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Foreword
The Bastrop Complex Wildfire, which began on Sept. 4, 2011, would result in the most destructive event
of its kind in Texas history. The devastation would affect every citizen in Bastrop County in some way. Many
families lost a lifetime of possessions, mementos, clothing, pets, documents and other valuable items. The
costs of rebuilding and the overall economic recovery would be huge. Taxing entities will be struggling with
budget woes for years to come. All citizens of Bastrop would face emotional and psychological stress issues at
some level. County and city leaders, public safety officials and the public were very much overwhelmed by the
magnitude and far-reaching effects of this horrible disaster.
The occurrence itself, however, was not unexpected. Local emergency management officials, firefighters
and Texas Forest Service personnel have for years predicted large wildfires in areas known as the “wildland
urban interface” (WUI), where urban and suburban development moved into areas that previously were
rural agricultural land. As early as 2005, Texas Forest Service launched an informative initiative known as
“Emerging Communities,” targeted for land planners, engineers, architects and developers. The idea was to
engage those responsible for building new communities within identified WUI areas to do so with mitigative
solutions that reduce wildfire damage.
Perhaps more than two decades before the Bastrop County fires, I had been engaged in providing utilities
and fire protection advice to development professionals in the quickly-growing Bastrop community. I noted
that the development and engineering disciplines were dependent upon sound design practices. I also became
aware that subdivision development is market driven, i.e., if wildfire resistibility was not a customer concern,
little attention was paid to that aspect.
As we continued dialogues, I began to see that if emergency management and wildfire officials were to
get a message across to the development community, we would have to provide a clearer definition of WUI
wildfires and their consequences – and we would need to address achievable solutions to mitigate. As I paid
closer attention to the development world, I recognized that among many other engineering concerns, the
vulnerabilities of occupying areas within the “floodplain” were well understood. I could see that many
strategies already had been assembled to address the floodplain building issues. Thus, some time in the early
1990s, I coined the term “fire plain” in an effort to convey that sound design and management practices could
and should be developed as we expand into WUI zones.
Over the course of time, an abundance of information and technology has been developed regarding weather,
topography, Firewise development principles and fire-resistant building components. These resources will
serve well in the advancement of sound engineering and development practices while we continue to populate
into fire plains (WUI areas). Much information has been collected and vetted concerning fire and fuel behavior,
defensible space, ignition zones, climatology and occurrence predictability.
As the local Incident Commander of the Bastrop Complex Wildfire, I recognized that this event would be
discussed in the future as evidence of the serious impact, both economically and socially, of destructive wildfire.
Even before firefighting operations were fully deployed and organized, I requested Karen Ridenour of Texas
Forest Service to assist me in capturing data, information and statistics that would be instrumental in a full
analysis of the resultant effects on the fire plain and its occupants.

Karen and her team of investigators would spend exhaustive days, weeks and even months inventorying
losses and the causes of those losses, examining all circumstances regarding damage to homes and businesses.
The resultant product that Karen and I had in mind would turn into perhaps the most comprehensive case
study on wildfire loss ever completed. Such a study, in our minds, would become a tool and guidebook for
others to use in defining the effects of wildfire on this community – as well as a scientific report to further and
perhaps complete evidence for the formulation of best engineering and development practices for the state and
nation’s movement into citizens occupying the wildland urban interfaces of our land.
I hereby express my deepest gratitude not only to Karen Ridenour, but the others who have co-authored
with me this insightful case study. My thanks also go out the many contributors of information and insight in
formulating this great study.
It is my hope that the work done by so many keen minds and scholars will be useful in defining the issues
regarding the fire plain, rethinking consumer marketing paradigms and inspiring development and engineering
professionals to design safe and sustainable habitats for generations to come.

Mike Fisher, Emergency Management Coordinator
Bastrop County, Texas
March 2012
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Dedication

Unfortunately, this fire had tragic consequences for two Bastrop residents.

This report and its recommendations are offered in memory to those individuals: Vickie Faye Keenan and
Michael Troy Farr. Our deepest condolences go out to their families and friends. We want to extend our thanks
to all of the emergency personnel, volunteers and families who contributed their time and efforts to help those
in Bastrop impacted by the wildfire.

Abstract

Alex Maranghides with the National Institute for Standards and Technology (NIST) and the U.S. Forest
Service (USFS) developed a two-phase data collection system specifically designed to document structural
losses from wildland urban interface (WUI) wildfire events. Texas Forest Service (TFS) and the Bastrop
Complex Wildfire incident commander worked together to document this event using NIST/USFS data
collection methodology to identify why certain structures survived while others were destroyed. This
information will be used to help reduce future WUI fire losses with recommendations based on findings.
Every day on television, movies and the Internet, people can watch and rewind both fictional and realtime disaster events. But the extreme nature of some disastrous events is so uncommon that it is difficult to
comprehend their complexity as we view it from the comfort of our homes.
When the Bastrop Complex Wildfire ignited on Sept. 4, men and women in all areas of public service risked
their lives in order to save people, animals and property. Within 13 minutes of the first report of the wildfire,
law enforcement officers, firefighters and EMS workers started evacuations of 5,000 individuals that would
continue over the next several hours as the fire intensified and moved into large developed areas. Just three
people were working in the 911 dispatch center that day – and they answered more than 1,900 calls, not
including administration calls. During a single hour on that first day, dispatchers took 245 calls – an average of
about one call every four seconds. As the fire died down and the memory faded for some, the television cameras
moved on, and the stories from this wildfire will be replaced by the next catastrophe.
Our hope is that this report will be a knowledge base not just for residents of Bastrop County but throughout
the state in regard to fire behavior, fuels, weather and home construction. Building a fire-adaptive community
is complex. Multiple components interrelate to reduce structure vulnerability. Even if one piece of the puzzle
is missing, the vulnerability to fire damage and destruction of a structure increases. The random nature of
every fire makes it impossible to make decisions based on trends and fads. Homeowners and community
leaders need to understand the individual and large-scale components in order to correctly make decisions that
produce successful, more fire-resistant communities.
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Definitions
Air attack – Small, fixed-wing aircraft that has an air tactical group supervisor along with the pilot. These
“eyes in the sky” assist ground resources with information about the wildfire.
Aerial supervision module – A combination of lead plane and air attack.
Air tanker – A fixed-wing aircraft that has been certified by the Federal Aviation Administration to carry and
deliver fire retardant.
CoCoRaHS – Community Collaborative Rain, Hail and Snow Network.
Combustion – A complex sequence of chemical reactions between a fuel and an oxidant accompanied by the
production of heat or both heat and light in the form of either a glow or flames.
Crown fire – A fire that is burning in the treetops.
Energy release component (ERC) – The computed total heat release per unit area within the flaming front
at the head of a moving fire.
Engine – A ground vehicle that can provide a specific level of pumping, water and hose capacity.
FEMA-declared wildfire (FMAG – Fire Management Assistance Grant) – Provides partial reimbursement
to the state for the cost of the wildfire.
Firebrands (embers) – Any source of heat, natural or man-made, capable of igniting wildland fuels.
Firebrands are flaming or glowing fuel particles that can be carried naturally by wind, convection currents or
gravity into unburned and receptive fuels.
Firewise communities – A multi-agency effort designed to involve homeowners, community leaders,
planners, developers and others in the effort to protect people, property and natural resources from the risk of
wildland fire before a fire starts.
Fuel – Any combustible material; includes trees, grass, needles, wood, etc.
Incident Command System (ICS) – A standardized on-scene emergency management concept specifically
designed to allow its user(s) to adopt an integrated organizational structure equal to the complexity and
demands of single or multiple incidents, without being hindered by jurisdictional boundaries.
Ladder fuels – Provide a vertical link between fuels. They allow the fire to move from the ground to shrubs
and trees easily. They also help start crown fires.
Litter – Composed of twigs, branches, dead sticks and fallen leaves or needles.
Needle drape – Dead pine needles that have fallen down and are now hung on other vegetation.
NIST – National Institute of Standards and Technology.
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Definitions
NWS – National Weather Service.
Red flag warning – Term used by fire weather forecasters to alert the public of an ongoing or imminent
critical fire weather pattern.
TIFMAS - Texas Intrastate Fire Mutual Aid System.
Relative humidity (RH) – The ration of the amount of moisture in the air to the maximum amount of
moisture that air would contain if it were saturated.
Single-engine air tanker (SEAT) – More commonly known as crop dusters. These aircraft drop water or
retardant at lower levels than large air tankers.
Smoldering – Flameless form of combustion that derives heat from oxidations occurring on the surface of a
solid fuel.
Spotting – Embers from the main wildfire land in receptive fuel beds ahead of the main fire and start new
ignitions.
Strike team - Specified combinations of the same kind and type of resources, with common communications
and a leader.
TFS – Texas Forest Service.
Type (1-6) – Generally refers to dozers, engines and water tender capabilities. A Type 1 resource is larger in
size, power, capacity, etc., than a Type 6. Typing allows managers to pick the best resource for the job at hand.
USFS – United States Forest Service.
VFD – Volunteer Fire Department.
Water tenders – Any ground vehicle that can transport a large amount of water – generally 2,000 to 5,000
gallons.
Wildland urban interface (WUI) – The line, area or zone where structures and other human development
meet or intermingle with wildland.
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Introduction
Natural ecosystems throughout Texas have evolved with fire in the landscape. Changing land management
practices and expanding urbanization and sprawl – in combination with altering weather patterns – are
increasing the probability for homes to be exposed to wildfire. From November 2010 through September 2011,
more than 3.7 million acres (1.5 million hectares) burned across Texas, including more than 135,000 acres
(54,600 hectares) during the first week in September. All but three of the 254 counties in Texas would report
burn bans that month.
During the first week of September, Tropical Storm Lee made landfall along the Louisiana coast, causing
strong winds to move across Texas. Those winds, combined with record heat, severe drought, low humidity and
continued lack of rain sparked numerous wildfires in Texas.
As families began to celebrate Labor Day weekend, 57 new fires ignited across Texas on Sept. 4, resulting
in record-setting home losses. The Spicewood Fire burned northwest of Austin, charring 6,500 acres (2,630
hectares) and destroying 55 homes before being fully controlled on Sept. 12. The Riley Road Fire burned
northwest of Houston, charring 19,960 acres (8,078 hectares) and destroying 59 homes before being fully
controlled on Sept. 14. The Bear Creek Fire burned near Linden, Texas, charring more than 41,050 acres
(16,612 hectares) and destroying 92 homes before being fully controlled on Sept. 15.
The Bastrop Complex Wildfire ignited on Sept. 4, in a small community 30 miles southeast of Austin. The
fire burned rapidly out of control, scorching 32,400 acres (13,112 hectares) and destroying 1,696 residential
and commercial structures. A second ignition, the Union Chapel Fire, ignited on Sept. 5, burning 720 acres
(291 hectares) and destroying an additional 27 residential and commercial structures for a total loss of 1,723
structures. The fire was declared extinguished on Oct. 9, 2011.
The Bastrop Complex Wildfire would go on record as the most destructive wildland urban interface wildfire
event in Texas history, resulting in the loss of two lives on Sept. 5. It dwarfs what is now the second most
destructive fire in Texas history. The Possum Kingdom Fire destroyed 168 homes in April 2011.
The Bastrop Complex Wildfire is recorded as the third largest wildland urban interface home loss fire to date
in the nation preceded only by the Oakland Fire and the Cedar Fire.
Oakland Fire
According to 1990 census data, there were 1,279,182 people in Alameda County. Loss was estimated at
$1,500,000,000 (NFPA - estimated $1.5 billion) = $1,172/person.
Cedar Fire
According to 2000 census data, there were 2,813,833 people in San Diego County. Loss was estimated at
$1,100,000,000 (NFPA - estimated $1.1 billion) = $390/person.
Bastrop Fire
According to 2010 census data, there are 74,171 people in Bastrop County. Loss was estimated at
$209,318,741 (Bastrop Tax Appraisal) = $2,822/person.
This would make Bastrop the largest per capita loss in the nation’s history. This is important due to the
amount of financial impact to the community during the prolonged recovery period. The Legislature needs
to understand these impacts and give counties authority to regulate code to reduce future losses within the
wildland urban interface.
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The Oakland Firestorm was a large urban fire that occurred on the hillsides of northern Oakland, Calif., and
southeastern Berkeley on Oct. 20, 1991. In just the first hour, the fire had destroyed nearly 790 structures. In
addition to the winds and the heat, an important factor in the rapid spread of the fire was that it started in an
area that was at an interface between developed and undeveloped land. Many of the first dwellings to burn
were surrounded by thick, dry vegetation. In addition, the nearby undeveloped land had even more dry brush,
along with several groves of non-native volatile eucalyptus trees.
Oakland Fire Statistics
Deaths.....................................................................................25
Injuries....................................................................................150
Single Family Dwellings Destroyed........................................2,843
Single Family Dwellings Damaged.........................................193
Apartment Units Destroyed....................................................433
Total Living Units Damaged or Destroyed.............................3,469
Total Acreage Burned by the Fire...........................................1,520
Estimated Value of Fire Losses..............................................$1,537,000,000
Source: The Oakland-Berkeley Hills Fire: An Overview (Captain Donald R. Parker, January 1992)
The Cedar Fire began in the Cleveland National Forest and was reported at 5:37 p.m. PDT on Oct. 25, 2003,
south of Ramona in central San Diego County. The blaze was reportedly ignited by a hunter in a flammable
shrub called chaparral. Strong 40 mph Santa Ana winds, daytime temperatures above 90 degrees Fahrenheit,
and humidity in the single digits made for extremely dry conditions in and around San Diego County and
Lakeside.
Cedar Fire Statistics
Deaths.....................................................................................15
Injuries....................................................................................104
Single Family Dwellings Destroyed........................................2,232
Single Family Dwellings Damaged.........................................53
Total Living Units Damaged or Destroyed.............................2,285
Total Acreage Burned by the Fire...........................................280,278
Estimated Value of Fire Losses..............................................$27,000,000
Source: http://www.fire.ca.gov/cdf/incidents/Cedar%20Fire_120/incident_info.html
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The Bastrop Complex Wildfire— a 32,400-acre inferno deemed the most destructive wildfire in Texas history
— ignited over Labor Day weekend, forcing thousands of evacuations. The fire was a result of three individual
fire starts that quickly merged into one blaze. An additional fire, named Union Chapel, ignited on the second
day and would be included in the complex.
Bastrop Complex Fire Statistics
Deaths...................................................................................2
Injuries.................................................................................12
Total Acreage Burned by the Fire........................................Bastrop 32,400; Union Chapel 720
Estimated Value of Fire Losses...........................................$209,318,741

BASTROP COMPLEX FIRE
(2,853 total structures in burn perimeter)

UNION CHAPEL FIRE
(90 total structures in burn perimeter)

Destroyed
Residential: 1,660 (61 percent)
Commercial: 36 (35 percent)
Total: 1,696 (60 percent)

Destroyed
Residential: 25 (29 percent)
Commercial: 2 (100 percent)
Total: 27 (30 percent)

Undamaged/Damaged
Residential: 1,091 (39 percent)
Commercial: 66 (65 percent)
Total: 1,157 (40 percent)

Undamaged/Damaged
Residential: 63 (71 percent)
Commercial: 0 (0 percent)
Total: 63 (70 percent)

Recorded Bastrop County subdivision losses
occurring within fire perimeter (statistics
are based on homes within fire perimeter in
recorded subdivisions):
• 386 (58 percent) structures within fire 		
perimeter in Circle-D Country Acres
• 264 (51 percent) structures within fire 		
perimeter in Tahitian Village
• 192 (73 percent) structures within fire 		
perimeter in KC Estates
• 171 (77 percent) structures within fire 		
perimeter in Pine Forest
• 84 (79 percent) structures within fire 		
perimeter in Ponderosa Homestead
• 64 (64 percent) structures within fire 		
perimeter in Lost Pine Development
• 47 (71 percent) structures within fire 		
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perimeter in Bastrop Hills Homesites
• 36 (50 percent) structures within fire 		
perimeter in Pioneer Pines Farm
• 25 (41 percent) structures within fire 		
perimeter in Bluebonnet Acres
• 16 (100 percent) structures within fire 		
perimeter in Royal Pines
City losses (values are based on
assigned addressing points within the
county):
• 1,096 structures in city of Bastrop
• 386 structures in city of Paige
• 212 structures in city of Smithville
• 27 structures in city of Cedar Creek
• 2 structures in city of McDade
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Map 1 shows the size and locations of fires across Texas on Sept. 4-5 that were responded to by municipal/volunteer
fire departments and Texas Forest Service.
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Data prepared by Doug Kroon Van Diest - Texas Forest Service, Emergency Operations Center.

Graph 1 shows spikes in fire events across the state throughout the 2011 fire season. Tom Spencer, Texas Forest Service
Predictive Services department head, reported that significant wind events occurring throughout the year along with drought
conditions contributed to increased wildfire numbers.

Sept. 4, 2011
Texas Forest Service responded to 57 new wildfires throughout the state on Sept. 4. The Bastrop Complex
Wildfire was the 43rd ignition in the state and the ninth ignition in Central Texas. Municipal and volunteer
departments reported responding to 345 fires.

Data for Chart 1 (above) and Chart 2 (below) provided by Texas Forest Service.
Sept. 5, 2011
Texas Forest Service responded to 24 new wildfires throughout the state on Sept. 5. The Union Chapel Fire
was the seventh ignition in the state and the first in Central Texas. Municipal and volunteer departments
reported responding to 154 fires.
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Available resources:
Fire characteristics charts are a useful communication aid for displaying the character of a fire based on
spread and intensity values that are either calculated or observed. Chart 3 shows the relationship of surface
fire flame length and fireline intensity to suppression capabilities (Rothermel 1983). Measurements of heat
released during a fire within the flaming front influencing suppression include:
• Reaction intensity – Heat released per minute within a square foot of the flaming front (deals 		
more with the rate at which vegetation burns and the amount of heat coming from burning materials).
• Fireline intensity – Heat released per second per linear foot of flaming front (how hot or intense 		
the flames are).
• Heat per unit area – Total heat released within the flaming front in a square foot dependent on 		
time.

Chart 3. BTU/foot/second is British thermal unit per foot per second. As a rough approximation,
the burning of a wooden match releases 1 BTU.
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The National Fire Danger Rating System has developed preparedness levels for the day-to-day
operations of fire prevention and suppression (Chart 4). The assumption behind preparedness levels is that
the continuum of fire danger is divided into intervals to which pre-planned management
actions are keyed. The designations for the
various preparedness levels are numerical
(I through IV) and described as Low to Very
High.
The Energy Release Component (ERC)
is a number related to the available energy
(BTU) per unit area (square foot) within the
flaming front at the head of a fire. The ERC
is a cumulative or “build-up” type of index.
As live fuels cure and dead fuels dry, the ERC
values get higher, thus providing a good
reflection of drought conditions. The scale is
open-ended.
The Burn Index (BI) is a number related
to the contribution of fire behavior to the
effort of containing a fire. The BI is expressed
as a numeric value related to potential
flame length in feet multiplied by 10. The
scale is open-ended, which allows the
range of numbers to adequately define fire
problems, even during low to moderate fire
danger. ERC and BI are used to determine
preparedness levels in Texas for the public.
On Sept. 4, the observed BI was 86 and the
observed ERC was 59, resulting in a
preparedness levels of Very High.

Chart 4. The ability to respond to multiple fires on a
Very High preparedness level day will directly relate to
the number of fires occurring on that day and available
resources. As fire activity increases, resources will become
limited.

The tactics of structural and wildland firefighting are
dramatically different. Local fire departments respond
to approximately 1.6 million fires per year. Much of
the nation’s fire protection is provided by the 658,000
volunteer firefighters and 27,000 career firefighters in
rural communities (those with populations under 10,000).
Comparatively, there are 16,000 permanent and seasonal
wildland firefighters employed by federal agencies.

Photo © Texas Forest Service
Hand crews dig fire line, cut smoldering trees, put out
embers, patrol fire line and spread water dropped by
helicopters or supplied by engine.

- 19 -

In June 2003, the National Association of State Foresters issued a report to the U.S. Congress titled The
Changing Role and Needs of Local, Rural and Volunteer Fire Departments in the Wildland-Urban Interface.
The report described the expansion of wildland fire responsibilities of America’s structural fire service, in
particular the predominantly rural and volunteer organizations serving communities near the wildland-urban
interface. Several important training-related
recommendations were offered to boost safety
and capacity in wildland fire suppression
operations undertaken by these departments.
Prior to this training, no national system
existed to help structural firefighters identify
and target wildland fire training needs,
while recognizing skills developed through
structure fire training standards.
Since the Bastrop Complex Wildfire, the
city of Austin is requiring all Austin Fire
Department personnel to take the National
Wildfire Coordinating Group’s S-130
Wildland Firefighter and S-190 Introduction
to Fire Behavior courses to improve their
skills in responding to wildland urban
interface fires.

Photo © Gary Hicks
Bulldozers create fire breaks by removing all combustible material and
creating a barrier of dirt so the fire has nothing to burn and cannot continue
to spread.

All but one fire department in Bastrop
County had mandatory training in wildland
firefighting, qualifying the firefighters
to address and meet the immediate and
demanding needs at the onset of the fire. The boots-on-the-ground volunteer, municipal and Texas Forest
Service firefighters built containment lines with bulldozers, shovels and axes.

The movement and allocation of resources takes time. With 2,853 structures inside the Bastrop Fire
perimeter, if each piece of available equipment (including aircraft, dozers, engines, hand crews and tenders)
were assigned structures to defend on Sept. 4, there would be one piece of equipment for every 66 structures.
On Sept. 5, there would be one piece of equipment for every 41 structures. On Sept. 9, when the state reached
the maximum number of resources that could be ordered, there would be one piece of equipment for every 16
structures. The start of the Union Chapel Fire on the afternoon of Sept. 5 resulted in resources being relocated
from the Bastrop Fire to the new ignition.
Engine crews worked the lines with aerial resources dropping water and retardant. The retardant used by
contract aircraft is a combination of fertilizer salts, water, corrosion inhibitors, flow conditioners and foodgrade red dye. The fertilizer salts accelerate wood decomposition, reduce production of flammable gases and
hinder ignition, slowing flame growth. Weather has direct implication on aircraft, making it sometimes difficult
to fly. In high altitudes, lift becomes difficult because of thin air. The same challenges occur when temperatures
are extremely hot. Under those conditions, aircraft have to reduce their load to offset the loss of lift. In fact,
some helicopters – such as the Sikorsky 58 T – essentially cannot carry a usable load. For some aircraft, this
threshold occurs at 104 degrees Fahrenheit. Fixed-wing aircraft require more runway to take off and, generally,
aircraft performance is reduced with high temperatures.
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Graph 2 illustrates the relationship between available suppression equipment the first week of the
Bastrop Complex Wildfire and home losses based on available data provided by federal, state, county
and local emergency response departments. Note: Home loss data estimates were determined using
911 audio tapes, videos, photos and technical discussions. This product is for informational purposes
and was not prepared for or suitable for legal or surveying purposes. Home loss estimates on Sept. 4
are based on the first 10 hours of the fire.
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TIFMAS
Texas Intrastate Fire Mutual Aid System (TIFMAS) supported suppression efforts on the Bastrop Complex
Wildfire.
TIFMAS is maintained by Texas Forest Service. A product of Senate Bill 11 enacted in 2007, TIFMAS does
not require departments to send resources to incidents. It is a voluntary process. The program includes
training, qualification and mobilization systems to make statewide use of local resources.
The program first was used during Hurricane Ike, and has since been used in response to the Presidio
flooding, the April 9, 2009, wildfire outbreak in North Texas, Hurricane Alex and 2011 wildfires.
Resources mobilized prior to 2011:
• 7 ladder trucks
• 13 water tenders
• 37 fire engines
• 3 rescue trucks
• 368 firefighters
• 11 strike team leaders
• 2 fire inspectors
• 22 ambulances
• 137 paramedics
During the 2011 Texas wildfire season, TIFMAS mobilized 13 times, with 207 departments, 1,274 firefighters
and 329 engines.
Fifteen strike teams with 178 personnel representing 51 cities, plus 14 Type 3 personnel responded to Bastrop
through TIFMAS mobilizations.

- 22 -

Sept. 4, 2011
Bastrop Complex Fire
Number of aircraft: 3
Number of drops: 3
Total water/retardant used (gallons): 2,250
Total estimated operating cost: $14,318.37

Union Chapel Fire
Number of aircraft: 4
Number of drops: 168
Total water/retardant used (gallons): 110,880
Total estimated cost for both fires:
$163,363.02

Sept. 5, 2011
Bastrop Complex Fire
Number of aircraft: 21
Number of drops: 485
Total water/retardant used (gallons): 539,986

Sept. 7, 2011
Bastrop Complex Fire
Number of aircraft: 10
Number of drops: 202
Total water/retardant used (gallons): 340,931
Total estimated operating cost: $35,482.07

Union Chapel Fire
Number of aircraft: 14
Number of drops: 65
Total water/retardant used (gallons): 57,600
Total estimated cost for both fires: $522,742.25

Sept. 8, 2011
Bastrop Complex Fire
Number of aircraft: 7
Number of drops: 210
Total water/retardant used (gallons): 223,486
Total estimated operating cost: $38,027.40

Sept. 6, 2011
Bastrop Complex Fire
Number of aircraft: 15
Number of drops: 522
Total water/retardant used (gallons): 572,464

Sept. 9, 2011
Bastrop Complex Fire
Number of aircraft: 9
Number of drops: 225
Total water/retardant used (gallons): 211,726
Total estimated operating cost: $20,507.93
Totals for first week of fire
Number of drops: 1,880
Total water/retardant used:
2,059,323
Total estimated operating cost:
$794,441.04
Totals for September
Number of drops: 2,367
Total water/retardant used:
2,389,234

Photo © Sarah Williams
Helicopters dip out of the Colorado River.
The amount of fire line that aerial resources can construct per drop
depends on these three factors:
• Gallons per load being carried
• Surface fuel model
• Rate of spread for the fire receiving the drop
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Chart 5 illustrates the costs associated
with aerial resources dropping water and
retardant during the first week of the fires
and the total cost for September. Dropping
water and retardant helps make the flames
shorter and smaller, allowing firefighters
on the ground to protect structures.

Historical Events Within Bastrop County
and Central Texas
Wildfires move similar to water,
taking the path of least resistance
and following the topography.
Wildfires consume fuels at the
surface during moderate fire events
and in surface and tree crowns
during more extreme events.
The Bastrop Complex Wildfire
would follow the same footprint of
previous fires in the county.
For example, in 1984, the Crafts
Prairie (“Mr. Barbecue”) Fire
burned more than 900 acres and
destroyed six homes. The Bastrop
Complex Wildfire jumped Texas
Highway 71 and followed the same
fire path, resulting in 72 homes lost
within the Crafts Prairie footprint.
The increase in home loss is due to
increased land development since
1984.

