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In order to tell you about our process, I first need to take a moment to explain the LANDFIRE project to you. 

LANDFIRE project was begun circa 2002, and funded by DOI, USDA and TNC
LANDFIRE developed with a fire focus, but we now also explore how LF products can help field offices achieve fire and 

non-fire goals
The program is funded by USDA, USDOI and TNC, who together are mapping several ecologically relevant metrics and 

identifying areas closest to and farthest from “reference” ecological conditions.
While LANDFIRE was developed for national/regional/very large landscape analyses, the products 

have relevance for smaller geographies as well.
Basic data is often the most limiting factor in many assessments because time/resources are not 

available to develop truly landscape-scale data sets. When data are available from partners, 
they are often inconsistent in quality and content.

LANDFIRE has created a set of comprehensive, cross-boundary, consistent vegetation and fire data 
and has implemented a long term Operations and Maintenance Plan to keep this data fresh.

Key take-aways:
1. partnership-this official statement captures part of the community that makes up LANDFIRE as academics, private 

consultants, students, and NGOs are all contributing.
2. Here you see maps and a funny model thing.  This is also part of the story.  LANDFIRE is about people, ideas and 

making the most of the current products available to us.
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3. Note the word “vegetation.”  While named LANDFIRE, the program is not only about solving fire-related issues, 
but also about broader vegetation and values that are connected to it.
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LANDFIRE has a large suite of products developed for a wide range of disciplines: vegetation, fuels, fire regime, and 
disturbance

The layers we are predominantly concerned with for these assessments are: Biophysical Settings, Existing Vegetation 
Type, Mean Fire Return Interval, and Fire Regime Groups, although you may find some of the fire and fuels datasets 
helpful to you in your assessments or your work with fire.
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A note about Biophysical Settings as Reference Conditions:

We are not looking at climate change, and we are not necessarily saying that reference conditions are the same as 
“Desired Future Conditions.”  However,  we think this view is helpful.  In some ecosystems, departure from reference 
conditions means higher vulnerability to climate change, and we can look to the reference vs. current conditions to asses 
what we might need to do to adapt.

Vegetation Modeling is used in LANDFIRE to
• Understand historic disturbance patterns
• Estimate proportions of succession classes 
•Get overall return interval of surface, mixed and replacement fires
•Map spatial layers
•Engage experts

In this map, the large, pale yellow patches are the central tallgrass prairie BpS type, and the light purple is the North-
Central Interior Dry-Mesic Oak Forest BpS type. These were the two most common systems on the Illinois landscape, 
historically, with a mosaic of other landcover types mixed in in the southern third of the state and the northwest corner 
of the state, as well as along the riparian areas that run through the state.
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The Mean Fire Return Interval (MFRI) layer is intended to describe one component of historical fire regime 
characteristics in the context of the broader historical time period represented by the LANDFIRE Biophysical Settings 
(BpS) layer and BpS Model documentation.

MFRI is derived from the vegetation dynamics model. This layer is created by linking the BpS Group attribute in the 
BpS layer with the Refresh Model Tracker (RMT) data and assigning the MFRI attribute. This geospatial product should 
display a reasonable approximation of MFRI, as documented in the RMT. 

MFRI is used in landscape assessments.

In this map, darker red colors have a more frequent fire return interval while yellow and greens have a less frequent fire 
return interval. As you can see, most of the state historically had very frequent fire needs.
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The Fire Regime Groups (FRG) were intended to characterize the presumed historical fire regimes within landscapes 
based on interactions between vegetation dynamics, fire spread, fire effects, and spatial context. FRG definitions have 
been altered from previous applications to best approximate the definitions outlined in the Interagency Fire Regime 
Condition Class Guidebook. These definitions were refined to create discrete, mutually exclusive criteria appropriate for 
use with LANDFIRE's fire frequency and severity data products. 

FRG is created by linking the Biophysical Settings (BpS) Group attribute in the BpS layer with the Refresh Model 
Tracker (RMT) data and assigning the FRG attribute. This geospatial product should display a reasonable approximation 
of FRG, as documented in the RMT.

