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FOREWORD
Roy Wright, President & CEO of the Insurance Institute for Business & Home Safety

Mother Nature can intrude into communities bringing all manner of disasters, each with its own
unique challenges.

Wildfires—unlike wind, flood, or hail—intensify when they encounter our built environment. While
adding hurricane clips and straps to a home’s structure can reduce its vulnerability to a high wind
event, the construction quality of a home against wind has only small impacts on the next-door
neighbor and does not affect the strength of the hurricane itself. However, the wildfire risk of adjacent
homes not only correlates to its exposure but can also amplify the vulnerability. When one home
ignites and then sets the next structure on fire, it triggers a cascade of destruction.

This significant wildfire risk did not develop overnight. We are addressing a multi-generational issue
that has been evolving for over 75 years in neighborhoods adjacent to lands where fire has been part
of their ecosystems for millennia.

Yet we are neither helpless nor hopeless in the face of wildfire’s fierce effects.

Our understanding of wildfire science, especially its interaction with the built environment, is
advancing rapidly. The equation requires adaptation at both the parcel and community scale.
Effective strategies to reduce wildfire risk for individual properties are proving their value. Now, we
are tackling the next piece of the wildfire risk puzzle: addressing the neighborhood risks that drive
large-scale conflagrations.

Each neighborhood is unique, even those developed by volume builders. They have different
surrounding fuels, layouts, and connective fuels. To address these realities, we need a mitigation
system that can adapt to these characteristics while providing protections to reduce the
probability of a conflagration that leads down the path to catastrophe.

We can envision a scenario where the neighborhood, with its passive defense features, acts as a
fuelbreak rather than a fuel source.

The Wildfire Prepared Neighborhood Standard by IBHS moves toward a community-scale,
performance-based design rather than prescriptive elements.

Adapting to wildfire is not easy. These requirements of the standard will be tough for new
neighborhoods and require extraordinary efforts for existing neighborhoods. However,
intentional choices, targeted redesigns, and communal commitments offer the clearest path to
wildfire survivability and enduring home insurability.

Join us in preparing your neighborhood for wildfire. Together, we can create survivable, more resilient
communities.
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PREFACE

Wildfires, more than any other weather-related peril, become intrinsically connected to the built
environment upon encounter. The built environment can serve as a fuel source, influence fire behavior,
and govern fire spread. The progression of fire through the built environment highlights how each structure
and its probability of ignition are influenced by its surroundings. In neighborhoods within the wildland-
urban interface, where buildings may be separated by only feet or tens of feet, the survivability of a
structure is highly influenced by its neighbors.

To address this critical need, the Insurance Institute for Business & Home Safety (/BHS) developed the
IBHS Wildfire Prepared Neighborhood Standard. This technical standard aims to meaningfully reduce the
probability of a built-environment conflagration in the neighborhoods where it is applied.

The standard focuses on the following core principles:
e Reducing the probability of initial ignitions along the perimeter of the neighborhood from an
approaching wildfire, where direct flame and radiant heat can firstimpinge on homes.
e Protect the neighborhood from embers.
e Ifignitions occur, reduce the rate of fire spread.
e Enable the entire neighborhood to act as a passive system to defend against wildfire in all
directions and to not serve as a volatile fuel source.

In developing this technical standard, a performance-based design approach was utilized, recognizing
that all neighborhoods are different. Factors such as surrounding fuels, layout, size, shape, and the
arrangement of structures and spaces between them can influence fire spread and fire behavior.

The IBHS Wildfire Prepared Neighborhood Standard integrates the current state of knowledge on how
wildfire interacts with the built environment. It combines insights from post-event analyses, dynamical
modeling, and experimental testing. The adaptive and objective process provided here determines the
most beneficial mitigation strategies for each specific neighborhood, aligning with the core principles of
the standard. The standard is also designed to incorporate new scientific knowledge and data sources
while maintaining an objective approach and accounting quickly and efficiently for the uniqueness of each
neighborhood.

This technical standard document is intended for use by builders, practitioners, code officials, engineers,
developers, community planners, and fire officials for wildfire mitigation in both new developments and
retrofits of existing neighborhoods. The standard consists of five main chapters covering applicability,
definitions specific to this standard, a user guide, objective assessment processes, mitigation
requirements, and associated references. Three appendices accompany the standard: Appendix A
provides the data requirements and recommendations necessary to apply the standard. Appendix B
focuses on scientific commentary on the methodology behind the standard and Appendix C is an
additional practitioner guide including process diagrams for using the standard. Italicized words within the
document indicate terms with standard-specific definitions, which are found in Chapter 2.

The IBHS Wildfire Prepared Neighborhood Technical Working Group is acknowledged for their
contributions towards developing this standard:

lan Giammanco, PhD Murray Morrison, PhD
Steve Hawks William Pogorzelski
Faraz Hedayati, PhD Milad Shabanian, PhD
Xareni Sanchez Monroy, PhD Evan Sluder

IBHS would also like to thank several external stakeholders that reviewed draft versions of this standard
and assisted in testing technical processes.
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CHAPTER 1. Administration, applicability, and limitations

This section provides the prequalification requirements and application procedures for the IBHS Wildfire
Prepared Neighborhood Standard. The standard mitigation requirements at the neighborhood community
spatial scale the characteristics of surrounding fuels and of the defined neighborhood itself. It is designed
to meaningfully reduce the probability of conflagration within the defined neighborhood through reducing
the probability of initial ignitions where direct flame contact and radiant heat may impact perimeter
structures from external fuel sources and to reduce the probability of ember-driven ignitions from external
fuels and fuels internal to the neighborhood.

1.1 Applicability

The IBHS Wildfire Prepared Neighborhood Standard shall be administered for an area defined by a
specific, single, and closed polygon boundary. The provisions set forth in this standard apply to the
dwelling types specified in Section 1.1.1 within the defined boundary. All dwelling units within the defined
boundary must be one of the dwelling types defined in Section 1.1.1.

The IBHS Wildfire Prepared Neighborhood Standard can be applied to a minimum of a single “cluster” of
qualified dwelling units and where 90% or more structures have a minimum distance to the nearest
surrounding structure of greater than 10 feet within the defined boundary.

The IBHS Wildfire Prepared Neighborhood Standard’s mitigation requirements are not applicable if 90% or
more of the defined neighborhood has a minimum structure separation distance of greater than 100 ft.
The threat of conflagration is diminished, individual parcel level mitigation actions govern ignition
probabilities, and dependencies on neighboring structures are reduced. This criterion follows the
foundational Cohen (2000, 2008) wildland-urban interface fire conceptual model and the Wildfire
Mitigation Framework described in Maranghides et al. (2022).

