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Land Tender is a decision support tool developed by Vibrant Planet that makes complex, large-landscape collaborative planning more efficient and more effective. Land Tender is the tool of choice for wildfire risk mitigation planning in the western US and has been deployed on 10s of millions of acres of public and private land. 
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Humans need forests. Billions of people depend on forests, directly or indirectly, for their livelihoods, and forests provide a long list of foundational ecosystem services to humans and the earth’s other inhabitants. These include water, food, habitat, and carbon sequestration.
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The earth’s forests are experiencing degradation on a massive scale, and the velocity and footprint of degradation are increasing rapidly. Some of the major drivers are land use change, climate warming, changing fire regimes, and expanding forest loss to pests and diseases. As an example, California has lost nearly 7% of its forest cover over the last 35 years, almost entirely due to severe wildfire.



’ =
= .'I'ﬁ:,,,..,:.:l-;,i:_._“_ ey

em AR T o

UCDAVIS S vibrantplanet

UNIVERSITY OF CALIFORNIA



Commentaires du présentateur
Commentaires de présentation
Fire is also having major socio-economic impacts. In places like California, photos like this are seen in the news every year. 


http://www.boston.com/bigpicture/2009/09/wildfires_in_southern_californ.html
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Current trends in US wildfires

Estimated insured loss, 10 most destructive wildfires in US history (until 2022)

Date

Nov. 8-25, 2018
Oct. 8-20, 2017
Nov. 8-12,2018
Oct. 20-21, 1991
Oct. 8-20, 2017
Sep. 27-Oct. 19, 2020
Aug. 16-Sep. 22, 2020
Dec. 4-Jan. 12, 2017
Dec. 30-31, 2021

Aug. 17-Oct. 2, 2020

Name, Location

Camp Fire, CA

Tubbs Fire

Woolsey Fire, CA
Oakland Hills Fire, CA
Atlas Fire, CA

Glass Fire, CA

CZU Lightning Complex,
CA

Thomas Fire, CA

Marshall Fire, CO

LNU Lightning Complex,
CA

Structures
destroyed

18800

5640

1600

3290

780

1520

1490

1070

1084

1491

Deaths

85

22

25

Insured
loss ($
millions)

10000

8700

4200

1700

3000

2900

2430

2250

2500

2250

2022
dollars ($
millions)

11836
10522
4971
3691
3628
3381
2865
2723
2675

2579

CalFire: calfire-website/our-impact/fire-statistics/featured-items/top20 destruction.pdf; Insurance Information Institute:
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https://www.iii.org/fact-statistic/facts-statistics-wildfires
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This is a list of the 10 most destructive wildfires in US history, up to 2022. All but one of them occurred in California. Today we would add the Lahaina Fire (Hawaii) from 2023 to this list, but because of the huge number of Californians who live in fire-prone landscapes and the very high fire risk associated with much of the state, California will always be the focus of catastrophic fires in the US.


10 most destructive 2020

		Rank		Fire name and cause		Date		County		Acres		Structures		Deaths		Major veg types

		1		Camp Fire (Power lines)		Nov-18		Butte		153,336		18,804		85		Conifer forest

		2		Tubbs (Electrical)		Oct-17		Napa and Sonoma		36,807		5,636		22		Hardwood forest, chaparral

		3		Tunnel - Oakland Hills (Rekindle)		Oct-91		Alameda		1,600		2,900		25		Urban forest

		4		Cedar (Human related)		Oct-03		San Diego		273,246		2,820		15		Chaparral

		5		North Complex (Under investigation)		Aug-20		Butte, Plumas and Yuba		318,935		2,352		15		Conifer forest

		6		Valley (Electrical)		Sep-15		Lake, Napa and Sonoma		76,067		1,955		4		Hardwood forest, chaparral

		7		Witch (Power lines)		Oct-07		San Diego		197,990		1,650		2		Chaparral

		8		Woolsey (Under investigation)		Nov-18		Ventura		96,949		1,643		3		Chaparral

		9		Carr (Human related)		Jul-18		Shasta and Trinity		229,651		1,614		8		Conifer forest

		10		Glass Fire (Under investigation)		Sep-20		Napa and Sonoma		67,484		1,520		0		Hardwood forest, chaparral





to 2019

		Estimate of insured fire loss, the 10 worst wildfires in US history to 2019																												Estimated insured loss

