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Introduction: Large-scale investments in restoring California’s forested watersheds 
are imperative for conserving biodiversity, enhancing water quality, and mitigating 
the future impacts of climate change. This study explores the underlying incentives, 
major challenges, and potential strategies associated with such investments.

Methods: An online survey was administered to 43 experts in the field to gather 
their insights on forest watershed restoration investments. The collected 
responses were then analyzed using a combination of confirmatory factor 
analysis and regression analysis to elucidate patterns and relationships.

Results: The analysis revealed that key environmental outcomes, such as reducing 
wildfire risks and protecting water supplies, are the principal motivators driving 
investment. At the same time, significant barriers emerged, including high costs, 
limited workforce capacity, and insufficient trust among stakeholders. The study 
also identified a series of effective strategies to overcome these obstacles, such 
as repositioning forest restoration as an infrastructure investment and clearly 
demonstrating its ecological, social, and economic benefits.

Discussion: Overall, the findings underscore the need for more flexible funding 
frameworks, enhanced stakeholder engagement, and improved data infrastructures. 
By addressing these elements, policymakers and practitioners can pave the way for 
more resilient and sustainable forested-watershed ecosystems in California.
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Highlights

 • Financial and workforce constraints are primary barriers to investing in restoration, with 
climate, outcome, and operational uncertainties also important.

 • Enumeration of environmental and economic benefits of restoration can bolster 
stakeholder collaboration and investments.

 • Wildfire risk reduction is a primary motivator for investing in forest restoration, with 
water and environmental co-benefits also important.

 • Stakeholder collaboration, supported by credible data and information, can lower barriers 
to advancing multi-benefit forest restoration.
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1 Introduction

Forested watersheds in California provide vital ecological, economic, 
and social benefits that contribute to environmental sustainability. These 
watersheds support diverse species and habitats, aiding in biodiversity 
conservation and maintaining ecosystem stability (Sun and Vose, 2016; 
Saksa et al., 2017). Additionally, they play a significant role in climate 
change mitigation by acting as carbon sinks, absorbing atmospheric CO₂ 
and thereby reducing atmospheric greenhouse gas concentrations (Giles-
Hansen et al., 2021; Layton and Ellison, 2016). Beyond their climate-
related benefits, forested watersheds contribute to water quality by 
filtering contaminants, stabilizing stream banks, and minimizing 
sediment and nutrient runoff (East et  al., 2021). Riparian buffers—
vegetated strips adjacent to water bodies—enhance these functions by 
reducing erosion and filtering pollutants before they enter waterways 
(Prepas et al., 2008; Amatya and Trettin, 2020). However, disturbances 
such as wildfires and logging disrupt these processes, increasing sediment 
runoff and altering nutrient cycles, potentially affecting downstream 
ecosystems (Bart et al., 2020; Ku et al., 2024).

In addition to ecological benefits, forested watersheds contribute 
to regional economic stability by supporting industries such as 
agriculture, forestry, fisheries, and recreation. Healthy watersheds 
improve agricultural productivity by preserving soil quality and 
regulating water availability (Maridi et al., 2014). They also bolster 
economic activities like hiking, fishing, and wildlife tourism, which 
generate revenue for local communities and stimulate job creation 
(Srivastava et al., 2020). Furthermore, forested watersheds influence 
hydrologic cycles by enhancing water infiltration, reducing surface 
runoff, and mitigating soil erosion (Meli et al., 2024). Their role in 
atmospheric moisture redistribution, facilitated through 
evapotranspiration patterns, further supports precipitation recycling 
(Ellison et al., 2012; Ellisson et al., 2017). Maintaining these benefits 
requires strategic watershed management to ensure the sustained 
availability of resources for ecological and economic activities.

Despite their importance, forested watersheds in California face 
mounting challenges, including climate change, urbanization, and 
resource extraction. Increasing wildfire frequency and altered 
precipitation patterns have intensified drought conditions, heightening 
risks to watershed stability (Saksa et al., 2017; Tang and Adesina, 2022). 
Prolonged drought periods influence runoff timing and water availability, 
impacting both natural ecosystems and human populations. Additionally, 
urban expansion and industrial development contribute to habitat 
fragmentation, pollution, and shifts in hydrologic processes (Walsh et al., 
2012). Changes to land cover and water cycles from resource extraction 
activities further stress watershed health (Akhtar et al., 2021). Given the 
complexity of interacting environmental stressors, a comprehensive 
understanding of watershed dynamics is necessary to develop effective 
adaptation and restoration measures (Merriam et al., 2016). Successful 
restoration initiatives have the potential to reestablish ecological functions, 
improve water quality, and support biodiversity conservation while 
simultaneously fostering resilience within local communities (Li et al., 
2018; Bismihayati, 2023).