1.1.1 Qualified dwelling types

Single-family detached home: A freestanding residential building occupied by one family,
limited to three stories above grade. This also includes detached single-family factory-built
modular homes on a permanent foundation that are designed, built, and sited to meet all local
building code requirements. It also includes accessory dwelling unit(s) (ADU), efficiency co-
located with other qualified dwelling types.

Two-family dwelling units (duplex): A freestanding residential building occupied by two families,
limited to three stories above grade. Each individual unit must have the same number of stories
within the overall structure, limited to three stories above grade. NOTE: The entire building,
including the dwelling units, must be evaluated under the appropriate requirements and the
entire building must meet all requirements specified in the IBHS Wildfire Prepared Neighborhood
Standard.

Townhouse: A single-family dwelling unit is constructed in a group of three or more attached
units in which each unit extends from foundation to roof, has a yard or public way on not less than
two sides, and limited to three stories above grade. Mixed use (commercial and residential)
buildings are not applicable. NOTE: The entire townhouse building, which includes all townhouse
units composing the building, must be evaluated under the IBHS Wildfire Prepared Neighborhood
Technical Standard’s requirements and the entire structure must meet all requirements.
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1.2 Limitations

1.2.1 Building codes

The requirements specified in the IBHS Wildfire Prepared Neighborhood Technical Standard
currently exceed typical Wildland-Urban Interface model building codes (2024 International
Wildland-Urban Interface Code - IWUIC, 2022 California Building Code Chapter 7A, 2022 NFPA
1140) through the requirement of a fully 0-5 Foot Noncombustible Zone in both neighborhood
flame zone and neighborhood ember zone requirements. The IBHS Wildfire Prepared
Neighborhood Standard is designed to be implemented as a voluntary mitigation standard.

1.2.2 Conflagration

The standard is not intended to prevent large wildfires or eliminate conflagrations in the built-
environment. It does seek to mitigate the impact of wildfires and meaningfully reduce the
probability of built environment conflagration in neighborhoods where it is applied by establishing
minimum requirements for structures, defensible space, and fuel management at a
neighborhood spatial scale.

1.2.3 Connective fuel management

This standard provides minimum neighborhood requirements for management of fuels (both
vegetative and built-environment elements) between structures. It does not seek to characterize
vegetative fuels or species that may exhibit reduced combustibility at both the parcel and
neighborhood scales.

1.2.4 External fuels

The standard currently assumes, through its processes and subsequent mitigation requirements,
that fire can impinge on the neighborhood from all directions and that the worst-case fuels ignite.
Currently, structural fuels within what could be a nearby neighborhood that has mitigation
elements or another neighborhood which meets this standard are evaluated to the same criteria
as if there were no mitigation present. If ignited, these fuels would impart the same flame/radiant
heat and ember exposure as an un-mitigated neighborhood.

1.2.5 Fire Response

Advancements in technology, firefighting equipment capabilities, firefighter staffing levels, and
training have increased the overall effectiveness of emergency response, structure defense, and
wildfire suppression. Data suggests that 90% to 95% of all structures damaged during wildfire are
defended, primarily by fire suppression resources. However, when a wildfire enters a vulnerable
community under drought and high wind conditions, fire suppression resources cannot be
expected to defend every individual structure threatened by embers, flames, and radiant heat.
This illustrates the need for homes and communities to have a system of passive mitigations that
can significantly aid in increasing the effectiveness of the fire suppression response under
extreme conditions. This standard is designed to be applied as a passive mitigation system;
therefore, it does not include provisions or requirements for fire service response.

1.2.6 Hazard Mapping
This standard does not provide mapping of wildland-urban interface areas, identify the fire hazard
potential of locations under consideration, nor provide a specific wildfire risk assessment metric.

1.2.7 Location

The IBHS Wildfire Prepared Neighborhood Technical Standard is designed to apply to
neighborhoods and communities with high to medium structure density, with most structure
separation distances between 10 to 100 feet. Maranghides et al. (2022) provides a useful
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definition of the wildland-urban interface, WUI Types 1-7, that incorporate structure separation
distances and if the community is considered wildland “interface” or “intermixed.” WUI types 1-5,
characterized by structure separation distances from 6 to 100 feet and typical building densities
of less than two structures per acre up to eight structures per acre, in interface and intermixed
areas reflect the neighborhoods for which this standard is intended. It is not designed to be used
as a construction standard in areas that span the entire built environment and/or large tracts of
wildland areas or in dense urban corridors. (For more details see Appendix B, Section B1.1)

1.2.8 Maintenance

Buildings, structures, landscape materials, vegetation, defensible space or other devices or
safeguards required by this standard shall be maintained in conformance to the standard edition
under which itis installed.

1.2.9 Structure separation

Experimental research indicates that when structure separation is 10 feet or less, fire spread
between two structures is highly likely. Therefore, the IBHS Prepared Neighborhood Standard
contains applicability requirements related to structure separation distances. There are
neighborhoods/communities that the standard does not apply to, given their small structure
separation distances. Additional details and scientific reasoning are provided in Appendix B.

1.2.10 Topography
Topography is not considered within the IBHS Wildfire Prepared Neighborhood Standard in the
determination of the neighborhood flame zone calculation within Section 3.3.

1.2.11 Units of measure

Within the IBHS Wildfire Prepared Neighborhood Standard, English units of measure are generally
stated and shall be the units used and stated for any mitigation requirement. However, for
processes described in Chapter 3 and within Appendix B, metric units are required for several of
those calculations and are therefore presented as such.

1.2.12 Weather

This standard is intended to address wildfire and its impact on the built environment under
weather conditions and fuel moisture characteristics typically observed during conflagration
events. For specific calculations relative to mitigation requirements, an open terrain exposure,
peak 3-second gust wind speed at 10 meters (33 ft) height of 70 mph is applied.
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CHAPTER 2. Definitions & user guide

2.1 Definitions

0-5 Foot Noncombustible Zone (also referred to as Immediate Zone, Zone 0, or Ember-Resistant
Zone). The area which surrounds a structure extending from the base of any exterior wall radially outward
along the ground 5 feet and vertically to the sky. In this standard, this shall be referred to as the 0-5 Foot
Noncombustible Zone.