Photo © Karen Ridenour, Texas Forest Service
Wilderness Ridge Fire, Bastrop County, 2009

More recently, the Wilderness
Ridge Fire in 2009 resulted in the loss of 26 structures and 20 commercial buildings.

The re-entry of fire into a previously burned area in such a short time period reveals the need to understand
changing vegetation and re-growth impact following large events. Analysis of existing wildland fire data reveals
the following:
• The Crafts Prairie Fire in 1984 was, at the time, the largest recorded fire in the county. (Maps 2 and 		
3 on Pages 26-27 show the historical footprint of the fire with historical and current development).
• A record for the largest fire in Bastrop County was again set in 2009, when the Wilderness Ridge Fire 		
burned 1,491 acres.
• Twenty-seven fires that burned more than 100 acres have been recorded in Bastrop County since 		
1988.
• Reported fires in the county based on data since 1985 have averaged 28 acres.
One result of this case study should be an emphasis on accurate and scientific post-wildfire data collection to
allow for developing and implementing effective plans for training, equipment acquisition and financing of fire
departments.
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Graph 3 shows wildfires larger than 100 acres recorded within Bastrop County since 1988.

Map 2 shows the historical Crafts Prairie Wildfire footprint within the Bastrop Complex
Wildfire footprint and historical development, 1984.
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Map 3 shows the historical Crafts Prairie Wildfire footprint within the Bastrop Complex
Wildfire footprint and current development, 2011.
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Texas Forest Service historical fire data has been maintained since 1985.
During that time frame, 634 fires have occurred in Bastrop County ranging in acreage from 1 to 1,491 acres.
Seventy-eight of those fires occurred within the footprint of the Bastrop Complex Wildfire. In 2011 alone, fire
departments responded to seven fires within the footprint prior to Sept. 4.
In calendar year 2011, Bastrop fire departments responded to 295 fires. Based on historical data from Texas
Forest Service, 91 percent of wildfires in Texas are caused by people – and approximately half of those are the
result of debris burning.

Chart 6. Note: The data included in this table should be used with great discretion. Not all fire
departments reported data for every quarter, resulting in an incomplete historical picture.
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Overview of Fire Departments
in Bastrop County
There are 2,853 structures
within the Bastrop Complex
Wildfire perimeter. An additional
90 structures are within the
Union Chapel perimeter – for a
total of almost 3,000 structures
that would need protection by
local fire departments during the
event on Sept. 4. An Emergency
Service District (ESD) is a political
subdivision of the State of Texas,
authorized by law to levy a tax for
the purpose of providing emergency
services. In short, an ESD is a taxing
district responsible for providing
emergency services to a specific
area, or “district.”
Bastrop County ESD No. 1
contracts with 3-N-1 Volunteer Fire
Department, Five Points Volunteer
Fire Department and Bluebonnet
Volunteer Fire Department to
provide services to roughly 390
square miles of southwestern
Bastrop County. These departments
responded to both the Bastrop
Complex and Union Chapel fires.
Ninety homes would fall within
the ESD No. 1 service area for the
Union Chapel fire perimeter.
Bastrop County ESD No. 2
contracts with the Bastrop Fire
Department Inc. to provide fire
protection services to approximately
119 square miles of central Bastrop
Map 4. Bastrop fire departments
County outside the city limits. All departments
within ESD No. 2 responded to 2,217 of the
homes within the Bastrop fire perimeter. Bastrop-Travis ESD No. 1 contracts with Elgin Fire Department and
McDade Volunteer Fire Department, providing services to approximately 143 square miles of north Bastrop
County. Both departments responded to the Bastrop Complex Wildfire.
Heart of the Pines (HOP), Smithville and Paige are volunteer fire departments with no contracts. Funding
sources come from donations within the community. Six hundred and sixty-three homes within the fire
perimeter were located in HOP VFD service area. Smithville Fire Department and Paige Volunteer Fire
Departments responded to the Bastrop Complex Wildfire to protect homes outside their jurisdictions.
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Historical Fire Weather
Examining similarities between historic and current fires on local, national and international scales offers
insight into understanding fire behavior associated with home loss based on fire weather parameters.
Weather indices such as prolonged high temperatures, upper level trough and dry, windy conditions at the
surface occurring ahead of a strong cold front need examination locally and nationally. Current thresholds
developed for fire weather use both the National Weather Service and Predictive Service Areas in Texas.
Statistical analysis of structure loss and fire weather conditions for fires in Central Texas were examined to
review current thresholds and criteria to denote weather events as critical fire weather or red flag days.
The underlying philosophy for determination of Predictive Service Areas (PSAs) across Texas is they
represent areas where the weather reporting stations (RAWS) tend to react similarly to daily weather regimes
and exhibit similar fluctuations in fire danger and climate. Seven PSAs were delineated in Texas. Fire weather
thresholds, fuel moisture thresholds and National Fire Danger Rating System thresholds have been developed
for each PSA and are unique to the designated area. The most common source for forecasted values of relative
humidity, temperature and 20-foot wind speed is the National Weather Service (NWS) daily fire weather
forecast.
Several indices are used in determining the
severity of weather conditions associated with
extreme wildfire events. Red flag criteria are
dependent on both critical fire weather conditions
monitored by NWS offices and the fuel moisture
and fire danger assessments provided by land
management agencies such as Texas Forest Service.
Criteria for red flag warnings and PSAs vary
with each NWS office, based on the vegetation,
topography and distance from the Gulf of Mexico.

Map 5. Central Texas PSA critical area
All red flag days are not equal. For example:
• They are dependent on the magnitude of specific weather elements and antecedent fuel conditions.
• Response to red flag warnings may be different depending on Planning Level or local decision 			
makers.
• During drought periods, it may not take “as much weather” to produce control problems (if fuels are 		
predisposed).
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Central Texas Critical Fire Weather Thresholds

Comparison to Wilderness Ridge, Bastrop and Union Chapel Fires

Chart 7 shows a comparison of fire weather thresholds, fuel moisture thresholds and National Fire Danger
Rating Systems thresholds developed for Central Texas at the 97th percentile compared to current and
historical wildfires in Bastrop County. Fire behavior at the 97th percentile conditions exhibits problematic and
complex fire intensity and spread rates within the wildland urban interface. Values in parentheses show the
live fuel moistures that were trending down between Aug. 15 and Sept. 15. See additional values beginning on
Page 45.
Weather parameters from fires occurring during the early days of September 2011 and historic fires from
the general area were compiled into a local database. Researchers analyzed weather conditions on the day of
fire ignition and the four days leading up to the ignition. After removal of some events for lack of data, 13 fires
were analyzed. The hope was that trends in changing weather patterns could be identified to enable predictive
services more insight into potential enhanced fire risk.
The current early-warning system used to predict days when fire ignition could result in increased and
erratic fire behavior is the red flag warning system. For the Central Texas area, red flag warning conditions
include: Relative humidity at 25 percent or less, wind speeds of 15 mph or more and a temperature 10 percent
above average. All three of these conditions have to be predicted concurrently in order for a red flag warning
to be issued. Analysis of the compiled data therefore specifically focused on these three parameters, although
a more extensive database was compiled. In brief, the conditions of average temperature, relative humidity
and maximum wind speed were compared between the day of the fire ignition and the four days leading up
to that day. The data also was analyzed in regard to the relative deviation in these three parameters based on
the aforementioned red flag criteria. The research was performed using single-factor analyses of variance with
statistical software. Although a multivariate analysis may be more appropriate, initial research showed it was
not necessary.
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Regardless of the method of analysis, departure of actual average temperature from normal average
temperature had no significant difference between any of the days. There also was no significant difference
in relative humidity between any of the days. However, when comparing the data in relation to their
deviation from the red flag criteria of 25 percent or less, a significant difference was found (p = .036). Further
investigation showed that the ignition day differed significantly from only the day three days prior to ignition.
Wind was found to differ significantly in both the comparison of the actual data (p = 011) and when
comparing the data relative to the deviation from the red flag criteria of 15 mph or greater (p < .01). Further
inquiry showed that the ignition day differed significantly from all other days prior except the day immediately
preceding ignition. Inquiry into the differences in wind via relative change to red flag conditions agreed with
this finding, but also included significant differences between the day prior to ignition and all other days.
This study analyzed fires in the central Texas area where homes were lost, which is by no means an analysis
of extreme fire behavior. While issuances of red flag warnings are helpful to fire mitigation planners in the
re-allocation of resources, sometimes extreme fire conditions and events occur without a red flag warning.
Similarly, red flag warnings sometimes are issued when the three criteria are never concurrently realized.
Both of these scenarios occur when actual weather conditions do not follow predicted weather conditions.
Sometimes, predicted weather patterns are less severe than what actually occurs. Conversely, local weather
conditions can behave much differently than landscape-scale predictions.
Other environmental factors, such as the prolonged drying of fuels, can make issuance of red flag warnings
problematic. Some areas have adopted a “sliding scale” method of issuance, where the three criteria are altered
depending on other environmental factors. Long-term drought, for instance, may create a situation where wind
speeds of 10 mph act just as severely as wind speeds of 15 mph. In this case, the red flag criteria must be flexible
to alteration to accommodate varying climatic differences.
Our results show that there is little indication from day-to-day changes in temperature that any particular
day is more likely to have extreme fire behavior with home loss than another. Keep in mind that this is on a
very fine scale in a relatively small area, both temporally and spatially. Weekly and month-long predictions on
extreme fire behavior likelihood are much more accurate. Directly correlated to temperature, relative humidity
similarly shows little change day to day to indicate an increased likelihood of extreme fire behavior.
Wind, however, was found to have significant differences through both methods of analysis. Comparing
changes in wind speed relative to red flag conditions, both the day of the fire and day prior to the fire have
noticeably elevated wind speeds. Therefore, this rudimentary analysis indicates that predictive services should
increase awareness of possible extreme fire weather when strong winds are predicted. Findings similar to
this have been shown in Australia (Blanchi), where changes in wind speed seem to be the most influential in
extreme fire behavior.
Finally, keep in mind that extreme fire weather where homes are lost is a complex interaction of multiple
climatic conditions and changes. While this data supports the notion that changes in wind speed help drive
extreme fire weather, drought conditions combined with long-term drying of fuels undoubtedly increased the
likelihood of extreme fire. Changes in land management practices also have increased the fuel loads in most
areas which in turn provide more fuel to ignite once a fire has started. The red flag warning system is by no
means perfect, and could possibly benefit from modification to include these other factors on a statewide scale.
Further research into predictions across the state through historical data is being performed to help improve
this system.
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Chart 8. Historical and current fire weather conditions associated with home loss were analyzed
against current red flag criteria for Central Texas. For the Central Texas area, red flag criteria
includes: Relative humidity 25 percent or less, wind speeds of 15 mph or more and a temperature
10 percent above the average for that time of year. All three of these conditions have to be
predicted concurrently in order for a red flag warning to be issued.

Weather Preceding Bastrop Complex Wildfire
The June-August average temperature across Texas was roughly 2.5 degrees Fahrenheit warmer than
any previous Texas summer and more than 5 degrees Fahrenheit above the long-term average. The public’s
attention was captured by the unusually high number of days reaching or exceeding 100 degrees. Many parts of
the state achieved the “double-triple”: At least 100 consecutive days of at least 100 degrees.
When there is little water available for evaporation, most of the energy from sunlight goes into heating the
ground and the overlying atmosphere. Based on a statistical analysis of past summers, each inch of rainfall
below normal in Texas is associated with summertime temperatures at least half a degree warmer.
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Statewide Records
Because the drought was widespread
throughout Texas, its evolution and
intensity is well-represented by statewide
average conditions. Chart 9 shows the
historical ranks of monthly statewide
precipitation since the beginning of the
drought.
The statewide precipitation values
represent area-weighted averages of
values within each of the 10 Texas climate
divisions. Precipitation data is obtained
from the National Climatic Data Center and
adjusted to correct for changes in network
configuration (Nielsen-Gammon, 2011,
professor of atmospheric sciences and Texas
state climatologist).
The rankings indicate that a dry fall and
winter was followed by an exceptionally dry
spring and summer. Note that precipitation
values for August and September are
preliminary and subject to change.

- 34 Chart 9 shows a ranking of monthly precipitation
among historical values, based on Texas statewide
average precipitation.

A report released by the Southern Area Fire Risk Assessment team described the drought’s impacts on Texas.
The events of Sept. 4, regarding impacts of the drought, can be traced back to wet conditions in 2010 that came
to an abrupt end around August of that year. Soil moistures across Texas were above normal as late as July 31,
2010. The wetness created ideal conditions for prolific growth of grasses, shrubs and trees. In late October, the
situation began to change and soil moistures began to decline.
By late December 2010, soil moisture anomalies were beginning to escalate, and drought was beginning
to set in. Fires began to break out in January, and large fires started igniting in late February. Large fires
continued to occur through March, April, May and June.
Normally, the fire season in Texas would dwindle with the greening of fuels in April or May. However, there
are some areas of Texas that never experienced a “green” condition that would inhibit fire.
The National Weather Service has indicated that the drought in Texas can be traced back to deficits that
began to build in 2010, if not earlier. There are areas, according to the National Weather Service, that are
running between 25 and 40 inches below normal over a period of 2 ½ to three years.
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Chart 10 shows monthly drought conditions for Bastrop County preceding the fire.
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Keetch-Byram Drought Index (KBDI) is used
to determine wildfire potential. The drought
index is based on a daily water balance, where
a drought factor is balanced with precipitation
and soil moisture (assumed to have a maximum
storage capacity of 8 inches) and is expressed in
hundredths of an inch of soil moisture depletion.
The drought index ranges from 0 to 800, where
0 represents no moisture depletion and 800
represents absolutely dry conditions. Currently
the index is derived from ground-based estimates
of temperature and precipitation reported from
weather stations and interpolated manually by
experts at Texas Forest Service for counties across
the state. Bastrop County values recorded on Sept.
4 showed an average KBDI of 789, maximum of
792 and minimum of 779.
Map 6

Maps 7-10 show the progression of soil moisture anomalies from July-August 2010. Soil moisture
anomalies are indicators that measure the difference between what the expected soil moisture
would be, given historical observations, and the actual moisture in the root zone of the soil. The
maps reveal how both the Southern Plains and Gulf Coast areas were building toward the current
dry state in vegetation due to the prolonged drought.
Data provided by the Southern Area Fire Risk Assessment Report, October-December 2011.
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Weather Leading Up to Wildfire

Prepared by Greg Murdoch, National Weather Service-Midland and
Monte Oaks, National Weather Service-San Antonio
Recent research on the Southern Plains has identified weather patterns that favor the near simultaneous
occurrence of multiple large and destructive fires, a pattern known as the Southern Plains Wildfire Outbreak
(SPWO). On Sept. 4, 2011, multiple large and destructive fires erupted across Texas, especially along and east
of Interstate 35 (Map 11).
Primarily these “outbreaks” have been focused across the plains of Texas. The weather pattern on Sept. 4
was different from the typical documented outbreak cases, though with approximately 60 fires for 50,000
acres, an outbreak of fires did occur. Even though the large-scale weather pattern deviated from the SPWO,
the manifestation of windy, dry, unstable and unseasonal temperatures was apparent. This weather summary
focuses on and around the Bastrop Complex while noting the Bastrop Complex was part of a bigger picture of
an extensive fire outbreak (Map 12).

Map 12. This satellite image shows smoke
from the largest fires on Sept. 5, 2011.

Map 11 shows fires on Sept. 4, 2011.

Critical fire weather patterns have been documented through the years for use as a reference forecast tool.
One of the earliest documentations of critical fire weather patterns was by Schroeder in 1969, in which a
Tropical Storm Type critical fire weather pattern was identified. The concern is that wind in association with
a tropical storm increases over an area greater than the cloud and precipitation shield, mainly when the wind
has trajectory across land. Sept. 4 will be a classic and historic example of the Tropical Storm Type critical fire
weather pattern.
The Tropical Storm Type critical fire weather pattern during the Bastrop Complex Wildfire was exacerbated
by one of the worst drought seasons in recorded history. Prior to Sept. 3, nearly the entire state was in
exceptional drought and many locations – including Central Texas – had broken precipitation and temperature
records in the brutally hot and dry summer (Table 1 on Page 38).
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Table 1 shows 100-degree days and climatology for Austin and College Station during summer 2011.
On the morning of Sept. 3, 2011, Tropical Storm Lee was just south of the central Louisiana coast, and the
counter-clockwise circulation was just beginning to result in northeast surface wind across most areas east of
Interstate 35 in Texas. Meanwhile a well-defined mid-level trough was moving across the northern plains states
with an associated cold front having moved east of the Rocky Mountains.
As the day of Sept. 3 wore on, northeast surface winds increased from Interstate 35 eastward with 10 to 15
mph sustained winds common by later in the afternoon. Meanwhile the aforementioned cold front was moving
through West Texas (Map 13) with dry air on the western periphery of Tropical Storm Lee (Map 14). Ahead
of the front, temperatures were able to climb into the lower 100s, driving minimum RHs down to 20 percent in
the Bastrop area (Table 2 on Page 39).

Map 13 (left). Surface map shows winds in knots and Tropical Storm Lee near the Louisiana coast at 7
p.m. CDT on Sept. 3, 2011. Map 14 (right) shows 700 mb height pattern to the north and dry air aloft
(brown oval) west of Tropical Storm Lee in south central Louisiana at 7 p.m. CDT on Sept. 3, 2011.
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Table 2. Weather data from the Bastrop RAWS station for the afternoon of Sept. 3, 2011.

Although the wind decreased overnight on Sept. 3 and into the morning of Sept. 4, a wind direction from the
north and northwest precluded anything better than a brief period of fair recovery. With the dry air aloft, this
ensured a rapid decrease in relative humidity by mid-morning on Sept. 4.

Table 3. Weather data from the Bastrop RAWS station for the morning of Sept. 4, 2011.
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The cold front continued to move south through the state, but with the northeast winds in advance of the
cold front it is difficult to say when the front passed through Bastrop. Still the tightened pressure gradient
between the front and Tropical Storm Lee resulted in increased winds (Maps 15-16). Also, it was suspected
that mixing from daytime heating was augmented by subsidence on the periphery of Tropical Storm Lee, aiding
in drying at the surface and development of gusty winds. Tropical Storm Lee moved inland by late afternoon,
but all precipitation remained east of Interstate 45. High temperatures again climbed into the triple digits and
sustained winds of 12 to 14 mph with gusts of 25 to 31 mph occurred near the time the fire started in Bastrop
(Table 4 on Page 41).

Map 15 (left). Surface map shows winds in knots and Tropical Storm Lee near Louisiana coast at 7 p.m.
CDT on Sept. 4, 2011. Map 16 (right) shows 700 mb height pattern with dry air to the west of Tropical
Storm Lee circulation in central Louisiana at 7 p.m. CDT on Sept. 4, 2011.
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Table 4. Weather data from the Bastrop RAWS station for the afternoon of Sept. 4, 2011.
It should be noted that observations of surrounding cities, like Giddings, for example, show stronger
sustained winds even when accounting for the difference between 20 feet and 33 feet. This suggests that
sightings at the Bastrop RAWS may be such that the full measure of the wind was reduced due to the
surrounding environment.
The observed upper air sounding at Corpus Christi, some 200 miles away, was ascertained to be have the
most representative picture of the dry and unstable low-level atmosphere that occurred near Bastrop on the
evening of Sept. 4 (Graph 4).

Graph 4. The 7 p.m. CDT Sept. 4, 2011, sounding from Corpus Christi shows the temperature (right
black line) and dew point (left black line). This displays a well-mixed layer to approximately 10,000 feet
MSL (red oval).
This sounding suggests that Maps 15 and 16 on Page 40 represent the depth of the very dry and unstable
mixed layer in place over the Bastrop area.
To quantify the instability and dryness, the Lower Atmospheric Instability Index (LASI) is used. The LASI is
a number from 0 to 10 that takes into account instability and moisture terms analogous to the Haines Index.
The higher the number, the more favorable the conditions are for large fires. The index is focused on data in
the lower levels of the atmosphere, thus the applicability for use in low elevation topography, such as Central
Texas. A LASI greater than or equal to 6 is indicative of conditions favorable for large fire growth.
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Map 17 shows mesoscale analysis of LASI (red contours) from the Storm Prediction Center.
Analysis at left shows LASI of 6 in the Bastrop area (marked with red star) at 4 p.m. CDT on Sept. 4, 2011.
Mesoscale analysis at right depicts a LASI of 7-8 in the Bastrop area on Sept. 5, 2011, at 4 p.m. CDT.

Cooler temperatures settled in on Sept. 5 in the wake of the front, but so did drier air and single-digit relative
humidities with high temperatures some 10 degrees cooler than on Sept. 3 and 4. Although the pressure
gradient weakened as Tropical Storm Lee moved east, surface winds were still gusting to 20-25 mph (Table 5).

Table 5. Weather data from the Bastrop RAWS for the afternoon of Sept. 5, 2011.

- 42 -

Despite the cooler temperatures the dry and unstable state of the atmosphere intensified. Post-frontal dry air
was the primary factor in the LASI on Sept. 5 and as such, the LASI increased. The Union Chapel Fire would
ignite at 11:42 a.m. on Sept. 5 as winds began to increase and relative humidities continued to drop throughout
the day as the dry line passed through. The extended dry and unstable state on Sept. 5 lasted into the night
of Sept. 6 serving to enhance and prolong the burning period conditions. From 2 p.m. CDT on Sept. 5 until at
least 1 a.m. CDT on Sept. 6, the LASI was a 7 to 8 (Map 17 on Page 42).
Also of interest is a comparison of weather conditions to the Wilderness Ridge Fire that occurred in 2009.
Although the Wilderness Ridge Fire was not as large or as long-lasting, it was – prior to the Bastrop Complex
Wildfire – the most costly and destructive Central Texas wildfire in recorded history. The sustained winds on
the Wilderness Ridge Fire were similar in direction and speed to the Bastrop Complex Wildfire with 13 mph
winds gusting to 27 mph. The Wilderness Ridge Fire occurred in late February and, of course, temperatures
were much cooler, with highs in the low 60s as compared to lower 100s on the Bastrop Complex Wildfire.

Fuel Moisture and Other Drought Indices
Live fuels consist of conifer needles, twigs and leaves of shrubs (evergreen and deciduous) and green
(live) grasses and forbs. Changes in live fuel moisture content are related to the physiological activity of the
vegetation, and this activity is greatly influenced by soil moisture and soil and air temperature. The effects are
cumulative and must be considered in evaluating the effects of fire potential.
The moisture patterns of different plant species vary. Moisture variations also are found between plants of the
same species in the same locale and often in material taken from different heights and aspects on the same
plant.
Site quality also affects live fuel moisture. Shrubs on good sites tend to produce more new growth, have
higher moisture levels and decrease in moisture more slowly during the summer than shrubs on poor sites
(Countryman and Dean 1979). Live plants may either suppress combustion or contribute to it, depending on
their moisture content and flammability of chemical compounds contained in the plant. There is an inverse
relationship between fuel moisture content and the availability of a fuel to ignite and burn. As fuel moisture
content decreases, fuel availability for ignition and burning increases. During drought, this process takes place
over an extended period, resulting in an increased amount of available fuels for combustion in a wildland fire.
With increased fuel availability comes the potential for increased fire intensities and control difficulties. The
net result of drought is a heightened fire risk potential and a greater quantity and complexity of firefighting
resources needed to respond.

Chart 11 shows general estimates for live foliage moisture content. Moisture content is tied to stages of plant
development. Live fuel moistures may exceed 100 percent because the weight of water within living plant
cells can well exceed two to three times the organic dry weight of the vegetation.
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Leading into the Bastrop Complex Wildfire, the
region was experiencing an all-time historic low
in both live and dead fuel moistures due to the
exceptionally drought-stressed condition of the
vegetation in Central Texas. The critically dry fuels led
to the 1) exceptionally high probabilities of ignition,
2) rapid rates of spread and high flame lengths, 3)
quick transitions from active surface fire to active
crown fire, 4) extreme spotting and 5) smoldering of
remaining heavy fuels (1,000-hour dead fuels) for
long durations.
The extreme weather pattern also contributed to
the drying of dead vegetation. The moisture within
dead fuels responds solely to ambient environmental
conditions such as air temperature, relative humidity,
solar radiation and rainfall. Changes throughout
the day occur in smaller fuels. Dead fuel consists of
leaves, needles, twigs, logs and drought- or frost-killed
grasses. Dead fuel moistures are classified by the
amount of time needed to dry out the fuels. Dead fuels
fall into four classes: One-hour (primary carrier of the

fire), 10-hour, 100-hour and 1,000-hour (indicators of
drought conditions).
Dead fuel moistures are critical in determining
fire potential – and the impact on vegetation applies
to wooden components on structures. Vulnerability
points on structures include decks, window sills,
fence posts, door frames, etc. The moisture content
of timber varies according to the ambient conditions
to which it is exposed. Prolonged days of extreme
weather conditions, such as 100-plus-degree
temperatures and low relative humidities, can result
in moisture content of about 5 percent in wood as
opposed to its average moisture content of about 12
percent (McArthur 1991). Even before the flames of a
wildfire arrive at a particular location, heat transfer
from the wildfire front warms the air to 1,470 degrees
Fahrenheit (800 degrees Celsius), which pre-heats
and dries woody material. It will start to smolder at
720 degrees Fahrenheit (380 degrees Celsius) and
ignites at 1,000 degrees Fahrenheit (590 degrees
Celsius).

Graph 5. This graph shows the mean dead fuel moistures for the week of Sept. 1, 2011. The data
shows mean dead fuel moistures continuing to trend down during the days preceding the fire. All fuel
classification sizes reflect critically low values, indicators of prolonged drought conditions and contributors
to extreme fire behavior.
Data provided by Tom Spencer, Texas Forest Service Predictive Services Department Head.
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Mean dead fuel moistures statistical summary
Graphs 6-7. Graph outputs are based on Fire Family Plus Hourly Listing Report Utilizing Active Remote
Automated Weather Station (RAWS) - 415501 BASTROP. The data shows dead fuel moistures begin to trend
down at the end of July until hitting historic lows during the fire events. Also shown is the lack of moisture
recovery during the evenings. The low dead fuel moistures promoted ease of ignition in fuels, resulting in
problematic fire behavior.
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Data provided by the National Live Fuels Database in the following sets of graphs and charts shows historical
trends in plant species located throughout the area of the Bastrop Complex Wildfire. The live fuel moistures
were trending down prior to the fire as the continued drought conditions impacted vegetation.