		Rank		Date		Name, Location		Structuresdestroyed		Deaths		Insured loss ($ millions)		2019 dollars ($ millions)										Rank		Date		Name, Location		Dollars when occurred		In 2017 dollars (2)

																								1		Nov. 8-25, 2018		Camp Fire, CA		-3		-3

		1		Nov. 8-25, 2018		Camp Fire, CA		18800		85		9500		9700										2		Oct. 8-20, 2017		Tubbs Fire, CA		-3		-3

		2		Oct. 8-20, 2017		Tubbs Fire		5640		22		8600		8900										3		Nov. 8-22, 2018		Woolsey Fire, Ca		-3		-3

		3		Nov. 8-12, 2018		Woolsey Fire, CA		1600		3		4000		4100										4		Oct. 8-20, 2017		Atlas Fire, CA		-3		-3

		4		Oct. 8-20, 2017		Atlas Fire, CA		780		6		3500		3650

		5		Dec. 4-Jan. 12, 2017		Thomas Fire, CA		1070		21*		2500		2600										5		Dec 4 - 23, 2017		Thomas Fire, CA		-3		-3

		6		Oct. 20-21, 1991		Oakland Hills Fire, CA		3290		25		1700		2900										6		Oct. 20-21, 1991		Oakland Hills Fire, CA		$1,700		$2,788

		7		Oct. 21-24, 2007		Witch Fire, CA		1265		2		1300		1500										8		Jul. 23-Aug. 30, 2018		Carr Fire, CA		-3		-3

		8		Jul. 23-Aug. 30, 2018		Carr Fire, CA		1605		8		1250		1250										7		Oct. 21-24, 2007		Witch Fire, CA		1,300		1,517

		9		Oct. 25-Nov. 4, 2003		Cedar Fire, CA		2820		15		1060		1400										9		Oct. 25-Nov. 4, 2003		Cedar Fire, CA		1,060		1,386

		10		Oct. 25-Nov. 3, 2003		Old Fire, CA		975		6		975		1300										10		Oct. 25-Nov. 3, 2003		Old Fire, CA		975		1,275

		Insurance Information institute, https://www.iii.org/fact-statistic/facts-statistics-wildfires 



				Aug. 17		North Complex, CA		2352		16		?

		1		Oct. 8-31, 2017		Wine Country fires, CA		8900		44		10000		10000

		11		Nov. 28-30, 2016		Great Smoky Mountains Fire, TN		2400		14		938		957

		12		Sep. 12-14, 2015		Valley Fire, CA		1955		4		921		952

		13		Nov. 2-3, 1993		Topanga Fire, CA		388		3		375		590

		14		Sep. 4-9, 2011		Bastrop County Complex Fire, TX		1691		2		530		583





10 costliest fires 2020

										Estimated insured loss

		Rank		Year				Name		At time of fire, in $ millions		 2020, inflation adjusted

		1		2018				Camp Fire		$10,000		$10,380

		2		2017				Tubbs Fire		8,700		9,230

		3		2018				Woolsey Fire		4,200		4,360

		4		1991				Oakland Fire (Tunnel)		1,700		3,240

		5		2017				Atlas Fire		3,000		3,180

		6		2020				Glass Fire		2,900		2,900

		7		2020				CZU Lightning Complex Fire		2,430		2,430

		8		2017				Thomas Fire		2,250		2,390

		9		2007				Witch Fire		1,600		2,000

		10		2020				LNU Lightning Complex Fire		1,980		1,980

		Estimate of insured fire loss, the 10 worst wildfires in US history to 2021

		Rank		Date				Name, Location		Structures destroyed		Deaths		Insured loss ($ millions)		2020 dollars ($ millions)



		1		Nov. 8-25, 2018				Camp Fire, CA		18800		85		10000		10380

		2		Oct. 8-20, 2017				Tubbs Fire		5640		22		8700		9230

		3		Nov. 8-12, 2018				Woolsey Fire, CA		1600		3		4200		4360

		4		Oct. 20-21, 1991				Oakland Hills Fire, CA		3290		25		1700		3240

		5		Oct. 8-20, 2017				Atlas Fire, CA		780		6		3000		3180

		6		Sep. 27-Oct. 19, 2020				Glass Fire, CA		1520		0		2900		2900

		7		Aug. 16-Sep. 22, 2020				CZU Lightning Complex, CA		1490		1		2430		2430

		8		Dec. 4-Jan. 12, 2017				Thomas Fire, CA		1070		21*		2250		2390

		9		Oct. 21-24, 2007				Witch Fire, CA		1265		2		1600		2000

		10		Aug. 17-Oct. 2, 2020				LNU Lightning Complex, CA		1491		6		1980		1980



		CalFire: calfire-website/our-impact/fire-statistics/featured-items/top20_destruction.pdf; Insurance Information Institute: https://www.iii.org/fact-statistic/facts-statistics-wildfires 