Several restoration approaches, including mechanical thinning, 
mastication, and controlled burning, aim to address hydrologic and 
ecological challenges associated with watershed degradation (North 
et  al., 2021). Thinning to reduce fuels enhances forest health by 
mitigating fire risks, with recent costs in the Central Sierra Nevada 
averaging $3000 per hectare or more (Guo et al., 2023), at least double 
those reported a decade ago (Page-Dumroese et al., 2017; Ganzlin 

et al., 2016). Mastication efficiently reduces combustible material and 
sedimentation risks but requires additional management to handle 
debris accumulation, generally costing between $750 and $2000 per 
hectare (Ramberg et al., 2023; Barros et al., 2018). Controlled burning 
serves as a cost-effective strategy to reduce fire hazards, restore 
habitats, and promote ecosystem regeneration, however, costs in the 
Sierra Nevada are approaching those for thinning, again much higher 
than costs reported a decade ago (Eales et al., 2016; Ryu et al., 2017). 
However, financial constraints, regulatory barriers, and long project 
timelines frequently hinder the implementation of restoration efforts, 
limiting investments (Eriksson et al., 2025; Meli et al., 2017). Potential 
solutions include innovative financial models such as public-private 
partnerships and payments for ecosystem services, which aim to 
facilitate funding for restoration projects (Lamb, 2018).

Regulatory challenges present additional obstacles to watershed 
restoration. Complex permitting processes, lengthy approval timelines, 
and inconsistent policies across jurisdictions create uncertainty for 
stakeholders and delay implementation (Hessburg et al., 2021). Some 
environmental regulations require supplementary assessments, further 
increasing project costs and administrative burdens. Simplifying 
permitting procedures and improving policy coherence could help 
streamline restoration efforts. Technical limitations also impact 
restoration success, as the lack of standardized methodologies affects 
project consistency and outcome measurement (Jones et  al., 2021). 
Limited access to advanced technological tools, such as remote sensing 
and modeling applications, restricts practitioners’ ability to plan 
restoration projects effectively (Stephens et  al., 2023). Furthermore, 
inadequate stakeholder coordination and low community engagement 
hinder restoration adoption, despite evidence indicating that participatory 
approaches and effective communication strategies enhance project 
acceptance (Guariguata and Brancalion, 2014).

While prior research has explored the ecological and economic 
benefits of forested watershed restoration, investment decisions remain 
an understudied aspect. Studies suggest that financial mechanisms, 
regulatory efficiency, and advancements in technology influence 
restoration investment trends (Burton and Macdonald, 2011; Won and 
Song, 2024; Burnett et  al., 2018). Emerging geospatial technologies, 
including remote sensing, GIS mapping, and predictive modeling, have 
improved restoration planning, allowing for more accurate assessments 
of land cover changes, fire risks, and hydrologic fluctuations (Jones et al., 
2021; Stephens et  al., 2023). Additionally, integrating participatory 
approaches with technological applications may enhance stakeholder 
engagement and facilitate long-term investment. Despite existing 
literature, key factors shaping investment decisions in watershed 
restoration require further exploration. To address this gap, this study 
examines (1) financial, regulatory, technical, and social barriers to 
investing in forested watershed restoration in California, (2) uncertainties 
surrounding financial returns, climate impacts, and data availability, and 
(3) strategies to mitigate investment barriers and uncertainties.

2 Materials and methods

2.1 Data collection

Between April and June 2024, we conducted an online survey to 
examine expert perceptions regarding the restoration of forested 
watersheds in California (Appendix 1). The survey aimed to identify key 
challenges, uncertainties, and strategies influencing investment decisions 
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in watershed restoration. To ensure a diverse and representative sample, 
participants were recruited through professional networks and 
organizations specializing in natural resource management across the 
state. The target audience included experts from government agencies, 
non-profit organizations, private-sector entities, and academic 
institutions. The survey was designed using Microsoft Forms and 
disseminated through multiple channels, including printed questionnaires 
with QR codes and direct email outreach, to maximize accessibility and 
participation. Before launching the survey, a pilot test was conducted with 
a group of experts to refine questions and validate the reliability of the 
collected data. Participants were fully informed of the study’s purpose, and 
their consent was obtained prior to participation. To protect respondent 
confidentiality, all survey responses were anonymized. Ethical approval 
for this study was secured from the University of California Merced 
Institutional Review Board.

In distributing the survey, 150 printed copies of the questionnaire 
containing QR codes were shared with attendees of the Governor’s 
Wildfire and Forest Resilience Task Force’s Southern California 
Regional meeting on April 4, 2024. Additionally, an email invitation 
was sent to 101 identified stakeholders on May 17, 2024, by which time 
9 responses had been received. By May 22, 15 additional responses 
were collected. To encourage further participation, a follow-up 
reminder was sent on May 24, resulting in an additional 19 responses 
by June 13. Throughout data collection, responses were periodically 
reviewed to maintain quality and completeness, ensuring accurate 
insights into expert perspectives on watershed restoration investment.