Graph 8. Pine was at historical lows based on data since 2003, trending down from 92 percent to
83 percent from Aug. 15 to Sept. 15. The continuity of the pine crown in the area of the burn was an
additional key contributor to fire spread in the pine canopy.
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Graph 9. Cedar was at historical lows based on data since 2003, trending down from 78 percent
to 54 percent from Aug. 15 to Sept. 15. Juniper as a mid-story species allowed for the transition of
the fire into the canopy. In areas where juniper was the primary species, the density contributed to
fire spread in the juniper canopy.
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Graph 10. Live fuel moistures in oak would reach historical lows in August at 76 percent, based on data
since 2003. Drought hardening in foliage of deciduous hardwood and critically low live fuel moistures
would play a key role in the movement of fire into crown and crown spread of the fire.
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Graph 11. Yaupon was at historical lows, based on data since 2003, trending down from 62 percent to
52 percent from Aug. 15 to Sept. 15. This brush species had high occurrence in the understory of the pine
forest. The critically low fuel moistures allowed for a rapid transition from surface to mid-story to crown.
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Graph 12. This graph shows the seasonal tracks for energy release
components in central Texas from 2001-2011. ERCs from July through
the first 10 days of November regularly exceeded the 97th percentile.
Problematic, complex fires that sometimes escaped initial attack were
common during this period throughout Texas.
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Map 19 shows the forecast energy release
component percentile for Sept. 4, 2011, was in the
97th percentile, or extreme category.

Map 18 shows the forecast 100-hour fuel
moisture percentile for Sept. 4, 2011. Bastrop was
experiencing 100-hour dead fuel moistures in the
97th percentile, or extremely dry.

Map 20 The Fuel Dryness Index, which is a combination of percentile
ERC and 100-hour fuel moisture, had an adjective rating of extremely
dry for Sept. 4, 2011. This shows a correlation to overall critical dryness
of forest floor fuels and fire intensity contributed to long-term burning of
larger fuels.
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Vegetation
Bastrop County lies within the Post Oak Savannah ecoregion, where the isolated inclusion population of
loblolly pine (Pinus taeda), make it a unique environment. This population of loblolly pine has developed
adaptations over time to help the
plant better survive the climate
of Central Texas. Some of the
adaptations the Lost Pines have
developed to survive these more
arid conditions include a thicker
waxy coating on the needles,
fewer stomata on the needles,
more fibrous root systems, shorter
height and more persistent trunk
branches.
The predominant fuel types
involved in the Bastrop Complex
Wildfire were loblolly pine and
oak species (Quercus sp.), with
a yaupon (Ilex vomitoria) and
juniper (Juniperus ashei) shrub
mid-story, intermixed with
agricultural and grass fields.
Within the fire perimeter, pine
composed approximately 85
percent of the fuels (27,540 acres),
with agriculture and grasslands
making up 10 percent (3,240
acres) and riparian composing
4 percent (1,296 acres). About
1 percent, or 324 acres, was
undeveloped land.
Heavy needle drape in the midstory shrub promoted movement
of the fire into the crown of trees.
Encroachment by residential
development within the vegetation
resulted in structures becoming
part of the fuel profile.
Map 21 was created using Texas Parks and
The predominant fuel type
Wildlife Department land classification data.
involved in the Union Chapel fire
was mesquite (Prosopis sp.), live oak
(Quercus virginiana) and post oak (Quercus stellata), with a yaupon (Ilex vomitoria) and juniper (Juniperus
ashei) shrub mid-story intermixed with grass fields. Oak and juniper composed 80 percent (576 acres) of the
fuels within the fire perimeter. About 9 percent (65 acres) was undeveloped land, with 8 percent (57 acres)
agriculture and grasslands, and 3 percent (22 acres) riparian. The highly-flammable nature of cedar and dense
thickets of yaupon promoted rapid fire spread and movement into post oak trees.
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Fuel History
Fire suppression and other land management practices over the last century have disturbed ecosystems in
Texas, which has had a profound effect on the threats posed by wildfire to ecosystems and development. Land
managers have found it useful to quantify these disturbances on a landscape scale to gauge how different fire
activity is now from historical norms.
These studies led to the development of a set of tools known as Fire Regime Condition Classes. First,
researchers had to agree on the meaning of a “natural” state, or historic fire regime that current conditions
could be measured against. In any given landscape, that landscape’s “natural” historical regime is considered to
be the role fire would have played prior to modern land use and fire suppression, but including the use of fire by
native people in that area (Barrett and others 2010). Current conditions are said to depart from this historical
regime in terms of vegetation composition as well as fire frequency and severity. For example, conditions that
indicate a departure from the historical regime include the presence of invasive species, the loss of large trees to
severe fire or the encroachment of smaller, less fire-tolerant species.
The greater the degree such conditions are present in an ecosystem, the higher its departure. FRCC 1 is the
closest condition class to the historical regime. Fire can be said to play a more natural role here. In timber
fuel types such as those found in the Lost Pines, this means fewer extreme, stand-replacing fires. Based on
the conditions discussed above, FRCC 1 has less than 33 percent departure from historical conditions. FRCC
2 represents a moderate (33 to 66 percent) departure and FRCC 3 represents a departure of greater than 66
percent. FRCC is a measure of fire trends in an ecosystem and not intended as a measure of fire hazards by
itself. However, certain inferences about hazards can be made regarding wildfire threats to ecosystem and
Wildland Urban Interface (WUI) values (Barrett and others 2010).
In January 2011, Texas Forest Service and FireCAP, Inc. (a nonprofit citizens’ Firewise initiative)
conducted a study to examine LANDFIRE* FRCC data on departure in Bastrop County against some specific
parameters pertaining to fuel type. In particular, the study focused on encroachment of eastern red cedar
(Juniperus virginiana) as a component of fire regime condition. As noted above, invasive species are one of
the uncharacteristic conditions which help determine fire regime departure. Prior to this study, no such data
existed specifically showing juniper encroachment.
Various species of juniper have been receiving attention in Central Texas for their roles both as a native
invasive and as a wildland fuel in several recent fires. The sampling methods (discussed below) were set up
under the assumption that juniper would represent the most significant component of fuel departure in the
region and an important factor in wildfire hazards. Part of the study was conducted within the footprint of the
2009 Wilderness Ridge Fire (which was, at the time, the largest and most destructive fire in Bastrop County
history), and sought to examine FRCC data in relation to damage and further wildfire threat within the fire
perimeter.

* LANDFIRE products, including the FRCC layer, are delivered at a resolution of 30 meter pixels and are intended as a lanscape-level reference.
LANDFIRE recommends the use of local-scale data for small areas. The TFS/FireCAP study used a slightly coarser one-tenth mile resolution.
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The study was conducted in the Lost Pines region of Bastrop County. This area has a distinct population of
loblolly pine (Pinus taeda).
Historically (pre-Euro-American settlement), this area’s forest composition was dominated by loblolly
pine (50 to 70 feet tall) and widely scattered oak species such as post oak and black oak on xeric (extremely
dry habitat) sites. In areas with frequent natural wildfires, the understory was dominated by native perennial
grasses and forbs such as little bluestem (Schizachyrium scoparium), big bluestem (Andropogon gerardii),
pinewoods dropseed (Sporobolus junceus), asters (Symphiotrichum sp.) and bracken fern (Pteridium
aquilinum) (Gray and others 2009).
This type of loblolly ecosystem belongs to the historical fire regime Group I, meaning fires formerly occurred
every year to 35 years and were low-intensity, typically surface fires replacing less than 25 percent of the
dominant overstory (Stanturf, et al 2002).
Before the Bastrop Complex Wildfire, most of the Lost Pines forest had come to be characterized by a closed
canopy and a dense understory of yaupon (Ilex vomitoria) and red cedar, as a result of exurban development
and decades of fire suppression. These disturbances placed most of the region in the FRCC 3 category.
While conducting the study, existing county roads were used as transects to sample the stand composition,
according to the FIREMON Line Intercept (LI) method of sampling (Lutes and others 2006). Surveyors used
ocular estimates to determine vegetation type, percentage canopy cover and eastern red cedar as a percentage
of the overall stand composition. (Modified Line Intercept Method Sampling Sheet is on Page 29A of
Appendix).
Transitions between any one of these factors were recorded to a fineness of one-tenth of a mile (taken using a
vehicle odometer). When noting a transition in fuel type, canopy or cedar class, a photograph was taken at the
transition zone with a digital GPS camera. The coordinates were recorded in latitude/longitude, and distance
along the transect was recorded in tenths of a mile. Other photos were taken as needed as representative
depictions of sections of the transect.
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Four cedar classes were used. Class I represented red cedar as 0 to 25 percent of the stand, Class II as 26 to
50 percent, Class III as 51 to 75 percent and Class IV as 75 to 100 percent of the stand. The six vegetation types
used in the survey were loblolly pine forest, post oak savannah, mesquite shrubland, riparian community and
grassland.
On Sept. 4, 2011, the Bastrop Complex Wildfire started, eventually burning through several neighborhoods
surveyed in the TFS/FireCAP study, and over the entire footprint of the Wilderness Ridge Fire.
This afforded the opportunity to revisit the transects and GPS points in order to look for correlations
between the FRCC data and cedar classes to wildfire conditions. In terms of the historic fire regime, the Bastrop
Complex fell well outside normal fire behavior and effects parameters, replacing large swaths of canopy in an
intense wind- and fuel-driven fire.
Initial findings from the study indicated that the LANDFIRE data was relevant in the areas sampled, with
little supplemental information necessary. Information taken on fuel type and cedar class correlated well to
the LANDFIRE departure map. The addition of a cedar class did not necessarily provide a significant new
dimension to fire regime data, but was an important fuel consideration.
Notes made in the actual intercept forms indicate that eastern red cedar was generally part of a community
of understory brush which usually was dominated by yaupon holly, and therefore was not necessarily the most
significant component of encroachment by invasive species.
Furthermore, areas with a higher cedar class also were areas with a higher departure in the LANDFIRE data,
suggesting that the cedar classes were redundant to the FRCC departure as shown in LANDFIRE. Conversely,
collecting the cedar class data reinforced the LANDFIRE departure map. These findings suggest that land
managers and fire officials in Central Texas should look at juniper within a landscape context.
The Wilderness Ridge Fire occurred outside natural (historic) conditions and significantly altered the WUI
hazard from wildland fuels during the Bastrop Complex Wildfire due to the brief interval between the two
burns. The cedar classes may prove useful when examining the footprint of the Wilderness Ridge Fire and
in illustrating the relation of FRCC to fuels and actual wildfire hazards. Further analysis of the LANDFIRE
FRCC layer in relation to actual burn intensities should yield insight into the relationship between fire regime
condition and fire behavior.
When areas within and outside the previous burn are compared using this data, conclusions can be made about
fuel loading following a stand-replacing fire, the relationship of fire regime conditions to fire behavior before
and after high-intensity fires and the relationship between all these and home exposure, ignition and loss
(Powell 2012, unpublished).
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Map 22. Fire regime condition classes throughout the Bastrop Complex Wildfire footprint
show the extreme departure of vegetation conditions in the county.
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Map 23. Historical Mean Fire Return Interval throughout the Bastrop Complex Wildfire
footprint shows the average number of years between fires under the presumed historical
fire regimes.
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Oak with Cedar Class III. Images taken pre-fire in January 2011 and post-fire in November 2011 inside the Bastrop Complex
fire perimeter footprint.

Photos © Texas Forest Service
Loblolly pine with Cedar Class I. Images taken pre-fire in January 2011 and post-fire November 2011 inside the Bastrop Complex footprint.

Historical Fuels in Bastrop State Park

Post-fire vegetation assessment prepared by Greg Creacy, Texas Parks
and Wildlife Department and Eric L. Keith, Raven Environmental Services
More than 2,000 acres (810 hectares) of Bastrop State Park was donated to the state by the city of Bastrop
in 1938. Companies 1805 and 1811 of the Civilian Conservation Corps built many of the park facilities between
1933 and 1939 using native stone to blend with the landscape. The facilities were designed by architect Arthur
Fehr.
The State of Texas purchased an additional 1,450 acres (590 hectares) in 1979 and another 1,000 acres (400
hectares) in 2000 to expand the golf course from
nine holes to 18 holes. Subsequent land purchases by
the state in 2001 brought the park to its current size
of 5,926 acres (2,398 hectares). In September 2011,
96 percent of the park was burned by the Bastrop
Complex Wildfire.
Only around 100 acres were saved. Most Civilian
Conservation Corps structures were saved, but still
were threatened. The park was closed Sept. 4 due
to the fire and did not reopen until Dec. 2, 2011.
The historic wildfire burned through Bastrop State
Park during September and October 2011 (Figure 1
on Page 61). The objectives of this project were to
perform post-fire assessments within all established
vegetation-monitoring plots and map burn severity
classifications across the entire park.
This study is a part of an ongoing effort by the State
Parks Natural Resources Program of Texas Parks
and Wildlife Department (TPWD) to acquire baseline
floral data and conduct long-term monitoring within
all state parks. Data and information obtained from
implementation of this program are used to develop
resource management plans that guide management
and restoration of natural habitats. This study follows
the protocols and guidelines established by TPWD
(2010) for quantitative vegetation studies on Texas
State Parks.

Photo © Texas Parks and Wildlife Department

Bastrop State Park is located in the Oak Woods and
Prairies Natural Region (Diamond et al, 1987), Post
Oak Savannah Vegetation Area (Diggs et al, 2006) or the Bastrop Lost Pines Subregion of the East Central
Texas Plains Ecoregion (Griffith et al, 2007). Slightly more than 50 percent of this subregion was burned
during this devastating wildfire, including most of the park.
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An important determination to make immediately after a wildfire is the intensity at which it burned in
a given area. While wildfires can be destructive, they also are dynamic, meaning they can burn in different
intensities in different areas.
Low-intensity fires – Fires which burn at low intensity do not impact the forest canopy. The ground is still
partially covered by old needles, leaves and decaying wood. Leaves of small trees and shrubs may be browned
or scorched. These fires do not significantly modify forest structure or composition, and post-fire changes can
be beneficial to the habitat. No rehabilitation or restoration activities are necessary.
Moderate-intensity fires – Fires that consume a large portion of needles, leaves and decaying wood
on the ground. However, enough leaf litter remains that bare ground usually is not exposed. Leaves of most
small trees and shrubs are consumed by fire. Lower limbs of canopy trees usually are browned or scorched.
Occasional canopy trees are completely scorched or burned. The largest and most vigorous canopy trees usually
survive these fires. Rehabilitation or restoration activities may or may not be necessary.
High-intensity fires (also known as “stand-replacement fires”) – Fires that consume more than half of the
forest canopy, most of the small trees and shrubs and everything (leaf litter, logs, woody debris and herbaceous
vegetation) on the forest floor. Bare soil is usually exposed in these areas, and few, if any, canopy trees survive.
Rehabilitation and restoration activities may be required due to loss of canopy and organic material on the
forest floor.
The Bastrop Complex Wildfire entered the park on Sept. 4, 2011, and burned intermittently within the
park until Oct. 9, 2011 (personal observation). Post-fire assessments were completed in 41 Fire Monitoring
Handbook (FMH) vegetation monitoring plots using Tree Postburn Assessment Data Sheets (FMH-20) and
Burn Severity Data Sheets (FMH-21 and FMH-22) (2011a, USDI 2003) (Tables 6 and 7 on Page 65). Of the
41 plots, 37 were forest and four were brush.
These assessments were completed on Sept. 19-22, 2011. Canopy cover was collected at each plot corner (Q1Q4) and at the plot origin using a canopy densiometer (Table 8 on Page 65). Remaining litter and duff depth
also were recorded in the same location as burn severity on Burn Severity Data Sheets (FMH-21 and FMH-22)
(Table 11 on Page 66). Photos of each plot were taken according to protocols outlined in USDI (2003). The
figures that follow illustrate examples of each burn severity rating in plots before and after the fire.
Following the identification of burn severity classifications at each FMH plot, a burn severity map for the
park was created by using Infrared (IR) 1-m GeoEye Satellite Imagery (09_08_11) and walking random
transects to determine the size and extent of associated severity classes (Figure 2 on Page 62 and Figure
3 on Page 63). Bastrop State Park boundary and infrastructure shapefiles and GeoEye satellite imagery was
provided by Bastrop County and TPWD Natural Resources Program Planning and Geospatial Resources (PGR)
Lab.
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Figure 1.
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Figure 2.
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Figure 3.
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This study was conducted to document fire intensities within Bastrop State Park following the Bastrop
Complex Wildfire. Of the 40 plots sampled for burn severity, 13 plots were heavily burned (1188, 1189, 1191,
1192, 1197, 1199, 1204, 1214-1216, 1221, 1222 and 1224), nine plots were moderately burned (1190, 1193, 1200,
1205, 1206, 1208, 1209, 1212 and 1213) and eight plots were lightly burned (1181, 1186, 1203, 1207, 1217, 1219,
1220 and 1226). Eight plots were scorched (1194-1196, 1201, 1202, 1210, 1211 and 1225) and two plots were
completely unburned (1218 and 1223) (Figure 2 on Page 62 and Figure 3 on Page 63).
The two unburned plots had been treated with a prescribed fire in February 2011 and contained short grass
fuels (FM GR1) (Plot 1218) and fine leaf litter (FM TL6) (Plot 1223) (PGR Data, Scott and Bergan 2005). Plots
1210, 1211 and 1225 also were burned with prescribed fires in February 2011, and were only partially burned or
scorched by the wildfire (NRP Data). The remaining scorched or lightly burned plots appear to have burned at
night while the fire was flanking or backing. Most canopy trees in these areas were still alive immediately
following the fire.
Fire effects to trees and canopy cover severity values generally follow burn severity data values (Tables 7-9
on Pages 65-66). In areas that were heavily to moderately burned, mature trees were scorched at or near 100
percent. Canopy cover values were greatly reduced in the heavily burned category, since a significant portion
of the canopy foliage was consumed by the fire. Canopy cover values will continue to decrease in the coming
months within the heavily burned, moderately burned and lightly burned categories as dead foliage falls
from the trees (Table 8 on Page 65 and Table 9 on Page 66). Plots 1203 and 1207 were “lightly burned”
directly in the plot, however, due to the radiant heat of the intense head fire that passed very near these plots,
all mature canopy trees were killed (Figure 2 on Page 62, Tables 9 and 10 on Page 66).
All mature trees within Plot 1226 were killed by a wildfire on Sept. 28, 2008; therefore, no tree fire effects
were recorded in this plot. The fire killed more than 85 percent of canopy trees within the heavily burned,
moderately burned and lightly burned categories combined. Additional trees, recorded as alive during this
sampling period, likely will die in the near future from the combined effects of fire and continued drought. For
the entire burn area, Texas Forest Service estimates that 38 percent, or 12 million cubic feet, were killed
outright by the fire, and an additional 40 percent, or 13 million cubic feet, will die in the near future (TFS
2011b).
Complete acreage totals according to burn severity are summarized in Table 10 on Page 66. Approximately
262 acres or 4 percent of the park was unburned. These unburned areas include the golf course, small areas
adjacent to park structures and areas treated where prescribed fires occurred in February 2011. In total,
approximately 70 percent of the canopy trees within the park will be lost based on burn severity data and tree
post-burn assessment data.
This estimate is based on the likelihood that most trees in the unburned (4 percent of park) and scorched (15
percent of park) areas and at least half of the canopy trees in the lightly burned areas (29 percent of park) will
survive. All of the trees in the heavily burned areas already have been lost and most, if not all, of the trees in
the moderately burned areas have died or will die in the near future. It is estimated that 90 to 92 percent of the
understory vegetation in the park was top-killed or completely eliminated. All understory vegetation was topkilled in the heavily burned, moderately burned and lightly burned areas. A much smaller percentage was topkilled within the scorched areas. It is likely that a certain percentage of understory vegetation was completely
killed within heavily burned and moderately burned areas.
Litter and duff were largely absent within the heavily burned and moderately burned categories. The only
areas in the park where soil was visibly altered were within the heavily burned areas. The soil in these areas was
generally powdery and a charred orange color. There was no evidence of water repellency of the soils.
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Table 6. Average burn
severity of substrate and
vegetation in all plots (1181,
1186, 1188 - 1226). Lower
values indicate higher burn
severity.

Table 7. Average tree postburn assessment data for all
forest plots (1181, 1186, 1188
-1210, 1212-1217, and 12201226).

Table 8. Average canopy
cover values for all forest
plots (1181, 1186, 1188-1210,
1212-1217 and 1220-1226).

- 65 -

Table 9. Summary of canopy tree losses according to burn severity. Burn severity ratings from USDI
(2003).

Table 10 shows burn severity acreages and percentages
burned.

Table 11 shows average litter and duff.
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Figure 4. Heavily burned plot (Plot 1216: Q4-Q1) prior to wildfire (taken on
June 30, 2010, at Bastrop State Park, Bastrop County, Texas).

Figure 5.
Heavily burned plot (Plot 1216: Q4-Q1) prior to wildfire (taken on June 30, 2010 at
Bastrop State Park, Bastrop County, Texas).

- 67 -

Figure 6. Moderately burned plot (Plot 1200: P2-Origin) prior to wildfire (taken on
June 28, 2010, at Bastrop State Park, Bastrop County, Texas).

Figure 7. Moderately burned plot (Plot 1200: P2-Origin) following wildfire (taken on
Sept. 19, 2011, at Bastrop State Park, Bastrop County, Texas).
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Figure 8. Lightly burned plot (Plot 1217: Q1-Q4) prior to wildfire (taken on June 29,
2010, at Bastrop State Park, Bastrop County, Texas).

Figure 9. Lightly burned plot (Plot 1217: Q1-Q4) following wildfire (taken on
Sept. 20, 2011, at Bastrop State Park, Bastrop County, Texas).
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Figure 10. Scorched plot (Plot 1196: 50P-0P) prior to wildfire (taken on
July 1, 2010, at Bastrop State Park, Bastrop County, Texas).

Figure 11. Scorched plot (Plot 1196: 50P-0P) following wildfire (taken
on Sept. 19, 2011, at Bastrop State Park, Bastrop County, Texas).
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Following decades of fire suppression in this fire-dependent habitat, prescribed fires had been conducted
within the park for the past 10 years and were meeting objectives to incrementally reduce fuel loads and restore
historic forest structure. Unfortunately, this long-term management endeavor was not yet complete, and
extremely high fuel loads (primarily yaupon and pine needles) remained within unburned and infrequently
burned areas of the park and adjacent properties.
These high fuel loads along with exceptionally low fuel moistures and hazardous fire weather conditions
led to extreme fire behavior that was difficult to suppress. Going forward, the only way to prevent a similar
catastrophic fire is more frequent (as frequently as annual) prescribed fires.
Without frequent fire, a similar fire event is likely to occur in the future. In heavily burned areas of the
park, a unique opportunity has presented itself to begin to restore the upland areas to open herbaceous and
less fire-suppressed forests that most likely occurred prior to European settlement. A habitat management
strategy should now be designed to guide early successional habitats to the desired future condition. While this
strategy is quite different from the pre-wildfire strategy of managing late successional habitats, the objective of
restoring the natural structure and composition of the Lost Pines forest remains the same.
While some salvage logging may be necessary, wholesale clear-cutting of the heavily burned areas is not
recommended. From previous experience, heavy ground disturbance related to timber harvests increases
the abundance of weedy, early successional plant species and woody shrubs. These quick-growing species
commonly out-compete native herbaceous species adapted to frequent fire. With that being said, there also are
habitat restoration challenges associated with accumulated logs and dead woody debris within non-harvested
areas. Large amounts of remaining slash will complicate potential replanting operations and the ability to
protect pine regeneration, while simultaneously reducing competition by non-desirable vegetation. The
expected positive and negative effects of all post-wildfire management practices must be carefully considered
prior to implementation.
Where salvage harvesting is deemed necessary, planting of native species (i.e. pine and oak seedlings,
little bluestem, etc.) and frequent prescribed fires and/or mechanical treatments may negate some of these
anticipated negative effects. Any loblolly pine trees used for replanting should originate from seed sources in
the Lost Pines area because of these trees’ adaptability to drought.
Pine seedlings collected from Pineywoods sources most likely will die given the recent climate of the area
and could weaken the genetics of the Lost Pines population. Close monitoring of recolonizing species in heavily
burned areas (and throughout the park) should be implemented, and restoration efforts should be adjusted
according to which treatments are meeting restoration goals. Some replanting of pine and oak seedlings, as
well as native herbaceous species, even outside of timber harvest areas, probably will be necessary to increase
chances of restoration success.
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Table 12. Burn severity ratings According to USDI (2003).

Lost Pines Recovery
In response to the fires, Bastrop County assembled the Lost Pines Recovery Team (LPRT) to address natural
resource issues stemming from the fires on privately-owned property within the Lost Pines area. Roxanne
Hernandez was the recovery team leader for Bastrop County.
The LPRT is composed of local, state and federal agencies with comprehensive knowledge of the Lost Pines
ecosystem. The LPRT’s objectives are to assess the condition of the area’s natural resources, develop Best
Management Practices (BMPs) to address resource issues, share this information with private property owners
and assist private property owners by providing technical assistance and resources for financial assistance to
implement BMPs on their property. Full report is available at the following website: http://www.co.bastrop.
tx.us/bcdisaster/files/PDF_Files/LPRT%20Recovery%20Report%20FINAL%2011-10-11%20reduced.pdf
The fire severity assessments conducted by Texas Parks and Wildlife and Texas Forest Service are directly
linked to the recommended BMPs. Data was collected and analyses completed for soil erosion potential, water
quality impacts, vegetation and forest health and impacts to wildlife. An environmental disaster was declared
for Bastrop County pursuant to §418.108(a) of the Texas Government Code on Dec. 21, 2011 (full declaration in
Page 30A of Appendix).