Accessory dwelling unit (ADU). An attached or detached residential dwelling unit that provides complete
independent living facilities for one or more persons and is located on a lot with a proposed or existing
primary residence. It shall include permanent provisions for living, sleeping, eating, cooking, and
sanitation on the same parcel as the single-family or multifamily dwelling is or will be situated (CA
Government Code (GOV) 66313). The total floor area for a detached accessory dwelling unit shall not
exceed 1,200 ft2 (GOV 66314). A local agency shall not establish by ordinance any of the following: 1) A
minimum square footage requirement for either an attached or detached accessory dwelling unit that
prohibits an efficiency unit, 2) A maximum square footage requirement for either an attached or detached
accessory dwelling unit that is less than either 850 ft? or 1,000 ft? for an accessory dwelling unit that
provides more than one bedroom (GOV 66321).

Accessory structure. A detached building or structure used to shelter or support any material,
equipment, chattel, or occupancy other than a habitable building (i.e., non-dwelling unit). Any detached
structure, that is accessory and incidental to a primary dwelling unit located on the same parcel or lot that
has a surface area coverage or footprint of greater than or equal to 15 ft2and less than 200 ft2. A structure
less than 15 ft?is not considered an accessory structure for structure separation applicability statistics,
structure separation in the neighborhood flame zone, and cluster assessments but is considered in the
connective fuel assessment.

Built environment fuel element. Built environment fuel elements are any combustible material, item,
accessory structure, etc. An accessory structure is considered a built environment fuel element.
Examples include but are not limited to fences, playhouses, sheds, pergolas, gazebos, detached decks,
accessory structures, etc.

Cluster. Set of structures that are separated from other structures in the community by one of the
following:

1) The following physical noncombustible barriers: any paved, maintained (city, town, county) road, any
non-paved but gravel or bare soil roads, or natural barriers that are noncombustible such as creeks, rivers,
lakes, ponds etc. with a minimum width of 20 feet.

2) 100 feet or more from other structures inside the defined neighborhood boundary, or

3) Separated from other structures inside the defined neighborhood by a combination of barriers or
physical distance.

See section 3.5.1

Conflagration. Specific to the usage of this term within this standard, an especially large and destructive
fire that produces uncontrolled structure-to-structure fire spread and mass structure losses.

Connective fuels. Any fuel element or group of fuel elements that aid in fire spread between structures.

Connective fuel flag. Assigned to a cluster where 10% or more of homes within a cluster have more than
one connected fuel pathway to any neighboring structure.
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Connective fuel flagged cluster. An identified cluster of structures where more than 10% of structures
have more than one elevation with a connective fuel pathway to a neighboring structure.

Connective fuel pathway. Series of fuel elements or single fuel elements that connect two or more
neighboring structures with no breaks greater than two times the width of the fuel element. If a breakin a
fuel element/s greater than two times the width of the fuel element is present, the pathway is considered
broken. Any combustible fence which connects to two or more structures shall be considered a
connected fuel pathway independent of other additional fuel elements. The presence of noncombustible
fencing as an element of a 0-5 Foot Noncombustible Zone shall be considered to have broken the specific
connective fuel pathway associated with the fence; however other fuel elements present shall also be
considered in identifying other paths.

Crown fire. Fire that burns canopy forest fuels like foliage, branches, and tall shrubs. Crown fires burn
fuels above surface fuels.

Defensible space. An area either natural or man-made where material capable of allowing a fire to spread
unchecked has been treated, cleared or modified to slow the rate and intensity of an advancing wildfire
and to create an area for fire suppression operations to occur (IWUI 2024).

Dwelling unit, efficiency. Structure where all permanent provisions for living, sleeping, eating and
cooking are contained in a single room.

Neighborhood ember zone (NEz). The area of the defined neighborhood determined by the process
described in Section 3.4 which has a likelihood of ember exposure.

External fuels. Any fuel element or fuel model type identified using at a minimum the LANDFIRE dataset
which is identified within a 4.25-mile buffer beyond the defined neighborhood boundary.

External fuel sector. 45° azimuthal sector extending radially outward from the neighborhood centroid to a
maximum distance of 4.25 miles.

Firebrand. Combustible fragments of material from a fire source with the capacity to ignite other
materials. For the purposes of the IBHS Wildfire Prepared Neighborhood Standard, firebrand and ember
terminologies will be used interchangeably, despite technical nuance as described by Manzello and
Suzuki (2022).

Firebreak. Parcels of land, linear in shape, where all combustible fuels are totally removed down to
mineral soil through a combination of physical treatments (thinning, mechanical clearing, prescribed
burning, slashing, mastication, mowing, plowing) or pavement such as roads, highways etc. In the case of
a boulevard or any divided highway, if the area which is not paved (typically in the center) has no identified
connective fuel nodes, the entire width of the boulevard and/or divided highway shall be considered a
firebreak. If this condition is not met and fuel elements are present, the roadway width closest to the
defined neighborhood boundary shall be considered the firebreak.

Fire-resistance-rated construction. The use of materials and systems in the design and construction of a
building or structure to safeguard against the spread of fire within a building or structure and the spread of
fire to or from buildings or structures. Where this standard requires 1-hour fire-resistance-rated
construction, the fire-resistance rating of building elements, components or assemblies shall be
determined in accordance with the test procedures set forth in ASTM E119 or UL 263.
Exceptions:

1) The fire-resistance rating of structure elements, components or assemblies based on the
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designs prescribed in Section 721 of the International Building Code.

2) The fire-resistance rating of structure elements, components or assemblies based on the
calculation procedures in accordance with Section 722 of the International Building Code.

Flame fuel assessment zone. Buffer zone that extends 0.25 miles (approximately 300 meters) radially
outward from the boundary of the defined neighborhood. This area is used to determine fuels that are
relevant for the flame fuel assessment process.

Fuel element. Any combustible item such as but not limited to plants, materials (e.g., children’s
playhouses, racks of firewood, plastic storage bins, etc.), combustible ground cover (i.e., mulch),
structures, trees, shrubs, sheds, fences, etc. Fuel elements also include any defined vegetative fuel
element but do not include grass/vegetation with a height or depth less than 4 inches above the ground.
Tree fuel elements, due to their height and canopy have specific requirements. Trees are distinguished as
vegetative fuel element with a trunk of 4 inches in diameter or greater when measured at a height of 4.5
feet above the ground.

Fuelbreak. Fuelbreaks are parcels of land, linear or in blocks, on which the vegetation, debris and detritus
have been reduced and/or modified that could control or diminish the risk of the spread of fire crossing the
strip or block of land.

Fire behavior fuel model type (also fuel model type). A set of inputs to define a fuel bed for a specific
fire behavior model.

IBHS. Insurance Institute for Business & Home Safety.

