, and the U.S. Fish and Wildlife 
Service. 

2. If Mexican spotted owl associated with the Upper West Fork PAC are determined to be non-
nesting or are absent based on protocol surveys in zones selected for burning treatments, we 
would likely burn between May and August. If Mexican spotted owl are nesting, then the 
burn would occur in the late/summer or fall. 

3. Three or more replicates are needed. Areas outside of the current 4FRI analysis area can be 
considered for use as controls and possibly for burning. Consultation with district personnel 
should occur before treatment areas outside of 4FRI are selected. 

Pre-treatment Data 
The following data would be collected before burning occurred. The data should be collected less 
than two weeks prior to treatment, but as close to the implementation of the burn as possible. Fuel 
moisture data must be collected within a few days of implementation, and not before a 
precipitation event preceding the fire. 

Data to be Collected 
Collection of the plant data one year prior to the implementation of the treatment, within one 
week of the date of implementation one year after treatment and then three years after treatment. 
For example, if the prescribed fire is implemented on September 1st, data would be collected 
between August 25th and September 7th in years one and three following the burn. 

1. Stems per area. Individual stems will be counted as opposed to clumps of plants to avoid the 
need to determine underground connectivity of the plants. The intent of this metric is to 
document changes in plant vigor by measuring changes in the number of stems per area 

2. Spatial area occupied by the sample population. The intent of this metric is to document the 
expansion or contraction of the population over time.  

3. Evidence of other activities at the site such as grazing by wildlife and/or livestock, recreation, 
etc.  

4. Evidence of past natural events such as flooding, storm damage, insect mortality in the 
overstory, etc.  

5. Canopy/shading including abiotic structures such as cliffs that may be providing shade to the 
bugbane groups being treated. We anticipate that canopy cover would be measured by a 
spherical densiometer or a similarly appropriate tool. The same type of instrumentation 
should be used for each visit and, if possible, the same person/s should collect the data each 
year since the sample size is small and the collection of this type of data is likely to vary 
significantly between surveyors.  

6. Soil type should be recorded for each site (figure 73).  

7. These data should be collected for populations in each treatment (untreated, raking and 
burning).  
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Figure 73. Map showing soil units in Arizona bugbane areas to be treated 

Fire/fuels 
1. Surface fuel loading (litter, duff, downed woody material (pre and post)). This will be 

determined by establishing a Brown’s fuel transect.  

2. Exposed mineral soil (pre and post) 

3. Timing of fire (month/week/day) 

4. Fuel moisture (particularly litter and duff) 

5. Rate of spread, flaming depth (used to determine residence time) 

6. Fire weather at the site. 

7. Precipitation on the site, gathered from the nearest reliable source. 

Brown’s lines should be read at each visit to the treatment population (untreated, raking, and 
burning), along with exposed mineral soil. Recent deadfall and tree mortality rates should also be 
recorded.  

Weather 
Weather data for the date of collection and the season prior should be noted in order to consider 
the effects of weather on plant growth at the treatment sites.  
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Reporting 
Data sheets will be prepared and data recorded in a standard manner on each visit to assure data 
consistency. Data sheets and field notes will be entered electronically into the 2670 Arizona 
bugbane file in an area established and designated for the monitoring/study. Data will also be 
shared with the U.S. Fish and Wildlife Service, 4FRI monitoring coordinator and other interested 
parties. 
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Attachment 3. Alternatives B through E Springs, Channel and Road Adaptive Management 
Actions 

Table 154. Selected alternative springs, channels, and roads adaptive management actions 
Evaluation 

Criteria 
Desired Condition Existing Condition Possible Management 

Actions* 
Monitoring 

Measure 
Trigger Indicating 

Additional Action is 
Needed (What/When) 

Adaptive Options* 

Roads and 
unauthorized 
routes located in 
upland (non-
meadow) and in 
meadows 

Soils are in satisfactory 
condition so that soil can 
resist erosion, recycle 
nutrients, and absorb 
water. Understory species 
(grasses, forbs, and 
shrubs) diversity is 
consistent with site 
potential and provides for 
infiltration of water and 
reduction of accelerated 
erosion. The understory 
has a variety of heights of 
cool and warm season 
vegetation. 