Soils and Erosion

Michael Raney, Natural Resources Conservation Service, Soils/Erosion Group Lead
According to the Natural Resources Conservation Service (NRCS) Soil Survey Geographic (SSURGO) data
for Bastrop County, the soils within the burn area generally consist of fine sand to gravelly fine sandy loam,
with the former found primarily in the northern half of the burn area and the latter concentrated toward the
southern half of the burn area. Soils directly adjacent to Alum Creek and Little Alum Creek largely consist of
fine sandy loam. Nearly all the soils within the burn area are classified as moderately well to well drained.
Slopes within the burn area range from gentle (0 to 5 percent) to very steep (greater than 20 percent). The
majority of the steeper slopes within the fire perimeter are concentrated toward the southern end, primarily
around the Tahitian Village and Pine Forest communities, along the north edge of the Colorado River, and the
southwest portions of Bastrop State Park.
Nearly the entire burn area (94 percent) is rated as having at least a moderate risk for soil damage as a result
of the fire, with more than half the area considered at high risk. Damage to the soil resulting from the fire could
reduce the stability of the soil, increasing its erosive potential and slowing vegetative recovery by destroying the
organic component of the soil. Ninety-seven percent of the total area has a moderate to very high wind erosion
vulnerability. In terms of the potential for water erosion, the majority of the soils within the burn area have
a very low erosion potential, but nearly 30 percent of the area is at increased risk for water erosion issues to
occur.
Basic practices for controlling wind erosion at the field level will generally include those that establish some
type of soil cover. Basic practices for controlling water erosion potential at the field level will generally include
those that establish some sort of soil cover and/or divide the slope length. Soil disturbance and clearing should
not occur within a 200-foot (61-meter) distance from potential Houston toad breeding sites and riparian areas.
These may include ephemeral wetweather ponds and other water features, such as stock tanks, creeks, streams,
drainages, wetlands, seeps and springs. Houston toad movement in and around these areas will increase during
its breeding season(s).
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A severe storm and flood event, more typical for
early spring, occurred from midday Jan. 24
until midday Jan. 25, 2012. There
were three confirmed tornadoes,
widespread minor wind damage
(especially east of the I-35 corridor),
more than a dozen hail reports (up
to golf ball in size), and widespread
2 to 5 inches of rain east of U.S. 281,
including a bulls eye of 5 to 10 inches
of rain over eastern Hays, Caldwell
and Bastrop counties. This resulted
in major flooding along a number of
creeks and rivers (NWS).
Areas within the heavily burned fire
perimeter – including the state park
– had been experiencing significant
erosion with other rains leading up to
this event. This rain event had a major
impact on the park and surrounding
areas.
“The ground appears ‘scarified’ and
rocks which were previously either
partially covered with soil or lying on
the surface are now supported on little
pedicels of soil,” said Greg Creacy with
Texas Parks and Wildlife. “Ephemeral
drainages within heavily burned areas have been
cut 1 to 5 feet deeper than their pre-fire levels,
exposing tree roots, and in some cases, bedrock.
Two feet is a
good average.
Some trees
along these
drainages are
now beginning
to fall, due to
loss of support.
This is an
emergency
situation. Our
soils will have
to be stabilized
to maintain
soil fertility
necessary for
restoration of
the habitats.”

Map 24. Image provided by National Weather
Service, courtesy of Paul Yura, Warning
Coordination Meteorologist. This map shows the
storm event for Jan. 25, 2012.

Map 25. Image
provided by Community
Collaborative Rain, Hail
and Snow Network. This
map shows storm rain
total for Jan. 25, 2012,
in and around Bastrop
County.
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Photo © Texas Parks and Wildlife Department
Erosion and sediment deposited in creeks following rain event of Jan. 25,
2012.

The most significant erosion activity is currently occurring within areas considered “heavily burned” and
having slopes greater than 15 percent, including numerous steeply-dissected ephemeral creeks and drainages.
Heavily burned areas currently are devoid of any ground cover, including leaf litter.
Furthermore, the pre-wildfire habitat was characterized as a closed-canopy forest, preventing growth of
herbaceous vegetation. For this reason, no herbaceous roots are available to aid in post-wildfire soil retention.
While most heavily burned areas with grades less than 15 percent currently are experiencing less significant
erosion, it is expected that many of these areas are vulnerable to future erosion with heavy rainfall events due
to extended slope lengths and other factors. All areas within the fire perimeter are experiencing similar effects
from the rain event.

Photo © Texas Parks and Wildlife Department
Water ran over roads, resulting in the loss of large
sections of asphalt.
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Water Quality

Lisa Hatzenbuehler, Lower Colorado River Authority, Water Quality Group Lead
Fire can have an impact on the physical, chemical and biological structure of aquatic ecosystems. The
effects of fire on water quality and a change in the amount of runoff are dependent on the fire size, intensity,
severity, proximity to surface water bodies and the timing of fires in relation to rain events. The effects of fire
on aquatic ecosystems can be described as increases in water temperature, ash, nutrients and charcoal in
the water column, increases in sediment and nutrient loading and turbidity and alteration of stream channel
morphology. Water infiltration also can be altered by areas denuded of vegetative biomass.
Any impacts to the water quality and aquatic ecosystems of the Colorado River and/or Alum Creek primarily
are expected to occur following storm events. Potential adverse impacts to surface water quality and aquatic
habitat from runoff of burned areas are primarily short-term or immediate impacts. In mid-September, LCRA
initiated baseline water quality sampling at three sites on the mainstem of the Colorado River and one site on
Alum Creek. Overall, analytical results from the baseline sampling demonstrated little change from historical
conditions. Biochemical oxygen demand (BOD) and total organic carbon (TOC) were slightly elevated but
did not present a cause for concern. Dissolved oxygen content was very good for all three sites. Nitrogen
constituents (nitrate + nitrite and ammonia) were within expected ranges at all locations. Metals, semi-volatile
organic compounds (SVOCs) and volatile organic compounds (VOCs) generally were below detection or
screening thresholds considered protective of aquatic life.
On Oct. 9, 2011, the Bastrop area received the first significant rainfall event since the Bastrop Complex
Wildfire. Rainfall totals were generally 1.5 to 2 inches. Stormwater samples were collected at all four sampling
locations. Analytical results indicate very little impact to the Colorado River as a result of runoff from this rain
event. The storm’s intensity and duration was not sufficient to generate a substantial amount of runoff into the
Colorado River nor did it generate any runoff in Alum Creek. Nutrient concentrations were slightly elevated in
the stormwater but not above available screening levels considered protective of aquatic life. None of the other
parameters which were tested showed much change from the baseline condition. For all locations, metals,
SVOCs and VOCs remained below detection or screening levels.
Many of the Best Management Practices (BMPs) that are proposed by the LPRT will help mitigate potential
impacts to water quality. In order to verify the effectiveness of BMPs, LCRA will continue to monitor surface
water and sediment until it is determined this monitoring is no longer needed. Early in the discussion
regarding impacts to water quality as a result of the fire, questions about human health issues from the soil
and ash were raised. As a result, the Texas Commission on Environmental Quality (TCEQ) addressed those
questions by indicating that no adverse human health effects would be expected to occur from exposure to the
residential soils surrounding burned home sites. Streams, riparian zones, wetlands and areas near potential
Houston toad breeding sites should not be used for staging equipment or refueling. Equipment must be stored,
serviced and fueled at least 200 feet (61 meters) away from these sensitive areas.
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Map 26
This map shows the impacts of water resources extended beyond environmental to
residential areas requiring boiling notification to go out across the burn perimeter. Map
provided by AQUA Water Supply Corporation.
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Wildlife

Meredith Longoria, Texas Parks and Wildlife Department, Wildlife Group Lead
The majority of wildlife species are able to escape direct mortality from fire. Birds can relocate to areas with
necessary resources and will return once the habitat has recovered to a point that it is able to provide those
resources. Slower-moving and smaller animals such as turtles, lizards, squirrels, armadillos, etc. are more likely
to suffer direct mortality from the fire, temporarily depleting population numbers in the burned area until
adjacent populations are able to repopulate the burned area.
Wildlife species likely to have been most heavily impacted by the Bastrop Complex Wildfire include those
associated with pine-oak forests that were moderately to heavily burned. Species associated with riparian areas
that were lightly burned, scorched or unburned are expected to have been impacted to a lesser extent and may
possibly even benefit from the effects of the fire on the landscape.
The loss of tree canopy and screening cover is of concern to a variety of wildlife species, most notably the
Houston toad (Bufo houstonensis), which tends to occupy areas with 60 percent to 100 percent canopy cover.
The Houston toad is a federally listed endangered species known to occur within a nine-county range in Texas
that includes Bastrop County. The Timber rattlesnake also requires areas with high canopy cover. There is
concern that the 40 percent to 100 percent reduction in canopy cover caused by the fire could promote invasion
of red-imported fire ants which are detrimental to a number of native wildlife species, causing direct mortality
or competition with preferred food-source species.
Lack of forage availability and screening cover for native game species, including white-tailed deer, has
resulted in dispersal. Some animals persist in the area affected by the fire for a variety of reasons, including
forage available around unburned homes, supplemental food provided by residents, and injury preventing
dispersal.
Most of the riparian corridors within the burn area were scorched and lightly burned, leaving standing oaks,
elms and pines – some with scorched leaves and others with some green remaining in the crown. Riparian
corridors provide a nesting habitat for a large number of bird species, including turkey and some birds of prey.
While it is not possible at this time to determine which trees will survive, it appears that a large portion of the
trees that could provide suitable nesting habitat for riparian birds, including birds of prey, will persist.
The combination of moderately and heavily burned areas and high slope aspect in the upland forest
adjacent to the watershed is likely to contribute to some sedimentation and debris in the drainages. Post-fire
sedimentation following significant rain events could result in further mortality of amphibian and reptile
species associated with riparian areas as a result of debris loading or habitat loss.
Operation of heavy equipment (for example, tractors, large trucks, bulldozers, skidders) should not occur
within 200 feet (61 meters) from potential Houston toad breeding sites or riparian areas at any time of the
year. Hand-cutting (with loppers or chain saws) may be conducted outside of a 164-foot (50-meter) distance
from a potential Houston toad breeding site or riparian areas at any time of the year.
Hand cutting may occur within the 164-foot (50-meter) radius of a potential Houston toad breeding site
between July 1 and Dec. 31 (outside of the Houston toad breeding season and emergence period). Limiting
human disturbance within this area during this time can be particularly beneficial within low-intensity burn
areas where there may be a greater chance of emergence success following Houston toad breeding. This period
may be extended past Dec. 31 if it is determined that Houston toads are not yet active in the area.
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Forestry

Daniel Lewis, Texas Forest Service, Forestry Group Lead
Texas Forest Service conducted an assessment of the amount of damaged and destroyed timber resulting
from the fire. More than 16,200 acres of pine and mixed pine-deciduous forests burned within the Bastrop
Complex Wildfire area. Prior to the wildfires the forests contained more than 31 million cubic feet of live trees.
Trees killed outright by the fire account for almost 12 million cubic feet, or about 38 percent of the total volume
in trees alive immediately before the fire. Trees still alive but likely to die soon because of damage sustained
from the fire account for nearly 13 million cubic feet, or about 40 percent of the total volume of trees alive
immediately before the fire. Trees likely to survive the fire account for less than 7 million cubic feet, or about
22 percent of the total volume of trees alive immediately before the fire. Trees killed outright and trees alive
but likely to die total nearly 1.5 million (5 inches in diameter and larger). Combining the volume of trees killed
outright and trees alive but likely to die, the estimate of timber damaged and destroyed surpasses 24 million
cubic feet, an amount equivalent to about 850,000 green tons of timber.
The immediate concern for the impacted areas is deadfall. Standing dead trees (snags) will begin to rot and
fall. This process already has started and will continue for many years to come. For most of these trees, the risk
they pose will be fairly minimal on calm days. Windy days will create more opportunity for structural failure
of trees and consequent damage to improvements. If these snags are near home sites or planned re-build
sites there is significant increased risk for injury as people work around their homes and yards, so they will
need to be felled. Priority areas for standing dead tree removal would be around the perimeter of home sites,
driveways, play areas, yards, parking areas, power-line easements and fence lines.
Encouraging natural regeneration of trees, when possible, will help improve the land and other values
of importance. Planting trees also can help the land recover and may be required in some areas in order to
facilitate a more timely recovery of desirable vegetative cover.
Assessing tree damage:
Light damage – Foliage has been partially scorched or browned and/or the trunk has been blackened.
If enough needles/leaves remain in an undamaged condition, the tree can continue to make food through
photosynthesis. Trees within the Lost Pines ecosystem are adapted to this type of damage. Lightly damaged
trees have a good chance of survival.
Moderate damage – A large portion of the foliage has been scorched or browned. Pine trees can survive
this type of damage if the top branches are green and the growth buds have not sustained excessive heat
damage. Oak trees can often survive scorching or browning of all foliage. While all trees can survive moderate
fire damage, some may be weakened and more susceptible to future stresses and disease, particularly during
drought conditions.
Heavy damage – All foliage has been scorched, browned or consumed by fire. Pine trees will not survive
if all needles are browned or consumed by fire. These trees are dead, even though the inner bark may remain
alive for several weeks. Oak trees occasionally survive heavy fire damage. However, they may be unlikely to
survive during drought conditions if all foliage has been consumed by fire.
Salvage logging should be limited to the time between July 1 and Dec. 31 (outside of the Houston toad
breeding season and emergence period). This period may be extended past Dec. 31 if it is determined that
Houston toads are not yet active in the area.
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Salvage logging should not be conducted on steep or other highly erodible slopes. Trees in these areas can be
felled and placed along the contours to prevent erosion. The number and size of entry and exit points for heavy
equipment to move into and out of forested areas should be kept to the minimum needed for conducting safe
and effective salvage logging operations, while also minimizing soil disturbance.
Trees that retain even a small amount of green, live foliage should be left standing. If possible, professional
arborists should be consulted if it is unclear whether particular trees may or may not survive and should be
removed. Some standing dead trees (at least four large standing dead trees per acre) should be left to provide
valuable wildlife habitat and aid in the ecosystem’s recovery. If feasible, logs, stumps, tree crowns and other
woody debris should be retained on the forest floor to provide cool, moist cover for Houston toads, particularly
if this debris is located within a 165-foot (50-meter) distance of a potential Houston toad breeding site or
riparian area.
Debris piles
The best management practices below refer to debris that include waste and other materials from homes and
businesses (man-made debris) as well as woody debris collected for disposal.
If possible, debris collection areas should be located at least 165 feet (50 meters) away from forested areas
and 300 feet (91 meters) from known Houston toad breeding sites.
Debris collection areas should be surrounded by silt fencing to prevent movement of small animals
into or runoff of contaminants out of the site. Silt fences should be inspected daily to ensure they are in
good condition. Any holes, rips, tears or gaps in the silt fencing materials should be repaired immediately.
Man-made debris should be collected separately from woody debris on a base material that prevents any
contaminants or other hazardous materials from penetrating into the soil. Disposal of man-made debris,
silt, excess dirt or overburden should follow guidelines set forth by the Texas Commission on Environmental
Quality.

Photo © Steven Long, Bastrop County Office of Emergency Management
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Infrastructure repair
Utility operations to be carried out by the Lower Colorado River Authority, Aqua Water Supply Corp.,
Bluebonnet Electric Cooperative Inc., Austin Energy and their contractors should be conducted in accordance
with the Bastrop Utilities Habitat Conservation Plan. Public infrastructure maintenance operations to be
carried out by Bastrop County and their contractors should be conducted in accordance with the Lost Pines
Habitat Conservation Plan. The Best Management Practices below are provided for other entities conducting
utility or infrastructure operations related to post-wildfire response efforts.
When possible, ground disturbing activities should be limited to existing rights-of-way and roadways. If
possible, clearing and ground-disturbing activities related to infrastructure repair and installations should
be conducted between July 1 and Dec. 31 (outside of the Houston toad breeding season and emergence
period). This period may be extended past Dec. 31 if it is determined that Houston toads are not yet active
in the area. We recommend completing these activities as soon as possible after the wildfire occurrence. If
possible, clearing and ground-disturbing activities should not occur within 200 feet (61 meters) of a potential
Houston toad breeding site (ponds, stock tanks, creeks, streams, wetlands, seeps and springs that are within or
immediately adjacent to a forested area).
Clearing for all utility lines and other structures should be limited to the minimum amount needed for safety
purposes.
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Fire Behavior
Trying to understand the behavior of all large fires with individual case studies is like trying to understand
a movie by examining individual frames chosen at random. Each fire is only a single observation of a complex
process, and many observations are needed before patterns begin to emerge (Simard et al 1983). Examination
of the Bastrop Complex Wildfire behavior can contribute to current knowledge of extreme fire behaviors. The
Bastrop fire would travel at a rate of spread of 5 mph during the first several hours.
Spotting
Heavy dry fuel loads combined with surface winds intensified fire behavior – and the formation of strong
convective conditions conducive to long-range spotting resulted. Spotting was noted on the fire ground during
the initial day and those immediately after the Bastrop and Union Chapel fires. As the fire crossed Texas 21
at 3:06 p.m., reports came in the through 911 of fires along Park Road 1C and Harmon indicating a spotting
distance of up to 3 miles.
Vortices are almost always present in the wildland fire environment and sometimes can interact with the
fire in unpredictable ways, causing extreme fire behavior and safety concerns. Simply stated, a vortex is the
measure of spin about an axis. That axis can be vertical, as in the case of a fire whirl, or horizontal for a roll
vortex (Forthofer and Goodrick 2011).
Vertical and horizontal roll vortices were
observed on the Bastrop fire.
Fire whirls are vertically oriented,
intensely rotating columns of gas found in
or near fires. Fire whirls also are referred
to as fire devils and even fire tornadoes.
All fire whirls, especially the larger ones,
represent a considerable safety hazard to
firefighters through increased intensity,
spotting, erratic spread rate and direction
and wind damage (Forthofer and
Goodrick 2011).
Horizontal roll vortices are a major
mechanism in crown fire spread. Two
historical fires experiencing horizontal
roll vortices include the 1977 Bass River
Fire in the pine barrens of New Jersey
and the 1980 Mack Lake Fire in northern
Michigan. These fires and the Bastrop
Complex exhibited growth forms similar
to low crown base heights and heavy
understory.

Photo © Trey Drake and Raelyn Burch
This shows a “fire whirl” on the Bastrop Complex.

Horizontal roll vortices (HRV) are a result of bending vertical roll vortices. HRV are hard to form in rough
terrain as a result of the complex airflow and turbulence. High wind speeds break up the roll vortices (Mphale
2007 et al). Conditions associated with horizontal roll vortices include dense fuel loads that are experiencing
critically low dead and live fuel moistures occurring on flat to gently rolling landscape scale topography. High
temperatures are important for the formation of the HRV along with light to moderate ambient winds of 13
mph (6 ms) across the fire area in association with high Haines (Mphale 2007 et al).
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Longitudinal HRV are considered one of the ways by which crown fires spread in coniferous forest. They
create “crown streets” when they occur in grasslands or forests. Crown streets are rows of unburned vegetation,
which remain after a crown fire. The crowns are saved by cool air in the descending arm of counter-rotational
vortex air. The air circulation in the vortices drives fire in opposite directions so much that only tree stems are
charred. The char heights are low and in opposite directions on either side of the crown streets (Mphale 2007
et al).
Aerial reconnaissance after the Bastrop Complex Wildfire showed long strips of unburned (although often
scorched) conifer crowns in an otherwise vast area of blackened ground and trees, characteristic of horizontal
roll vortices. Twenty-five percent of the fire ground experienced horizontal vortex rolls.
In the Mack Lake Fire case study, several questions were presented to be studied to further understand
horizontal roll vortices.
Specific necessary field observations included:
• Photographic documentation of horizontal roll vortices.
• Aerial photos of burned areas prior to scorched foliage drop.
• Observations and documentation of the line of opposing spread in crown strips.
• Meteorological and topographic features related to the fire.
The characteristics of the Bastrop Complex Wildfire are eerily similar to those of the Mack Lake Fire. Both
fires occurred during problematic fire weather. Both fires have similar topographic and fuel characteristics.
Finally, both the Mack Lake and Bastrop Complex were significant WUI fires with associated home loss. Due
to the significance of the Bastrop Complex Wildfire, officials painstakingly documented all aspects of the
event. This detailed data collection may offer a mechanism to answer the proposed questions of horizontal roll
vortices from the Mack Lake study.

Photo © Jay Janner, Austin American-Statesman
This shows increased fire behavior on the afternoon of Sept. 5 as fire approaches Highway 71.
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Figure 12. A cross-sectional view of possible early activity when only one HRV exists. Events
begin with HRV development in buoyancy produced along the fire perimeter (extreme right).
Cooler ambient air entrains to the left (solid lines). Firebrands from the perimeter entrained in
the HRV eventually begin new fire activity and burn all trees not in the crown streets.

Photo © Steven Long,
Bastrop County Office of
Emergency Management
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Long stripes of unburned conifer crowns within areas of blackened vegetation characteristic of horizontal vortex rolls can be seen in this image
taken south of the fire.

Photo © Bastrop County Office of Emergency Management

Map 27. Horizontal vortex roll analysis was prepared by Justin H. McCreight, graduate
research assistant in the Department of Geography at Texas State University-San Marcos.
The raster data set was created using IKONOS imagery provided by the University of Texas.
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Bastrop Complex Wildfire and Doppler Radar
Steven A. Long, Bastrop County Office of Emergency Management

With the advent of Doppler weather radar and the enhanced Dual Polarization, valuable information can
be derived for further study in regard to the phenomenon of horizontal roll vortices. The Bastrop Complex
Wildfire was visible from the onset by both the Doppler radar in Granger, Texas (KGRK) and in New Braunfels,
Texas (KEWX). The fire plume could be seen clearly in Figure 13 on the KEWX radar. Figure 13 is the
lowest radar tilt striking the fire heel at approximately 4,100 feet above ground level and the head of the fire at
approximately 3,500 feet above ground level.

Figure 13. Radar image of Bastrop Complex Wildfire at 21:56 Zulu, Sept. 4, 2011.
Further study of horizontal roll vortex fires by radar will provide beneficial information to fire behavior
researchers regarding the events inside a smoke column related to horizontal roll vortices and ember
production. This type of technology also could provide real time information to incident resources regarding
the location of the fire front.
Joshua Wurman, a researcher at the National Center for Atmospheric Research, has used “Doppler on
Wheels” mobile radars in the past. This technology, designed for severe weather events, provides additional
data that cannot be obtained within the hazardous fire environment or by distant radars and could be further
tested during prescribed burns.
Figure 14 on Page 88 shows is an image of the Bastrop Complex Wildfire plume in three-dimensional
mode with the full Level 2 volume scan of KEWX radar.
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Figure 14. Volume image of KEWX radar at 21:56 Zulu, Sept. 4, 2011.

With a mobile radar platform, more detailed data will be available and the radar beam will be able to capture
data closer to the ground level of biomass burning debris (BBD). During the Bastrop Complex Wildfire,
witnesses reported debris of up to more than 4 inches in length falling from the sky 20-plus miles south of the
head of the fire. On Sept. 4 at about 3 p.m., witnesses were reporting debris (Figure 15) falling from the sky
south of the main fire, which was visible on radar.

Figure 15. Biomass burning debris composed
of loblolly pine bark and oak leaves. Debris
provided by Raymond A. Long from his ranch
in Rosansky Texas, directly due south 9.7 miles
from the final head of the fire.
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Figure 16 shows a view from south to north looking at the south end of the plume.
More data is yet to be discovered from the images provided by the KGRK and KEWX radars regarding
the Bastrop Complex Wildfire. In animated mode, you can view the pulses that the fire produced, providing
evidence of horizontal roll vortices and the BBD that was drawn into the plume. The warmer colors show
stronger reflectivity. This was likely larger and denser BBD objects such as bark and leaves being pulled into
the plume. More investigation with portable and fixed Doppler radar can be beneficial to wildland fire research.
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Estimation of Ember Production Inside Bastrop Complex
Wildfire Using Trampolines
(Rissel 2012, unpublished)
In the absence of the fire front, the contributor to home loss is embers. Ember mitigation needs to be the
first aspect of home evaluation to reduce vulnerability. Embers can rain down or produce a striping attack with
weather defining which type of exposure your home will receive.
An ongoing goal of wildfire research is to more effectively characterize and understand fire behavior. Many
aspects of fire activity undergo scrutiny and study, including elements such as flame height, rate of spread,
post-fire effects and how the fire moves through the landscape. One such aspect, ember production, is key not
only to understanding how a fire moves but also in recommending how to build homes that are less vulnerable.
As the individual spot fires grow together from embers, they begin to interact. This interaction will increase
the burning rates, heat release rates and flame height until the distance between them reaches a critical level.
At the critical separation distance, the flames will begin to merge together and burn with the maximum rate
and flame height. As these spot fires continue to grow together, the burning and heat release rates will finally
start to decrease but remain at a much elevated level compared to the independent spot fire. The flame height
is not expected to change significantly. The more spot fires, the bigger the increase in burning rate and flame
height (Finney and McAllister 2011).
To assess the ember production inside a fire, researchers and fire behavior modelers use software to more
accurately recreate the impacts of embers on homes and the individual spot fires created by those embers that
contribute to a wildfire’s destructive paths. The Bastrop Complex Wildfire provides a unique opportunity to
characterize ember production inside the fire at a number of locations with different fire influences.
A number of definable parameters influence the aggressiveness of an ember attack:
• Number of embers
• Quality of embers
• Amount of combustible windborne debris present during the ember attack
• Duration of the ember attack
• Characteristics of the source of embers
• Size of embers (Leonard 2009)
The more severe the fire weather and persistent the wind conditions, the deeper the effects may be felt
(Leonard & Blanchi 2005).
Some varieties of vegetation types are more effective in producing embers. For example:
• Trees with loose or rough bark are better ember producers than those with tight hard bark.
• The hotter, drier and windier the weather conditions, the more fine fuel and bark will be susceptible
to ignition and transportation (Ellis 2000).
• Fine fuel debris trapped within a tree’s structure, attached to it or on the ground (i.e. pine needles), all
are effective sources of embers.
• Dead heavy fuels can contribute to burn for many hours or days after the fire front has passed,
producing embers (this would be seen in the area of the Wilderness Ridge Fire).
• Open regions and areas that are fully cleared between the ember source and the building allow
embers to pass through unobstructed. Trees and other elements can be effective in trapping or blocking
some of the embers (Leonard 2009).

- 90 -

Observations made during the post-fire assessments of ember exposure accumulation points included:
• Timber decks
• Window frames
• Door mats
• Canvas awnings
• Door frames
• Stairs
• Attics
• Vegetation
Numerous ember production studies have been conducted by agencies and universities, but most take place
inside a fire lab. While this is informative in examining fire behavior, studies of actual fire events in the field are
necessary to corroborate and evaluate lab-based conclusions. However, obtaining even the vaguest estimation
can be extremely difficult due to the nature of their creation. A methodology was created for this fire to help
give some empirical evidence for ember production estimation.
Trampolines were collected from seven property addresses within the Bastrop Complex Wildfire footprint.
Before removal, researchers took panoramic pictures of the trampoline placement on a property.
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Map 28
- 92 -

Before removal, panoramic pictures of the trampoline placement on a property were taken.

Photo © Sean Rissel,
Texas Forest Service
Surroundings around the
trampoline photographed
prior to removal.