2.2 Measurements

The questionnaire was structured around five main topics: (I) 
Reasons for investing, (II) Barriers to investment, (III) Uncertainties 
in decision-making, (IV) Importance of strategies for addressing 
uncertainties, and (V) Relevance of strategies for increasing 
investments (Table 1). Each of these topics contained sub-questions 
presented in a matrix format, measured on a seven-point Likert scale 
with a neutral middle alternative. Three different sets of non-numerical 
anchors were used: Q1 and Q4 measured importance (1 = Not at all 
important, 2 = Low importance, 3 = Slightly important, 4 = Neutral, 
5 = Moderately important, 6 = Very important, 7 = Extremely 
important), Q2 measured barriers (1 = Not a barrier, 2 = Minor 
barrier, 3 = Somewhat barrier, 4 = Neutral, 5 = Considerable barrier, 
6 = Major barrier, 7 = Extreme barrier), and Q3 and Q5 measured 
relevance (1 = Not at all relevant, 2 = Low relevance, 3 = Slightly 
relevant, 4 = Neutral, 5 = Moderately relevant, 6 = Very relevant, 
7 = Extremely relevant). Additionally, the questionnaire included two 
demographic questions measuring gender and the number of years 
the respondent had worked with natural resources.

2.3 Analysis

Following data collection, descriptive statistics (frequencies, 
percentages, and means) were calculated to identify response patterns. 
Confirmatory factor analysis was applied to generate factors 
representing respondent perceptions across sub-questions from 
questions 1 to 5. The reliability of latent constructs was assessed using 
Cronbach’s alpha, while the Kaiser criterion (k > 1) determined their 
dimensionality. Factor loadings above 0.4 guided item retention (Hair 

and Sarstedt, 2019; Nunnally, 1994). A correlation matrix and linear 
regression model were then employed for further analysis, with 
Microsoft Excel used for data cleaning and descriptive statistics, and 
Stata for all other analytical procedures.

To explore barriers, uncertainties, and strategies in watershed 
restoration, this study applies Factor Analysis, a statistical method 
that condenses a large set of variables into underlying factors, 
revealing patterns and relationships within the data (Steel et  al., 
2022). This approach identifies latent constructs that shape expert 
opinions, offering insight into key factors influencing investment in 
forested watershed restoration in California (Vogler et al., 2015). By 
uncovering these patterns, the analysis provides a structured 
understanding of the challenges and opportunities central to 
sustainable watershed management.

3 Results

We received responses from 43 participants. Of these, 72% 
identified as men, 23% as women, 2% declined to specify their gender, 
and another 2% answered as representatives of an organization or 
group. Among the respondents, 32 provided information on their 
years of experience in the field, averaging 23.2 years (SD = ±12.5). 
Approximately 19% of respondents had 1–10 years of experience in 
forest restoration and watershed management, 22% had 11–20 years 
of experience, while the largest groups in the sample had 21–30 years 
of experience (38%). Additionally, 9% of respondents had 31–40 years 
of experience, while 13% of the respondents had 41–50 years of 
experience. Figures  1–5 summarize respondents’ perceptions and 
frequency distributions for the 27 sub-questions, with each assessed 
across a seven-point scale to capture the ranges of perceived 
importance, barriers, and relevance. Responses to questions are 
arranged by level of importance, top to bottom, in each figure. The 
associated raw data are available in Supplementary Table S1.

3.1 Reasons to invest in forest restoration 
treatments

Over 50% of the respondents answered “extremely important” or 
“very important” to the five questions related to reasons to invest 
(Figure  1). Reducing the risk of catastrophic wildfire was rated as 
extremely important by 77% of respondents, with another 21% rating it 
as very important. About 86% of responses rated enhancing 
environmental outcomes and water supply as extremely or very 
important, with just over half of the responses in the extremely important 
category for environmental benefits and just under 50% for water benefits. 
Enhancing social outcomes was rated as very or extremely important by 
70% of respondents, versus 54% of respondents for economic outcomes. 
Including moderately important, the respective totals are 95 and 81%.

The confirmatory factor analysis indicated that respondents perceived 
the questions related to economic, social, and environmental outcomes as 
interconnected motivations for investing in forest restoration to the 
degree that these items could be  combined into a single construct 
representing outcome motivation (Alpha = 0.753; Table 2). Analysis of the 
relationship between the outcome motivation factor solution and 
remaining two items measured in question 1 showed that the “Reducing 
the risk of catastrophic wildfires” had a probability of 0.5444 to 
be  independent of the outcomes factor, while the corresponding 
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probability for “Protecting and enhancing water supply” was 0.044, 
indicating that wildfire concerns were less related to perceived economic, 
social, and environmental outcomes than were water supply concerns 
(Table 2).

3.2 Barriers to investing in restoring 
forested watersheds

The survey identified several barriers to investing in the 
restoration of forested watersheds, with all 8 perceived as extreme, 

major, or moderate barriers by over half of respondents (Figure 2). The 
“high cost of forest restoration treatments” and “lack of workforce 
capacity” were perceived as the highest barriers, with over half of 
respondents perceiving them as extreme or major barriers. Including 
considerable barriers, the respective numbers are 86 and 74%. Only 
7% perceived workforce capacity to be  a minor or no barrier. 
Unwillingness to change current management practices and lack of 
communication with stakeholders were perceived as extreme or major 
barriers by 38 and 37% of respondents, respectively. Including 
considerable barriers, the respective values are 71 and 58%. Lack of 
trust in other stakeholders was perceived as an extreme or major 

TABLE 1 Summary of sub-questions and their abbreviations for key survey questions regarding forested watershed restoration.