Up to 904 miles of 
road/route are in 
unsatisfactory soil 
condition due to 
accelerated erosion, 
lack of effective 
ground cover, and 
compaction. 

1. Reestablish former drainage 
patterns, stabilize slopes, and 
restore vegetation; 

2. Block the entrance to a road 
or install water bars; 

3. Remove culverts, reestablish 
drainages, remove unstable 
fills, pull back road shoulders, 
and scatter slash on the 
roadbed; 

4. Eliminate the roadbed by 
restoring natural contours and 
slopes; and 

5. Other methods designed to 
meet the specific conditions 
associated with the unneeded 
road. 

• Miles of road 
treated 

• Soil condition 
assessment 

Soil condition is 
impaired or 
unsatisfactory as 
defined in a soil 
condition assessment. 
Time is 5 years after 
treatment. 

• Additional drainage 
• Additional 

revegetation efforts 
(including 
mulching) 

• Short-term fencing 
to protect 
revegetation 

• Complete removal 
of roadbed 
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Evaluation 
Criteria 

Desired Condition Existing Condition Possible Management 
Actions* 

Monitoring 
Measure 

Trigger Indicating 
Additional Action is 

Needed (What/When) 

Adaptive Options* 

Roads and 
unauthorized 
routes located in 
the filter strips of 
identified riparian 
and nonriparian 
stream courses 

Soils are in satisfactory 
condition so that the soil 
can resist erosion, recycle 
nutrients, and absorb 
water. 
Understory species (e.g., 
grasses, forbs, and shrubs) 
diversity is consistent with 
site potential and provides 
for infiltration of water 
and reduction of 
accelerated erosion. The 
understory has a variety of 
heights of cool and warm 
season vegetation. 

All roads are in 
unsatisfactory soil 
condition due to 
accelerated erosion, 
lack of effective 
ground cover, and 
compaction. 

1. Reestablish former drainage 
patterns, stabilize slopes, and 
restore vegetation; 

2. Block the entrance to a road 
or install water bars; 

3. Remove culverts, reestablish 
drainages, remove unstable 
fills, pull back road shoulders, 
and scatter slash on the 
roadbed; 

4. Eliminate the roadbed by 
restoring natural contours and 
slopes; and 

5. Other methods designed to 
meet the specific conditions 
associated with the unneeded 
road. 

• Miles of road 
treated 

• Soil condition 
assessment 

Soil condition is 
impaired or 
unsatisfactory as 
defined in the soil 
condition assessment. 
Time is 5 years after 
treatment. 

• Additional drainage 
• Additional 

revegetation efforts 
(including 
mulching) 

• Short-term fencing 
to protect 
revegetation 
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Evaluation 
Criteria 

Desired Condition Existing Condition Possible Management 
Actions* 

Monitoring 
Measure 

Trigger Indicating 
Additional Action is 

Needed (What/When) 

Adaptive Options* 

Undeveloped 
spring in a 
forested setting. 
Vegetation and 
soils range from 
satisfactory 
condition 
(waterflow is 
occurring) to 
vegetation/ soils 
are below 
potential or are 
impaired/ 
unsatisfactory 
(there is no 
evidence of 
waterflow from 
spring). 

Springs and associated 
streams and wetlands have 
the necessary soil, water, 
and vegetation attributes to 
be healthy and functioning 
at or near potential. 
Waterflow patterns, 
recharge rates, and 
geochemistry are similar 
to historic levels and 
persist over time. Water 
quality and quantity 
maintain native aquatic 
and riparian habitat and 
water for wildlife and 
designated beneficial uses, 
consistent with water 
rights and site capability. 
Plant distribution and 
occurrence are resilient to 
natural disturbances. Soils 
are in satisfactory 
condition. 

Undeveloped 
springs occur on 
both forests in a 
forested setting. 
Note: Of the total 
number of springs, 
there are six springs 
on the Coconino NF 
that are located in 
forested areas, but 
the status of 
development is 
unknown. 