FRG can be used in landscape assessments.

In this map, darker red indicates high-intensity (replacement severity) fire, medium reds indicate a surface severity fire, 
and the pink color indicates low and mixed severity fire. As you can see, the large patches of tallgrass prairie were 
historically in a high-intensity replacement severity state.
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Using the Vegetation Dynamics Development Tool, which has been since replaced by software called ST-sim, we entered 
in the parameters of the succession classes, up to 5, then the natural disturbance regimes and their impacts.  These 
natural disturbances include 3 types of fire, wind, flooding, insects and can also have user defined disturbances such as 
beaver herbivory.

• These are state-and-transition models that quantify rates and pathways for succession and probability of disturbance 
under pre-settlement reference conditions.

• Accompanied by a description document that describes the site characteristics, species, geographic ranges, etc. for 
each Biophysical Setting, or BpS.

• Models used to estimate reference conditions for each BpS , specifically how much of each succession class that 
would be on the landscape. 

SyncroSim and ST-Sim have been designed and developed by ApexRMS. Its ongoing development has been generously 
supported by several agencies, including The Nature Conservancy, U.S. Forest Service, U.S. Geological Survey and the 
LANDFIRE project; as a result it is available as a free download. 
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The models come as a Microsoft database file and also as a Comma Separated Variable (CSV) file. The CSV contains 
much of what you will need to complete the next phases of the fire assessment. With the CSV file, you can use the BpS
Code (far left column) to find the Mean Fire Return Interval and Percent Replacement Severity for that BpS. This will 
directly plug in to the process to help us understand historic and current fire on the landscape.

You can (and are encouraged to) re-define fire return intervals to better match what is on your landscape. The TNC 
LANDFIRE team encourages you to submit your modifications to us for possible inclusion in future iterations of 
LANDFIRE data.
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Now I’ll dive into the process that we undertook in Illinois to get a measure of how much fire should be on the ground. 
Note that our assessment is still in progress, so we do not have final data nor have we made all refinements to the 
process. We do welcome your input on this process, especially as we reach the latter stages.

We began by getting a measure of how much fire was on the ground historically, using Biophysical Settings as reference 
conditions and historic mean fire return intervals.
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First, we used the LANDFIRE Biophysical Settings (BpS) layer to get an idea of what the historic vegetation breakdown 
was across the state prior to European settlement. As we expected, the state was dominated by tallgrass prairie and oak 
forests and woodlands. Shown in the table are the five most widely spread Biophysical Settings types. We will use these 
as our representative vegetation types as I move through our assessment.

12



Using LANDFIRE Biophysical Settings and LANDFIRE Mean Fire Return Intervals, we can create a crosswalk table 
using GIS or any database system. This will give us an estimate of the historic fire return intervals in each pre-settlement 
vegetation type in the state. From this, we can use a basic calculation to derive how many acres of each vegetation type 
were burned on average each year under our reference conditions. This is what we can refer to as our historical baseline.
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The next step of the process is to try to get a picture of the fire needs across the state under current vegetation 
conditions. In states like Illinois, we understand that it is not realistic to assume we’re going to return to reference 
conditions, so we need to take some measures to adjust the acres of fire needed each year to a more realistic picture. 

In order to do this we used LANDFIRE  Existing Vegetation Type (EVT) data to eliminate urban, ag, and other
vegetation classes that were not of concern to your current fire estimates.

To create a common comparison framework between today and yesterday, we used the BpS MFRI just on the acres that 
are currently of interest. By cutting out the ‘non natural’ current EVT from the BpS map we can create a pre-European 
settlement map but only for areas that are currently naturally vegetated.
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The Existing Vegetation Type (EVT) layer represents the species composition currently present at a given site. Vegetation 
map units are primarily derived from NatureServe's Ecological Systems classification, which is a nationally consistent set 
of mid-scale ecological units. Additional units are derived from NLCD, National Vegetation Classification Standard 
(NVCS) Alliances, and LANDFIRE specific types.