IBHS Wildfire Prepared Home Standard. The latest version of the IBHS Wildfire Prepared Home
Technical Standard. (https://wildfireprepared.org/wp-content/uploads/WFPH-Standard.pdf)

Internal neighborhood sector. 45° azimuthal sector extending radially outward from the neighborhood
centroid of the defined neighborhood to its perimeter and constructed using from the same radial lines
used to construct the external fuel sectors.

LANDFIRE. Landscape Fire and Resource Management Planning Tools is a shared program between the
wildland fire management programs of the U.S. Department of Agriculture Forest Service and U.S.
Department of the Interior, providing landscape scale geo-spatial products to support cross-boundary
planning, management, and operations. LANDFIRE began due to an increased concern about the number,
severity, and size of wildland fires and the need for consistent national biological/ecological inventory
data. LANDFIRE identifies areas across the nation potentially susceptible to wildland fire to support
community and firefighter protection. LANDFIRE has evolved and expanded to include other applications
such as habitat research and disturbance maps.

Neighborhood. For the purposes of the IBHS Wildfire Prepared Neighborhood Standard, a neighborhood
is defined as a cluster or multiple clusters of residential structures enclosed by a continuous defined
polygon boundary.

Neighborhood centroid. For the purposes of this standard, the position of the center of the defined
neighborhood can be determined by summing the eastern and western-most longitudes along the
perimeter of the neighborhood and dividing the result by two to calculate the x-coordinate and then
summing the northern and southernmost latitudes along the perimeter of the defined neighborhood and
dividing the result by two to obtain the y-coordinate.
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Noncombustible or Noncombustible element. Made from material of which no part will ignite and burn
when subjected to fire. Any material passing ASTM E136 shall be considered noncombustible.

Neighborhood flame zone (NFz). An area of the defined neighborhood which has a high likelihood of
direct flame and radiant heat exposure from external fuel sources. This area is located inward from the
perimeter of the defined neighborhood. The neighborhood flame zone is determined using Equation 3.3
and through the process described in Section 3.3.

Parcel. A piece or unit of land, defined by a series of measured straight or curved lines that connect to
form a polygon. There are some implications for land ownership. Commonly also called a tract.

Primary dwelling unit. The largest structure on a given parcel has at least one or more habitable rooms
which are designed to be occupied by one family with facilities for living, sleeping, cooking, eating, and
sanitation.

Roof assembly. A system designed to provide weather protection and resistance to design loads. The
system consists of a roof covering and roof deck or a single component serving as both the roof covering
and the roof deck. A roof assembly includes the roof covering, roof deck and may include a vapor retarder,
thermal barrier, insulation, or similar substrate.

Roof covering. The material applied to the roof deck to provide weather resistance, achieve fire
classification, or enhance appearance.

Roof system. A roof system consists of a roof covering and other interacting roofing components and may
include vapor retarder, thermal barrier, insulation or other similar substrate. The system does notinclude
the roof deck unless it is part of a single component serving as the roof covering and the roof deck.

Structure. Any non-commercial building fully enclosed on more than two sides, larger than 200 ft? or any
dwelling unit on a parcel. Examples include but are not limited to single family homes, detached garages,
recreational vehicle shelters (fully enclosed), accessory dwelling units, etc.

Structure separation distance (also referred to as structure separation or SSD). The shortest straight-
line distance between a structure’s footprint boundary and the footprint boundary of another structure
that does not cross the following obstacles: any paved, maintained (city, town, county) road, any non-
paved but gravel or bare soil roads, or natural barriers that are noncombustible such as creeks, rivers,
lakes, ponds etc. with a minimum width of 20 feet.

Vegetative fuel element. A contiguous area bound by a polygon of vegetation consisting of a tree or group
of trees, shrubs (bushes), grass/ground cover with a height or depth greater than 4 inches above ground,
and/or any other vegetation taller than 4 inches. Trees with canopies less than 10 feet of spacing to the
nearest tree canopy shall be considered a single vegetative fuel element.

Wildland-Urban Interface (WUI). Across scientific literature there are varying definitions of the wildland-
urban interface. For the purposes of the IBHS Wildfire Prepared Neighborhood Standard, the definition
from Johnston et al. (2011) and USDA (2001) is provided. The WU/ is defined as the geographical area
where human development, including structures and other infrastructure, meets or intermixes with
undeveloped wildlands. Communities in such areas may be grouped into one of three categories:
interface, intermix or occluded (where developed areas surround an area of wildlands that is typically
smaller than 1,000 acres) depending on the density of development, coverage of wildland fuels, and
population density (Davis 1989).
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2.2 User guide

The IBHS Wildfire Prepared Neighborhood Standard features both a process to determine mitigation
requirements and the requirements themselves that are necessary to address the core principles this
standard was built on (see Chapter 7). It also has strict applicability requirements. Chapter 3 provides the
process details to determine the mitigation requirements for areas which may have: 1) extreme ember,
flame and radiant heat exposure from external fuels (e.g., neighborhood flame zone), 2) areas which are
likely to experience ember attack (e.g., neighborhood ember zone) and 3) the connective fuels across the
neighborhood. For detailed information related to the scientific and engineering reasoning used to
develop this standard and its processes, please see Appendix B.

2.2.1 Applicability
Construction Types: This standard applies to typical single-family, duplex, and townhome
construction types.

Structure spacing: This standard can be applied to a defined neighborhood when 90% or more of
the structures are separated by greater than 10 feet and less than 100 feet. The process for
structure separation assessments is described in Chapter 3, Section 3.1.

2.2.2 Understanding neighborhood requirements

Roof Covering
All structures within the defined neighborhood must have a Class A roof covering. In
addition, no wood roof covering products of any kind are allowed. Chapter 4, Section 4.1

The defined neighborhood is divided into two primary zones, each with specific mitigation
requirements. The processes described in Chapter 3 are best executed within a
geographic information system (GIS) platform.

Neighborhood flame zone

The neighborhood flame zone is the area typically located from the boundary of the
neighborhood inward for up to approximately 450 feet (distances are dependent on fuel
characteristics) which has the highest likelihood of experiencing the most severe fire
exposure resulting from external fuels.

The neighborhood flame zone is determined using the processes described in Chapter 3.
It accounts for external fuels within 0.25 miles of the neighborhood boundary. For each
sector, a “worst-case” distance into the neighborhood is determined using the processes
described in Chapter 3, Sections 3.1 and 3.2. The structure requirements for this zone are
provided in Chapter 4, Section 4.3. It is possible that external fuels and/or
fuelbreak/firebreak features can result in the neighborhood flame zone not being needed.

