Using ArcObjects for Automating Fireshed Assessments and Analyzing Wildfire Risk

Alan Ager, Bernhard Bahro, and Mark Finney

Abstract

Firesheds are geographic units used by the Forest Service to delineate areas with similar fire regimes, fire
history, and wildland fire risk issues. A Fireshed assessment is a collaborative process where specialists
design fuel treatments to mitigate wildfire risk. Fireshed assessments are an iterative process where fuel
treatments are proposed for specific stands based on potential fire behaviour and the resulting matrix of
treatments is evaluated in terms of reducing landscape scale fire spread. The Fireshed process uses an
array of fire behavior models and GIS operations, making it difficult to analyze large numbers of
scenarios in a timely fashion. We automated Fireshed analysis with Visual Basic macros and ArcObjects.
The macros are implemented on custom toolbars in ArcMap, and link vegetation and wildfire behaviour
models with ArcGIS, desktop office software, and Forest Service vegetation databases, providing the
capability for real-time evaluation of proposed fuel treatments within ArcGIS.

Introduction

Widespread fuel reduction programs have been initiated in many parts of the USA in response to a
growing threat of wildland fire (USDA 2003, 2004). Urban encroachment, fire suppression policies, and
drought all have been linked to increasing wildfire severity. Developing wildfire mitigation strategies is a
challenging problem, especially on federal wildlands where land management regulations, cost, and
public expectations make it difficult to implement large-scale fuel treatments needed to reduce the
incidence of extreme wildfires (Finney and Cohen 2002). State of the art wildfire modeling is frequently
required to demonstrate the benefits of fuels reduction treatments and defend fuels management projects.

In 2004 we initiated a project funded by the Joint Fire Science Program (www.nifc.gov) to streamline
wildfire modeling for fuels management projects (Ager and McGaughey 2003). In the first phase of this
project we developed a library of macros using ArcObjects to integrate wildfire models and vegetation
databases within ArcGIS. The macros automated much of the data organization and modeling required in
the Fireshed process (Bahro et al. 2006), and the development of spatially optimized treatments (SPOTS,
(http://www.nifc.gov/spots/). The second phase of the project involved testing the macros on several
study areas, and led to an actuarial approach for quantifying wildfire risk and measuring the effectiveness
of fuel treatments in landscape fuels projects (Finney 2005). In this paper we describe our work to
integrate the Fireshed process and risk assessment methods into ArcGIS.

Fireshed Assessments

The Fireshed assessment process was created by a cadre of specialists with the Forest Service Region 5
(California) as a means for designing landscape fuel treatments in a collaborative, interactive setting
(Amboy 2006; Bahro 2004; Bahro et al. 2006). The Fireshed process begins with the delineation of
geographic units (10,000 to 50,000 ha) with similar fire regimes, fire history, and wildfire risk issues. In
real time, fuel treatments are located on digital maps with input from land managers and landowners, and
then tested with wildfire simulation models to examine their effect of wildfire spread and intensity. Each
stand prescription is designed address crown, ladder, and surface fuels, as well as other resource
management goals such as wildlife habitat or scenic considerations. Initial treatment locations are guided
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by spatial optimization that locates treatments to minimize wildfire travel time (Finney 2004). The
collection of stand prescriptions is then examined on a landscape basis to assess the overall effect of fuel
treatments. Fuel treatment projects that do not address both stand and landscape aspects of wildfire
behaviour may not mitigate the threat from severe wildfires.

The Fireshed process is a means to build consensus among landowners and concerned publics about
wildfire issues and mitigation strategies. By providing an interactive forum to simulate and test fuel
treatment strategies, the Fireshed solution finds a balance among multiple and often competing resource
objectives and landowner needs. The Fireshed process and general framework is increasingly being used
as an organizing and operational framework for landscape fuel treatment planning (Gallagher 2005
McDaniel 2006). The Fireshed process was recently adopted nationally by the Forest Service as part of
the Stewardship and Fireshed Assessment Pilot Program (Gercke and Stewart 2006).

ArcFuels

A major difficulty in the Fireshed assessment process has been the lack of data integration among fire
behaviour models, and weak linkages to GIS, Forest Service data, and desktop office software. Designing
and testing fuels treatment scenarios is a complex, data intensive process, and many metrics, including
fire spread, intensity, expected loss, and other ecological risks must be analyzed. Some aspects of the
Fireshed process were streamlined with Arc AML’s (Amboy 2006). We have since created “ArcFuels”, a
more comprehensive approach for integrating data and fire models within ArcGIS through the use of
ArcObjects(Chang 2004) and Visual Basic for Applications (VBA. Pattison 1998). ArcFuels macros link
vegetation and wildfire behaviour models with MS-Access, Excel, and Forest Service vegetation
databases, greatly improving the capability for real-time evaluation of proposed fuel treatments within
ArcGIS.