Code sub-question Abbreviation

Q1. Importance of reasons to invest

Q1.1 Enhancing environmental outcomes Environmental

Q1.2 Enhancing social outcomes Social

Q1.3 Enhancing economic outcomes Economic

Q1.4 Reducing the risk of catastrophic wildfires Wildfire

Q1.5 Protecting and enhancing water supply Water supply

Q2. Extent of barrier to investing

Q2.1 Lack of understanding of the multiple co-benefits of fuels treatments Co-benefits

Q2.2 Limits on changing current management practices Change management

Q2.3 Lack of trust in other stakeholders Trust

Q2.4 Lack of communication with other stakeholders Communication

Q2.5 High cost of forest restoration treatments and/or maintenance Treatment costs

Q2.6 Increases in implementation costs after securing funding Cost increases

Q2.7 Limits on workforce capacity Workforce

Q2.8 Shortening of work window by snow or wildfire Work window

Q3. Relevance of uncertainties in making decisions

Q3.1 Financial return of water-related benefits Water benefits

Q3.2 Capacity to adapt to weather and operational constraints Weather/operations

Q3.3 Need for further work after completing a project Additional work

Q3.4 Climate change Climate change

Q3.5 Understanding of innovative financing Innovative financing

Q3.6 Availability of credible data and information for projecting outcomes Knowledge base

Q4. Strategies for dealing with uncertainties

Q4.1 Better quantifying the co-benefits of fuels treatments Quantify co-benefits

Q4.2 Having access to sufficient funds Sufficient funding

Q4.3 Treating forest restoration as an infrastructure investment that can be capitalized Capitalize investment

Q4.4 Improving availability of credible data and information for projecting outcomes Credible data

Q5. Strategies for increasing investments

Q5.1 Better quantifying the co-benefits of fuels treatments Quantify co-benefits

Q5.2 Having access to sufficient funds Sufficient funding

Q5.3 Treating forest restoration as an infrastructure investment that can be capitalized Capitalize investment

Q5.4 Improving availability of credible data and information for projecting outcomes Credible data

Q6. Demographics

Q6.1 How do you identify? Gender

Q6.2 How many years of experience do you have in natural resource management? Years of experience
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barrier by 28% of respondents, and including a considerable barrier, 
the value is 72%.

While not perceived as an extreme barrier, 65% of respondents 
perceived a lack of understanding of water benefits and co-benefits as 
a “major” or “considerable barrier” to investing. Similarly, changes in 
treatment costs during project implementation and shortening of 
work window by snow or wildfire were perceived as considerable, 
major, or extreme barriers by 65 and 56% of respondents, respectively. 
The factor analysis indicated two distinct factors (Table 3). Factor 1 

(Operational and financial constraints) emphasized practical and 
financial challenges that significantly impede restoration efforts, 
measured by items related to shortening of the work window by snow 
or wildfire, limits on workforce capacity, and increases in 
implementation costs after securing funding. Factor 2 (Stakeholder 
and communication issues) included the items lack of communication 
and trust among stakeholders, limits on changing current management 
practices, and a lack of understanding of the multiple co-benefits of 
fuels treatments. The high cost of restoration treatments and 

FIGURE 1

Frequency of responses on the importance of reasons to invest in forest restoration treatments and other measures in restoring forested watersheds 
(n = 43). Note that across the 5 questions no respondents selected “not at all” important.

FIGURE 2

Frequency of responses on the barriers to investing in restoring forested watersheds (n = 43).
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maintenance did not load strongly onto either factor, suggesting that 
while it is a recognized barrier, it might not fit neatly into the same 
categorical frameworks as the other barriers.

3.3 Relevance of uncertainties in making 
investment decisions

The survey results highlight several uncertainties that influence 
investment decisions, with all 6 uncertainties perceived as 
extremely, very, or moderately important by 56–77% of 
respondents (Figure 3). Understanding of innovative financing and 
availability of knowledge or human capital were perceived as 
extremely or very important by 49% of respondents, followed by 

financial return of water-related benefits and climate change 
having 40–42% of responses in these two highest uncertainty 
categories. Capacity to respond to operational and weather 
changes, and risk of additional cost for further restoration after 
completing planned work had 30% of responses in the extremely 
or very categories.

The factor analysis identified a single dominant factor—
Decision Uncertainty—which encapsulates various challenges 
influencing restoration decisions (Table  4). This factor is 
characterized by concerns over water-related benefits, adaptation 
capacity, additional work required, climate change, innovative 
financing models, and data availability. Among these items, climate 
change (0.756) and capacity to adapt (0.728) exhibit the strongest 
loadings, underscoring their substantial influence on 

FIGURE 3

Frequency of responses on the relevance of uncertainties in making decisions to invest in restoring forested watersheds (n = 43).