Connective fuel pathways in the neighborhood flame zone: For structures located inside
the neighborhood flame zone, there can be no connective fuel pathway to any
neighboring structures.

Neighborhood ember zone

The neighborhood ember zone is the area, typically the remainder of the neighborhood
not within the neighborhood flame zone which has a high likelihood of experiencing
ember attack from external fuels and/or structures within the neighborhood should fire
enter. It is determined by the processes described in Chapter 3, Section 3.4 and
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considers external fuels within 4.25 miles of the defined neighborhood. It is possible the
neighborhood ember zone will not cover the entire neighborhood; this is contingent on
neighborhood size and fuel characteristics. The requirements for structures in this zone
are provided in Chapter 4, Section 4.4.

Connective fuels in the neighborhood ember zone and remainder of the
neighborhood: Connective fuels are evaluated across clusters of structures as
described in Chapter 3, Section 3.5.1. The connective fuel requirements for the full
neighborhood are provided in Chapter 4, Section 4.2.

2.2.3 New neighborhood construction recommendations

The 100% application of IBHS Wildfire Prepared Home Plus construction across a new
neighborhood development, provided the structure separation applicability criteria is met, will
generally meet the requirements of this standard except in special cases related to ADUs,
auxiliary structures, and connective fuel pathways.

For a decision-tree graphical depiction of the IBHS Wildfire Prepared Neighborhood processes
and requirements, see Appendix C.
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CHAPTER 3. Processes

3.1 Structure separation assessment

For any defined neighborhood, the distribution of the shortest separation distance from each structure to
any neighboring structures shall be determined. To calculate the minimum structure separation distance,
distribution datasets such as the Microsoft Building Footprint database or similar shall be considered
sufficient for use. The IBHS Wildfire Prepared Neighborhood standard shall be considered applicable if
90% or more of the structures contained within the neighborhood boundary have a minimum structure
separation distance greater than 10 feet and less than or equal to 100 feet.

To calculate the neighborhood structure separation statistics, count the number of structures for which
the smallest structure separation measurement is equal to or less than 10 feet and divide that number by
the total number of structures in the defined neighborhood.

The next step in the process is to calculate the full designated neighborhood structure separation
statistics, count the number of structures that have a measurement equal to or less than 10 feet and
divide this by the total number of structures in the defined neighborhood. The standard is considered
applicable if this value is 10% or less as stated in Chapter 1. The structure separation procedure is also
used within Chapter 3, Section 3.5 for determining clusters and the connective fuel assessment.

3.2 External fuel assessment

External fuels surrounding a community drive the exposure risk for any community. To determine the
neighborhood flame zone and neighborhood ember zone widths, external fuels and their associated fire
behavior fuel type models surrounding the defined neighborhood are identified.

External fuels assessment shall include the area 4.25 miles (6.84 km) radially outward from the specified
neighborhood exterior boundary in all directions around the assessed neighborhood. The LANDFIRE fuel
type models described in Scott and Burgan (2005) shall be the minimum required dataset for the external
fuel assessments. Other datasets can be used, provided their resolution is equivalent or finer in spatial
resolution than the LANDFIRE 30 meter grid spacing and such that fuel types/classifications can be
condensed into the 40 fuel models described by Scott and Burgan (2005). Those can be found in Appendix
A, Table A3.2.

The centroid of the defined neighborhood will be determined to set external fuel assessment sectors.
From the neighborhood centroid, eight 45° azimuthal fuel sectors will be determined. Fuels will be
assessed for each using a 0.25-mile buffer extending outward in each sector from the neighborhood
boundary for determining the neighborhood flame zone and a buffer of 4.25 miles outward in each sector
will be used in assessing external fuel characteristics to determine the neighborhood flame zone (Figure
3.1) and neighborhood ember zone (Figure 3.2, Figure 3.3).

Within each external fuel sector of the flame fuel assessment zone, the flame intensity shall be
determined for any fuel type model classification that is present (Scott and Burgan 2005; Appendix A) as
shown in Figure 3.1.
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Sector 1

. Neighborhood centroid

= Neighborhood boundary

Figure 3.1. Idealized schematic illustrating how external fuel sectors are determined. The area shaded in gray
represents the interior of the neighborhood. The red shaded areas represent the 0.25-mile buffer / flame fuel
assessment zone that is used to determine the neighborhood flame zone (Equation 4-1). The neighborhood ember
zone is not depicted but is shown in Figure 3.2 below. The schematic is not to scale and intended for illustrative
purposes only.

Within each external fuel sector, the ember transport distance shall be determined for any fuel type model
that represents 10% or greater of the fuel types present within the external fuel sector as shown in Figure
3.2 and Figure 3.3.

. Neighborhood centroid
= Neighborhood boundary

Figure 3.2. Idealized schematic illustrating how external fuel sectors are determined. The area shaded in gray
represents the interior of the neighborhood. The beige shaded areas represent the 4.25-mile buffer region where
external fuels will be evaluated for use in the neighborhood ember zone. The flame fuel assessment zone is not
depicted but is shown in Figure 3.1 above. The schematic is not to scale and intended for illustrative purposes only.
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Legend

Fuel
I Bare Ground
Canopy Litter Mederate with Shrub

Canopy Litter Moderate with Shrub and
Grass

I Conifer Canopy Litter High with Shrub
Dead Woody Fuel Litter Broadleaf Low
[ Dead Woody Fuel Litter Broadleaf Moderate
Dead Weody Fuel Litter Conifer High
Dead Woody Fuel Litter Conifer Moderate
I Dead Woody Fuel Litter Conifer Very High
I Dead Woody Fuel Litter Course and Fine
I Dead Woody Fuel Litter Long Needle Pine
Grass Moderately Course Continuous
Grass Short Patchy
Grass Very Course
- Open Water
Shrub Heavy
I shrub Low to Moderate
I shrub/Grass Moderate Load
Shrubs 1 Foot
Shrubs 1-3 Foot
- Urban and Suburban

Figure 3.3. Example LANDFIRE fuel model type example for a specific external fuel sector.

3.3 Calculating the neighborhood flame zone

The neighborhood flame zone calculation method assesses the potential for direct flame contact and heat
transfer from fuels adjacent to the defined neighborhood under common fire weather conditions observed

during conflagration events. The calculation of the neighborhood flame zone is determined by:
1) Identify all fuel model types present in each of the eight fuel assessment sectors using the 0.25-

mile buffer distance.

2) Determine for each sector the percentage tree coverage. If 10% or more is covered, then a canopy

provision is applied in determining the neighborhood flame zone. This is to account for the

potential for crown fire which could increase exposure.