EVTs are mapped using decision tree models, field data, Landsat imagery, elevation, and biophysical gradient data. 
Decision tree models are developed separately for each of the three lifeforms -tree, shrub, and herbaceous and are then 
used to generate lifeform specific EVT layers. 

The table shows our five most widespread vegetation types as calculated in reference conditions. As you can see, they are 
all far less dominant on the landscape now, so we’ll need to drastically adjust our numbers for how many acres we 
expect to burn in each of these types each year.

In this map, the pink patches indicate urban areas, and the predominant yellow color you can see throughout most of 
the state represents row crop agriculture. The fingers of light green you can see along river and stream banks represents 
the North-Central Interior Dry-Mesic Oak Forest and Woodland vegetation system, which is one of the only vegetation 
systems that still remains at least somewhat intact from the historic conditions in the state.
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To get a more accurate picture of what may realistically be considered for a fire analysis on our current landscape, we 
used ArcGIS Spatial Analyst tools to remove most agriculture and developed systems from analysis, though we did 
choose to leave in some of the developed types with ruderal vegetation. This was a decision made by the steering 
committee in order to help us leverage the assessment across key partnerships. We acknowledge that these vegetation 
classes will not be high priorities for scarce fire resources. This process is best done by consulting a small team of experts 
familiar with the landscape and the fire culture of your area.

Much of what remains in most of the state (shown in this map) is the North-Central Interior Dry-Mesic Oak Forest and 
Woodland (again represented by the lighter green color). The remaining vegetation types are predominantly featured in 
the southern third of the state where there has been far less conversion to agriculture due to the shift in landscape from 
prairie types to forest and wetland types as we transition into the southern vegetation and systems characteristic in the 
Ozarks.
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Once you have selected the area of current vegetation you will be using for analysis, the next step is to match the extent 
of historic fire analysis to the current vegetation. I used ArcGIS Spatial Analyst Tools to create a mask of the selected 
EVT data and extracted the BpS layer by that mask. This will give you a more realistic comparison of what the historic 
fire acreages were on your landscape so that you can more easily match current to historic and set realistic goals about 
fire needs in your area. 

This is still not truly current, as the acreages of each of these systems do not match between EVT and BpS, but it is 
more reflective of current than assuming today’s landscape is the same extent as it was before we showed up.

In the map, you can see that the North-Central Interior Dry Mesic Oak forest and Woodland BpS (represented by light 
purple) is now the predominant BpS on the landscape with some patches of Central Tallgrass Prairie (in a light yellow 
color) still remaining. However, much of the Central Tallgrass Prairie is now eliminated from analysis due to conversion 
to agriculture.
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Using the same process I used in the full-state historical assessment, I crosswalked the historic mean fire interval data 
with the Biophysical Settings data (with acreages adjusted to our new area of interest) to get a more useful picture of 
how much fire was on the ground historically. Again, this is not to say that under current vegetation we can expect this 
level of fire frequency, but it does help us make a more accurate comparison of historic conditions to current conditions.
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Next, we come to an assessment of current fire needs. We have reasonably good numbers now for how much fire should 
be on the ground assuming our current vegetation matched reference conditions in cases where somewhat natural 
vegetation still remains, but this is not an accurate picture of what fire we need right now.

The first issue we identified, thanks to help from our fire experts, is that using historic mean fire return intervals on 
current systems is not appropriate. Fire needs now are, in many cases, very different than they were when we had less 
threat of invasive species and needed to conduct less intensive management. If we want to get a better picture of how 
much fire we need now, we need to adjust the fire return intervals.
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The first step I took, to give us a baseline of what our fire needs were if we did apply historic fire return intervals, was 
to match the Biophysical Settings classes to the Existing Vegetation classes and apply the historic mean fire return 
intervals. Any naturally vegetated EVT will have an MFRI from a LANDFIRE model, so to apply the historic fire return 
intervals, you can use the same process you would do if this was a BpS instead of an EVT. The challenge is that some 
vegetated EVTs (such as ruderal types) will not have a model so no MFRI. You will have to decide what to do with 
those---perhaps eliminate them as well or match them to reasonably relevant BpS types (i.e. use grassland MFRI for the 
ruderal grassland types).