FIGURE 4

Frequency of responses on the importance of strategies for dealing with uncertainties around investing in restoring forested watersheds (n = 43).
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decision-making processes. Similarly, innovative financing (0.710) 
and data availability (0.640) highlight financial and informational 
constraints as key elements of uncertainty. The overall scale 
reliability, indicated by Cronbach’s alpha of 0.920, suggests strong 
internal consistency among these items. Notably, water-related 
benefits (0.412) show a lower loading, suggesting that while 
relevant, this concern might not be as influential as other factors in 
shaping restoration decisions.

3.4 Strategies for dealing with uncertainties

All four strategies were perceived as being extremely or very 
important in dealing with uncertainties around investments in 
watershed restoration (Figure 4). Access to sufficient funds emerged 
as the most critical strategy, with 53% of respondents rating it as 
extremely important and 33% as very important, underscoring the 
pivotal role of financial resources in driving investment decisions. 
Similarly, treating forest restoration as an infrastructure investment 
that can be capitalized was rated extremely important by 35% and 
very important by 30% of respondents. Better quantifying the 
co-benefits of fuels treatments was considered extremely important 
by 35% of respondents, very important by 26%, and moderately 
important by 16%. Additionally, improving the availability of credible 
data and information for projecting outcomes was rated as very 
important by 28% and extremely important by 28% of respondents.

The factor analysis identified Strategies Uncertainty as a distinct 
factor encompassing concerns related to restoration strategies and 
resource availability (Table 5). Among the items, data availability (0.839) 
demonstrated the strongest loading, highlighting its critical role in 
shaping uncertainty around strategy implementation. Similarly, fuel 
treatment benefits (0.750) and infrastructure limitations (0.691) were 
significant contributors, emphasizing challenges in assessing restoration 
effectiveness and resource accessibility. Notably, sufficient funding (0.364) 
showed a weaker loading and was excluded from factor creation due to 
its limited contribution to the underlying construct. The overall scale 
reliability, indicated by Cronbach’s alpha of 0.715, suggests moderate 
internal consistency, reinforcing the importance of refining strategic 
frameworks to enhance confidence in restoration efforts.

3.5 Strategies for increasing investments

The four strategies for increasing investments in forested 
watershed restoration were perceived as extremely or very important 
by 63–79% of respondents (Figure 5). Having access to sufficient funds 
emerged as the most critical strategy, with 63% of respondents rating 
it as extremely important and 16% as very important. No respondents 
rated it as being of low or no importance, though 21% did perceive it 
as neutral or only slightly important. The other three strategies were 
perceived in similar ways by respondents, with 63–67% of responses 
being extremely or very important.

The factor analysis identified Strategies Investment as a key factor 
influencing restoration funding and infrastructure decisions (Table 6). 
Among the items, data availability (0.808) and infrastructure (0.779) 
exhibit the strongest loadings, underscoring their critical role in 
shaping investment strategies. The substantial loading of fuel treatment 
benefits (0.715) suggests that stakeholders recognize the importance of 
effective restoration techniques in guiding investment decisions. 
Meanwhile, sufficient funding (0.479) displays a weaker loading, 
indicating that while financial resources are essential, they may not 
be  the sole determinant of investment choices. The overall scale 
reliability, reflected in Cronbach’s alpha of 0.714, suggests moderate 
internal consistency, highlighting the need for further exploration of 
strategic financing mechanisms.

FIGURE 5

Frequency of responses on the importance of strategies for increasing investments in restoring forested watersheds (n = 43).

TABLE 2 Factor loadings for outcome items on motivation (Q1).

Code Item Factor 
loading 

(Investment 
motivation)

Uniqueness Alpha 
with 
item 

removed

Q1.1
Environmental 

outcomes
0.642 0.588 0.705

Q1.2 Social outcomes 0.701 0.509 0.637

Q1.3
Economic 

outcomes
0.690 0.524 0.664

Scale Alpha = 0.753, Average interitem covariance = 0.639.
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TABLE 5 Factor loadings for items on Strategies uncertainty (Q4).

Code Item Factor 
loading 

(Strategies 
uncertainty)

Uniqueness Alpha with 
item 

removed

Q4.1 Fuel 

treatment 

benefits

0.750 0.437

0.682

Q4.2 Sufficient 

funding

0.364 0.868
0.818

Q4.3 Infrastructure 0.691 0.523 0.673

Q4.4 Data 

availability

0.839 0.297
0.586

Scale Alpha = 0.715, Average interitem covariance = 0.764, Item Q4.2 was excluded from 
factor creation due to loading < 0.4.

TABLE 6 Factor loadings for items on Strategies investment (Q5).

Code Item Factor 
loading 

(Strategies 
investments)

Uniqueness Alpha 
with 
item 

removed

Q5.1 Fuel treatment 

benefits

0.715 0.489
0.755

Q5.2 Sufficient 

funding

0.479 0.771
0.832

Q5.3 Infrastructure 0.779 0.393 0.687

Q5.4 Data availability 0.808 0.348 0.668

Scale Alpha = 0.714, Average interitem covariance = 0.795.