If vegetation/soils are 
satisfactory options include: 
• Remove tree canopy to pre-

settlement condition within 2–
5 chains of the spring; 

• Apply for water right if none 
exists; 

• Prescribe burn, or 
• No action. 
If vegetation/soils are below 
potential or are 
impaired/unsatisfactory options 
include: 
• Remove tree canopy to pre-

settlement condition within 2–
5 chains of the spring; 

• Apply for water right if none 
exists; 

• Remove noxious weeds; 
• Prescribe burn; or 
• Identify stressor and provide 

protection measure for the 
stressor (fence, jackstraw, 
remove/relocate road/trail 
etc.) and/or 

• Other methods designed to 
meet the desired conditions. 

Properly 
functioning 
condition (PFC), 
Museum of 
Northern Arizona 
level 1 
monitoring, 
waterflow 
(possible new 
direction for 
spring monitoring 
from FS), photo 
points 

Drop in proper 
functioning condition 
class, monitoring 
displays a dropping 
trend. 
Monitoring every 1–10 
years 

• ID stressor, protect 
from stressor (fence/ 
jackstraw, close 
road, relocated road, 
etc.) 

• No action 
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Appendix E – Monitoring Plan 

Evaluation 
Criteria 

Desired Condition Existing Condition Possible Management 
Actions* 

Monitoring 
Measure 

Trigger Indicating 
Additional Action is 

Needed (What/When) 

Adaptive Options* 

Developed springs 
in a forested 
setting. 
Vegetation and 
soils range from 
satisfactory 
condition 
(waterflow is 
occurring) to 
vegetation/ soils 
are below 
potential or are 
impaired/ 
unsatisfactory 
(there is no 
evidence of 
waterflow from 
spring). 

Springs and associated 
streams and wetlands have 
the necessary soil, water, 
and vegetation attributes to 
be healthy and functioning 
at or near potential. 
Waterflow patterns, 
recharge rates, and 
geochemistry are similar 
to historic levels and 
persist over time. Water 
quality and quantity 
maintain native aquatic 
and riparian habitat and 
water for wildlife and 
designated beneficial uses, 
consistent with water 
rights and site capability. 
Plant distribution and 
occurrence are resilient to 
natural disturbances. Soils 
are in satisfactory 
condition. 

There are 26 springs 
on the Kaibab NF 
that are located in 
forested areas and 
the status of 
development is 
unknown. 
There are 40 
developed springs 
on the Coconino NF 
that are located in 
forested areas. 
There are six springs 
on the Coconino NF 
that are located in 
forested areas and 
the status of 
development is 
unknown. 

Negotiate with holders of water 
rights that are non-Forest 
Service at Alto, Chimney, 
Dairy, Double, Garden, 
Griffiths, Howard, Little Elden, 
Lower Hull, Mud, Pat, Sawmill, 
Seven Anchor, and Upper Hill 
Springs on the Coconino 
National Forest and springs on 
the Kaibab NF to explore the 
possibility of releasing water 
above their water right for 
riparian conditions. 
If vegetation/soils are below 
potential or are 
impaired/unsatisfactory: 
• Remove tree canopy to pre-

settlement condition within 2–
5 chains of the spring, 

• Prescribe burn, 
• Remove existing water right 

(see list above) to expand 
current riparian conditions, 

• Identify stressor and provide 
protection measure for the 
stressor (fence, jackstraw, 
remove/relocate road/trail 
etc.), and/or 

• Apply other methods designed 
to meet the desired conditions. 

proper 
functioning 
condition, 
Museum of 
Northern Arizona 
level 1 
monitoring, 
waterflow 
(possible new 
direction for 
spring monitoring 
from FS), photo 
points 

Drop in proper 
functioning condition 
class, monitoring 
displays a dropping 
trend. Monitoring every 
1–10 years 

• ID stressor, protect 
from stressor (fence/ 
jackstraw, close 
road, relocated road, 
etc.) 

• No action 
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Appendix E – Monitoring Plan 

Evaluation 
Criteria 

Desired Condition Existing Condition Possible Management 
Actions* 

Monitoring 
Measure 

Trigger Indicating 
Additional Action is 

Needed (What/When) 

Adaptive Options* 

Undeveloped 
spring in a 
meadow setting. 
Vegetation and 
soils range from 
satisfactory 
condition 
(waterflow is 
occurring) to 
vegetation/ soils 
are below 
potential or are 
impaired/ 
unsatisfactory 
(there is no 
evidence of 
waterflow from 
spring). 