There is a pattern to match the EVT and BpS codes, though it is not exact. Sometimes there will be an issue with 
identifying the most appropriate MFRI even in vegetation systems, but these are relatively minor types and can usually 
be determined by digging in to the BpS descriptions or using expert opinion to see what is appropriate for a fire regime.

20



This table shows my crosswalk with BpS Codes, EVT codes, and Historic Mean Fire Return Intervals. As you can see, 
only about 25 of the vegetation classes matched exactly, meaning that we needed to calculate our own fire return 
intervals for the remainder of the Existing Vegetation types. In addition, we knew that many of these historic fire return 
intervals would need to be adjusted to reflect current management practices.
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I will note before I show you the preliminary survey results that we had to do a bit of a data crosswalk. Because land 
managers in Illinois are more comfortable working with the state-developed Illinois Natural Areas Inventory (INAI) 
vegetation types, some of our experts weren’t comfortable responding with fire return intervals for the unfamiliar 
LANDFIRE Existing Vegetation Types. In order to help our survey responders give us more meaningful data, we used 
the vegetation descriptions from the LANDFIRE Biophysical Settings models and the vegetation descriptions provided in 
the INAI-produced documentation on the Classification of Natural Communities in Illinois and matched EVT to INAI 
as best we could. We acknowledge that these vegetation matches are not perfect, but we feel that they will be 
representative enough for our current assessment. If issues arise, we may refine the crosswalk at a later date.
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This table and the next summarize the preliminary results of our survey. The survey completed with moderate success on 
February 6, 2015. I split the ranges given into high and low for each community type and then calculated the median of 
all the numbers in these ranges as the final Adjusted Fire Return Interval for that community type. We asked people to 
respond for the area of the state they are most familiar with, so we acknowledge that at a later date we will likely need 
to break down these fire return intervals by region to get a more accurate picture of fire needs in the state. For example, 
the fire return interval needed to maintain good quality examples of upland forest in the southern portion of the state 
may be very different than in the eastern or central parts of the state. Our current numbers do not reflect this.
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In order to better compare fire return intervals in the historic systems and the two current scenarios, we needed to use 
our vegetation crosswalk to match survey responses back to Existing Vegetation Types. In order to do this, as we did not 
have a one-to-one match, I took a straight average of the adjusted mean fire return intervals from the survey across each 
vegetation type that corresponds to an Existing Vegetation Type. I acknowledge that this may be problematic and that 
we will look for ways to refine this data in the future, but I wanted to get an idea of the new fire regimes and acreages 
burned in each vegetation type. We will revisit this process in the near future.
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This table shows our updated fire return intervals and updated fire needs in the five most widespread vegetation classes 
under reference conditions. First we look at the scenario of using fire to maintain good quality examples of a vegetation 
class and then we look at the scenario of using fire to restore degraded examples of the vegetation class. As is to be 
expected, our experts identified more frequent fire return intervals to restore landscapes to reference conditions than to 
maintain them in their current state.
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These three maps show our preliminary application of fire returns under historic fire return intervals and the two 
scenarios we created for our survey. The darker red colors imply more frequent fire. This shows us that current 
management practices call for more fire on the ground than historic fire regimes account for and give us a more realistic 
number for how many acres of each vegetation type we should be burning each year. Beneath the maps you will see the 
numbers for how many total acres of the state should burn each year under each of these scenarios. We will continue to 
refine our analysis and hopefully present even better numbers and an even more accurate assessment of the current fire 
needs in Illinois.
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A brief digression into an opportunity for you to help us make these data better and offer input on changes to fire 
regimes, succession classes, and other vegetative characteristics.