3.6 Correlations between items and factors

Table 7 reveals several noteworthy correlations between various 
factors associated with watershed restoration. There is a positive but 

weak correlation between reducing wildfire risk and protecting water 
supply (0.1643), indicating that these concerns are somewhat related. 
A stronger positive correlation exists between enhancing economic, 
social, and environmental outcomes (Invest FR) and protecting water 
supply (0.5884), suggesting that respondents who prioritize water 
protection also see broader benefits from forest restoration. The 
correlations involving Barrier 1 (increases in implementation costs, 
limits on workforce capacity, shortening of the work window) are 
relatively weak with other factors, indicating these barriers are seen as 
independent challenges. Interestingly, Barrier 2 (lack of understanding, 
limits on changing practices, lack of trust and communication) has a 
negative correlation with Invest FR (−0.1476).

The relevance of uncertainties in decision-making (Invest U) 
shows moderate positive correlations with several factors, including 
water protection (0.3351), Invest FR (0.4565), and strategies for 
dealing with uncertainties (Strategies U, 0.3874). A particularly strong 
positive correlation exists between Strategies U and Invest I (strategies 
for increasing investments, 0.8517), emphasizing that effective 
management of uncertainties is closely linked to overall 
investment strategies.

3.7 Regression analysis

The regression analysis, summarized in Table 8, examines factors 
influencing investment in forest restoration (Invest FR). While Barrier 

TABLE 4 Factor loadings for items on Decision uncertainty (Q3).

Code Item Factor 
Loading 

(Decision 
uncertainty)

Uniqueness Alpha 
with 
item 

removed

Q3.1 Water-

related 

benefits

0.412 0.678

0.808

Q3.2 Capacity 

to adapt

0.728 0.456
0.739

Q3.3 Additional 

work

0.549 0.556
0.788

Q3.4 Climate 

change

0.756 0.368
0.743

Q3.5 Innovative 

financing

0.710 0.464
0.737

Q3.6 Data 

availability

0.640 0.525
0.755

Scale Alpha = 0.920, Average interitem covariance = 0.795.

TABLE 3 Factor loadings for items on barriers (Q2).

Code Item Factor 1 
(operational 
constraints)

Factor 2 (stakeholder 
collaboration)

Uniqueness Alpha with item 
removed

Q2.1 Fuels treatment −0.028 0.470 0.784 0.740

Q2.2 Management practices −0.081 0.527 0.733 0.750

Q2.3 Stakeholder trust 0.170 0.623 0.541 0.705

Q2.4 Stakeholder com. −0.063 0.723 0.492 0.716

Q2.5 High treatment costs −0.016 0.334 0.891 0.744

Q2.6 Increase in treatment 

cost
0.717 0.137 0.428 0.692

Q2.7 Workforce capacity 0.814 −0.036 0.349 0.702

Q2.8 Limited work window 0.838 −0.048 0.311 0.713

Scale Alpha = 0.748, Average interitem covariance = 0.580, Item Q2.5 was excluded from factor creation due to loading < 0.4.
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1 and Barrier 2 appear in the model, neither demonstrates a 
statistically significant relationship with investment motivations (p-
values of 0.41 and 0.40, respectively). However, uncertainties in 
decision-making (Invest U) emerge as a strong predictor (p-value of 
0.03), emphasizing the importance of addressing uncertainty to 
enhance investment willingness. Additional factors, including 
strategies for managing uncertainties (Strategies U) and increasing 
investments (Invest I), show positive but non-significant associations 
with Invest FR. Demographic variables, such as age and gender, also 
do not display significant effects. The model explains a moderate 
proportion of the variance in investment reasons, indicating 
opportunities for further refinement.

4 Discussion

The study identifies key barriers and uncertainties affecting 
investment in forested watershed restoration in California, 

highlighting operational, financial, and stakeholder-related challenges 
through survey responses and Factor Analysis. These findings 
provide insights into the factors limiting restoration efforts while also 
informing strategies to mitigate uncertainties and improve investment 
confidence. Understanding the interplay between financial 
constraints, regulatory complexities, and stakeholder coordination 
allows for the development of targeted approaches that enhance 
restoration feasibility.

4.1 Reasons to invest in forest restoration 
treatments

Survey results highlighted key motivations for investing in forest 
restoration, with environmental benefits emerging as the most critical 
factor, particularly in terms of biodiversity conservation, air and water 
quality improvement, and carbon sequestration for climate mitigation 
(Burton and Macdonald, 2011; Crouzeilles et al., 2016; Spake et al., 

TABLE 7 Correlations between items and factors.