Condition of the surrounding structures and any other important information was noted. All of the
trampolines had a radius the same size – 2.0 meters – and were made of the same material. Because of the
fabric used to construct them, trampolines give an informative imprint of embers that burned through the
material, leaving a vast array of burn patterns.

Photo © Sean Rissel,
Texas Forest Service
The number of holes is
identified and marked
on the trampoline.

Each of the seven trampolines was laid out, and individual ember imprints were identified and counted
across the entire surface. Sometimes there was evidence where one hole was caused by two or more embers. If
this could be distinguished with relative certainty, then each ember was counted separately.
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Photo © Sean Rissel, Texas Forest Service
Multiple ember holes created larger holes on the trampoline fabric.

All of the trampolines were circular; the area of each could therefore be calculated using the equation
A=πr^2 , where A is the area of the circle and r is the radius of that circle. Because they have a known size and
shape (circular), we estimated the ember production in a given area per square meter. Some trampolines had
holes burned through that were so large, it was impossible to tell what had been there. In this instance, the
hole was measured and its area was subtracted from the trampoline’s calculated area before ember density was
calculated.

Photo © Sean Rissel, Texas Forest Service

These counts also were combined with burn intensity and fire progression maps to give some insight into the
conditions created during the fire. Because the trampolines were impacted by different parts of the fire (head,
flank, etc.), we also estimated the overall ember production by various fire elements.
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Results
Below is the field data collected for the seven different trampolines:

Address

Ember Count

Ember Density
(embers/m2)

Home Condition

Fire type

103 Poole Lane

1,116

98.41

Destroyed

Flanking

111 West Hilo Court

1,040

92.61+

Destroyed

Flanking*

104 Oak Shadow Drive

1,957

172.58

Destroyed

Flanking

126 Pine Shadow Lane

4,075

359.35

Destroyed

Direct

268 McAllister Lane

6,147

734.41+

Destroyed

Direct

350 McAllister Lane

882

82.43+

Undamaged

Flanking

332 Kaanapali Lane

1,408

248.32+

Destroyed

Flanking*
Table 13.

* Similar fire type, but was not impacted until the second day.
+ Ember density after trampoline area corrected.

As can be seen from Table 13, the ember production varied greatly across the study group. Ember
production was highest along the northern portion of McAllister Road and lowest at the southern portion
of McAllister Road. Home condition and fire type were included in this data as an initial indicator of burn
intensity.
Because three locations were impacted by flanking fires, their ember counts were averaged, and an estimate
for ember production by flanking fire is 49.76 embers/m2. Similarly, two trampolines were in locations where
two fires were merging and essentially behaving as head fires. Their ember counts were averaged for an
estimated ember production by head fire of 218.58 embers/am2.
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Map 29 shows the trampoline locations combined with the fire progression map.
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The two locations with the highest recorded ember production were impacted by the fire between 10:30
and 11 p.m. on the first day. The fire would cross Highway 71 at approximately 10:30 p.m. and burn down
McAllister Road as the two separate fires merged into one large single fire.
The trampolines at 350 McAllister Lane and 104 Oak Shadow Drive would have been impacted first, at about
5 p.m. the first day. While they weren’t in the path of the head fire, the resulting flanking fires would have been
large nonetheless. The trampoline at 103 Poole Lane was impacted at about 2 a.m. the second day by similar
flanking fires. The trampoline in Tahitian Village would not have been impacted until the night of the second
day.
Because three locations were all impacted by flanking fires, their ember counts were averaged and an
estimate for ember production by flanking fire is 117.81 embers/m2. Similarly, two trampolines were in
locations where two fires were merging and essentially behaving as head fires. Their ember counts were
combined with the two trampolines with head fire exposure, and averaged, giving an estimate for ember
production by head fire at 358.67 embers/m2.
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Map 30 shows the trampoline locations combined with the recorded burn intensity.
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The two locations with the largest measured ember production were in areas with some of the most severe
burn intensity. Burn intensity was less intense at 111 West Hilo Court and varied at the other sample locations.
Discussion and conclusion
Like all aspects of the Bastrop Complex Wildfire, ember production was highly variable. However, the
positions of the trampolines in this wildfire do provide some interesting observations. The amount of embers
recorded in each location is consistent with the recorded burn intensity. This increases the confidence in ember
estimations. Fortunately, the last four addresses in the table are positioned in somewhat of a line running north
to south, the same direction that the fire moved.
We do see that the flanking fire produced fewer embers than the head fire, but keep in mind that destruction
can be caused by both. When measuring ember marks, it was noted that in every trampoline, the vast majority
of the burns were less than 1 cm. This finding is consistent with current published literature on firebrand sizes
both in lab and in the field (Manzello et al 2011).
While this information is helpful in understanding of the Bastrop Complex Wildfire, it is not without its
limitations that one must consider when interpreting the data. First and foremost, there will be error in the
individual counting of ember marks. Also, the environmental conditions surrounding each trampoline were
most certainly influential on the ember production.
Proximity to elements in the environment more prone to producing embers influenced the results. Radiant
heat from burning homes also influenced the ember activity on the trampolines. This methodology doesn’t take
into account how long embers were sitting on the trampoline, meaning some embers could have fallen hours or
even days after the initial firefront had passed.
There also are some limitations in the calculating techniques. When calculating the area of each trampoline,
their shape and measured holes’ shape were assumed to be perfect circles when in fact they are not. It must be
noted that this is not the first time trampolines have been used as a gauge for ember production estimation. A
paper currently is under review (Foote et al., unpublished).
This technique, while still new and in need of reformulation, can be helpful in further characterizing ember
production and firebrand activity. The most important limitation to keep in mind is the fact that fire activity
and fire behavior takes place in a heterogeneous landscape, not only on a broad scale, but individual locations
in close proximity may experience vastly different fire behavior and effects. This methodology is meant only to
help give estimations on firebrand production throughout the fire, not as a standard for future studies (Rissel
2012, unpublished).
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Wildfire Modeling
Wildfire models are used to create simulations of wildland fires in order to understand and predict fire
behavior such as how quickly a fire will spread, and in which directions. Currently there are empirical and
semi-empirical based two-dimensional models such as FARSITE and Prometheus. More complex physical
models, such as Wildland Urban Interface Fire Dynamic Simulator (WFDS) have been developed to better
understand the relationship between the movement of fire in and around the environment relating to
communities and house-to-house ignitions in a 3-D format. During real-time events, it is difficult to collect firemodeling data due to the mitigation needs on burning structures. Models such as the WFDS allow researchers
to examine the fire environment outside of actual events and run simulations based on available data collected
after a fire.
Outputs from research using WFDS reveal that a fire front first accelerates into the surrounding area of the
burning structures as it approaches, then is slowed as it tries to escape the area. Because of this additional time
lingering near these burning structures, the fire front may tend to ignite other fuels such as nearby structures
that had not been ignited previously. Several burning structures multiply the effects of an individual burning
structure (Rehm and Mell, 2009).
The Wildland Fire Decision Support System (WFDSS) is a web-based modeling system using the FARSITE
platform. The system assists fire managers and fire behavior analysts in making strategic and tactical decisions
for fire incidents by modeling wildfire growth over multiple burn periods. During the initial response, a process
of analysis begins in order to make informed decisions to assist in assessing the basic fire situation.
Short-term scenarios (i.e. one week) can be modeled in WFDSS, however short-duration fire events of just
several hours, like Union Chapel, are more difficult to model and produce unreliable results. As the models
are used during real-time events, the variables have to be “tweaked” based on real-time weather and local
geographic parameters like live fuel moistures and vegetation types, which then allows for calibration to take
place within the model. The WFDSS model predicts surface fires but in the case of the Bastrop fires, they
become canopy plume-dominated events contributing to extreme fire behavior, making them difficult to model
and produce reliable outputs.
Ben Rowland (fire management officer for the U.S. Forest Service) would use both Bastrop RAWS and spot
weather forecasts to develop model outputs for the Bastrop fire. The model outputs (Map 31 on Page 101)
show the fire progression in 60-minute intervals starting at ignition times and running until midnight on the
third day (three burn intervals) for the Bastrop wildfire. The model is unsuccessful in accurately predicting the
rapid spread of the fire.
“In order to try and calibrate the growth of the fire with the actual perimeter, the winds were increased
beyond inputs from local weather stations, and vegetation types used in the modeling were adjusted as well,”
Rowland said in his report.
On the Bastrop fire, ground personnel reported approximately 40 mph winds on site, however the Bastrop
weather station hourly wind detection was much less than that. Models have limitations, largely because for
each geographical region, there are unique fuels, topography and long-term weather factors which influence
fire behavior.

- 100 -

Based on the runs done by Ben Rowland for the Bastrop Complex Wildfire, Map 31 shows the potential area
of fire spread if unmitigated. If not for a multitude of resources on the ground and in the air, the fire would
have increased in size by almost 50 percent to 61,200 acres and threatened approximately 2,000 additional
structures based on the model outputs.
Due to the essential application of models during wildfire events, detailed timelines both textually and
spatially of the Bastrop and Union Chapel fire progression were developed. Detailed data of this nature can
be used to advance both current and new fire models examining wildland urban interface fires along with
providing opportunities for training in dealing with such a large home loss event.

Map 31.
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Map 32 shows a preliminary timeline of the Bastrop Complex Wildfire for Sept. 4
and 5. It’s based on the Bastrop County 911 radio logs, Bastrop County Sheriff’s Office
dash camera videos, time-stamped photos and technical discussions with county fire
departments, emergency medical services, sheriff’s deputies and LCRA rangers initially
on scene. This product is for informational purposes and was not prepared for or
suitable for legal or surveying purposes.
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Bastrop Complex Wildfire Timeline
1:00:00 PM Call is made to open Emergency Operations Center.
1:30:00 PM Emergency Operations Center is staffed and activated.
2:16:03 PM “Several 1,000-acre fires going all over Central Texas threatening homes. Let’s get other 			
		
dispatchers in.”
2:20:40 PM 911 call comes into dispatcher. 258 Charolais has power line down behind the house. Caller 		
		
says, “It’s a big fire. I’m afraid. It’s a big fire!”
2:21:09 PM Dispatcher calls for Bastrop Fire Department en route to fire at 258 Charolais.
2:23:04 PM Bastrop FD is en route to 258 Charolais.
2:23:15 PM Bastrop Fire Department: “Tell them to call the task force if on duty.”
2:25:18 PM Dispatcher page goes out to McDade VFD and Paige VFD for mutual aid.
2:26:05 PM Bastrop FD informed that this event is county only, mutual aid only inside the county. No air 		
		
resources, and the only dozers are in Bastrop and Elgin.
2:27:05 PM Request from Bastrop FD for mutual aid from Heart of Pines and Federal Correctional Institute 		
		
for assistance.
2:28:15 PM Dispatcher page goes out to Heart of Pines VFD and FCI for mutual aid.
2:29:59 PM Bastrop Sheriff’s Office requests fire task force to respond to 258 Charolais for fire.
2:30:32 PM Bastrop FD requests deputies en route to help with evacuations.
2:33:13 PM Bastrop FD to EOC: “Need you to round up the rest of the county to help with fire.”
2:33:58 PM Sheriff’s officers start evacuations.
2:34:52 PM Bastrop FD: “Fire is running to north hot and fire has already spotted over county road. 			
		
Structure in danger at 210 Charolais.”
2:37:11 PM
		

Bastrop FD: “Give me everything you got from Heart of the Pines. We got a monster with spot 		
fires everywhere!”
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2:39:20 PM Bastrop FD to EOC: “You are going to have to find me some help. Things are looking bad out
		
here.” EOC: “We are trying to get you aircraft and anything else.”
		
Bastrop FD: “I’m being overrun. This is going to be another Wilderness Ridge Fire.”
2:40:50 PM Dispatcher has request for Five Points VFD for mutual aid.
2:41:51 PM Bastrop FD: “I have a wall of fire coming down Charolais toward F.M. 1441. Fire has jumped
		
County Road and is on Cattlemens Drive.
2:42:02 PM Bastrop FD: “Fire is now at 		
Hereford and Cattlemens. I 			
don’t know if I can get out of here.”
2:43:23 PM Bastrop FD: “We have spot fire
and structures in danger at 			
Charolais Drive and Santa Gertruidis.
I’m one person on this truck. I need 		
assistance.”
2:45:55 PM Bastrop FD: “This house on 		
Charolais is savable. There is 			
heavy fire all the way around this brick
house but it’s savable. Back in and lets
save it.”
The fire has jumped F.M. 1441. There
are spot fires all across F.M. 1441.
Dozer 1 is three minutes out at
this time. We got a big fire coming 		
up here right now. The winds are
changing directions on us. We do not
have enough resources at this time so
do the best you can to save houses.”
The first aircraft arrives on scene.

Sheriff’s Office dash camera video on Cattlemens Drive.

2:51:15 PM Bastrop FD: “It sounds like a 		
freight coming. We are having 		
to abandon this house at 154 Charolais.
We are not getting anyone killed on this
fire. Nobody is getting killed.”
Bastrop FD to EOC: “Need to start a 		
reverse 911.”
EOC: “Sheriff’s deputies are doing
evacuations at this time and we are 		
trying to get more for you.”

Sheriff’s Office dash camera video on Santa Gertruidis off Charolais.
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2:58:53 PM FD: “Fire jumped road at Cassel Way.”
3:02:00 PM
		
		
		
		
		

Bastrop FD: “I want all units off Charolais. It’s blowing up. Use extreme caution. Visibility is 		
zero. Everyone needs to pull out. Come on, come on before you get burned over.”
“Fire has jumped Highway 21 east of KC Drive. Fire is in the trees, we have heavy fire crossing
Highway 21.” EMC: “I’m making a
declaration to declare this fire a
disaster.”

3:29:53 PM
		
		
		
		
		
		
		
		
		

FD: “Fire has crossed power line
easement in the state park across
from Pine Tree Loop. It looks like it
is headed right for the Heart of the
Pines area. We are doing
evacuations at this time on the KC,
Porter, Pine Tree Loop, State Park,
Pine Hill Loop, Harmon Road,
McAllister Road and Tahitian
Drive.”

3:40:33 PM
		
		
		
		

FD: “We have fire on the south side
of Park Road 1C at Gotier Trace
Road. We have spot fires and the
fire storm is crossing now. The fire
isn’t up in the trees at this time.”

Photo © Henry Perry, Bastrop Fire Department
4:31 p.m. Head of Schwartz Ranch Fire.

3:43:26 PM Dispatcher to all units: “Everything from Circle-D to Colorado River needs to be evacuated.”
3:44:36 PM Dispatcher calls for units to be en route to a new fire at 174 Schwartz Ranch Road in McDade.
		
This would be the second fire to start on the complex that would run into the initial fire on 		
		
Charolais.
4:07:28 PM Bastrop FD: “Fire has jumped Highway 71 and is headed into the Smith Ranch.”
4:12:53 PM Dispatcher calls for units to be en route to a new fire behind the Colony.
4:17:00 PM Deputy: “We need to start evacuating the rest of
		
Cardinal Drive and Ponderosa Loop. The fire from McDade
		
is headed this way.
4:20:00 PM Dispatcher calls for units to be en route to a new fire in 		
		
the area of Jeddo Road in Rosanky.

Photo © Bill Laird
Fire jumps Highway 71 west of McAllister Road.
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4:27:09 PM FD: “Fire is coming up in the back yards of the homes on Green Acres Loop.”
4:39:08 PM FD: “The fire is now spotting over Crafts Prairie heading toward the river. The fire is gaining
		
momentum drifting toward Smithville.”
4:48:00 PM Bastrop FD: “The two fires are about to burn together here at Cardinal. We are going to find a 		
		
safe spot to hunker down and come out to Highway 21 when we can.”
5:16:19 PM Bastrop FD: “We have a new fire from a tree on power line. It’s running hard; there isn’t any 		
		
stopping it. It’s about a mile west of the main fire.”
		
This would be a possible third ignition on the complex.

Photo © Rick Jones and Richard Balazs
4:42 p.m. Bastrop County residences at the end of
ColoVista Parkway.

Photo © Henry Perry, Bastrop Fire Department
4:58 p.m. ColoVista Parkway.
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6:05:00 PM
		
		
		
		

Bastrop FD: “The fire has
jumped the river at the end
of Tahitian Drive and is
rocking and rolling across
the field.”

6:31:00 PM
		
		
		
		

Bastrop FD: “The fire is
making a really hard run
to Highway 21 and looks
like it is going to cross and
go into Quarterhorse Loop.”

7:03:00 PM
		
		
		
		
		
		

Bastrop FD to Incident
Commander: “Engine 862
has been rescued. The truck
is melted but both 		
firefighters appear to be OK
and are being looked at by Photo © Rick Jones and Richard Balazs
5:33 p.m. Bastrop County residences from the end of ColoVista Parkway looking
EMS.”

7:13:00 PM
		
		
		
		

Bastrop FD: “Looks like
the fire is running down Tall Forest. We have multiple structures on fire. We are driving out 		
between two walls of fire.”
“All units evacuate, evacuate. Let’s get off Tall Forest. Just keep your eyes on the side of the road
and work your way out of here.”

back north toward third ignition.

12:09:41 AM FD: “The fire is getting ready to cross Pine Valley Road at the second curve.”
4:00-4:30 AM Fire still west of Alum Creek at Gotier Trace, working its way across the creek.

Photo © Bill Laird, Bastrop Fire Department
6:58 p.m. Koali Drive in Tahitian Village.
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Sept. 5: Union Chapel Wildfire
11:42:23 AM 911 call comes into dispatcher: “Got a fire at 551 Union Chapel behind the boarding kennel. We
have animals we need to get out.”
11:43:45 AM Dispatcher calls for Five Points VFD en route to fire at 551 Union Chapel.
11:44:55 AM
		
		
		

VFD reports, “Structure is 		
NOT on fire at this time but we
do have heavy brush fire 		
moving south.”

11:47:18 AM VFD: “I have grass fire moving
		
rapidly south. This thing is 		
		
running toward Leisure. We 		
		
can’t stop it. We need to start
		evacuations.”
11:49:33 AM VFD: “See if you can get 		
		
any air support from Bastrop
		
to help us.”
		
Command: “Have been 		
		
advised early today that there
		
is no air support. We are on 		
		
our own.”

Photo © David Gahagan
Union Chapel point of ignition.

11:51:34 AM VFD: “Fire has jumped Leisure Lane.”
11:54:08 AM Command to Fire Com1: “I know that they are tied up with Bastrop. If we can get some air 		
		support, this thing is about to blow up just like Bastrop. This thing is headed toward Highway 		
		
21.”

Photo © Doug Palmersheim,
Bluebonnet Fire Department
Sept. 5. Leisure Lane east of Still
Forest Drive.
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12:05:10 PM VFD: “I have embers falling on Tuck Street at this time.”
12:23:11 PM VFD: “The fire is crossing Cedar Lane at this time.”
12:37:42 PM VFD: “The fire is approaching behind the fire station on Still Forest.”
1:11:25 PM Command to VFD: “We are going to make a last stand at Highway 21 and Amanda Circle so let me
know when you are ready.”
1:18:11 PM VFD: “There are deep ravines between the end of Bull Run and where the fire is at this time.”
1:29:59 PM VFD: “We have canopy fire and it is moving quickly.”
1:30:37 PM VFD: “Heavy tanker just did a retardant drop on the left flank. Are you going to be able to make a
		
stand at Tuck?”
1:52:14 PM VFD: “I have fire moving to west toward Lake Front.”
2:18:53 PM VFD: “Fire is running and we need to make sure that Martin and Bull Run are evacuated.”
3:48:36 PM
		
		
		
		
		

VFD: “Fire is spotting 200 to 		
300 yards off the fence line
with 3- to 4-foot flame
lengths. The fire is moving
parallel to McDonald at this
time.

Photo © Brad Colgate
Sept. 5 at 1:18 p.m. Union Chapel looking east from Cedar Lane.
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Map 33 shows the re-entry plan for Bastrop homes.
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The Need to Evacuate
The communities in and around Bastrop will continue to experience population growth, resulting in more
people living and working in the wildland urban interface. The safest choice when a wildfire is approaching is
to evacuate.
Homeowners should understand that in some cases, people have perished in fires by waiting too long to
evacuate. The public needs to understand the hazards caused by wildfires and, when an evacuation order goes
out, why they should heed the call. There may only be minutes to act.
An average surface fire on the forest floor might have flames reaching 3 feet in height and temperatures
of 1472 degrees Fahrenheit (800 degrees Celsius) or more. Under extreme conditions, a fire can have flame
temperatures exceeding 2192 degrees Fahrenheit (1200 degrees Celsius).
Hazards:
• The fire displaces all oxygen from the air, resulting in suffocation to humans and animals.
• Toxic gases are created by the fire as by-products of combustion from burning homes and other
synthetic material.
• Breathing heated smoke can burn the inside of the lungs and damage their ability to exchange gases 		
during respiration.
• Even without direct contact with flames, radiant heat can create serious burns from a great distance 		
within a fraction of a second.
• The body’s cooling system can’t cope with large amounts of radiant heat leading to heat stress.
• Falling and blowing hot embers can burn skin.
• Downed electric wires may shock people or cause further fires.
• Holes full of hot ashes created by burned trees and stumps can cause injury if undetected.
• If propane is heated to a temperature between 920 and 1020 degrees Fahrenheit, it will ignite
without needing a spark or flame and produce a flame temperature of 3595 degrees Fahrenheit.
No two fires are identical. Multiple fires occurring in the same geographic area during similar times of the
year in the same fuel type still are unique. This is why it sends a dangerous message when individuals believe
that by staying to protect a structure, they’ll still have a home.
During a wildfire event, the characteristics of fire behavior are specific to that event and change literally
by the minute based on weather, localized topography and vegetation, location of combustibles to the fire
and even time of day. By not evacuating, individuals not only put themselves and their families in danger but
also put first responders in danger who will attempt to rescue trapped individuals. It is difficult to walk away
during an extreme natural disaster. We often believe we can do something to prevent the loss of our homes and
valuables, but unfortunately, the loss of life cannot equate to the loss of any home. If people are in a safe place,
first responders have accomplished their most important goal.
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WUI 1 Assessment Case Studies
Wildland urban interface (WUI) refers to locations where topographical features, vegetation types, local
weather conditions and prevailing winds result in potential ignition of structures from flames and embers of a
wildland fire (NFPA-1144, 2008).
“Unlike wildland fires, no measurements of exposure conditions during WUI fires have been made. What
is known regarding WUI fire behavior is primarily based on either anecdotal information (i.e., personal
observations of responders) or post-fire investigations.” (Mell 2009).
The importance of post-wildfire surveys to better understand the consequences of fire at the wildland urban
interface has been recognized in both the U.S. and other countries (Mell et al 2009, Maranghides & Mell, 2009,
Caballero 2005b). Such research advances our understanding of the vulnerability of structures by the various
fire mechanisms present during a wildland fire event (Leonard 2009).
The overarching technical finding is that, in order to develop reliable hazard mitigation solutions, we need
to understand and quantify exposure. Quantifying the fire and ember exposure has not been done consistently
in the past. Without being able to quantify exposure, you cannot truly evaluate the performance of hazard
mitigation solutions. We need to be able to compare structures that experienced similar exposures.
Only then can we truly evaluate the impact and effectiveness of different hazard mitigation technologies.
Technically this is a big challenge. NIST and the U.S. Forest Service are working on a technical framework.
The framework includes field data collection and analysis, as well as experiments and computer modeling. The
two-tiered data collection method is designed to address research needs as well as the needs of the incident
commanders and communities. (Alex Maranghides NIST/USFS).
The data collection efforts were designed to provide the necessary information to characterize the fire
behavior impact to homes in the WUI. The WUI 1 survey documents the construction characteristics of the
destroyed, damaged and undamaged structures, vegetation around the structures and evidence of defensive
actions taken by first responders and homeowners. Previous WUI studies have been conducted in Texas since
2005, but they did not use this national standard methodology.
The WUI 1 surveys based on the NIST protocols were implemented for the first time nationally in Texas
following the Bastrop Complex Wildfire. Standard protocols require the survey of every home within the fire
perimeter, allowing comparisons for exposure to all homes. Due to the magnitude of homes lost in the event,
subset areas within the fire perimeter were chosen based on attributes unique to that home loss area.
Data collected will be stored in a national GIS database constructed in a standardized format to allow for
future data analysis and sharing across agencies. Communities are a big part of the WUI hazard reduction
solution. Only by documenting what is there and what is burning will we be able to develop reliable and
implementable hazard reduction solutions (Alex Maranghides NIST/USFS).
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Map 34 depicts the geographic areas studied within the fire perimeters in regard to
structure impact, topography and home construction.
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Assessed Subset Areas
Circle D subset area:
Selection for this subset was based on the variety of home types with years of construction ranging from 1925
to 2011. The first of many Circle D subdivision plats – Circle D Country Acres Section 1 – was recorded on Dec.
8, 1969.
The ignition for the fire occurred in this study area. Within the study area’s 2 square mile boundary were
Cardinal Road, Charolais Road, F.M. 1441 and F.M. 21. Topography is relatively flat with a minor elevation
change from 581 feet MSL in the northwest corner sloping to 440 feet MSL to the southeast corner of the study
area. The vegetation ecological system for the area was 75 percent loblolly pine forest and woodland and 25
percent post oak savanna grassland (Texas Parks and Wildlife).
Based on historical data, Texas Forest Service responded to an average of two to three fires annually in this
study area since 1989. In 2011, local fire departments would respond to multiple fires in January – all resulting
from debris burning.
The Bastrop Complex Wildfire would move through the west side of the study area impacting structures
along Charolais to F.M. 1441 within the first 30 minutes of the fire. Structures in the central and eastern section
of the study unit would be impacted by flanking fires, and the joining of the second fire front north of the
original ignition coming together along Cardinal Road and Ponderosa Loop at approximately 5 p.m.
•
•
•
•
•

175 homes were assessed within this subset (83 percent of the homes destroyed).
146 destroyed
4 major damage
15 minor damage
10 undamaged

The initial movement of the fire during the first few hours – when efforts focused on life safety and
evacuations – would influence homes lost in this subset. Approximately 10 percent of the homes in all
categories received a measure of defense actions by fire/law enforcement personnel, as well as mitigation
actions taken by homeowners prior to evacuating.

Photo © Sean Rissel, Texas Forest Service
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Figure 17.
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Cottletown subset area (Wilderness Ridge Fire area):
Selection for this study area was based on homes exposed to two types of fire intensity from two different fire
events (Wilderness Ridge and Bastrop Complex) and rural dispersion of homes. This study area falls within a 5
square mile area bounded by Alum Creek Road, Park Road 1C, Cottletown Road and Texas Highway 71.
Topography is relatively flat
with short slope runs showing
predominant slopes of 516 to 430
feet MSL in the east side of the
study area, sloping to 320 feet
MSL on the southwest corner of
the study area.
The vegetation ecological
system for the area was 78 percent
loblolly pine forest and woodland,
10 percent post oak savanna
grassland and 12 percent riparian
(Texas Parks and Wildlife).