LANDFIRE is a dynamic program, with a community that makes it live, adapt and grow – and it works best when users 
share experience and knowledge. Because maps and models cross political, social and geographical boundaries, it is 
important that users offer input, especially in LANDFIRE’s latest undertaking: reviewing and updating all of the more 
than 2,000 Biophysical Settings (BpS) models!  

The BpS review involves three steps: model cleaning, model updating, and model delivery. If you know how vegetation 
systems function, or have ideas how we can better deliver the information, we want your expertise and input. Start at the 
LANDFIRE Program website where you’ll find information on how to join the effort.
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• The importance of the user community to improving LF products can not be 
overstated. You’ve already seen how users contribute to our mapping of 
disturbance and treatment events.

• Another example of how important users are to our mapping effort is 
demonstrated by this map which shows the plot data that the LF National maps 
were based on; it includes 817,393 geo-referenced plot locations many of 
which came from the user community.

• Plots are the foundation of our maps and with a few exceptions at the start of 
the project, LF does not collect plot data. We gather plots from existing data 
sources.

• In addition to providing plots, users can provide feedback. To the extent 
possible, we incorporate user feedback to improve our maps, not just update 
them, over time. Improvements to mapping forest height and cover that were 
incorporated into the 2001 update were a result of user feedback.

• [[The map shows what we compiled for LF National. The vegetation/fuel plot data that is stored in the LFRDB is 
not instrumental for the LF Updates. Since LF National we have acquired more vegetation/fuel plot data but most 
of it has been archived to use in future remaps, or on an “as needed” basis. (~99,000 plots with 

confidential coordinates are not shown here, e.g. FIA)
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The BpS review involves three steps: model cleaning, model updating, and model delivery. If you know how vegetation 
systems function, or have ideas how we can better deliver the information, we want your expertise and input. Start at the 
BpS review website where you’ll find information on how to join the effort
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The big question amongst all who undertake the fire needs assessment is “how do we measure successes”? While no one 
has yet determined a good, reliable, accurate way to measure current fire on the ground across a state or larger set of 
geographies, there are a few resources available to help determine some of these numbers.

If you can use LANDFIRE disturbance and/or other data to get at an annual area burned per EVT, then you can get an 
annual fire return interval.
Use the LANDFIRE Modeling Trends in Burn Severity Database (available from the landfire.gov website) to collect some 
national trends in burn severity and fire.
Use available state/national burn records or other local sources where they are available to you
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Here’s a list of the data we requested from fire managers in Illinois in order to try to get a sense of how much fire was 
actually being implemented on the ground. Bill Kleiman and Mike Saxton of The Nature Conservancy’s Nachusa
Grasslands preserve and the Illinois Prescribed Fire Council created a survey that they sent to state and federal agencies 
and private groups around the state to get a sense of these numbers. Respondents included federal, state, and local 
agencies, not-for-profit land trusts, a university, and a private individual. The response was outstanding with 25 agencies 
representing more than a million acres of ownership responding to the survey.  This allowed us to create a pretty good 
picture of what is actually happening in prescribed fire around the state and compare these numbers back to our results.

For reference, there are at least 1.3 million acres of conservation and park land in Illinois, owned by more than 200 
agencies, organizations, and individuals (Aaron Lange, The Nature Conservancy, 20 January 2016). The total does not 
include the more than 150,000 acres in permanent Wetland Reserve Program or Conservation Reserve Enhancement 
Program easements, but not otherwise in conservation ownership. 
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Unsurprising to those of you involved in prescribed fire, I’m sure, the assessment tells us that:
• Dramatically more acres need to be burned each year
• Natural areas need to be managed with prescribed fire at a much higher frequency
• Far too many ecologically degraded acres across the state are in need of fire
• Considerably more resources need to be allocated to prescribed fire programs

So, how are we planning to solve those problems? Well, your guess is as good as mine, I’m sure, but we’re hoping that 
analyses like this will help us at least make the case for moving toward solutions.
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So, let’s dig a little deeper into the state of fire in Illinois and look at what was burned in the 2014-2015 fire season.