3) Use Table 3.2 and Table 3.3 (for structural fuels) to determine the distance inward from the
neighborhood boundary for each fuel model type present. The longest distance for any identified

fuel model type shall be used to determine the boundary of the neighborhood flame zone for each
sector (FZ, shown in Equation 3-1). If the canopy provision in step 2 is not met, then use Column 2
of Table 3.2 or Table 3.3 (for structural fuels). If the canopy provision is met, then use Column 4 of
Table 3.2 or Table 3.3 to set FZ.

4) Determine if a fuelbreak or firebreak is present and its width within the 0.25 mi flame fuel
assessment buffer in each sector which will be applied to the final neighborhood flame zone
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calculation (Equation 3-1). The fuelbreak, firebreak must be 20 feet or wider and span the width of
the individual sector within the 0.25 mi buffer. If these conditions are met, the width of the
fuelbreak or firebreak shall be accounted in the final neighborhood flame zone calculation for a
given sector by:

Neighborhood flame zone width (NFz) = FZ — fuel/fire break width Equation 3-1

If the neighborhood flame zone width is less than or equal to zero for all sectors, there is no neighborhood
flame zone for the sector.

The final neighborhood flame zone shall be determined by the following procedure: use the same radial
lines emanating from the neighborhood sector developed in the external fuel process to create 8 interior
neighborhood sectors. Each sector is bound by two consecutive radial lines and the section of the
neighborhood perimeter connecting those lines. Each of these interior sectors corresponds to the one of
the 8 exterior fuel sectors (Figure 3.4). For a given interior sector, identify the corresponding NFz width and
create a buffer around the perimeter portion of its bounds equal to that width. Then determine the
intersection of that buffer and the corresponding interior sector, effectively clipping the buffer by the
interior sector’s bounds. Repeat this with each of the eight interior sectors, creating the appropriate NFz
for each sector.

[ Buffer/North Sector Intersection

North Interior Sector
[ 60 Meter Buffer

Figure 3.4. In this idealized example, the northern sector has an NFz of 60 m (197 ft) and so a buffer of 60 m is drawn
around that portion of the neighborhood perimeter that binds the northern sector. This buffer is then clipped by the
bounds of the northern sector. In this example, the final determined NFz boundary for the northern sector is shown in
pink. Any parcel that falls on or within this boundary is considered part of the neighborhood flame zone.

Table 3.1. Neighborhood flame zone distances by fuel model type and if the canopy fuel threshold was
met. Distances are provided in units of both meters and feet.
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Fire behavior fuel Column1 Column 2 Column 3 Column 4
model type identifier (m) (ft) Column 1 + Column 2 + Canopy fuel
Canopy fuel provision (ft)
provision (m)
GR1 3 10 73 240
GR2 6 20 76 249
GR3 8 26 78 256
GR4 12 39 82 269
GR5 23 75 93 305
GR6 37 121 107 351
GR7 45 148 115 377
GR8 55 180 125 410
GR9 68 223 138 453
GS1 8 26 78 256
GS2 13 43 83 272
GS3 22 72 92 302
GS4 60 197 130 427
SB1 15 49 85 279
SB2 31 102 101 331
SB3 44 144 114 374
SB4 46 151 116 381
SH1 8 26 78 256
SH2 33 108 103 338
SH3 10 33 80 262
SH4 19 62 89 292
SH5 32 105 102 335
SH6 30 98 100 328
SH7 44 144 114 374
SH8 47 154 117 384
SH9 67 220 137 449
TL1 3 10 73 240
TL2 5 16 75 246
TL3 5 16 75 246
TL4 6 20 76 249
TL5 9 30 79 259
TL6 13 43 83 272
TL7 9 30 79 259
TL8 19 62 89 292
TL9 29 95 99 325
TU1 9 30 79 259
TU2 11 36 81 266
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Fire behavior fuel Column1 Column 2 Column 3 Column 4
model type identifier (m) (ft) Column 1 + Column 2 + Canopy fuel
Canopy fuel provision (ft)

provision (m)

TU3 22 72 92 302
TU4 39 128 109 358
TUS 51 167 121 397

Table 3.2. Neighborhood flame zone distance for any structural fuels identified in the flame fuel
assessment zone with 10% or more coverage in each sector. Distances are provided in units of both
meters and feet.

Fire behavior fuel model Column1 Column 2 Column 3 Column 4

e identifier m ft
typ (m) () Column 1 (m)+ Canopy| ~ Column 2+ Canopy fuel
provision (ft)

fuel provision (m)

NB1 21.7 71 91.7 301

Once the neighborhood flame zone is determined, the minimum structure separation distance for
structures in this zone is determined for use in the neighborhood ember zone calculation using the same
procedure as described for the full neighborhood structure separation assessment.

3.4 Calculating neighborhood ember zone

3.4.1 Ember loft
For the IBHS Wildfire Prepared Neighborhood, the Himoto and Iwami (2021) model for firebrand
(ember) transport is used for its simplicity and because it provides conservative estimates for

maximum ember transport distances.

For each external fuel sector, fuel model types with 10% or greater spatial coverage (i.e., 10% or
more LANDFIRE grid boxes) in each sector are evaluated for ember transport considering the
variables shown in Figure 3.5. The fuel model types obtained from the external fuel assessment
(Section 3.2.1) are condensed into the three categories shown in Table 3.4. The Himoto and lwami
(2021) model uses a log-normal distribution to represent the statistical distribution of ember
transport. A cumulative density function is obtained by integrating the log-normal probability
density function. For the IBHS Wildfire Prepared Neighborhood Standard, the 80" percentile
transport distance for a 10 meter open terrain exposure, peak 3-second gust wind speed of 70
miles per hour is used to calculate transport distances.
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Adapted from Himoto and iwami (2021)
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Figure 3.5 Conceptual diagram of the inputs to the Himoto and Iwami (2021) ember transport model (adapted from
Himoto and Iwami 2021).

Table 3.4 Ember transport distances using the Himoto and Iwami (2021) model. For determining the

neighborhood ember zone, the distances for a 70-mph wind shall be used and are provided in this table.
See Appendix A, Table A3.2 for the full list of fuel model types.