		8		Jul. 23-Aug. 30, 2018				Carr Fire, CA		1605		8		1250		1250

		9		Oct. 25-Nov. 4, 2003				Cedar Fire, CA		2820		15		1060		1400

		10		Oct. 25-Nov. 3, 2003				Old Fire, CA		975		6		975		1300





10 costliest fires 2022

		Estimate of insured fire loss, the 10 worst wildfires in US history to 2022

		Rank		Date				Name, Location		Structures destroyed		Deaths		Insured loss ($ millions)		2022 dollars ($ millions)



		1		Nov. 8-25, 2018				Camp Fire, CA		18800		85		10000		11836

		2		Oct. 8-20, 2017				Tubbs Fire		5640		22		8700		10522

		3		Nov. 8-12, 2018				Woolsey Fire, CA		1600		3		4200		4971

		4		Oct. 20-21, 1991				Oakland Hills Fire, CA		3290		25		1700		3691

		5		Oct. 8-20, 2017				Atlas Fire, CA		780		6		3000		3628

		6		Sep. 27-Oct. 19, 2020				Glass Fire, CA		1520		0		2900		3381

		7		Aug. 16-Sep. 22, 2020				CZU Lightning Complex, CA		1490		1		2430		2865

		8		Dec. 4-Jan. 12, 2017				Thomas Fire, CA		1070		21*		2250		2723

		9		Dec. 30-31, 2021				Marshall Fire, CO		1084		2		2500		2675

		10		Aug. 17-Oct. 2, 2020				LNU Lightning Complex, CA		1491		6		2250		2579



		CalFire: calfire-website/our-impact/fire-statistics/featured-items/top20_destruction.pdf; Insurance Information Institute: https://www.iii.org/fact-statistic/facts-statistics-wildfires 



		8		Jul. 23-Aug. 30, 2018				Carr Fire, CA		1605		8		1250		1250

		9		Oct. 25-Nov. 4, 2003				Cedar Fire, CA		2820		15		1060		1400

		10		Oct. 25-Nov. 3, 2003				Old Fire, CA		975		6		975		1300
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California: Structures destroyed by wildfires 2003-2021
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The number of structures destroyed by wildfire in California is rising over time, and especially since 2015. The annual average number of structures destroyed between 2015 and 2021 was 8500, of which about 55% were homes.


California: Economic cost of wildfires 2003-2020
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The economic cost of wildfires in California is also rising, sufficiently to drive a number of insurance companies out of the state. This graphic shows insured losses between 2003 and 2020. Overall economic losses are much higher than this of course. Many rural homeowners do not have fire insurance, and there are myriad indirect economic impacts, ranging from smoke impacts to labor market disruptions to reduced tax revenues. The Moore Foundation estimates that between 2017 and 2021, the average annual economic loss due to wildfires in California was about $117 billion!