Itema Wildfire Water Investment 
motivation

Operational 
constraints

Stakeholder 
collaboration

Decision 
uncertainty

Strategies 
uncertainty

Water 0.164

Investment 

motivation

−0.087 0.588

Operational 

constraints

−0.015 0.012 0.206

Stakeholder 

collaboration

0.123 0.153 −0.112 0.263

Decision 

uncertainty

0.102 0.335 0.457 0.147 0.189

Strategies 

uncertainty

−0.026 0.445 0.227 −0.251 0.162 0.388

Strategies 

investments

0.015 0.371 0.304 −0.055 0.029 0.410 0.825

aWildfire: Reducing the risk of catastrophic wildfires. Water: Protecting and enhancing water supply. Investment motivation: Enhancing economic, social, and environmental outcomes. 
Operational constraints: Increases in implementation costs after securing funding; Limits on workforce capacity; Shortening of work window by snow or wildfire. Stakeholder collaboration: 
Lack of understanding of the multiple co-benefits of fuels treatments; Limits on changing current management practices; Lack of trust in other stakeholders; Lack of communication with other 
stakeholders. Decision uncertainty: Relevance of uncertainties in making decisions. Strategies uncertainty: Strategies for dealing with uncertainties. Strategies invest: Strategies for increasing 
investments.

TABLE 8 Regression analysis of factors predicting the importance of reasons to invest in forest restoration (Investment motivation).

Variable Coefficient Standard error P

Operational constraints 0.085 0.153 0.584

Stakeholder collaboration −0.141 0.163 0.394

Decision uncertainty 0.386 0.167 0.031

Strategies uncertainty −0.403 0.350 0.261

Strategies Investment 0.343 0.332 0.313

Wildfire −0.354 0.256 0.180

Water 0.602 0.144 0.000

Age 0.005 0.011 0.661

Female −0.084 0.275 0.763

Constant −1.482 1.958 0.457

N = 32, R2 = 0.649, Adjusted R2 = 0.505.
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2015). Additionally, reducing wildfire risks was a highly prioritized 
concern, reflecting the urgency of preventing destructive fires that 
threaten ecosystems and communities (Zhang and Wei, 2013). Water 
supply protection was also a major investment driver, reinforcing the 
essential role of forested watersheds in maintaining water quality and 
availability (Wu et  al., 2011; Sun et  al., 2015). While social and 
economic benefits were acknowledged, responses indicated that 
stakeholders place greater emphasis on ecological and immediate risk-
reduction outcomes, though economic considerations remain relevant 
(Yuan et al., 2019). Factor Analysis further confirmed these findings, 
revealing that while environmental, social, and economic outcomes 
are interrelated, wildfire risk reduction and water supply protection 
stand out as distinct investment priorities.

4.2 Barriers to investing in restoring 
forested watersheds

The survey identified several key barriers to investing in forested 
watershed restoration, with financial constraints—particularly the 
high costs of treatments and rising implementation expenses—
emerging as a primary concern. Operational limitations, such as 
shortened work windows due to snow or wildfire and restricted 
workforce capacity, further hinder project execution. Stakeholder and 
communication challenges, including a lack of trust, resistance to 
changing management practices, and limited awareness of the 
co-benefits of fuels treatments, also pose significant obstacles 
(Mandarano and Paulsen, 2011). Additionally, the prioritization of 
wildfire risk reduction, as revealed through Factor Analysis, reflects 
the growing urgency of addressing fire-related threats in the face of 
climate change (Zhang and Wei, 2013).

4.3 Relevance of uncertainties in decision 
making

Uncertainties such as the financial return of water-related 
benefits and the availability of credible data emerged as significant 
factors influencing investment decisions. These findings align with 
previous research that emphasizes the importance of understanding 
economic returns and having reliable data for decision-making 
(Allan et al., 2012). Climate change was also recognized as a relevant 
factor, highlighting the necessity of incorporating climate 
considerations into restoration planning (de Groot et al., 2013). The 
need for further work after completing a project and understanding 
innovative financing were other notable uncertainties, suggesting that 
stakeholders are aware of the ongoing nature of restoration efforts 
and the need for effective funding mechanisms (Goldstein 
et al., 2008).

4.4 Importance of strategies for dealing 
with uncertainties

Securing sufficient funding is essential for effective forest restoration, 
with respondents emphasizing the value of treating restoration as an 
infrastructure investment to attract financial support and long-term 
commitment (Liang et al., 2018). While Meli et al. (2017) primarily focus 

on ecological benefits, the financial implications of restoration remain a 
key consideration. Capitalizing restoration costs may offer tax advantages 
to landowners by allowing deductions against future revenues generated 
from ecosystem services (Christmann et al., 2025; Polasky et al., 2010). 
Payments for ecosystem services (PES), such as carbon sequestration 
credits and water quality incentives, provide financial compensation for 
maintaining ecological functions. Additionally, improved land 
productivity and sustainable timber harvesting may yield further 
economic returns, while enhanced environmental conditions can increase 
property values, making restoration investments financially viable upon 
land transactions (Underwood et  al., 2017). Aligning restoration 
initiatives with financial incentives can encourage greater participation 
and investment from landowners (Tedesco et al., 2022; Evans et al., 2022).