Photo © Karen Ridenour, Texas Forest Service
This structure was exposed to wildfire during the Wilderness Ridge Fire in 2009.

Based on historical data, Texas
Forest Service responded to an
average of two to three wildfires
annually in this study area since 1987. The subset has experienced fire previously: The Wilderness Ridge
Fire on Feb. 2, 2009, would result in the loss of 26 homes. During the Bastrop Complex, an additional 27
homes would be lost within the footprint of the Wilderness Ridge Fire, resulting in total loss of 45 percent of
the homes in the area. Future research needs to examine the re-entry of fire into areas already impacted by
wildfires, regrowth of vegetation and the potential for repeat wildfires resulting in home loss.
The flanking fire would propagate into short head fire runs with a range of spread rates due to changes in
topography and vegetation in the area, but predominantly from wind conditions resulting in erratic increased
fire behavior on Sept. 5. The fire would move through the study area, impacting structures from approximately
9:30 a.m. to 3:30 p.m. with winds out of the northwest at 15 mph with gusts of 20 mph. The Union Chapel Fire
ignited at 11:42 a.m., requiring resources to be diverted to the new ignition.
• 133 homes were assessed within this
subset (66 percent of the homes destroyed)
• 88 destroyed
• 13 minor damage
• 32 undamaged

Photo © Paul Elliott, Texas Forest Service
The structure would again be exposed to fire during the Bastrop Complex, demonstrating the unique nature of every
fire, the different fire exposure levels a structure can receive and the re-entry of fire into previously burned areas.
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Figure 18.

- 117 -

Tahitian Village subset area:
Selection for this study area was based on Firewise and other
training for homeowners since 1998, and the fact that it is a
high-density residential neighborhood with multiple duplexes.
The study area falls within a 0.5 square mile area bounded by
Texas Highway 71, Olaa Drive, Makaha Drive and Tahitian
Drive.
The terrain is dissected with short slope runs from 420 to 520
feet MSL across the study area.
The vegetation ecological system for the area was 70 percent
loblolly pine forest and woodland, 13 percent juniper shrub and
6 percent riparian (Texas Parks and Wildlife). The remaining 11
percent is classified as urban development.
Based on historical data, Texas Forest Service responded to
an average of one to two fires annually since 1986. In 2000,
the homeowners’ association, in conjunction with Texas Forest
Service, started Firewise projects in the subdivision. There
would be no reported responses again until 2006 and, later, in
June 2011 prior to the Bastrop Complex Wildfire. The Bastrop
Fire Department would report responding to only one fire in
2011 prior to the Bastrop Complex.
The western edge of this subset would be impacted the first
evening and the remaining area impacted on Sept. 5 as fire
behavior activity increased.

Photo © Southern Plains Incident Management Team
This photo shows duplexes along Mauna Kea Lane.

• 152 homes were assessed within this subset (61 percent of
the homes destroyed)
• 93 destroyed
• 10 minor damage
• 49 undamaged
The Tahitian Village subdivision consists of 1,430 homes, 264 of which were destroyed in the Bastrop
Complex Wildfire. Two hundred and fifty five homes not destroyed by the fire were without water service,
and 30 fire hydrants were out of service. Thus, the district was unable to provide minimal fire service to the
subdivision.
Approximately 140 wastewater services were destroyed. The estimated cost for the subdivision to fully
recover from the fire disaster would be approximately $2,305,110.80. A method to isolate services to the
destroyed homes and restore water and wastewater service to the remaining homes reduced the estimated cost
to approximately $351,250 (Jason Murray, Bastrop County WCID No. 2 Operations Manager).
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Figure 19.
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Pine Forest subset area:
The Pine Forest area is 1.7 square miles bounded by McAllister Road, Tall Forest Road, Oak Shadow Road
and ColoVista Drive. It was selected based on Firewise home construction materials consistent throughout
subdivision, specifically the study area, and historical fires within this area (including the Crafts Prairie or “Mr.
Barbecue” Fire) following the same fire footprint.
Topography is flat with short slope runs. The elevation changed from 517 feet MSL in the northeast corner
sloping to 294 feet MSL to the southwest toward the Colorado River. The vegetation ecological system for the
area was 97 percent loblolly pine forest, 1.5 percent riparian/open water, 1 percent invasive juniper woodland
and 0.5 percent post oak savanna grassland (Texas Parks and Wildlife).
Based on historical data, Texas Forest Service has responded to an average of one wildfire per year in
this study area since 1985 within the footprint of the Bastrop Complex Wildfire. In March 2011, local fire
departments would respond to a 36-acre fire on McAllister Road within the study area, threatening 15 homes
that would be again threatened by the Bastrop fire, which destroyed nine of those 15 homes.
The fire would move through at approximately 10 p.m. Sept. 4, impacting homes in the study area as the
initial ignition and the third ignition came together along McAllister Road.
•
•
•
•

93 homes were assessed within this subset (78 percent of the homes destroyed)
73 destroyed
6 minor damage
14 undamaged

Photo © Jan Amen, Texas Forest Service
Homes lost along McAllister Road in pine forest.
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Figure 20.
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Union Chapel subset area:
This study area falls within a 1 square mile area
bounded by Tuck Road, Lakeview Drive, Leisure
Lane and Cedar Lane. Selection was based on homes
impacted by the second ignition on Sept. 5 with
limited resources available in the county.
Topography is relatively flat with a minor
elevation change from 584 feet MSL on the north
side sloping to 338 feet MSL on the south side of
the study area. Vegetation ecological systems for the
area were 80 percent post oak savanna woodland,
10 percent juniper shrub and 10 percent grassland
(Texas Parks and Wildlife).
Based on historical data, Texas Forest Service has
responded to an average of one wildfire per year in
this study area since 1988.

Photo © Texas Forest Service

In 2011, prior to the Union Chapel Fire, Bluebonnet fire departments would respond to 12 fires in the area
caused by debris burning.
The Union Chapel fire ignited at 11:42 a.m. just two-tenths of a mile south of Texas Highway 71 off Leisure
Lane. It would run south toward Texas Highway 21 in heavy brush.
•
•
•
•
•

101 homes were assessed within this subset (23 percent of the homes destroyed)
23 destroyed
2 major damage
7 minor damage
69 undamaged

Map 35 shows the re-entry plan for Union Chapel homes.
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Figure 21.
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Post-WUI Fire Data Collection and Analysis
Previous analysis of data collected following WUI fires has used a methodology of only examining homes
destroyed during the event. The example below illustrates the type of questions typically analyzed with
collected data.
• (Red) How many homes burning with wood shake roofs? This method of analysis gives the perception
that homes with Spanish tile are more likely to be destroyed during wildfires than homes with wood 		
shake.
• (Green) How many homes exposed to the fire had wood shake roofs that burned? This analysis
method compares all homes within the sample population and reveals that 100 percent of the homes 		
with wood shake exposed were destroyed while only 24 percent of all homes exposed with Spanish tile 		
were destroyed.

Table 14. Data source: Creating a Framework for Addressing the National Wildland Urban
Interface Fire Problem Using the E-scale. (Maranghides and Mell, report in progress).
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Post-WUI Fire Data Analysis Methodology
The framework of comparing all structures exposed was used in the data analysis collected for the five
subsets within the fire perimeters. The following flow chart shows how the data was categorized for analysis
and developed by Alex Maranghides with NIST.

Figure 22. Data for all structures from subsets were divided into categories of defended
and undefended, based on technical discussions with fire departments, law enforcement and
homeowners. Homes where defensive actions took place during and prior to evacuations were
sorted for separate analysis. Results show that homes where defensive actions were attempted,
firefighters had an 86 percent success rate. Data for undefended homes were sorted into
categories of either high or low exposure. This process utilized fire progression maps (TFS) and
burn severity maps (TPWD).
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Table 15. Current recommendations suggest non-combustible siding materials for reduced
risk to homes built in the WUI. Statistics from data collection show that 80 percent of homes
destroyed had masonry (brick, rock or cement-based Hardie-board) siding material. Results
indicate that having combustible objects within contact or close proximity to a structure can
compromise it, even when built with non-combustible materials.
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Table 16. Current recommendations suggest Class A roofing material has the highest
resistance rating to fire with a burn time of two to four hours. Statistics from data collection
show 84 percent of homes destroyed had Class A metal or asphalt composition shingles. These
materials by themselves are fire resistant but debris accumulation in roof valleys and gutters
allows for ignitions from wind-blown embers.

- 127 -

Table 17. Research on the Cross Plains and Wilderness Ridge fires showed a loss of 25
structures on each fire with raised foundation construction. It is theorized that years of debris
and leaf litter accumulation and large openings in the foundation line permitted the wildfire to
burn under the homes, smolder and cause ignitions. High occurrence of both raised closed and
open foundations (92 percent) was observed during Bastrop fire. Results from this research
also note high loss of structures on slabs. The 83 percent loss could be contributed to other
ignition sources such as compromised roof and walls, but researchers could not make a direct
correlation.
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Table 18. The Wilderness Ridge Fire research determined that slope ranged from 12 to 18
percent where homes were lost. Homes lost were set back less than 50 feet from the crest of
the slope. These findings reveal that wildfires can involve homes even when slopes are mild
and setback from slope is minimal. Statistics again show a 94 percent destroyed rate for
structures located at ridge tops and a 77 percent destroyed rate for homes at mid-slope on the
Bastrop Complex Wildfire. Factors contributing to structures destroyed on flat terrain include
vegetation, building construction, fire exposure and duration.
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A preliminary analysis of the relationship between structure foundation distance and abrupt changes in slope
within the Tahitian Village subset area was completed by Jennifer Jensen, Department of Geography, Texas
State University.
The analysis was carried out as follows:
1. Digital Terrain Model (DTM) generated at 1m resolution from LIDAR-classified ground returns.
2. Break lines were identified in the DTM using a double slope function (slope raster of DTM slope).
3. Isolines (contours) were generated at 1m intervals and compared with the GPS-measured polylines. 		
GPS-measured polylines were collected by Sean Rissel (TFS) and used to determine accuracy of slope 		
identification from DTM product.
4. The isoline that corresponded to the GPS-measured slope along the greatest length was selected as
the significant change in slope for the analysis. Only the GPS data collected corresponding to the 		
steepest slope characteristics could be identified. We could not identify an isoline that corresponded 		
well with the crest slope polyline in the GPS shapefile.
5. The distance from each GPS-located structure foundation to each GPS-located slope edge (i.e., crest 		
or steep) was calculated by generating points at a 0.328 m interval and calculating the distance between
GPS-located foundations and the slope edge features and the LIDAR-derived isoline corresponding to 		
steep slope edge.

Table 19.

The ability to identify a continuous slope in the LIDAR data set proved challenging and was not successful for
this analysis in locations where topography changes were negligible as terrain leveled out to the “crest.”
However, it may be possible with more robust image processing techniques. Identification of continuous
“steep” slopes (i.e. break lines) in the LIDAR data set was easier and conducive to the analysis requested. The
average absolute difference between GPS-located and LIDAR-derived break lines was 2.02 m (stdev 6.05m).
To determine if “setback” or distance from foundation to specified changes in slope is related to fire damage
incurred by a structure, the information provided in this report would need to be compared to damage
assessments conducted by the Texas Forest Service.
This preliminary analysis evaluated the utility of a LIDAR-derived DTM product to identify changes in slope
and the methods to calculate lateral distances from structure foundations to those slope features in a GIS.
Expanding this research over a larger area and combining fire damage assessments to determine if locating
structures a specified distance from certain slope or topographic characteristics has the potential to mitigate
fire damage to public and private structures.

- 130 -

Table 20. Current guidelines of 30 feet of vegetation clearance are intended to provide fuel
modification measures that can be used to create an area of defensible space. Results from data
collection showed 85 percent home loss. Vegetation manipulation of 30 feet or less resulted in
high home loss and did not yield a significant amount of protection to structures.
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Table 21. Various recommendations for structure success address building with non-combustible
materials. Few address retrofitting existing structures which could be costly to the homeowners.
Statistics from data collection show an increase in older homes with 95 percent loss of homes more than
40 years old and 93 percent loss of homes more than 30 years old. Intense maintenance of vegetation
and combustible elements of an existing older structure is key to reducing home loss.

Mobile home losses:
All undefended mobile homes were sorted into a separate category due to the unique nature of construction
and site placement. There were 54 mobile homes within the undefended category sampled. Of those, 44 were
destroyed, six damaged and four undamaged.
Of the destroyed mobile homes, 91 percent had less than 30 feet of defensible space, and 57 percent had
an open pier-and-beam-type foundation. The smaller nature of mobile homes allows fire to spread rapidly
through its contents, while the structure itself intensifies heat and smoke buildup. Interior wall and ceiling
building materials allow for fast flame spreads. Given the small number of mobile homes lost, even though this
is a significant issue that needs to be addressed, there is not enough data to conduct an extensive analysis.
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Distance Through the Forest Tool
Commonwealth Scientific and Industrial Research Organization
New research methodologies were applied on a small area of homes within the Union Chapel subset study
area. In order to determine broad landscape scale areas with homes at risk in the WUI from forested fuels,
Felix Lipkin and Justin Leonard with Commonwealth Scientific and Industrial Research
Organization (CSIRO) in Australia developed a GIS tool that
examines the distance of structures from forested fuel sources.
The tool is designed to work with readily available data such
as location of properties and forest boundaries and uses a raybased query method to determine the distance from and depth
of forested fuels for each property up to a specified distance,
within a community or case-study research area. When using
this tool, it is necessary to first understand what vegetation
parameters constitute risk, and what data is available to
identify the risk within a local geographical area.
The outputs expand our understanding of the vulnerability
of structures and the immediate surroundings to potential
ignition from forested fuels. Using collected WUI 1 data
compared to current standards for defensible space, this tool
can be used to improve knowledge on the separation distance
needed to minimize direct flame attack, radiant heat and
ember exposure on a structure.
Many communities are designed with homes closer than
100 to 200 feet, resulting in individual lots of fuel mitigation
overlap. This means that in order to change the fire-adaptive
nature of a community, residents need to work together.
Developers have a special opportunity to utilize research, like
this tool, to plan for improved fire-adaptive communities.
Future research with this tool in conjunction with WUI 1
collected data will provide insight into the vulnerability of
structures from various vegetation types and the separation
distance needed to increase structure survivability using
quantifiable numbers across Texas and nationally.
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Table 22 shows an example of a home destroyed
during the Union Chapel Fire. A ray coming from
the house at a 0 degree azimuth shows the distance
to a forested edge starting at the structure out to
800 feet. Each time the ray reaches a forested edge
it calculates the distance to the forest from the
footprint of the house. The first interaction for this
structure from the ray with a forested edge was 6.2
feet from the footprint of the house. The average
distance for this structure on all sides was 29.9
feet.

Figure 23 shows Distance through the Forest Tool’s output ray analysis for a structure
destroyed during the Union Chapel Fire - related to Table 22 on Page 133. The ray analysis
gives researchers the opportunity to examine interactions of defensible space around individual
and multiple structures with forested fuels, in coordination with other factors impacting home
loss.

- 134 -

Home Survivability - Reducing Exposure and Vulnerability
Oakland Hills WUI fire issues, 1923
The state’s first wildland-urban interface fire occurred in the Oakland Hills of Berkeley, Calif., in 1923. This
fire destroyed 584 structures. In the past 80 years there have been 14 large-scale fires in the
Oakland Hills, eight of them in the same parkland canyon, including the 1991 Oakland firestorm.
After the 1923 fire, a committee was formed to identify the factors that contributed to the structure loss in an
effort to prevent future losses in wildland fires.
The committee identified six major factors. In order of significance they were:
1. Flammable roofing materials
2. Inadequate clearance between combustible vegetation and structures
3. Extreme wind conditions
4. Inadequate access – narrow winding roads
5. Inadequate water supplies
6. Lack of modern firefighting equipment
San Diego County WUI fire issues
The 1970 Laguna Fire was the most deadly and destructive wildland urban interface fire in San Diego County
history. The fire burned 190,000 acres over seven days, killing five people and destroying 382 homes. The more
recent 1996 Harmony Grove Fire also was extremely destructive. The fire injured many firefighters and took the
life of one resident. It burned 8,600 acres, destroyed 122 residences and damaged an additional 142 residences
in less than eight hours.
Task force members agreed that the major reasons for structure loss in both of these fires and other recent
fires were:
1. Flammable roofing materials
2. Inadequate clearance between combustible vegetation and structures
3. Extreme wind conditions
4. Inadequate access – narrow winding roads
5. Inadequate water supplies
6. Improper structure design
Comparing the preceding lists with current research, most of the major factors for home loss have remained
the same over the last 80-plus-year period. The list remains the same, yet homes still are being lost –
prompting researchers to ask, “What have we missed? What is the perceived risk from a wildfire to structures
by homeowners, neighborhoods and communities?”
“Firewise” concepts work but only if fully implemented and maintained around a structure. A key analogy: A
four-way intersection is designed with four stop signs to keep all vehicles moving safely on the roads. However,
if even one vehicle fails to fully implement a stop, vehicles are damaged or destroyed. The “human factor” is
the key that is missing. Firewise and defensible space are not cookie-cutter concepts that apply equally to every
structure in a community. Every structure has to be viewed and managed with its construction components as
part of the surrounding and adjoining vegetation in mind to reduce vulnerability from wildfires.
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Currently the amount of information available to homeowners and community leaders on Firewise
principles is overwhelming. Data is available in a variety of publications, conferences and online resources.
Direct access to this information leaves no one with the excuse of not knowing. However, tremendous data
loads can be confusing and contradicting. National and international studies need to be coordinated so data
is accurate regardless of the source. Utilizing sound current research and examining the complex components
that make up a firesafe structure within the fire environment not only reduces the vulnerability of a structure
but also increases firefighter safety in a dangerous WUI setting and assists fire personnel in making strategic
structure on-site triage decisions and conducting fire operations during WUI wildfire events.
When homes are placed within the vegetation environment, they become merged as part of the wildland fuels
and can no longer be considered “standalone” structures. The old deck is just like a log that dried out from the
sun and heat and will burn like a dead log on the ground.” We must accept that despite all the technology and
research, there still will be fire events so intense that homes will be lost.
Researchers have an obligation to the community to produce sound suggestions regarding home loss in
the WUI. Research needs to be conducted through laboratory testing in conjunction with real-world testing
applications. If we do not know the whole story, it is irresponsible to make educated suggestions or provide
unsupported results. The public depends on quality scientific research so educated decisions can be made
regarding building codes and home design.
Homeowners are advised to create a defensible space of 30 feet around their house and use firesafe
construction materials in order to protect a home from wildfires (NFPA, 1989). However, for intense crown
fires under extreme weather conditions, this may not be enough. For example, in the Stephan Bridge Road
Fire in 1990, some houses burned despite being surrounded by 300 feet of defensible space (Winter and Fried,
2000).
Home survivability is due to multiple factors that cannot be separated as individual units. They must be
examined equally and concurrently if we are to understand all aspects of wildfire impacts on structures. It is
important to know where the potential ignition sources around a structure are coming from and how the most
likely ignition mechanisms may influence a specific structure.
These include:

1. Fire behavior
2. Mechanisms of exposure
3. Fire/local weather
4. Topography
5. Vegetation
6. Home construction
7. Defensible space
8. Human behavior
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Fire Behavior
1. Fire behavior describes the magnitude, direction, and intensity of fire spread. Magnitude is measured
as the speed, in m/s, of the leading edge of the flaming portion of the fire. The direction is measured as the
bearing of the leading edge of the fire and will vary from 0 to 360 degrees. Finally, intensity is measured as the
energy released from the fire per unit area, in J/m2. Wildfire behavior can show wide and sudden variations as
conditions in the fire environment change.
The process of burning is important to understanding overall fire behavior. It has four phases:
• Pre-ignition – Prepares the vegetation and combustible materials by vaporizing water and organic 		
gases to allow combustion to take place. Vertical vegetation – tree crowns – will scorch without ignition 		
because of this phase.
• Flaming – Visible flames are produced that consume available receptive vegetation and 			
combustibles in the fire environment.
• Smoldering – Continued burning of available vegetation transferring heat to surrounding 			
vegetation and combustibles, often characterized by large amounts of smoke.
• Glowing – Continues to transfer radiant heat until only non-combustible ash remains.
Types of natural fires:
• Surface fire – Moves at ground level but below trees burning debris on the surface, which includes 		
dead branches and logs, leaf and needle litter, low-stature vegetation and combustibles on or near
structures. Surface fires can spread rapidly through fine fuels, uphill and with high wind speeds. The 		
location of homes to the crest of the slope can be impacted by surface fires. The transition from surface 		
fire to crown fire marks a dramatic change in fire behavior.
• Crown fire – Advances from top to top of trees or shrubs more or less independent of a surface fire.
Crown fires sometimes are classified as “running” or “dependent” to distinguish the degree of
independence from the surface fire. A running crown fire is accompanied by embers, fire whirls 			
and rapid development of a strong convection column. The location of homes to heavy fuels increases 		
their vulnerability in regard to embers, radiant heat and flame contact.
• Ground fire – Consumes the organic material beneath the surface litter ground, such as a peat fire.
On typical free-burning fires the spread is uneven, with the main spread moving with the wind. This forward
fire perimeter is the most rapidly moving portion and is designated the head of the fire. The adjoining portions
of the perimeter at right angles to the head are called the flanks, and the slowest portion (that may be backing
into the wind) is called the rear.
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Mechanisms of Exposure
2. Mechanisms of exposure in the fire environment include three concepts: The degree of ember attack,
the extent of radiant heat and the presence or absence of flame contact. These concepts influence the structures
once a wildfire reaches an intensity exceeding control and can no longer be defended.
Ember attack – Defined as a distribution cloud that is driven by the prevailing wind direction and the type
of object emitting firebrands. Objects, when they ignite, can produce firebrands in addition to the one produced
by the fire front, increasing the density and duration of firebrands impacting the infrastructure (Blanchi et al
2011). Embers from a wildfire will find the weak link(s) on structures – a small, overlooked or seemingly minor
factor with enormous potential consequences.
1. Embers are the most important cause of home ignition. Recent research indicated that two out of
every three homes destroyed during the 2007 Witch Creek Fire in San Diego County were ignited either
directly or indirectly by wind-dispersed, wildfire-generated, burning or glowing embers (Maranghides
and Mell 2009).
2. Embers start small fires when considerable quantities have accrued over time. Research by 			
Sam Manzello with NIST showed that the presence of obstacles resulted in a stagnation plane where
numerous embers were able to accumulate. After the embers were observed accumulating, intense 		
glowing combustion was observed and in all cases, the accumulated embers were easily able to produce
an ignition event in the experimental wood samples (Manzello et al 2011).
3. Experiments also showed embers were not quenched by the presence of the mesh behind vents
(diameters tested were 1.5 mm, 1.35 mm, 1.04 mm), but would continue to burn until sufficient mass 		
loss allowed the embers to penetrate the mesh on the vent (Manzello et al 2011).
4. In real WUI fires, and as seen on the Bastrop Complex Wildfire, ember attacks last for hours,
exceeding laboratory experiments of several minutes. Vents, combustible building elements and 			
combustibles around structures are vulnerable to these attacks. Further research needs to examine all 		
aspects of ember exposure for prolonged periods around and on structures.
Radiant heat – release of energy from the fire front and burning objects, which ignites receptive vegetation
and combustible materials on or near the structure. When two objects are placed in view of each other,
heat flows from the hotter one to the colder one via radiant heat flux exchange until the two objects reach
equilibrium (Blanchi et al 2011).
1. The size of the flame body, temperature, orientation and duration influence the severity of radiant 		
heat exposure to a house.
2. Radiant heat is additive. For example, a nearby tree may be able to provide 11 kW/m2 of radiant
heat to a building when burning at its peak, while a nearby building may produce 9 kW/m2. If the
building and tree were burning at the same time, the building would generally experience 20 			
kW/m2 (Leonard 2009). Proximity of homes and landscaping can be impacted in the WUI setting by
this phenomenon.
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3. Generally, when the radiant heat is at the right angles to the receiving surface, the exposure
is at its greatest. As the angle deviates from this, radiation reduces (Leonard 2009). The location of
combustibles around a structure is influenced by this concept.
4. Radiation impact on a house is synonymous with flame impact, as the flames themselves are the
radiation source. From a home’s perspective, it is at risk from the level of radiant heat exposure as well
as the time for which this exposure occurs. The relationship between radiation and time is very 			
important, as some elements may not be affected by high radiant heat exposures for very short times –
while being affected greatly by long-duration exposures at considerably low levels.