Fuel type Column 1 Column 2
Transport distance at 70 mph winds Total vector length if neighborhood flame zone structure
separation conditions are present that require additional
ember transport distance.
Grassland/Fine 3783 ft 25791 ft
Fuels (0.72 mi) (4.88 mi)
LANDFIRE fuel
model types:
GR1-GR9
GS1-GS4
Trees and 15158 ft 37166 ft
Shrubs (2.8 mi) (7.03 mi)
LANDFIRE fuel
model types:
SH1-SH9
TU1-TUS
TL1-TL9
SB1-SB4
Structural 22,008 ft 44,016 ft
fuels (4.2 mi) (8.4 mi)
LANDFIRE fuel
model types
NB1
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3.4.2 Ember transport vectors and determining the neighborhood ember zone

Within each sector ember, transport vectors are directed toward the neighborhood centroid from
the grid point for any fuel model type with 10% or more coverage in each sector. The vector length
for each fuel model type is determined by using Column 1 or Column 2 of Table 3.4. Column 1 is
used for all sectors to determine ember transport vector lengths if 90% or more structures inside
the neighborhood flame zone are separated by 30 feet or more. If not, Column 2 is used for ember
transport vector lengths. An example is shown in Figure 3.6A.

If any ember transport vector crosses more than one of the defined boundaries of the
neighborhood and the length of that vector within the neighborhood boundary is greater than the
width of the neighborhood flame zone in that sector, the entire neighborhood, excluding the
neighborhood flame zone when present, shall be considered in the neighborhood ember zone. If
all vectors do not meet this condition, then the neighborhood ember zone shall be drawn as a
polygon connecting the endpoints of the eight ember transport vectors that extend the furthest
inward from the defined neighborhood boundary. If this boundary falls across a specific parcel
boundary, that parcel shall be considered part of the neighborhood ember zone. An example is
provided in Figure 3.6B.

Grassland fuel
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Figure 3.6. An idealized diagram of (A) ember transport vectors which cross the defined neighborhood and (B) where
no vector crosses the neighborhood. In (A), the structural fuel ember transport vector produces the longest vector
across the neighborhood despite being further away than the grassland fuels. Since the structural fuel transport
distance is the worst-case scenario, it is used for the NEz determination. For (B) the neighborhood ember zone is
defined by the area between the neighborhood flame zone (if present) or the defined neighborhood boundary (if no
neighborhood flame zone is present) and the vector end points (black arrows). In the example shown in (B), the
parcels included in the NFz are shaded orange, while the physical boundary is determined by the ember transport
vector end points denoted by the red line. Parcels which fall into the neighborhood flame zone are shaded pink.

3.5 Connective fuels

The connective fuel characteristics of a defined neighborhood are determined by evaluating potential fire
pathways through clusters of structures. The clusters are defined using break points which would alter the
path of fire and where each structure’s ignition potential would not be immediately influenced by other
nearby structures. It is in these areas where connective fuels create the pathways for fire to easily move
through direct flame contact and/or radiant heat exposure. For details on the connective fuels philosophy
employed in this standard, see Appendix B, section B4.2.

Connective fuel pathways are evaluated within the defined neighborhood using the following process:

3.5.1 Cluster identification process

A cluster is one or more structures within a neighborhood separated in all directions from other
structures within the neighborhood by one or more obstacles to structure-to-structure fire
transmission.

1) any paved, maintained (city, town, county) road, any un-paved gravel or bare soil
road, natural barriers that are noncombustible such as creeks, rivers, lakes, ponds
etc. with a minimum width of 20 feet, or

2) 100 feet (approximately 30 m) or more from all other structures inside the defined
neighborhood boundary.

The following process is best executed within a geographic information systems (GIS) platform
and accompanying aerial imagery.
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Identifying clusters for the connective fuel node evaluation: identify collections of structures that
are completely bound by the barriers described in 1 and 2 above. Determining the extent of a
given cluster is an iterative process that follows:

A) Start with a single structure and identify all other structures for which a measurement of 100
feet or less can be made without crossing one of the obstacles identified above and group them
with the initial structure.

B) For each of the additional structures identified in step A, identify any other structures for which
a measurement of 100 feet or less can be made without crossing one of the obstacles identified
above and add these to the cluster. Continue expanding this process outward until no other
additional structures can be added to the group of structures without crossing one of the
obstacles cited above. The group of structures defined to its maximum extent shall be considered
a unique cluster of structures. Each identified cluster shall be given a unique integer identifier. It is
recommended for data schema purposes (see Appendix A), those structures within each cluster
should be assigned to their specific cluster identifier.

The first cluster may or may not include all the structures within the defined neighborhood. If it
does notinclude all the structures in the neighborhood, select another structure within the
neighborhood not yet assigned to a cluster and repeat this process. Continue until every structure
in the neighborhood has been assigned to a cluster. Note that it is possible for structures to be
completely separated from all other structures in a neighborhood by one or more of the obstacles
cited above, which means neighborhoods may contain clusters as small as one unit or structure.
Figure 3.7 provides an example of identified clusters for a test neighborhood.
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Figure 3.7. Example of a completed cluster analysis. Each identified cluster is indicated by an integer identifier and

specific color.
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3.5.2 Connective fuel pathway identification and evaluation

To determine whether an identified cluster of structures is compliant or flagged for connective
fuel pathways, each individual structure within an identified cluster will be evaluated for
connective fuel pathways to neighboring structures. Connective fuel pathways are identified
through spatial analysis of fuel elements and whether adequate spacing is present such that the
connective fuel pathway is broken.

All fuel elements will be identified across the defined neighborhood. Fuel elements shall be
bound by a polygon that represents their surface area coverage.

For tree fuel elements with a trunk of 4 inches in diameter or greater when measured at a height of
4.5 feet above the ground the tree, per requirements stated in the IBHS Wildfire Prepared Home
Standard. Other vegetative fuel elements including bushes, shrubs, and other vegetation shall
also be treated by the definitions and requirements stated in the IBHS Wildfire Prepared Home
Standard.

For built environment fuels that are not considered structures their surface area shall be used in
the connective fuel assessment.

For fences or other built-environment fuels which extend vertically and the vertical surface area of
which is two times or larger than their surface footprint, the connective fuel pathway shall be
considered a straight line along the fence or other feature. This type of fuel pathway is considered
broken by a compliant 0-5 Foot Noncombustible Zone and/or ensuring that any fencing or similar
fuel element that is parallel to a structure and within 5 feet is noncombustible. Combustible
fences shall be considered a complete connective fuel pathway regardless of the overlap or
proximity of other fuel elements. However, the use of a 0-5 Foot Noncombustible Zone which
includes the use of noncombustible fence materials in the 5-foot area extending outward from
any structure results in a break of the connective fuel pathway associated with just the fence. In
this case, the fence shall not be considered a connective fuel pathway.