Beyond financial aspects, quantifying the co-benefits of fuels 
treatments and increasing access to reliable data are crucial for 
informed decision-making and investment confidence (Fujii et al., 
2017). Transparent reporting and credible data improve stakeholder 
understanding of restoration benefits, fostering greater support among 
investors and policymakers (Busch and Mukherjee, 2017). Stakeholder 
engagement and adaptive management are also essential for 
addressing uncertainties and improving restoration success. Effective 
collaboration among local communities, landowners, and relevant 
stakeholders builds trust and facilitates alignment on restoration 
priorities (Jones et al., 2017). Adaptive management, which involves 
continuous monitoring and refinement of strategies based on evolving 
environmental conditions, enhances long-term project resilience 
(Paletto et al., 2021). Integrating financial stability, data transparency, 
and stakeholder coordination is critical for ensuring the sustainability 
and success of forest restoration efforts (Crouzeilles et al., 2017).

4.5 Relevance of strategies for increasing 
investments

The survey highlighted the relevance of various strategies for 
increasing investments in forested watershed restoration. Access to 
sufficient funds was again underscored as the most important strategy. 
Treating forest restoration as an infrastructure investment that can 
be capitalized and better quantifying the co-benefits of fuels treatments 
were also highly relevant (Meli et al., 2017). Improving the availability 
of credible data and information for making informed investment 
decisions was another key strategy, aligning with findings that 
highlight the necessity of reliable data (Jalonen et al., 2017).

4.6 Correlations and regression analysis

The correlation and regression analyses provide insights into the 
factors influencing investment decisions in forested watershed 
restoration. Results emphasize the significance of addressing both 
financial and operational constraints, alongside stakeholder 
engagement and communication strategies, to enhance investment 
confidence (Brancalion et  al., 2019; Crouzeilles et  al., 2019). The 
regression analysis highlights the role of uncertainty management in 
investment motivations, indicating that securing sufficient funding 
and improving data availability are key to overcoming barriers 
(Valente et al., 2017). Operational constraints, including access to 
skilled labor and technical expertise, also impact investment decisions, 
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while effective stakeholder collaboration fosters shared priorities and 
supports long-term project success (Ren et al., 2017). Additionally, the 
availability of credible data and transparent reporting mechanisms is 
essential for building trust among investors and stakeholders (Guo 
et al., 2019).

Further analysis underscores the importance of reducing 
uncertainties related to financial returns and climate change impacts, 
as investors are more likely to commit resources when expected 
outcomes are well understood (Crouzeilles et  al., 2016). The 
integration of multiple criteria in decision making—considering 
ecological, economic, and social dimensions—emerges as a critical 
strategy for prioritizing restoration efforts (Zhou et al., 2022). These 
findings suggest that improving financial security, regulatory clarity, 
and data-driven decision-making can collectively enhance restoration 
investment feasibility.

4.7 Implications for policy and practice

The findings of this study signify numerous critical implications 
for policy and practice concerning forested watershed restoration in 
California. Firstly, there is an indispensable need for effective 
communication of the multifaceted benefits of forest restoration. 
Policymakers should emphasize strategies that highlight not only the 
environmental advantages such as biodiversity conservation and 
improved water quality (Sun et  al., 2015), but also the social and 
economic benefits, including job creation and sustainable resource 
management (Schultz et al., 2016). Comprehensive communication 
can cultivate widespread support for restoration projects, ultimately 
leading to enhanced community engagement and public investment.

Moreover, the results suggest that stakeholders are particularly 
motivated by the potential for wildfire risk reduction and the 
safeguarding of water supplies. Thus, targeted strategies that 
underscore these priorities are likely to resonate more profoundly with 
stakeholders, increasing their dedication to restoration initiatives 
(Bryant et  al., 2023). Innovative funding mechanisms, such as 
payments for ecosystem services (PES), can play a crucial role in this 
context. By framing restoration efforts as vital infrastructure 
investments, stakeholders may attract potential investors who 
recognize the importance of forests in climate resilience and ecosystem 
services (Chen et al., 2014). These economic perspectives are crucial 
as the allocation of funds directly impacts the scale and effectiveness 
of restoration efforts.

Securing flexible funding mechanisms is vital, as financial 
uncertainties can deter potential investments in restoration projects. 
The implementation of PES and public-private partnerships not only 
provides financial incentives but also helps mitigate risks associated 
with restoration endeavors (Tedesco et al., 2022). A comprehensive 
approach that highlights the ecological and economic benefits of 
restoration can bolster stakeholder confidence, ultimately fostering an 
environment conducive to investment. Additionally, improving data 
accessibility and credibility is essential for addressing uncertainties 
that influence investment decisions. Stakeholders require reliable 
information regarding the ecological and economic benefits of 
restoration, allowing for more informed decision-making (Meli et al., 
2017; Morgan et al., 2023).

Finally, the substantial potential of forest restoration for carbon 
sequestration presents a compelling justification for investment. 

Communicating this role effectively in the broader context of climate 
change mitigation can create a more supportive atmosphere for 
forested watershed restoration initiatives (Guizar-Coutiño et  al., 
2022). Collectively, these insights demonstrate the importance of 
integrating various strategies within policy frameworks to enhance 
investment in California’s forested watersheds. Such measures will 
ensure their resilience and sustainability, ultimately supporting the 
ecological, economic, and social well-being of communities that rely 
on these critical ecosystems.
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