Table 23.
Flame attack is defined in two ways. One is via low level flame spread over adjacent objects such as ground
cover; the other is when long flames reach out beyond large objects and contact others (Blanchi et al 2011).
1. Both low-level flame spread and main fire front are short-distance phenomenon compared to
radiant heat and ember attack. The longest flames are produced by the main fire front. Very few homes 		
are lost to direct flame contact from the fire front itself. Lasting direct flame impact requires a lot of fuel,
which is generally scarce in the immediate surroundings of the house.
2. Once flames develop, the removal of oxygen, fuels and heat are necessary to break the interaction 		
of these elements to extinguish the flames. In a WUI setting, combustibles around a structure supply
the necessary fuels and heat sources along with winds to allow fires to continue to burn once the fire 		
front has passed.
3. As a rough guideline, flames can be up to twice as long as an object is high.
4. Studies also have shown that the buildings themselves cause the fire front to behave differently, by 		
initially causing the fire front to quickly approach the structure, and then slow as the fire passes the
structure (Rehm and Mell 2009). This fire behavior prolongs exposure from all mechanisms of fire 		
behavior.
A commonly quoted figure for burn time of common fine fuel responsible for the main fire front’s
behavior is between 15 and 33 seconds (Burrows 1994; Cheney 1990). Heavier fuel such as logs and branches
on a forest floor may burn for many hours. More localized flame attack from elements immediately around the
structure also may burn for many hours.
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Table 24. The behavior of each of these elements provides hypothesized examples rather than
validated behavior. The behavior of elements like these needs validation through experiments
and field data so future modeling can properly consider their combustible nature in the fire
environment (J.E. Leonard, R. Blanchi, P.A. Bowditch).
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Fire/Local Weather
3. Fire/local weather: Protecting a house is a function of more than just the nature of the defensible space
around it. Local and site-specific fire weather contributes to drying of fuels, and construction materials alter
the risk of a structure’s ignition potential. A house rated by an assessment as high for one fire can be extreme
for another based on weather conditions. Temperature and humidity is site-specific within a fire perimeter
resulting in dissimilar fire behavior exposure to structures.
• Wind – General winds are caused by the position of high- and low-pressure systems affecting large 			
areas, while local winds are on a much smaller scale and are modified by local influences.
1. Wind is a major controlling factor that determines rate and direction of spread, and shape of fire.
2. Winds can cause damage prior to the fire front, exposing homes to dangers from embers and
drying out vegetation and wooden components of a structure.
• Drought (lack of precipitation) – Prolonged periods of no rainfall impact moisture content of
vegetation and combustible aspects of structures, but also the amount and type of vegetation available to
burn.
1. Normal barriers such as riparian areas and shallow ponds dry out and become ineffective in
stopping fires.
2. Long-term drought conditions are evident in larger fuels such as logs and hollow trees that do not 		
respond to daily changes in moisture the way that fine fuels do.
• Temperature – Diurnal cycles directly affect the drying of live and dead vegetation along with
combustibles around structures. They indirectly affect drying through the influence on rates of spread and
combustion.
1. The warmer a particular fuel is, the less energy required from a fire to heat the fuel to its ignition 		
temperature.
2. The temperature of vegetation in direct sunlight can be 40 degrees Fahrenheit or more above that of 		
the surrounding air.
3. Heat from the sun and radiant heat after ignition can cause the temperature of the fuel to rise. Fuel 		
temperature recorded by Bastrop RAWS on Sept. 4 was 117 degrees Fahrenheit.
• Relative humidity – Temperature is influenced by the diurnal cycles, directly affecting the
flammability of vegetation and combustibles.
1. Humidity affects the moisture content in dead vegetation and wooden combustibles around a 			
structure. The lower the RH, the higher the rate moisture is given off by materials.
2. A general rule of thumb for RH is that for every 20 degrees Fahrenheit increase in temperature, the 		
RH will be reduced by about one-half.
Fire behavior influenced by weather impacts the level of fire “dimension” on a house. It does not deal with
the level of “survivability” that can be increased by planning, design and intervention during a wildfire.
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Topography
4. Topography: Terrain typically does not change over time but it can change significantly over space.
Topographic features include but are not limited to canyons, ridges, drainages and slopes. All these features
can affect spread rates, flame lengths and spotting, and can generate turbulence with wind flows.
• Topography alters the normal heat transfer processes and modifies general weather patterns, thus
producing localized weather conditions that influence the type of vegetation locally, which in turn
directly or indirectly affects fuels and their availability to burn.
• The location of structures to topographic features requires examination. Statistically, fires that start at
the base of a slope become the largest fires. Fire gains momentum as it moves up a slope. The
longer and steeper the slope, the greater the setback distances needed for survivability of a structure.
• Location of structure to slope impacts vulnerability. The Black Tiger Wildfire resulted in the loss of 44
homes, 21 of which were located in what was classified as “good slopes” of 15 percent or less. Setback 		
from the slope of homes lost was not mentioned in the report. The Wilderness Ridge Wildfire analysis
determined that slope ranged from 12 to 18 percent where homes were lost and setback was less than 50
feet from the crest of the slope. These types of findings reveal that fire can involve homes even when
slopes are minor and setback from slope is minimal.
• Elevation of Receiver - Structures are heat sinks and receive radiant heat at different levels based on 		
the slope location and size of structure (Figure 24). The larger the flame height and flame front width
for a given distance, the greater the radiation heat transfer to a structure. Setback from the slope 		
reduces this effect.

Figure 24 shows the elevation of receiver for a structure on a slope.
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Vegetation
5. Vegetation: Plants may either suppress combustion or contribute to it, depending on their moisture
content and flammability of chemical compounds contained in the plant. Two vegetation types of similar
structure can have very different fuel characteristics depending on the fire history in the area, species present,
age of the vegetation and mitigation practices significantly contributing to underestimating the potential fire
intensity in a specific location (Tolhurst 2009).
• The time scale associated with burning wildland fuels is measured in tens of seconds to a few minutes.
In contrast, the time scale for a burning structure is measured in tens of minutes to hours. This
disparity in time scale is due, in part, to the fact that the fuel distributions for a structure and for 		
wildland fuel differ substantially (Rehm et al. 2002). For a structure, for example, the fuel loading per 		
unit area is usually much higher and its footprint much smaller than for a parcel of wildland fuel.
• Vegetation around a structure needs to be examined in a three-dimensional fashion.
Overhanging fuels on structures and closed tree canopies promote movement of fire into roof and eaves 		
of the structure.
• Dead and live plant material that hasn’t been cleared leads to an accumulation of fuels that promotes 		
intense rapidly-spreading fires.
• When trees are appropriately spaced around and within communities, they receive radiant heat from 		
fires and reduce the impact to structures.
• Vegetation needs to be classified based on radiant heat flux exposure thresholds and ember 			
production capabilities that are unique to a geographic location.

Photo © Karen Ridenour, Texas Forest Service
Homeowners should understand the impacts of vegetation that extend beyond the property line. Radiant heat,
flames and embers can influence a structure’s vulnerability. Communities and subdivisions should examine
current policies to address vacant lots.
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Home Construction
6. Home construction: Think about your home in terms of flammability. When you start a fire, small
pieces of wood and paper are required to ignite the logs. The equivalent is true for your house. Would you
be comfortable if someone threw a match at your house? The building design needs to reduce the number of
potential exposure mechanisms that a structure may experience during a wildfire event.
1. If a material is combustible (i.e. wood as a siding) then other material for eaves or other aspects of
construction are equally vulnerable. Eliminate combustible siding near ground level.
2. Radiant heat causes metal to expand and warp, creating
gaps and exposing framing materials.
3. Timber materials lose moisture and dry out, resulting
in disjointing of the wood and increasing the surface area.
Weathering of wood decks and other wooden elements
requires maintenance.
4. Windows experience thermal stress and can break due to
the temperature gradient between the frame and the glass.
5. Corners and crevices (re-entry corners) around a
structure allow for the accumulation of debris and embers.
6. Complex roof lines are as problematic as gutters,
allowing for the accumulation of vegetation.
Routine removal of dead vegetation from roof, gutters and
re-entry corners is necessary.
7. Vegetation under vents, windows and decks increases the
vulnerability of a structure.
8. Multiple types of vents can occur on a single structure
such as an attic, foundation, roof or wall. This allows
for the entry of debris, embers, flames and hot gases
during a wildfire, and can be increased by vegetation in
close proximity. Mitigate ember entry points around the
structure.

Photo © Karen Ridenour, Texas Forest Service
This photo shows an example of a re-entry corner on a
door frame where embers can accumulate and circulate
heat into an area for an extended period of time.

Photo © Jan Amen, Texas Forest Service
Debris, embers, flames and heated gas
are pulled into the roof cavity of this
structure.
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Defensible Space
7. Defensible space: The objective for defensible space is to stop movement of the fire to the house under
varying wildfire conditions with or without active defense. Currently established recommendations may have
organizational benefits but don’t recognize real wildfire threats not researched and confuse homeowners with
mixed messages.
Documents date back to the early 1980s about creating defensible space around a structure to break up
the vegetation within close proximity to a home. But what’s the magic number? Developers, homeowners,
insurance carriers and architects all want a specific value for defensible space. Through the research of multiple
agencies and scientists, a value of 30 feet was determined.
Over time the idea of defensible space has evolved and changed using terms like inner and outer protection
areas, Zones 1-3, I Zone and HIZ. These methods are an attempt to simplify complex concepts of defensible
space and seek a one-size-fits-all answer.
The result has caused homeowners to misunderstand the true intent of defensible space. It is not a cookiecutter one-size-fits-all number value identical for every structure. When we talk about defensible space,
homeowners and developers need to understand that it requires adjustments based on the footprint of the
structure and location on the topography with correct implementation and maintenance of the created space
unique to that structure and property.
The objective for defensible space is to stop movement of the fire to the house in conjunction with modified
fire behavior to allow for safe suppression actions to protect structures. Any materials, vegetation or manmade, that allow the fire to progress to the structure within the initial area, even over several days and
unattended, is not defensible space.
Fuels and site conditions need to be assessed beyond “standard” values around homes to understand the
realistic evaluation of potential wildfire impacts and fuels at distances over 300 feet from the structure.
Proximity to surrounding properties can be a significant threat if ignited by wildfires. Fire-adaptive
communities work in unison to reduce the risk of structure-to-structure burning which can wipe out entire
streets in hours.

Photo © Jay Janner, Austin
American-Statesman
The proximity of horizontal and
vertical vegetation to the wood
deck increased the vulnerability of
this structure. Even lower-intensity
fire can expose a structure to
flames, radiant heat and embers.
Understanding defensible space
concepts is imperative for structure
defense.
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Steps to creating defensible space:
FIRST: Area adjacent to footprint of structure = FOOTPRINT
• The immediate area around every structure needs to be a non-combustible strip that extends 		
from the footprint of the home. All aspects of the home construction that could fall within this area and
be combustible (i.e., wooden footings for foundation or deck) need to be mitigated. The distance will
vary based on construction materials and surrounding vegetation.
• No vegetation or combustibles should be in this area.

Correct

Ember collection allows
for ignition of eaves,
vents and radiant heat on
windows.

Photo © Steven Long, Bastrop County
Office of Emergency Management

A combustible wooden deck post
exposed to fire in short grass
ignites. The post falls within the
non-combustible area around the
structure. Combustible elements
attached to a structure need
mitigation regardless of location.
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SECOND: Highly-utilized living area around a structure = YARD
Mitigation efforts to the yard are determined based on the location of the structure in relation to
topography. Use a quadrant approach to look at all sides of a structure considering slope and
vegetation.
• If any side of the structure sits on or near sloped topography, that side has to have adjustments 		
made to the amount of defensible space – either on that specific side or applied to the entire structure 		
(i.e., 45 percent slope equates to more vegetation removal and maintenance than flat ground).
• There should be minimal vegetation with only ground cover and foundation plants outside the
noncombustible area and any walkways (addresses surface fires). There should be no plants placed 		
adjacent to windows, only fire-resistant vegetation.
• There should be a minimum of 15 feet of crown spacing, not trunk spacing, between trees (addresses 		
crown fires) and limbed up at least 10 feet. Look at vegetation vertically and not just at the surface so no
limbs are touching the house or overhanging the roof line.
• Maintenance is key prior and during high fire danger. Grass clippings should be removed, pine 		
needles raked, vegetation irrigated and down and dead vegetation removed.
• No combustible materials such as a storage shed or wooden playground should be within this area.

Figure 25. Examination and mitigation practices need to occur on a three-dimensional plane
in order to reduce the vulnerability of a structure.
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THIRD: Extent of the defined boundaries of owned land = LOT
The lot requires adjustment based on the fire environment and fuels beyond the yard and structure.
Additional vegetation can exist within this area, with the following guidelines:
• Crown spacing of at least 10 feet.
• All vegetation pruned up to 10 feet closest to the structure and reduced down to 8 feet at the
interface of the neighborhood.
• Minimal mid-story vegetation.
• All vegetation needs to be intensely managed and maintained.
• Fire departments will utilize these areas around the home if properly maintained for protection 		
during structure mitigation.

Figure 26. Mitigation within the lot is not circular but conforms to topographic location and structure
footprint outside the non-combustible strip (designated in red).
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FOURTH: Planned units of land or isolated single-use land = NEIGHBORHOOD
• Outside of the lot there is less rigorous vegetation management. Natural vegetation can exist with 		
reduced maintenance, breaks in mid-story vegetation, closer tree crown and limbing to only four-fifths 		
of a foot.
• Citizens need to assess the overall fire environment, i.e., vacant lots between homes. Concentrated 		
vegetation will require adjustments to defensible space within/outside the neighborhood.
• There are fire events so extreme they exceed any mitigation efforts and will still result in home loss.

Figure 27. Creating defensible space in a neighborhood involves examination of the fire
environment outside of a single home site. Image credit: San Bernardino County, Calif.

- 149 -

Human Behavior
8. Human behavior:
• There is an apathy to tragedy. Numerous individuals believe that these types of natural disasters
won’t happen to them.
• Education needs to focus on creating fire-adaptive ecosystems.
• Recommendations currently are not utilized within our culture, limiting the number of homeowners
mitigating and planning for disasters. We need to develop incentives to increase proactive behavior.
• Attitude of re-entry by fire departments needs to expand to homeowners to understand the outcome
of decreased home loss.
Under the Texas Constitution, Texas counties may only adopt codes and development regulations if
specifically authorized to do so by the State Legislature. As an example, during the 81st legislative session, the
state amended Chapter 233 of the Local Government Code to allow counties to adopt a building code.
The statute limited the adoption of a code that would apply only to residential construction. The statute also
prohibited collection of fees, issuance of permits and inspections or enforcement authority of such a code.
Bastrop County adopted the 2006 version of the International Residential Code. The intent of the legislature
in limiting the powers of the county was to simply allow for a known standard that could be applied in the
litigation of conflicts that may arise between builders and buyers. At this time there is no specific authorization
for Texas counties to adopt wildland urban interface codes.
Texas needs to move toward establishing building and landscape procedures for structures in the WUI across
the state that can be implemented by homeowners and communities even if building codes and regulations are
not established. This needs to be not just government but also public implementations.
Objectives include:
1. Guidance levels of wildfire exposure with functional statements for homeowners, developers,
commissioners and legislature.
2. Develop fire plain zoning maps and designate wildlife prone areas for the purpose of mitigation,
planning and building controls equivalent to various levels of geographic wildfire exposure.
3. Classify vegetation based on radiant heat flux exposure thresholds and ember production capabilities
unique to an ecosystem.
4. Establish standards for vegetation management around structures through a range of distances
based on construction and vegetation types at both the lot and landscape scale.
5. Establish standards for setback from slope for home sites and assist communities in developing
mitigation requirements for existing structures.
6. Establish minimum levels of construction or building code criteria equivalent to various levels of
wildfire exposure mechanisms that can be adopted independent of regulatory building codes for new
and existing structures.
7. Continue research both in laboratory and field examining fire-resistant building materials and levels
of fire exposure.
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Figure 28. Home survivability can be attributed to multiple factors that cannot be separated as individual units. They must be
examined equally and concurrently if we are to understand all aspects of wildfire impacts on structures relative to the type and
length of exposure from a wildfire event.

Wildland Urban Interface Challenge
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Figure 29. Despite the overwhelming and complex nature of the WUI problem, as seen in Figure 28 on Page 151, solutions are being
addressed by NIST and other researchers around the world. Home exposure is relative to time and space. The exposure is a function of
topography, fuels and weather. The problem cannot be solved if homeowners, researchers and community leaders do not understand the
exposure mechanisms. Fuels have certain ignition vulnerability, and we need to understand how to harden fuels to resist varying degrees
of exposure from a wide range of wildfire events and fuels. In order to take defensive actions, we have to begin improving protection
mechanisms from something igniting and there are only two ways to do this: Reduce exposure, reduce vulnerability. (Alex
Maranghides - NIST/USFS Exposure Scale Report and Preparation).

Economic Losses
There is no way to know the initial long-term impacts from wildfire; however there is a need to establish a
baseline by taking a cursory look at local businesses impacted since the fire.
Local businesses were profoundly affected by the Bastrop Complex wildfire. Thirty-eight commercial
structures were destroyed in the initial phase of the fire. The impact on the local business community is much
broader and more complicated. Businesses can be affected directly, through closure or loss of capital due to the
fire itself, or indirectly by changes in demographics and demand during and following a fire. Some businesses
experienced an increase in activity, as their goods or services were needed in dealing with either the influx of
evacuees or in the suppression and recovery efforts.
Others incurred considerable economic loss due to a variety of factors stemming from the fires. These
economic impacts can be characterized in terms of their scope, whether immediate, ongoing or yet-to-be-seen
long-term effects. The examples here are not intended as a comprehensive survey of the economic impact of the
fires, but instead offer qualitative examples of the range of that impact on the Bastrop business community.
Construction and demolition companies generally do well following a natural disaster of the scale of the
Bastrop fire. Though the recovery effort creates jobs and economic activity, this impact still is considered a
net loss, as it is merely a response to major destruction of property and infrastructure (Rahn 2009) and not
an indicator of true economic growth. Hotels and restaurants experienced an uptick in business during and
immediately following the fire in response to the growing number of evacuees.
The impact on two businesses highlights increased activity over two different time scales. Sac-n’-Pac, a gas
station and convenience store at the junction of Texas Highways 21 and 95 in Bastrop, was closed for half a day
when it was threatened by the fire flanking down Highway 21. Despite this setback, business boomed for the
first several weeks of fire suppression activities due to the patronage of fire crews from around the country. It
leveled off after the fire was contained and had returned to normal patronage as of this report.
The Coffee Dog, a coffee house in Bastrop just off of Texas 71, also reported a boom immediately following
the start of the fire. On the first day of the Bastrop Complex Wildfire, evacuees met at The Coffee Dog despite
it being officially closed, because the owner offered them a place to use free WiFi and meet with friends and
family displaced by the fire. As a result, The Coffee Dog benefitted from a raised profile in the community,
a long-term benefit to the business stemming from goodwill practices by management. In addition, fire
crews and demolition and construction crews provided a short-term, but ongoing, influx of patronage to the
establishment.
Many local businesses, such as those offering items which might be considered entertainment or
discretionary by consumers, suffered directly and indirectly as a result of the fire. Two businesses show
examples of the scale and ranges of this impact: Lost Pines Golf Course and Dixie’s Den of Antiquities.
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The Lost Pines Golf Course is an 18-hole golf course on the grounds of Bastrop State Park, privately operated
by the Lost Pines Golf Club. The golf course was directly threatened during the wildfire, with the fire perimeter
meeting the edge of the green in some areas. As a result, the course was closed for two weeks during the
beginning of the fire, and only partially opened (nine holes in play) for another 10 days prior to a full reopening.
These factors resulted in the loss of green fees, particularly from fee-paying players who did not want to play a
nine-hole course. In addition, there were rumors that the golf course had been destroyed or permanently closed
as a result of the fire, and it is unclear how much these rumors affected business.
Compared to a previous average of 800 green fees a month for September through November, the golf course
took in 132 green fees for September, 405 in October and 385 through late November 2011. Likewise, out of 80
members of the golf club (monthly, quarterly and annual), the club had been unable to re-recruit 29, according
to a November 2011 estimate by Alton Robinson, course manager for Lost Pines Golf Club.
Uncertainty about the future of the golf course may have contributed to the reluctance of members to renew.
Since September 2011, the golf course has operated at a loss. All equipment and golf carts are leased by the club
at a cost of $6,000 per month, and an additional $2,800 to $3,000 a month is spent on electricity to operate
the pump on the well that waters the green. At its November meeting, the club’s board of directors voted to
delay to Dec. 20 a decision on whether or not to permanently close the golf course, pending the receipt of a
small business loan to cover these costs.

Located on Texas 71 at Alum Creek Road, Dixie’s Den of Antiquities is within the burn area of the Bastrop
Complex and near some very hard-hit neighborhoods. The antique store was closed for three weeks due to
the evacuation, and had no power several days after reopening. Compared to typical sales of roughly $20,000
per month, Dixie’s brought in only $7,500 in September and $13,500 in October, with November sales not
calculated as of this report, but improving slightly over October.
Owner Dixie Chatham has noted an increase in business as residents have gradually returned to the
neighborhood and have begun rebuilding or received FEMA housing. She notes that her customers are buying
fewer and smaller goods, speculating that this may be due to smaller houses such as trailers being used in
the wake of the fire. She does not anticipate sales returning to pre-fire levels, as some of her customers have
indicated they will not rebuild, but based on the incrementally increasing sales, she projects that monthly
business will again be profitable in the near future.
A full economic impact study of a wildfire would include many factors such as property and structure loss,
infrastructure destroyed and damaged, ecological values lost, and cost to government and agencies at all levels.
The case studies above are intended as a part of that picture — demonstrating the continuum of economic
impact on the business community in particular. As noted this includes ranges of causality (direct and indirect
effects of the fire), severity (positive or negative activity) and time range (short vs. long-term).
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Both the Lost Pines Golf Course and Dixie’s Den of Antiquities suffered lost revenue as a result of closure
from the evacuation. The golf course has struggled to regain and retain customers as a result of a variety of
indirect effects from the fire.
Dixie’s has slowly increased sales, but not to a pre-fire level, due in part to the permanent relocation of
former customers, but possibly aided by returning residents furnishing reconstructed homes. The long-term
effects on these and other businesses in the region, the exact nature of which will become clearer as time
progresses, will have a significant impact on not only state and local tax bases, but on the economic health of
the community.

Bluebonnet Electric Cooperative is one of the state’s largest electric cooperatives and has been serving its
members since 1939. It serves more than 81,000 meters and owns and maintains more than 11,000 miles of
owner lines within 14 Central Texas counties.
More than 4,300 meters in the Bluebonnet Electric Coop service area were impacted during the wildfire —
which the company had to attend to while suppression activities were continuing on the fire. As of Dec. 6, 2011,
the company had replaced 1,223 burned poles and run 61 miles of electrical wire at a cost to the company of
$7,105,268.

Photos © Jan Amen, Texas Forest Service
This photo shows trees fallen on power lines.
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The examination of economic losses has been followed for two fires in Texas.
When the Wilderness Ridge Fire ignited on Feb. 28, 2009,
it was the largest WUI fire to date in Bastrop County. The
wildfire resulted in the loss of 26 homes with a total value
of losses estimated at $1,144,095, based on available tax
records. One year after the fire, only nine homes had been
rebuilt or replaced. No FEMA assistance was authorized for
homeowners and the county continued to foot the bill for
removal of dead trees. This area would again see fire during
the Bastrop Complex, resulting in the loss of additional
homes not impacted by the Wilderness Ridge Fire.
The Cross Plains Wildfire on Dec. 27, 2005, raged across
the northern plains of Texas, in a seemingly unlikely place.
Photo © Karen Ridenour, Texas Forest Service
The town was not surrounded by thick, overgrown and overmature forest, nor was it located in steep mountainous country.
This photo shows regrowth in the Wilderness Ridge
There were no expansive acres of public land adjacent to the
Fire footprint one year after the fire.
community. The 6,835-acre fire destroyed 85 single family homes,
25 mobile homes, six hotel units and the First Methodist Church.
The total value of the single-family dwellings destroyed was estimated
at $3,096,160.00 based on available tax records.
One year after the fire, 20 homes had
been rebuilt or were under construction. At
least eight modular homes had been erected
and others were scheduled. Construction
was expected to continue because the city
received a $286,000 grant from the U.S.
Department of Housing and Community
Affairs that would be used to rebuild as
many as six homes. In October 2008, Cross
Plains was revisited to evaluate current
economic, community and government
impacts since the fire three years prior. As
of October 2008, only 38 of the 110 homes
destroyed had been rebuilt. The loss of
more than 122 residences and lack of home
reconstruction has resulted in an annual tax
revenue loss of $3 million a year.
Photo © Texas Forest Service
This photo shows the aftermath of the Cross Plains wildfire.
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Figure 30 shows Bluebonnet Electric Cooperative’s estimated power restoration timeline.
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The First Hours

Molly Allender, University of Texas
In the midst of disaster, there is a distinct split between those who are informed and the general public, those
trying to answer questions and those demanding answers. This division can lead to frustration on all parts as a
result of misunderstanding. This is an attempt to create an image from all perspectives to break down barriers
and promote a better understanding of the “other” side.
As first responders, we have the privilege of being able to cross over the “line,” the barricade keeping the
public out of the area of the event. This provides insights into the questions that so many outside are desperate
to know. Frustration mounts against us from the public as answers are slow in coming. A string of missing and
contradictory details are circulated in the public. Our system of command and agency organization appears to
be chaos to the public. However, this seemingly erratic system is often a carefully orchestrated design. Within
the fire community, the incident command system is in place to immediately address every aspect of large-scale
events. Resources are mobilized locally and nationally to meet immediate and longer-term public needs. The
effort is coordinated among various agencies, both public and private, with tactical planning to manage and
restore order to the community.
This privilege comes with huge risks and responsibilities. The public can watch local and national news
reports about disasters; even on the movie screen these events can be recreated. The reality faced by first
responders cannot compare. To those living a disaster, no previous knowledge can prepare you for the actual
event. First responders must put themselves at risk to help others and to prevent damage and destruction. We
must also carry the burden of knowledge, especially in small communities. We know the owners of the home
we are trying to protect and the home that couldn’t be saved. We are looked upon to restore a community in
the chaos, to bring hope to the public, but we know our lives and our community will never be the same. Every
action taken is with public safety in mind. Safety is the reason why the public is kept out of the area, a fact often
overlooked by those who are eager to stay or return to their homes.
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The following are excerpts from multiple interviews with law enforcement, firefighters and homeowners:
Law enforcement: Evacuations and unspoken thank-yous
“There were six of us on shift to start evacuations. We had experience evacuating people before but nothing
on this scale. We were first on the scene – and as I looked down the road I saw a wall of fire. I think, This fire
isn’t going to stop.

“A call came in ... There were children and a man in a home that refused to evacuate. Knowing what I must
do, I drove around the area the fire was headed toward, hitting my air horn. No one was in sight. Then I saw
a man, alone on a roof and I asked him what he was doing. He told me this was his mom’s home and it’s all
they have. He refused to leave, saying he would do whatever it takes to save the house, without even a hose.
Eventually it was clear the man would not leave so after getting his information, I had no choice but to leave
him. It was hard to believe that he felt this was all he had in the world and wouldn’t leave because of it.
I couldn’t stop thinking about him. I hoped the fire would scare him enough to get off the roof, but more than
that, I hoped that he would realize that his family was more important than his house.”

“After evacuations, I was driving around and ran into a group of about six cars. One woman in the group
started hysterically crying when she saw me. She couldn’t find her husband. They lived off Pine Hill on Forest
off Highway 71 and this area was evacuated around 4 p.m. After they left, her husband decided to go back and
she hadn’t seen or heard from him since. It was then 4 a.m.
We sent her to a shelter in Elgin and got her number. We drove to the address, passing roadblocks and with
fire on both sides of the road. The house at the address she gave us was standing but all the trees were still
burning. We ran down the driveway and started yelling, ‘Sheriff’s office!’ We saw someone inside the house.
The man we’d been looking for came out of the house with a wet towel on his head. We ordered him into the
truck and told him that his wife sent us there to find him. We found out he
had parked his car at Lakeside Hospital to bypass barricades and officers and
walked to the house. He remained composed as he talked to his family on the
phone for the first time, but when he finally saw his family he broke down and
started to cry.”