I want to call out a bit for you that only 9% of quality, burnable acres were burned during that season and only 6% of 
total habitat acres (which the fire needs assessment defines as “the combined total of burnable and degraded acres.”) 
Burnable acres should be interpreted as higher quality areas, capable of carrying fire and to which managers would apply 
prescribed fire if they had adequate capacity to do so. 

The questions we then ask here are: “is this good? Is it bad? (hint: it’s bad) If it’s bad, how bad is it?”
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To do these calculations, we made some assumptions about the needed fire return intervals based on our results from the 
FRI survey. In short, we’re assuming that overall, for the restoration phase, Prairie and grasslands have a 1 -2 year fire 
return interval and savannas, woodlands, and forests should have a 1 -3 year fire return interval. For the maintenance 
phase, we assume prairie has a 2 – 4 year fire return interval, savanna and woodland a 2 -5 year fire return interval, and 
forest a 3 -10 year fire return interval.
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Here’s a look at what the survey returned for the 2015-2016 fire year. As you an see, we fall well short of our target 
acreages burned whether we assume a 2 year fire return interval, a 3-year, or a 4-year. It is important to note that this 
also assumes that agencies are burning different acres in each of the years, which may not always be the case.
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Looking at some individual agency numbers we can see that only one agency met the 2 year fire return interval for 
burnable acres. Seven agencies burned enough acreage to meet a 5 year or less fire return interval, and nine agencies are 
putting enough fire on the ground to meet a 10 year fire return interval.
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As you can see from this table, Illinois has more than 200,000 managed acres that are in dire need of intensive 
management and restoration. These acres require even more fire than the high quality acres discussed previously. If we 
can’t put more fire on the ground across all ownership and if quality acres are burned too infrequently, the state is at 
risk of these areas digressing into low quality acres, thus exacerbating the problem of too many acres that may be too 
degraded to even carry fire.

38



I wanted to end on a happy note and show you that at least for some of the land managers in the state, the acres they 
have been able to burn have increased markedly in the last 20 years.

For example, Cook County (part of the Chicago metro area) only burned 27 acres in 1996 and in 2013 burned a record 
5,600 acres. It is possible to increase the amount of fire on the ground as long as states and agencies are able to promote 
a fire culture and overcome some of the major barriers to putting fire on the ground.
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A few more places you can find LANDFIRE data helping set the stage for fire assessments in other states:

The Nature Conservancy's Michigan Chapter planners worked with partners at the Michigan Natural Features Inventory 
in a research and analysis project designed to support the prioritization of restoration efforts in selected conservation 
areas. Using LANDFIRE ecological condition datasets and MNFI data, the team developed a fire needs assessment and 
designed a process for analysis and strategic planning that can be duplicated across ecosystems and conservation areas.
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A few more places you can find LANDFIRE data helping set the stage for fire assessments in other states:

The Tallgrass Prairie and Oak Savanna and Lake States Fire Science Consortia, in collaboration with researchers in the 
SILVIS lab at the University of Wisconsin at Madison, have completed an initial Fire Needs Assessment (FNA) for the 
state of Wisconsin. The goal of this project was to identify priority areas for management with prescribed fire, with a 
focus on fire dependent ecosystems with fire return intervals of less than 50 years. Using vegetation data from 
LANDFIRE, the State Wildlife Action Plan, Wildland Urban Interface data, and input from numerous stakeholder 
groups, a cost benefit analysis was conducted. This cost benefit analysis used the spatial data to identify where the 
ecological benefits of using prescribed fire are likely to be greatest when accounting for the effort and challenges of 
conducting prescribed burns.
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Here is the contact info for some of the people who worked on the Illinois Fire Needs Assessment. You can find a more 
comprehensive presentation as well as the full Fire Needs Assessment at the link to the Illinois Prescribed Fire Council at 
the bottom of this slide. Please contact us with questions. We’re always happy to help other organizations promote 
prescribed fire and create a fire culture wherever they are.
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