ArcFuels was specifically designed to provide the following functionalities: (1) an interactive system
within ArcMap to simulate stand-specific silvicultural prescriptions and fuel treatments, including
thinning, under-burning, and mechanical fuels disposal; (2) an automated generation of data plots
showing how individual fuel treatments change wildfires in terms of flame length, fire behaviour [surface
or crown], and stand mortality; (3) a rapid scale-up of stand-specific treatments to simulate landscape
change in vegetation and fuels; (4) data linkages to FlamMap (www.fire.org) and FARSITE (Finney
1998) to simulate landscape-scale fire behaviour, and measure the treatment performance in terms of
wildfire probabilities, spread rates, and fire line intensity (Finney 2004); (5) ability to easily modify and
re-simulate fuel treatment scenarios; and (6) rapid mapping of wildfire behaviour model outputs in
ArcMap.

Modeling Stand Fuel Treatments

Fuels planners and silviculturists model treatment units to develop and test prescriptions that meet
objectives for specific stand density, species composition, and post-treatment potential fire behaviour.
Prescriptions are modeled in the Forest Vegetation Simulator (FVS) (Dixon 2003) and the FVS Fire and
Fuels Extension (FVS-FFE, Reinhardt and Crookston 2003), and typically include thinning, prescribed
fire, and mechanical treatment of surface fuels. Pre- and post-treatment fire behaviour is examined for
specific weather scenarios developed from historical weather data (http://www.fs.fed.us/raws/). The
FireFamily Plus program (Bradshaw and McCormick 2000). facilitates the development of weather
scenarios.

ArcFuels provides interactive linkages to FVS and FVS-FFE via a stand query function that allow users

to interact with stand data and fire models. Users can also load digital color imagery for their project area
(http://www.apfo.usda.gov/NAIP.html) and overlay treatment polygon layers, and then test different
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management prescriptions by clicking on specific stands to execute one or more fire models. For
instance, clicking on a stand polygon will (1) simulate management activities and potential wildfire
within FVS; (2) generate Excel graphs of stand metrics, fuel loadings, and fire behaviour, and; (3) display
the stand in the Stand Visualization System (SVS, McGaughey 2002). A direct link on the ArcFuels
forms to FVS prescription keywords allow for rapid changing of management prescriptions, and testing of
different fuel treatment options. The system provides a rapid method for browsing a landscape in a spatial
context, examining and visually validating the data representing the stand, and iteratively testing stand-
level treatment prescriptions within a GIS.
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Figure 1. ArcFuels interface showing the use of the stand query function was to select a stand and
process the stand data with FVS to simulate a wildfire. The FVS outputs are automatically loaded into
SVS (left panel), and graphed with Excel (right panel).

Landscape Modeling

ArcFuels automates the process of scaling up individual stand prescriptions to a Fireshed and simulating
the landscape package of treatments with wildfire simulation models. The assignment of treatments to
stands is accomplished in six ways: (1) attribute selection query in ArcMap, (2) ArcFuels stand query
function; (3) database queries that key off data in the stand database, (4) treatment optimization asciigrid
from FlamMap, (5) dynamic selection with the FVS-PPE Priority variable (Crookston and Stage 1991),
and (6) external programs linked to FVS-PPE .



ArcFuels uses a database approach to organize management prescriptions for stands within a project area,
and codes prescriptions within the stand database used by FVS (Crookston et al. 2006). This simplifies
the process of replicating complex constraints and management goals for multi-owner Firesheds.

Once prescriptions have been assigned to all of the treatment units, landscapes are processed with FVS or
FVS-PPE (Parallel Processing Extension, Crookston and Stage 1991), depending on the problem.
ArcFuels macros can be used to convert FVS database outputs to the binary landscape files required by
FlamMap and FARSITE. This system can be used to generate sets of landscape files for multi-period and
multi-scenario FVS simulations. FVS database outputs can be automatically joined to stand coverages for
rapid mapping of the simulation outputs. FlamMap asciigrid outputs can also be imported to grids using
the ArcFuels interface (Figure 2).