Springs and associated 
streams and wetlands have 
the necessary soil, water, 
and vegetation attributes to 
be healthy and functioning 
at or near potential. 
Waterflow patterns, 
recharge rates, and 
geochemistry are similar 
to historic levels and 
persist over time. Water 
quality and quantity 
maintain native aquatic 
and riparian habitat and 
water for wildlife and 
designated beneficial uses, 
consistent with water 
rights and site capability. 
Plant distribution and 
occurrence are resilient to 
natural disturbances. Soils 
are in satisfactory 
condition. 

Springs occur on the 
two national forests 
that are not 
developed and occur 
in a meadow setting. 
There is one spring 
on the Coconino NF 
(Scott Spring) that is 
located in meadow 
areas, but the status 
of development is 
unknown. There is 
one spring on the 
Kaibab NF that is 
located in meadow 
areas, but the status 
of development is 
unknown. 

If vegetation/soils are 
satisfactory: 
• Apply for water right if none 

exists, 
• Prescribe burn, and/or 
• Take no action. 
If vegetation/soils are below 
potential or are 
impaired/unsatisfactory: 
• Apply for water right if none 

exists, 
• Remove noxious weeds, 
• Prescribe burn, 
• Identify stressor and provide 

protection measure for the 
stressor (fence, jackstraw, 
remove/relocate road/trail 
etc.), and/or select 

• Other methods designed to 
meet the desired conditions. 

proper 
functioning 
condition, 
Museum of 
Northern Arizona 
level 1 
monitoring, 
waterflow 
(possible new 
direction for 
spring monitoring 
from FS), photo 
points 

Drop in proper 
functioning condition 
class, monitoring 
displays a dropping 
trend. Monitoring every 
1–10 years 

• ID stressor, protect 
from stressor (fence/ 
jackstraw, close 
road, relocate road, 
etc.) 

• No action 
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Appendix E – Monitoring Plan 

Evaluation 
Criteria 

Desired Condition Existing Condition Possible Management 
Actions* 

Monitoring 
Measure 

Trigger Indicating 
Additional Action is 

Needed (What/When) 

Adaptive Options* 

Developed spring 
in a meadow 
setting. 
Vegetation and 
soils range from 
satisfactory 
condition 
(waterflow is 
occurring) to 
vegetation/ soils 
are below 
potential or are 
impaired/ 
unsatisfactory 
(there is no 
evidence of 
waterflow from 
spring). 

Springs and associated 
streams and wetlands have 
the necessary soil, water, 
and vegetation attributes to 
be healthy and functioning 
at or near potential. 
Waterflow patterns, 
recharge rates, and 
geochemistry are similar 
to historic levels and 
persist over time. Water 
quality and quantity 
maintain native aquatic 
and riparian habitat and 
water for wildlife and 
designated beneficial uses, 
consistent with water 
rights and site capability. 
Plant distribution and 
occurrence are resilient to 
natural disturbances. Soils 
are in satisfactory 
condition. 

Springs occur on the 
two national forests 
that are developed 
and occur in a 
meadow setting. 
There are four 
springs on the 
Coconino NF that 
are located in 
meadow areas and 
are developed. 

If vegetation/soils are 
satisfactory: 
• Prescribe burn, 
• Re-plumb spring to allow for 

water above existing water 
right to be released to expand 
current riparian conditions, 
and /or 

• Other methods designed to 
meet the specific conditions 
associated. 

If vegetation/soils are below 
potential or are 
impaired/unsatisfactory: 
• Prescribe burn, 
• Remove noxious weeds, 
• Re-plumb spring to allow for 

water above existing water 
right to be released to expand 
current riparian conditions, 

• Identify stressor and provide 
protection measure for the 
stressor (fence, jackstraw, 
remove/relocate road/trail 
etc.), and/or 

• Other methods designed to 
meet the desired conditions. 

proper 
functioning 
condition, 
Museum of 
Northern Arizona 
level 1 
monitoring, 
waterflow 
(possible new 
direction for 
spring monitoring 
from FS), photo 
points 

Drop in proper 
functioning condition 
class, monitoring 
displays a dropping 
trend. Monitoring every 
1–10 years 

• ID stressor, protect 
from stressor (fence/ 
jackstraw, close 
road, relocated road, 
etc.) 

• No action 
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