Area burned in California Wildfires 1980-2021

Probable range
of burning in 1.8
CA pre-1850*

14

1.2
1.0 *

R?=0.272,
0.8 P = 0.0005 o

Millions of ha

0.6

0.4

0.2

0.0
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Year

*Stephens et al. 2007 For Ecol Mgt Safford et al. 2022

UNIVERSITY OF CALIFORNIA


Commentaires du présentateur
Commentaires de présentation
Here is the annual area burned by wildfire in California between 1980 and 2021. After a long hiatus after the imposition of blanket fire suppression by the Forest Service in 1935, burned area began to rise in the early 1980s and the average now is more than 5-times higher than it was in 1980. It is instructive to remember, however, that California is a naturally fire-prone place, and the estimated average annual area burned before 1850 was around 1.8 million hectares. Only one year on record (stretching back to the beginning of the 20th century) comes anywhere near this value, and that was 2020. Forest fires before the 1850s were frequent, relatively small, and largely low severity affairs however, whereas today’s fires are much larger and more severe. This figure gives us an idea of how much more wildfire we might expect to see in the future, and hints at how much forest we might lose if we can’t reduce the severity of burning.
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Avoiding and repairing forest degradation are major focus areas for the UN and other international bodies, national and local governments, and untold numbers of NGOs, companies and corporations, and citizens’ groups. Yet progress has been slow, because there are many barriers to success. Barriers include:
The general and widespread lack of funding and investment 
Diminishing economic and social connectivity to forests in much of the world, especially in the developed world
Lack of institutional and workforce capacities
Differences between jurisdictions in their priorities, and their levels of funding, capacity and commitment
Differing viewpoints and interests among stakeholder groups
Directional changes in conditions on the ground, driven by factors like climate change, disturbance, land use, population growth, and economics
Science-management interactions that are always less efficacious than we would wish, and
Lack of management and investment prioritization frameworks that are effective in large, complex landscapes



Forest
sustainability
IS becoming

a wicked
problem

A wicked problem is a problem that is

difficult to solve because

* Knowledge is incomplete or contradictory

* There are many people and opinions
involved

* Conditions and requirements are changing

* There is a large economic burden

* There is much interconnection between '

this problem and other problems
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As a result, ensuring forest sustainability has become a classic wicked problem, one where optimistic political and economic initiatives lose steam and lose focus, and where agreement often devolves into controversy and inaction.



The complexity of the forest sustainability wicked
problem is a major challenge to rapid and concerted
management response

Complex, multijurisdictional management problems on large landscapes
require collaborative planning

Collaborative planning is typically difficult, slow, and expensive
How do we:
» Efficiently incorporate stakeholder input and provide effective interfaces for client
engagement?

» Generate relevant data and analytical outputs that managers and stakeholders can
understand and manipulate?

» Cogently prioritize investments and link them to management actions and economic
and ecosystem service outputs on the ground?

» Do this all at a minimum of difficulty, time, and cost?
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The scale of the forest sustainability problem, and the speed at which it is evolving and deepening, require management and investment responses that are commensurate. In much of the world, commensurate responses require consideration of large, complex landscapes, and collaborative engagement of stakeholders of many kinds. This is typically difficult, costly, and time-intensive work.
Of the barriers to progress listed on Slide 4, prioritization frameworks are especially important, because an effective and transparent prioritization process can help to alleviate many of the other barriers, including funding and investment, jurisdictional differences, and divergences in the opinions and viewpoints of affected parties. And it can reduce cost and time, as well as friction among stakeholders.
Extant prioritization efforts in the forest sustainability field are almost entirely strategic in nature, and connections to local stakeholders and on-the-ground management and its impacts and outputs are rare. There is a major need for tools and processes that can make this connection. Some of the key – largely unmet – needs are:
Efficiently incorporating stakeholder input, and providing effective interfaces for client engagement 
Generating data and analytical outputs that managers and stakeholders can understand and manipulate
Prioritizing investments, and linking them to management actions on the ground and their economic and ecosystem service outputs 
Doing this all at a minimum of difficulty, time, and cost



Land Tender is a cloud-based, visual scenario
building and decision support tool for complex,
collaborative planning efforts

Learn more Intro video to Land Tender: 2.5 minutes

https://www.vibrantplanet.net/landtender
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At Vibrant Planet, we are using our skill sets in data engineering and programming, forest management, product development, and consumer experience to develop decision support tools and processes that can help governments, companies and concerned citizens more effectively and efficiently connect strategic priorities to actions on the ground. 
To that end, we have built a cloud-based, visual scenario-building and decision support tool for complex, collaborative planning efforts. It is called Land Tender, and it is being increasingly implemented in the western US.
I’ll play a brief, 3 minute video introduction to Land Tender, and then follow with a few slides detailing some of the key steps in the Land Tender process.


https://www.vibrantplanet.net/landtender
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Land Tender Video: 3 minutes   https://vimeo.com/813708281
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Our current focus is helping the US Forest Service and other land management agencies and NGOs to conduct risk mitigation planning for US landscapes threatened by catastrophic wildfire. This is a map of high-risk landscapes identified by an assessment of modeled wildfire risk to human communities and assets in the western US. These are known as the “Wildfire Crisis Strategy” landscapes. These encompass 10s of millions of hectares of public and private lands in 12 states. Funding for the risk reduction work comes from the Infrastructure Law and the Inflation Reduction Act. 
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To this point we have carried out Land Tender deployments on about 3.2 million hectares (the blue polygons), and we have begun work on a further 6 million hectares (green polygons). Other landscapes are under discussion.