We also wrote macros in ArcFuels for processing Landfire grid data (www.landfire.gov). These data are
available many parts of the USA and include all the spatial layers for running FlamMap and FARSITE.
Landfire-grid data can be converted to the FlamMap binary landscape files using a process that allows the
user to adjust the grid data for fuel treatments using stand-specific information stored in a database. The
adjustment system allows for pixel-level [versus entire stand] manipulation of the Landfire grid data, and
for a single stand to receive different treatments. Treatments can also be applied by using a FlamMap
treatment optimization grid.
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Figure 2. ArcFuels can be used to simulate landscape management alternatives and build a FLAMMAP
landscape file. Right panel shows a FlamMap run for the Mill Creek watershed, Umatilla National
Forest. The fire arrival time from FlamMap is imported and displayed in ArcMap on the left.



Wildfire Risk Assessment

Fireshed assessments and other fuel treatment projects have led to an active debate about measuring the
potential effectiveness of fuel treatments in terms of mitigating wildfire risk. The printed and online
literature contains many examples of wildfire risk assessments. However, very few of these attempt to
include interactions among wildfire spread, intensity, and effects on the value of resources.

In an effort to enhance risk assessment methods within the Fireshed process, we adopted an actuarial
formulation of wildfire risk as the expected net value change (ENVC) calculated as the product of (1)
probability of a fire at a specific intensity and location, and (2) the resulting change in financial or
ecological value (e.g. Bachmann and Allgéwer 2001; Brillinger 2003; Finney 2005). Expected net value
change can include present, future, positive, and negative impacts from wildfire. We modified existing
programs (Finney 2005) to calculate ENVC for a hypothetical fuel treatment scenario. The study area
was the Mt. Emily wildland urban interface, which extends 30 km along a north-south ridge immediately
north of La Grande, Oregon. We used a three step modeling process that involved (1) simulating
landscape fuel treatment scenarios with the Forest Vegetation Simulator linked to the Parallel Processing
Extension; (2) calculating fire spread parameters with FlamMap, and (3) simulating random fires and net
value change with the fire spread program RANDIG (M. Finney, unpublished). Steps 1 and 2 were
accomplished with ArcFuels macros, and step three involved batch processing landscapes with the
RANDIG program. The example is part of a larger study reported elsewhere (Ager et al. in press).

We simulated treating 20% of the forested area, and selected stands based on residential density.
Residential density (residences/km?) was calculated from a point layer of homes obtained from the
Oregon Department of Forestry using a kernel density estimator with a 2 km search radius. Each stand
polygon was assigned the average residential density of the pixels within the polygon. Only stands that
exceeded stand density thresholds were eligible for treatments. Simulated fuels treatment prescription
consisted of selective thinning, site removal of surface fuels, and under-burning.

To calculate burn probabilities for the ENVC equation, we simulated 200 random wildfires with
RANDIG. The duration of each fire was determined using a Monte Carlo approach that sampled a
frequency distribution of spread event days developed from a database of recorded fires on the Umatilla
National Forest from 1970 to 2005 (data on file, Umatilla National Forest). Using the definition of risk as
the expected net value change, we incorporated risk calculations into the RANDIG program with the
following process. We assigned a fixed value of $200,000 to each of the 176 homes in the WUI and then
smoothed the point data using a kernel density function with a search radius of 200 m to generate a
smooth grid of home values. The goal was to represent the value of individual homes on a number of
pixels to reflect the uncertainty in the modeling about loss from direct ignition, and the fact that
significant value in the rural residences exists around the main structure. Each residence was represented
by 125 pixels having a maximum and minimum value of about $200 and $8,000 respectively. A loss
function was then created by assuming a linear damage with increasing flame length. This loss function
is purely hypothetical and was created solely to demonstrate the calculation of ENVC.

The results of the simulation showed a decrease of about 38% in the average pixel burn probability after
treating 20% of the forested area compared to a no treatment scenario. Expected net value increased 50%
from the treatments (-$38.4/ha to -$19.1/ha). The change in net value varied widely around individual
homes due to spatial effects of individual treatments in relation to homes (Figure 3). Some residences
were relatively unaffected by the treatments, i.e. losses were not reduced by fuel treatment, while other
residences showed a large increase in net value.



Figure 3. Change in expected net value for a hypothetical wildfire risk assessment on a portion of the Mt.
Emily wildland interface. Black points are residences. The value of each residence was proportioned to
the surrounding 200 meter pixels using a density smoother. Fuel treatments are represented by yellow
hatching. Color shading around homes indicates the change in loss between no treatment and treating
20% of the study area. Red shade indicates no different between treated and untreated areas in expected
loss from wildfire. Green shades indicate about 50% reduction in loss. Wind direction was 240 degrees
azimuth. The simulation used a hypothetical loss function that assumed a linear loss with increasing
flame length.