Photo © Southern Plains Incident Management Team
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“Now, looking back, I question if I did enough. I was threatened to be shot, almost hit by a car going through
a barricade, cussed at and yelled at by people. There were only 30 officers trying to patrol the entire county
to keep these people safe. We were risking our lives to help people and in return, we were treated so ugly. My
home and family needed to be evacuated and I couldn’t deal with that because I was helping other people
evacuate. We were on Cardinal still trying to pull people out of their houses as the fire department was
leaving the area because of the fire. We saw signs for fire departments and volunteers but nothing for the law
enforcement. It was very frustrating.”
Firefighters: Small victories
“I walked into a room full of my coworkers, covered in black ash exhausted from having worked almost 24
hours straight. I said, ‘We saved two ... We managed to save two.’ This proclamation would bring a moment
of silence to all present in the room. They understood the magnitude and disappointment connected to that
statement. Everyone in the room realized the significance of two homes even when hundreds of other homes
had been destroyed. They realized that the enormity of this event should have left no homes standing. This
victory that appears so small to everyone outside of the room has great significance. Our lives were risked to
save ‘things.’”

“I was the first on the scene at 258 Charolais, the site of the initial ignition. There were embers raining
down creating spot fires faster than we could contain them. Within seconds, I realized that this fire was going
to be big. I was in the middle of a scene. Fellow firefighters disoriented in the smoke were calling ‘Mayday!’
There were homeowners refusing to evacuate, homeowners wanting pets rescued and needing to be rescued
themselves. We repeatedly attempted to save house after house only to have the fire overtake us, forcing us to
retreat. Then I realized my own family was in danger, and they needed evacuating. I could not assist them; I
had a job to do. So, with this in mind, I made what could have been a final phone call to tell my family to get out
and tell them goodbye, in case they did not make it.”

“We were just about to leave when we heard some radio traffic that did not sit right with us. There was a
brush truck that had traveled Cardinal Lane behind us looking for another possible evacuation. They had
gotten off the main road and were stuck in a location that they could not find a route out of. They had the
address, but due to the fire conditions they were staying put. There was no clear sense of direction through the
smoke and the fire, and they had holed up behind the house at the given address – at least what was left of the
house.
As we made our way back into the fire zone we blasted our air horn and waited for a reply blast, all the while
advising the brush truck to blast back when they heard us. Finally we heard a horn sound in the distance. We
arrived at what we thought was the correct address and pulled up trying to keep the engine in the middle of the
road and as far away as possible from anything that was burning. The last thing we wanted was to walk in and
come back to the engine on fire, but it was a real possibility. The brush truck was at the back of the property,
behind the house, outbuildings and propane tank – all of which were fully involved. We hit the road and the
brush truck led us out the way we came in back to Highway 21 East. We all stayed on air until we cleared the
area. I felt that everything aligned just right for us that day, and I took away that it is never too soon to ask for
help. Send the Mayday early because help is rarely just around the corner.”
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Dispatch: Helpless responsibility
“That Sunday started like any other. My coworker and I knew there was high fire danger but after the long
drought this was the case on most days. We received a call that a fire had broken out due to a power line that
was down; still things seemed routine. Over the next few minutes we received four or five more calls about the
same fire. By the 10th call, the emergency management coordinator called me to bring another dispatcher to
help. I was skeptical at first, telling him my one other coworker and I could handle things but he insisted.
Suddenly there was a flood of calls coming in with all eight lines constantly full. With every call we
received we tracked the fire so we could update the next caller and the officers out on duty. After two hours
of continuous calls, I looked at my computer screen and saw more than 400 calls had been abandoned. I had
a horrible sinking feeling. The three of us were doing everything we could to get to the all the calls, but there
weren’t enough lines to deal with the high volume of callers. It was just too much. We were tracking everything
by hand with no time to input the information into the computer. All the while, we were trying desperately to
keep up with the fire and police department, but with three dispatchers and phone calls constantly coming in,
this proved to be very difficult.
We are housed in a small windowless room so our only connections to the outside world were the phone
calls and radio transmissions we received from the officers. I knew things were getting bad when our alwaysprofessional officers began using each other’s first names. The fire spread to Bastrop State Park and I started
receiving calls from my neighbors and then from my family members. By this point, I was terrified knowing my
loved ones were in harm’s way, but I didn’t let it show. I had a job to do. As I told my friends and family to get
their valuables and get out, I realized there was no one at my home to do the same for me. The worst feeling
of helplessness set in and I assumed my house and all its contents were gone. I stepped away from the ringing
phones into the kitchenette of our office and gave myself one minute to grieve and collect myself.
I’m glad I was able to help, but that was an absolutely horrible time that I never want to experience again. I’m
proud to be a part of the team of people that helped my community. We all did a great job communicating
to each other in this unprecedented disaster. Any initial problems were quickly ironed out. In the end, my
husband and I lost a truck and a boat, and had some fire damage to our house, but it was saved. During the
fires, my sister went to my house and saved my wedding dress. We were very fortunate. Five of my family
members lost everything. The days of the fire and those immediately after were a horrible time in my life.”
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Homeowner - Home lost, understanding
“On the day after my son’s birthday, he was in the front yard playing with his new toys when I noticed a
smoke cloud. Knowing the high fire danger in my neighborhood, I checked the Internet and the news for any
information about a fire in the area. I wasn’t able to find any information so I called a friend with a fire scanner.
He told me the fire was headed toward my neighborhood and evacuations were being ordered for the area.
I collected a few belongings and left with my family. After we were in a safe area, I called friends to make
sure they were in the process of evacuating or in a safe place. My family and I stayed with a friend in Austin.
The next morning, our home was still standing but driving through the community, I was filled with terror and
thought to myself, all of Bastrop is on fire. The following day, I was called in the morning and told that my
home was gone. It was extremely difficult to know my home and its contents – including priceless collections –
were destroyed, yet having an answer filled me with a sense of peace.
Due to the nature of my job, I understand the needs of local wildlife and I have a different perspective. Unlike
most homeowners, I realize this fire was very likely and in the end was beneficial for the plant life. Sadly the
area was very densely populated with homes so some were lost.
Additionally, I have insights into the training firefighters
must go through and I’m so impressed by the execution
of the evacuation and the dedication of all the firefighters
involved. It’s strange to say but overall, I feel the fire was a
blessing. My family now lives in a nearby community and
I have sold my property in Bastrop to another fire victim
who plans to build a new home on the site. There have
been many positive outcomes as a result of this fire and
things could’ve been much worse if it wasn’t for the hard
work of everyone involved.”

Photo © Southern Plains Incident Management Team

Homeowner - Home saved, frustrated
“While on a trip in Houston, I got a call around 3 p.m. from my father, who lives in my neighborhood. He
told me there was a fire and he was being evacuated. The parks near our home often have prescribed burns
so I didn’t think too much of his call, but I went ahead and checked the news for any information. There was
nothing on the local television stations or the Internet indicating there was a fire in Bastrop. Just to be sure, I
called a friend and was told there was in fact a fire and it was bad.
My husband and I immediately drove home and, with the help of the police we were able to save pets from
our house. The next few days were a mix of surreal disbelief and frustration with the lack of communication.
There was no way of knowing the state of our home or any indication of how long it would be before we could
return to find out what would be left. This lack of knowledge was only made worse by the news reports of the
increasing number of homes lost and bodies of animals left behind. It was three weeks before I was able to
return to my home.
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All of our surrounding neighbors lost their homes, but we were fortunate and our home was saved. Many
things went into our home being saved. Being only a year old, all the seals were tight and materials were all
up to date in fire codes. The wooden fence in our yard burned down and there were embers in the attic but
otherwise there was no damage. We removed all the underbrush from our yard and 25 trees from our half-acre
lot when we moved into our home. The back of the house and connecting deck is made of Hardiplank.
Upon returning to our home, it was obvious firefighters were there and had moved lawn furniture. It was
the actions of these men and women and our precautions that prevented our home from the same fate of
so many others. Looking back, I can’t help but think of things that could’ve been done differently or better.
The roadways were a mess, there wasn’t much communication initially when the fires started or about the
conditions of our homes, and many pets were lost because residents were barricaded from neighborhoods. We
got lucky, but I get angry when I listen to others’ stories of loss and when I remember the agonizing times of
knowing nothing.”

As in the case of many disasters, it is a mental defense to refuse to accept blame or admit the likelihood of
being affected by a fire of this magnitude. Surveys conducted indicate individuals have a good understanding
of fire behavior and risk yet have difficulty personally applying this knowledge (McCaffrey 2008). People
knowingly move into areas with high fire danger, but can’t imagine a fire actually concerning them so they don’t
“engage in any defensible-space measures” or other steps to help reduce their individual risk (McCaffrey 2008).
While this is not always the case, most people “expect to be protected by firefighters” and have a hard time
shouldering any of the responsibility (McCaffrey 2009). There is no one to blame in the cause or results of
this devastating fire, but the public needs to have a better understanding of fire and apply this knowledge.
Otherwise all the lessons that can be taken from this destruction will be in vain.
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Conclusion
This document summarizes six months of research on the Bastrop Complex Wildfire. It provides extensive
data that will prove useful in how we prepare for future wildfires. It is our hope that experts and the public
understand that wildfires are dangerous forces of nature that can’t be stopped. We hope that they will use the
information provided here to better understand why wildfires occur, how they are suppressed and what we can
do to make the job easier on our first responders.
The coupling of limited resources and the number of homes burning at any given time within minutes
of a wildfire ignition makes preventative measures essential. The county’s preparedness for such an event
resulted in a successful evacuation of citizens with limited injuries and fatalities. However, this response
made resources available to defend structures minimal and many homes’ survival was based on actions of
homeowners before they were evacuated.
• Within 18 hours of ignition, Texas Forest Service’s post-fire assessment team initiated data collection of
destroyed structures.
• The Texas Forest Service post-fire assessment team spent 30 days and more than 1,584 personnel hours
collecting field data from the Bastrop Complex Wildfire.
• Bastrop County personnel spent estimated 220 hours ensuring all damaged/destroyed structures were
delineated correctly.
• NIST contract personnel with McNamara Consulting spent 55 hours on the creation of the WUI 1 database
and UML schema incorporating defensive actions and fire behavior timeline database objects, using ArcPad
applications for data collection, providing geospatial technology support for data collection, managing data
during deployment and acquisition and processing and analyzing remote sensing data.
Findings related to the damage, failure and/or successful performance of structures in the Bastrop Complex
Wildfire include:
• Extreme weather in the form of prolonged drought, influence of Tropical Storm Lee’s winds, low relative
humidity and elevated temperatures contributed to extreme fire spread.
• Dense closed pine stands and mid-story vegetation carried fire to residential properties and public lands.
• Structures defended by fire fighters showed increased successful performance.
• Certain foundation constructions (pier and beam) as well as modular/mobile homes may exhibit individual
exposure and ignition vulnerabilities
• Local topography and location of structures had a significant impact on fire behavior, increasing structure
exposure and ignition vulnerabilities.
• In instances where vegetation was closer than 30 feet from structures, fire behavior was impacted, increasing
structure exposure and ignition vulnerabilities.
• Additional observations noting practices of debris removal from roofs, utilizing yard irrigation and removal of
combustibles showed decreased fire behavior, resulting in lowered exposure and ignition vulnerabilities.
• In the absence of a nationally standardized data collection framework, the NIST-developed WUI 1 system
enabled the documentation and analysis of structural losses from the Bastrop Complex Wildfire.
• Bastrop County’s use of the Office of Emergency Management Website, Facebook and Twitter feeds provided
critical information to residents during the event. Bastrop County continues to provide updated information
regarding long-term recovery for the county and Lost Pines.
Findings related to the data analysis of the Bastrop Complex Wildfire include:
• GIS availability, cost, attributes, quality and accuracy varied from agency to agency, sometimes not accurately
representing on-the-ground collected data.
• Data of destroyed structures collected at a roadway rather than a structure footprint made identification of
structures difficult in high-density areas.
• An address shared by multiple structures and addresses not displayed for each inhabitable structure made it
difficult to locate and document structures.
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Since Sept. 4, 2011, Bastrop County has received 588 development permit applications. Three hundred fortytwo (58 percent) were for fire victims. Within the city limits, only eight permit applications have been received.
As of March 1, 2012, Aqua reports 508 members who are building or rebuilding within the fire perimeter. As of
April 18, 2012, Bluebonnet Electric reports 729 active meters within the fire perimeter.

Development permits outside the Bastrop city limits as of April 20, 2012.
Data provided by Vickie Box, Bastrop County Planning and Project
Management.

Development permits inside the Bastrop city limits as of April 19, 2012.
Data provided by Marie Murnan, City of Bastrop Planning and Development.
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Additional findings:
• Bastrop County has removed 440,000 cubic yards of hazardous trees as of April 2012, with an additional
81,000 cubic yards still to be removed.
• The dead trees removed (and those targeted for removal) posed a threat to structures, private property
ingress/egress, or were likely to fall into county road rights-of-way.
• The county estimates that the volume of vegetative debris removed by Bluebonnet Electric will be
comparable, while the debris removed by Texas Department of Transportation will be approximately 50,000
cubic yards.
• An additional 65,000 cubic yards of construction and demolition debris has been removed by the county.
• In November 2011, Bastrop County’s Lost Pines Recovery Team mailed Post-Fire Best Management Practices
(BMPs) to approximately 3,200 private property owners. These BMPs addressed the dos and don’ts in regard
to environmental recovery.
• The Lost Pines Recovery Team hosted a well-attended post-fire landowner workshop in January and
produced a “fire cards deck” to provide technical assistance to property owners.
• Bastrop County has initiated erosion control measures, with assistance from American Youth Works. They
are currently hand seeding 190 acres of heavily burned landscape upstream of rights-of-way around structures
damaged in the fire.
• In cooperation with the Natural Resources Conservation Service, the county plans to hydro-mulch up to
4,000 more heavily burned acres as well as repair and improve 25 drainage structures in county rights-of-way.
• The Lost Pines Habitat Recovery Master Plan calls for reforestation of more than 11,000 acres and thinning of
5,000 acres of scorched or unburned understory over the next five years.
Data provided by Roxanne Hernandez, Lost Pines Habitat Conservation Plan Administrator, Bastrop
County.
The following actions have been taken toward recovery at the Bastrop State Park in the aftermath of the
Bastrop Complex Wildfire:
• The state park fully re-opened to the public in April 2012.
• Roofs damaged by fire have been repaired. Utility systems have been repaired or replaced. Roads were rebuilt,
and most wildfire debris within public use areas has been removed.
• More than 600 acres of fire-killed timber has been harvested within the park, primarily adjacent to roads,
buildings, parking and other public use areas
• Erosion mitigation practices, including seeded hydromulching and installation of gabion baskets and
strawlogs, have been completed on about 650 acres of heavily burned and erosion-prone parkland
• Long-term forest restoration practices, including planting and herbicide application will be needed for up to
3,000 acres of parkland.
Data provided by Greg Creacy, Texas Parks and Wildlife Department, Bastrop.
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To the Citizens of Bastrop County,
This document, Bastrop County Recovery Plan, is a plan to assist Bastrop County as it moves past the immediate impact
of the Bastrop County fires of September 2011 toward physical and economic recovery. This document is only a guide.
The recovery process will take months, perhaps years, to accomplish, and will require effort and understanding from all
Bastrop County citizens.
This document is a preliminary list of tasks and accomplishments necessary to reach Bastrop County’s goal of community
rebuilding. With multiple stakeholders in the process, communication and cooperation among the groups named as
resources in the plan is crucial. Consistency in our message, that Bastrop County is taking all the steps necessary for a
successful recovery, is also imperative.
This plan includes short-term objectives that should be addressed immediately and intermediate objectives for the rest of
2011. The completion of these objectives will provide a foundation for long-term recovery.
We need you and your support to bring our county back. We can do it, together, and this plan will guide us into recovery.
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Implementation and Review Process
The Bastrop County Complex Fire Recovery Plan includes short-term objectives that should be addressed
immediately and intermediate objectives for the rest of 2011. These objectives have been developed in
consultation with the group supervisors for each area of the plan so they reflect the needs and desires of
Bastrop County.
This plan needs to be monitored and updated on a weekly basis and reviewed for completeness on a monthly
basis. As this review and update is continued, the completed document will give a picture of the success of
rebuilding efforts in Bastrop County.
Implementation of this plan will begin with weekly meetings of the Bastrop County Complex Fire Recovery
Task Force, composed of county staff overseeing each of the major components of this plan (including
public information), beginning the last week of September. At these meetings, each group will review
accomplishments, current objectives, resources committed, future actions and unmet needs. As objectives are
met and needs answered, these meetings will become less frequent.
An important component of implementing the recovery plan is providing information about
accomplishments. In addition to informing elected officials and staff, the county may choose to celebrate
significant accomplishments and milestones with press releases or other media events as visible signs of
Bastrop County’s successful recovery.
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Debris Management Group
Group Supervisor: Ronnie Moore
Contact: 512-779-9926
Coordinating Groups:
Debris Management
Environmental Habitat Conservation
Financial Management
Public Information

Photo © Steven Long, Bastrop County Office of Emergency Management
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Environmental/Habitat Conservation Group

Group Supervisor: Roxanne Hernandez
Contact: 512-718-2286
Coordinating Groups:
Debris Management
Road and Bridge
Financial Management
Public Information
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Financial Management Group
Group Supervisor: Melissa Kincaid
Contact: 512-321-8401
Coordinating Groups:
Donations/Volunteer
Environmental/Habitat Management
Road and Bridge
Animal Support
Public Information
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Meet individually with
departments and groups to
review the reimbursement
process

Bastrop County
Other agencies
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Jennifer
Pacheco and
Melissa
Kincaid, County
Auditor’s Office

As needed
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Donations/Volunteer Management Group
Group Supervisor: Megan Helton and Sheila Lowe
Contact: 202-340-7700
Coordinating Groups:
Financial Management
Public Information
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2nd Long Term
Recovery meeting with
community

Chair, identify
subcommittees
and elect a
secretary

VOAD
TDEM
FEMA
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Establish clear
communication between the
VRC and Smithville with
regard to needs

Communication

AmeriCorps

Americorps

10/1/11

Plan food for both volunteers
and AmeriCorps

Food plan

Americorps

Americorps

10/1/11

Meet with state VAL about
long term planning

Long-term plan

Americorps
TDEM

9/23/11

Americorps
TDEM
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Road and Bridge Group
Group Supervisor: Johnnie Schroeder
Contact: 512-845-3413
Coordinating Groups:
Debris Management
Environmental/Habitat Conservation
Public Information
Financial Management
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Animal Support Group
Group Supervisor: Jr. Tucker
Contact: 512-653-8903
Coordinating Groups:
Debris Management
Environmental/Habitat Conservation
Public Information
Financial Management

Photo © Southern Plains Incident Management Team
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Public Information
Group Supervisor: Gayle Wilhelm, County Judge’s Office
Contact: 512-332-7201
Coordinating Groups:
Debris Management
Environmental/Habitat Conservation
Donation Management
Road and Bridge
Financial Management
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Continue to update
all residents with
relevant information

Develop message
for County’s
website to ask
anyone requesting
updates to be placed
on email blast list
for messages
regarding recovery
efforts to be
disseminated
periodically
Continue to update
media

Utilize one line of text on utility bills
(cable, water, gas, power, phone,
etc.) to refer customers to County’s
website for most up-to-date
information

Email blast to interested parties

Establish new Gmail account
(transfer information and contacts
from bastropfirenews@gmail.com
to bastropfirerecovery@gmail.com)

Access to bills
from Aqua
Water,
Southwestern
Bell, Time
Warner, Bluebonnet, Center
Point Energy

County PIO
(coordinates
with various
utilities for
implementation of this,
including bill
print deadlines

9/30/11;
ongoing
quarterly
updated line of
information

Message
placed on
County website asking for
email addresses; County IT
department
prepare email
list; County
send out message

County PIO

9/30/11, for
generation of
list; ongoing
updates

Access to
Gmail account

County PIO

9/30/11;
ongoing
updates
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Disseminate “success
stories” from various
residents and businesses
showing resiliency of
people of Bastrop County

would outline the initiatives
being undertaken by the County
during the Recovery Phase.

letter from Judge
and
Commissioners
on County
letterhead;
envelopes
addressed and
stamped

Written stories submitted to
local media for further coverage
and publication

Residents,
Businesses willing to talk about
future plans to
remain in the
County;
volunteers to
write stories
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Volunteers
recruited
by County
PIO to write
the stories;
County PIO
to review &
disseminate

10/14/11;
ongoing
updates

Emergency Management Coordination Group
Group Supervisor: Mike Fisher, EMC
Contact: 512-581-4022
Coordinating Groups:
Debris Management
Environmental/Habitat Conservation
Public Information
Animal Support
Financial Management
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Prepare and deliver FMAG
packet to TDEM

Bastrop County

Work with historical archive
company to complete project

Final document/book/
DVD

Invite all stakeholders to a final
meeting to view the historical
archive DVD, book, document

Close out reception and
communication with
interested agencies/
stakeholders

OEM staff
Historical archive
company

All stakeholders
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Mike
Fisher
EMC

12/15/11
(due date)

Mike
Fisher

ongoing

Mike
Fisher

when
historical
archive is
complete
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Disaster Declaration
DECLARATION OF ENVIRONMENTAL DISASTER
WHEREAS, the County of Bastrop beginning on the fourth day of September, 2011, has suffered widespread or
severe damage, injury, loss of life and property resulting from the Bastrop County Complex wildfire, and
WHEREAS, the Bastrop County Complex wildfire occurred during the one-year drought of record for Bastrop
County, and
WHEREAS, the wildfire caused great harm and destruction to the natural ecosystem, agricultural lands and
habitat of the federally endangered Houston toad (Bufo houstonensis), and
WHEREAS, the damaged area now presents a significant threat of continued soil erosion, water quality
degradation and continuing damage to the Lost Pines’ natural and cultural resources, and
WHEREAS, unmitigated erosion will increase sediment loads in streams, ponds and drainage systems that are
potential breeding sites for the federally endangered Houston toad (Bufo houstonensis), further reducing the
number of suitable and potentially successful breeding sites, and
WHEREAS, approximately 41% of the high suitability habitat for the federally listed endangered Houston toad
within Bastrop County was moderately to heavily burned, and
WHEREAS, the post-fire landscape, although relatively inhospitable to the Houston toad, is not necessarily
inhospitable to the Gulf Coast toad which competes directly with the Houston toad; and,
WHEREAS, inter-species competition between the Houston toad and Gulf Coast toad increases the likelihood
of interbreeding and subsequent genetic dilution of the remaining Houston toad population, and
WHEREAS, non-native invasive plants and invertebrates may become a more serious problem on the post-fire
landscape, and
WHEREAS, The Lost Pines ecosystem is a unique, isolated population of the westernmost distribution of
loblolly pine; and
WHEREAS, the vast majority of pine timber within the footprint of the Bastrop County Complex wildfire will
not survive due to the past and ongoing drought and actual damage to the trees from the wildfire, and
WHEREAS, the loss of a contiguous overstory of pine timber over a large area will create conditions that favor
the regeneration of a post oak/yaupon holly forest that will replace a mixed pine/hardwood forest, and
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WHEREAS, the stumpage value of 24 million cubic feet of damaged and destroyed timber is more than $14
million given East Texas market conditions observed immediately before the outbreak of fires this summer, not
including the significant monetary value attributed to the loss of forest aesthetics and landscape value these
trees added, and
WHEREAS, with approximately seventy-five (75) percent of the “burn scar” on privately owned property, nontraditional methods of recovery and restoration must be implemented, and
WHEREAS, assessments indicate that land owners, both public and private, are supportive of the best
management practices (BMPs) set forth by the Lost Pine Recovery Team and would agree to implement such
BMPs, but find that implementation would be unaffordable especially to those who have suffered significant
loss of property from the wildfire, and
WHEREAS, the cost of management activities to restore the integrity of the Lost Pines ecosystem exceeds the
capacity of Bastrop County and its current resources, and
WHEREAS, Bastrop County Judge Ronnie McDonald has determined that extraordinary measures must be
taken to alleviate the detrimental effects to the natural and cultural resources of Bastrop County,
NOW, THEREFORE, BE IT PROCLAIMED BY Ronnie McDonald, COUNTY JUDGE OF BASTROP COUNTY
1. That a local state of ENVIRONMENTAL DISASTER is hereby declared for Bastrop County pursuant 		
to §418.108(a) of the Texas Government Code.
2. Pursuant to §418.108(b) of the Government Code, the state of disaster shall continue for a period of
not more than seven days from the date of this declaration unless continued or renewed by the 			
Commissioners Court of Bastrop County.
3. Pursuant to §418.108(c) of the Government Code, this declaration of this state of environmental 		
disaster shall be given prompt and general publicity and shall be filed promptly with the County Clerk.
4. Pursuant to §418.108(d) of the Government Code, this declaration of a local state of disaster 			
activates the county emergency management plan AND is forwarded to the Governor of the State of 		
Texas as a request for declarations from State and Federal levels for such an environmental disaster.
5. That this proclamation shall take effect immediately from and after its issuance.
ORDERED this the 21st day of December, 2011.

____________________________
Bastrop County Judge Ronnie McDonald
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Acronym

Agency

ADRN 		
Austin Disaster Relief Network
AC			AmeriCorps
BAER			
Burn Area Emergency Response
BC-EMC		
Bastrop County Emergency Management Coordinator
BC-EOC		
Bastrop County Emergency Operations Center
CAPCOG		
Capital Area Council of Government
CBOs			 Community Based Organizations
DMS			 Debris Management Site
DRC			
Disaster Relief Center
FEMA			
Federal Emergency Management Agency
FMAG			
Fire Management Assistance Grant
JIS			
Joint Information System
LCRA			
Lower Colorado River Authority
LPHCP		
Lost Pines Habitat Conservation Plan
LTRC			
Long Term Recovery Committee
NRCS			
Natural Resources Conservation Service
PPDR			
Private Property Debris Removal
PA			Public Assistance (FEMA)
PIO			 Public Information Officer
PODs			 Points of Distribution
PR			
Public Relations
PSA			 Public Service Announcement
SAIC			 Science Application International Corporation
TAMU			
Texas A&M University
TCEQ			
Texas Commission on Environmental Quality
TDEM			
Texas Division of Emergency Management
TxDOT		
Texas Department of Transportation
TFS			 Texas Forest Service
THC			 Texas Historical Commission
TPWD			
Texas Parks and Wildlife Department
TSU			 Texas State University
USACE		
U.S. Army Corps of Engineers
USFWS 		
United States Fish and Wildlife Service
VAL			
Volunteer Agency Liaison
VOAD			
Volunteer Organization Active in a Disaster
VOLAGs		
Volunteer Agency
VRC			
Volunteer Reception Center
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