Land Tender workflow summary

Data layers input and normalized
* Vegetation types
* Vegetation structure and fuels
e Soils and hydrology
* Biodiversity data
* Infrastructure...

ID of strategic areas, resources, and assets (SARAs)
* Mix of a priori/top-down ID and stakeholder input

Build SARA response functions = vulnerability
* How do the key risk factors affect SARA status?
* Ranked or continuous responses, based on disturb. levels

Risk assessment and development of steward-ship

atlas (“STELA”)

* Risk = (Hazard Prob * Intensity)*(Exposure*Vulnerability)
 Summarizes recommended mgt actions to reduce risk
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I’m going to briefly summarize the general Land Tender workflow and then we’ll get to a 20 minute demonstration of the platform.
As always, the process begins with data curation and uploading, then the data are normalized to permit comparisons across data groups.
Next we work with our partners to identify strategic areas, resources, and assets (SARAs), using both top-down data sources and direct input from project stakeholders.
Next, we build a catalogue of response functions, which rank the SARAs’ responses to different levels of the disturbances we are interested in. These response functions qualify or quantify (depending on the SARA) the sensitivity of the SARAs to fires of different intensities. Where possible, we build quantitative response functions (best example is carbon, but we are adding water and others), so we can track impacts and turn those into monitorable and financially meaningful outcomes.
The SARAs are then exposed to the hazard (defined as probability * intensity) of unplanned disturbances – such as wildfire, drought, or flooding – in a risk assessment. Based on the results of the risk assessment, the most effective and efficient management actions are identified in the “stewardship atlas”. These potential actions come from our catalogue of management activities and are tailored to the landscape and jurisdictions in question.



Land Tender workflow 2

Restoration Abacus (Reba)

Restorative return on investment (RROI) Mt effects ufl Avoidecicosts g
* Sum of the quantified ecosystem effects of mgt actions
and the STELA treatment-driven avoided costs

Prioritization of mgt actions from optimization model
 FORSYS (Ager 2013, 2019): Sequences actions based on
(R)ROI & user-weightings of “Priority Categories” of SARAs
e Priority Categories include: watershed values, biodiversity
conservation, carbon sequestration, economic outputs,
human safety and asset protection...

Land Tender outputs include
* Spatial and tabular comparison of mgt alternatives
* Projected costs and relative benefits of alternatives across SARA
resilience categories
e Economic outputs and ecosystem service impacts and benefits \ w.v " @
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This slide summarizes two of the key planning steps in Land Tender:
First is the calculation of the “Restorative Return on Investment”, which sums the ecological effects of management on the SARAs and the avoided costs that mgt actions confer on the SARAs when they are exposed to the risk agent.
Second is the prioritization and sequencing of potential management actions, which starts with stakeholders weighting a series of “resilience categories” (as seen in the video; these include asset protection, fire safety, recreation, biodiversity, recreation, water, carbon, and so on), and proceeds through an optimization algorithm that takes these weightings and the restorative return on investment into account. The optimization routine runs until it hits predetermined limits on management area or cost.
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Commentaires du présentateur
Commentaires de présentation
Land Tender outputs results in a number of spatial and tabular formats. Here is the sequenced/prioritized project map resulting from the optimization. In this case we’ve identified three projects that best maximize RROI, with Project 1 being the best overall. 
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Here are treatment details for one of the projects, including treatment types, project costs, product outputs, and economic benefits.



Output examples

Spatial comparison of project
scenarios developed by
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Commentaires du présentateur
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And here is a spatial comparison of three separate management scenarios generated under different resilience category weightings, with the complete consensus, majority consensus, and non-consensus areas identified. These spatial and tabular outputs allow stakeholders to compare their preferred scenarios in many ways and the ease of using the tool permits unlimited modified scenarios to be run based on different priorities, costs, areas of treatment, and so on.  
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Climate change effects can
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Commentaires du présentateur
Commentaires de présentation
Climate change can be accounted for within the Land Tender platform in a number of ways. For example, by modifying climate inputs to the models driving occurrence and intensity of the risk factors in question (which may be fire, drought, flooding, or some other factor), or by altering the climate stream feeding the underlying disturbance and succession model (where such a model exists, such as in the central Sierra Nevada) 



Stakeholder participation

Stakeholders engage with LT collaboratively
throughout the work-flow.
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Commentaires du présentateur
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Although Land Tender is a complex tool, stakeholders can learn to use its interfaces with a minimum of effort. Users can engage with the planning process at a variety of entry points, and the visual and tabular outputs provided by Land Tender allow stakeholders to compare their preferred scenarios and quickly identify consensus areas and treatment options.