Discussion and Conclusion

Our application of ArcObjects and VBA macros facilitates Fireshed and wildfire risk assessments. The
macros link spatial data to wildfire models like FlamMap and FVS-FFE, and provide an interactive
modeling and mapping environment within ArcGIS. ArcFuels macros are designed for field level
application and are compatible with Forest Service vegetation data formats. The system facilitates the
real time modeling of fuel treatment scenarios in Fireshed and similar landscape analysis projects, where
many fuel treatment alternatives are simulated to find the most effective treatment arrangement.



The risk analysis illustrated the use of expected net value to measure the effects of fuel treatments. The
risk framework incorporates wildfire spread and intensity, and thus considers both stand and landscape
scale wildfire behaviour. This approach offers a more robust measure of wildfire risk compared to many
other wildfire risk assessment procedures that only consider localized stand scale fire behaviour. The risk
framework can be applied to analyze long-term risk tradeoff between wildland fire benefits and the cost
of wildfire suppression and fuels treatments (Calkin and Hyde 2004, Calkin et al. 2005). Additional work
on the risk assessment process is underway, including the analysis of how factors like ignition location,
weather conditions, and the effectiveness of fire suppression affect burn probabilities. The risk
framework described here can easily accommodate multiple loss and benefits (Rideout and Ziesler. 2005)
to create integrated, probabilistic measures of wildfire risk.

Acknowledgements

This work was funded in part by a Joint Fire Science Program grant (03-4-1-04) to the senior author, and
by the Forest Service Western Wildlands Environmental Threat Center in Prineville Oregon. We thank
John Anderson of BalanceTech for programming support.

Literature Cited

Ager, A., Finney, M., McMahan, A. (in press). A wildfire risk modeling system for evaluating
landscape fuel treatment strategies. Proceedings of the 1st Fire Behavior and Fuels
Conference, International Association of Wildland Fire, Portland OR. March 28-30.

Ager, A.A.; McGaughey, R. 2003. Developing an analysis and planning framework for district-level
fuels treatment projects. Project Proposal to the Joint fire Sciences Program. 12 p.

Amboy, N. 2006. Using Fireshed Assessments to Measure Landscape Performance. ESRI Federal
User Conference, January 31-February 2. Washington D.C.
http://www.esri.com/events/feduc/sessions/descriptions/fireshed assessment.html. Accessed
3/15/06

Bachmann, A., Allgéwer, 2001. B. A consistent wildland fire risk terminology is needed! Fire
Management Today. 61: 28-33.

Bahro, B. 2004. Fireshed assessment: An integrated approach to landscape planning. R5-TP-017.
U.S. Department of Agriculture, Forest Service, Pacific Southwest Region.
http://199.128.173.130/psw/centennial/agenda/prefire_planning/BerniBahro%20fireshed.pdf
Accessed 3/15/06.

Bahro, B.; Barber, K.; Perrot, L.; Sherlock, J.; Taylor, A.; Wright, K.; Yasuda, D. 2006. Using
fireshed assessments to measure landscape performance In: 1st Fire behavior and fuels
conference on fuels management — How to measure success; March 28-30, 2006; Portland,
Oregon. [Abstract] http://www.iawfonline.org/pdf/Abstracts-1.pdf. Accessed 3/16/06

Bradshaw, L.; McCormick, E. 2000. FireFamily Plus user's guide, version 2.0. Gen. Tech. Rep.
RMRS-GTR-67WWW. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 124 p.

Brillinger, D. R. 2003. Three environmental probabilistic risk problems. Statistical Science. 18: 412-
421.



Calkin, D.; Hyde, K. 2004. Break-Even Point. Wildfire. September 1 issue.
http://wildfiremag.com/ar/breakeven point/index.htm Accessed 3/15/06.

Calkin, D.; Hyde, K.; Gebert, K.; Jones, G. 2005. Comparing resource values at risk from wildfires
with Forest Service fire suppression expenditures: Examples from 2003 western Montana
wildfire season. Res. Note RMRS-RN-24WWW. Missoula, MT: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 6 p.

Chang, K. T. 2004. Programming ArcObjects with VBA: a task oriented approach. Boca Raton, FL.
CRC Press. 352 p.

Crookston, N. L.; Gammel, D. L.; Rebain, S. 2006. User’s guide to the Database Extension of the
Forest Vegetation Simulator Version 2.0. Moscow, ID. U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station. 50 p.
http://www.fs.fed.us/fmsc/ftp/fvs/docs/gtr/DB-FVS-UserGuide.pdf. Accessed 3/15/06.

Crookston, N. L.; Stage, A. R. 1991. User’s guide to the Parallel Processing Extension of the
Prognosis Model. Gen. Tech. Rep. INT-281. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station. 87 p.

Dixon, G.E., comp. 2003. Essential FVS: A user’s guide to the Forest Vegetation Simulator. Internal
Rep. Fort Collins, CO: USDA, Forest Service, Forest Management Service Center. 193 p.

Finney, M.A. 1998. FARSITE: Fire Area Simulator - model development and evaluation. Research
Paper RMRS-RP-4. Missoula MT: USDA Forest Service, Rocky Mountain Research Station.
47 p.

Finney, M. A. 2002. Fire growth using minimum travel time methods. Canadian Journal of Forest
Research. 32:1420-1424.

Finney, M.A., Cohen, J.D. 2002. Expectation and evaluation of fuel management objectives. In: Fire,
Fuel Treatments, and Ecological Restoration: Conference Proceedings. USDA Forest Service,
Rocky Mountain Research Station, Missoula MT. General Technical Report RMRS-P-29. p
353 - 366.

Finney, M.A. 2004. Landscape fire simulation and fuel treatment optimization. In: Hayes, J.; Ager,
A.; Barbour, J., tech. eds. Methods for integrated modeling of landscape change. Gen. Tec.
Rep PNW GTR-610. Portland OR: USDA Forest Service, Pacific Northwest Forest and
Range Experiment Station. P. 117-131.

Finney, M. A. 2005. The challenge of quantitative risk analysis for wildland fire. Forest Ecology and
Management. 211:97-108.

Gallagher, T. L. 2005. North Fork of the San Jacinto Healthy Forest Project fire and fuels report. Fuel
Specialist T.E.A.M.S. Enterprise Unit.
http://www.fs.fed.us/r5/sanbernardino/documents/northfork_031905.pdf. Accessed 3/15/06.

Gercke, D. M.; Stewart, S. A. 2006. Strategic placement of treatments (SPOTS): maximizing the
effectiveness of fuel and vegetation treatments on problem fire behavior and effects. In: 1st
Fire behavior and fuels conference on fuels management — How to measure success; March



28-30, 2006; Portland, Oregon. [Abstract] http://www.iawfonline.org/pdf/Abstracts-1.pdf.
Accessed 3/16/06.

McDaniel, J. 2006 SPLATS, SPOTS, and the future of fuels treatments. The wildland Fire Lessons
Learned Center, National Advanced Fire & Resource Institute, Tucson, Arizona
http://www.wildfirelessons.net/Additional.aspx?Page=57 Accessed 6/20/06

McGaughey, R.J. 2002. Creating visual simulations of fuel conditions predicted by the fire and fuels
extension to the Forest Vegetation Simulator. In: Crookston, N.L.; Havis, R.N. compilers.
Second forest vegetation simulator conference. RMRS-P-25. Fort Collins CO: USDA Forest
Service, Rocky Mountain Research Station.

Pattison, T. 1998. Programming distributed applications with COM and Microsoft Visual Basic 6.0.
Redmond, WA: Microsoft Press. 500 p.

Reinhardt, E.; Crookston, N. L., tech. eds. 2003. The Fire and Fuels Extension to the Forest
Vegetation Simulator. Gen. Tech. Rep. RMRS-GTR-116. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 209 p.

Rideout, D. B.; Ziesler, P. S. 2005. Weight System (EOWEP) for FPA-PM1. Working Draft VVersion
2.5 Department of Forest, Rangeland, and Watershed Stewardship. Colorado State
University, Fort Collins, CO. February 4, 2005.
http://www.fpa.nifc.gov/Library/Papers/Docs/EOWEP V2 2005_02.pdf

US Department of Agriculture and US Department of Interior (USDA/USDI), 2003. National Fire
Plan. Available online: http://www:.fireplan.gov/.

US Department of Agriculture and US Department of Interior (USDA/USDI), 2004. The Healthy
Forests Initiative and Healthy Forests Restoration Act Interim Field Guide. FS-799, US
Department of Agriculture, Forest Service. Available online:
http://www.fs.fed.us/projects/hfi/field-guide/.

Authors

Alan Ager, Operations Research Analyst, USDA Forest Service, Umatilla National Forest, 2517 Hailey
Ave., Pendleton OR 97801. aager@fs.fed.us (541) 278-3740 Fax (541) 278-3730

Bernhard Bahro, Assistant Regional Fuels Planner, USDA Forest Service, Pacific Southwest Region,
McClellan, CA bbahro@fs.fed.us (916) 640 1066 Fax (916) 640 1090

Mark Finney, Research Forester, USDA Forest Service, Rocky Mountain Research Station, Missoula,
MT. mfinney@fs.fed.us (406) 329-4832 Fax (406) 329-4825