'and Tender
nighlights

* Links strategic planning with management actions

* Prioritizes and sequences mgt options, based on
stakeholder values and treatment return on
investment (ROI)

e Estimates costs, economic outputs, and ecosystem
service outcomes

e Accessible and understandable analytics and
outputs, cloud-based workflow = rapid and real
time

L
“

e Stakeholders have input at multiple steps of the
workflow

__Q;< A

* Unlimited geographic scope

* Facilitates unbiased and consistent decision-
making processes

* Land Tender deployment can cut months to years
: and many Ss from typical planning processes in

Boreal forest, collaborative landscape mgt
Aland, Finland.



Commentaires du présentateur
Commentaires de présentation
In summary, in Land Tender:
Strategic planning can be linked with on the ground management actions
Risk mitigation actions are prioritized and sequenced, based on stakeholder values and the restorative return on investment
Costs, economic outputs, and ecosystem service outcomes are all estimated
Analytics and outputs are easily accessible and understandable, and the cloud-based workflow permits rapid analyses & real-time comparisons of mgt alternatives
Stakeholders have efficient and meaningful input at multiple stages of the workflow
Decision-making processes are brought into the open, as all stakeholders can build and compare scenarios and see real-time results
Land Tender deployment can cut months to years and hundreds of thousands to millions of $s from typical planning processes in large landscape collaborations
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Details on ForSys
optimization
routine

ForSys version
used in Land
Tender uses the
“patchmax”
heuristic, which
uses a search
approach based
on Dijkstra’s
algorithm
(Dijkstra 1959)

Optimization approach

The optimization problem at hand is to locate a
project area within the larger landscape (e.g.,
national forest district) and select stands for
treatments to maximize the protection of PPOG
from potential wildfire losses. Both the location
of the project area and the treatment of individ-
ual stands can potentially contribute to the
objective (PPOG). Specifically, the restoration
objective value can be defined as

k

Maxy " (ZN] + (1 - Z)NIT)
j—0

where Z is a vector of binary variables indicating
which of the k stands are treated (e.g., Z; =1 for
treated stands and 0 for untreated stands), NI-T is
the post-wildfire number of PPOG in stand j if
treated, and N} is the post-wildfire number of
PPOG in stand j if not treated. The solution has a
spatial constraint because the collection of both
treated and untreated stands in the project area
needs to create a contiguous area within which
the potential fire behavior is acceptable to
managers for future use of landscape fire
treatments (prescribed fire treatments and man-
aged wildfire) to maintain fire-adapted condi-
tions over time. Thus neither the treated nor
untreated stands within the project can have a
potential fire behavior that exceeds a manage-
ment threshold, i.e., one that would prevent the
liberal use of prescribed fire or trigger suppres-
sion activities during a wildfire being managed
for restoration objectives. Spatial contagion of the
low hazard condition creates a container within

which free-burning wildfires and prescribed fires
can be managed with a lower risk to managers,
resulting in reduced suppression efforts over
time, and increases in the use of fire to manage
fuels. This constraint is important since risk from
both prescribed and managed fires poses ongo-
ing challenges to the expanded use of fire in
restoration (Graham et al. 2012).

Ager, et al. 2013. Ecosphere 4(2):29



Further ForSys
details
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Fig. 3. Decision logic for the optimization model used to locate project areas. The algorithm tests each stand as
the seed location for a project, and absorbs adjacent stands until a total area treated constraint is met. Stands that
exceed a predetermined fire behavior threshold require treatment. The model identifies the aggregate of
polygons that maximize the restoration objective and the polygons that require treatment. In the current study,
polygons were defined as stands, treatment thresholds were measured by potential flame length, activity
constraint was the total treatment allowance, and restoration objective was the total predicted post-wildfire, old
growth ponderosa pine in the project area.

Ager et al. 2013 Ecosphere
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