Connected fuel pathways shall be evaluated for individual structures within each denoted cluster.
The identified fuel elements are used to determine if a connective fuel pathway exists to each
elevation (i.e., front, rear, right, left) of a structure to a neighboring structure. The connective fuel
pathway is considered connected to the structure if a series of fuel elements or a single element
connects the evaluated structure to one or more neighboring structures with no identified breaks
greater than two times the height of the fuel element (excluding fences, see fence provisions
below) along the fuel pathway. Fuelbreaks and firebreaks, as defined, shall be considered to have
broken a connective fuel pathway. If along the connected fuel pathway, a break in fuel elements
greater than two times the height of the fuel element/s is present, the pathway is also considered
broken. For each structure the number of connected fuel pathways is found and used in the
analysis of connective fuels for the neighborhood flame zone and the identified clusters. For each
cluster, a connective fuel flag is assigned if more than 10% of structures have more than one
connective fuel pathway.

After all clusters have been evaluated, the total number of structures within those clusters that
have been assigned a connective fuel flag shall be calculated. If the total number of structures
within flagged clusters represents 10% or less of the total structures within the entire defined
neighborhood then the neighborhood shall be considered compliant with the IBHS Wildfire
Prepared Neighborhood Standard for connective fuels. If the total number of structures within
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clusters with connective fuel flags is greater than 10% of the total structures, the neighborhood
shall be considered non-compliant for connective fuels.
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CHAPTER 4. Neighborhood mitigation requirements
4.1 Roof covering

Within the defined neighborhood, regardless of external fuel characteristics or structure separation
distributions, all structures shall have a Class A rated roof covering (see Appendix B, Section B2 for
additional scientific reasoning). Wood shakes and shingles or fire-retardant-treated, fire-resistant
pressure-treated or any other wood roof covering within any roof assembly or roof system are prohibited
regardless of roof covering fire classification.

4.2 Connective fuels

The defined neighborhood shall be segmented into clusters using the process described in Chapter 3
Section 3.5.1. Each cluster shall be given a numeric integer identifier.

4.2.1 Connective fuels in the neighborhood flame zone. All structures within the boundaries of
the neighborhood flame zone shall have no connective fuel pathways to any neighboring
structures.

4.2.2 Connective fuels across the defined neighborhood. If 10% or more of structures within
each determined cluster have more than one side/elevation with a connected fuel pathway to any
neighboring structure, the cluster is assigned a connective fuel “flag” for exceeding the
connective fuel pathway tolerance. If the number of flagged clusters produces a total of greater
than 10% of the total structures in the defined neighborhood, the neighborhood must remediate
the connective fuels. The IBHS Wildfire Prepared Neighborhood Standard does not provide
prescriptive connective fuels remediation requirements or guidance. Remediation shall meet the
neighborhood requirement through any means determined by the defined neighborhood.

If the number of connective fuels flagged clusters is zero and all structures within the
neighborhood flame zone have zero connective fuel pathways, then no connective fuels
remediation is required, and the defined neighborhood shall be considered compliant.

If the total number of structures located in connective fuel flagged clusters is 10% or less than the
total number of structures in the defined neighborhood, and all structures within the
neighborhood flame zone have zero connective fuel pathways, no connective fuels remediation is
required, and the defined neighborhood shall be considered compliant.

The neighborhood ember zone dimensions shall be determined using the processes described in Chapter
3, Section 3.4 and Equation 3-1.

4.3 Neighborhood flame zone structures

The neighborhood flame zone width (in feet) shall be calculated to determine structures at risk from direct
flame/radiant heat contact from surrounding external fuels for each external fuel sector considering the
presence of fuelbreaks and firebreaks that are within the 0.25-mile flame fuel assessment buffer and meet
the conditions described in Chapter 3, Section 3.3.

The neighborhood flame zone shall be determined using the processes defined in Chapter 3, Section 3.3
and by applying Equation 4-1. If the neighborhood flame zone (NFz) is present in any sector, any structures
and/or parcels within the defined neighborhood boundary and the determined neighborhood flame zone
IBHS Wildfire Prepared Neighborhood
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shall meet the minimum mitigation requirements prescribed within the latest available IBHS Wildfire
Prepared Home Standard for a “Plus” level of mitigation (henceforth referred to as IBHS WFPH Plus).
These minimum requirements provide ignition protection from high radiant heat, direct flame contact, and
ember exposure. If any part of a parcel falls within the neighborhood flame zone, any structure on that
parcel shall be considered part of the neighborhood flame zone and must meet the specific requirements
for this zone.

If there is no designated neighborhood flame zone for a specific sector, mitigation requirements move to
ember protection and the neighborhood ember zone requirements.

Table 4.3 Neighborhood flame zone (NFz) construction requirements correspond to those requirements
specified by the 2025 IBHS WFPH Plus requirements. Other select codes and standards provisions are
provided for reference.

Structural Construction requirements 2025 IBHS 2024 IWUIC IR12 2022 CBC? 2018 NFPA
component WFPH Plus' 1140*

Roof Class A roof covering

Gutters, Gutter Noncombustible gutters, gutter
Protection, and protection, and downspouts
Downspouts

Protection of 1. Noncombustible materials, or
Eaves 2. 1-hour fire-resistance-rated

construction, or
3. 2-inch nominal dimension lumber
Vents 1. Corrosion-resistant vents conforming
with ASTM E2886 (flame- and ember-
resistant), or
2. Noncombustible corrosion-resistant
mesh with openings not to exceed 1/8-
inch in diameter (ember-resistant)

Exterior Wall Noncombustible building material
Covering

6-inch Applied vertically on the exterior base of
Noncombustible the wall measured from the grade and

Vertical Clearance | the nearest horizontal surface (e.g.,

decks and patios)

Exterior Glass 1. Multipaned glass with at least two
tempered panes, or

2. 20-minute fire-resistance rating when
tested in accordance with NFPA 257, or

3. Glass blocks (windows only), and

4. Operable skylights protected by a
noncombustible 1/8-inch mesh screen

Exterior Doors The exterior doors shall be constructed

with a noncombustible threshold and

1. Noncombustible construction, or

2. Solid-core wood not less than 1 %-inches
thick, or

3. 20-minute fire-resistance rating when
tested according to NFPA 252, or

4. Doors made of combustible material are
permissible provided a noncombustible
exterior storm door is installed as the
outermost door

Underfloor Area Fully enclosed to the ground with

Construction noncombustible corrosion-resistant

mesh with openings not to exceed 1/8-

inch in diameter.
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Structural Construction requirements 2025 IBHS 2024 IWUIC IR12 2022 CBC? 2018 NFPA
component WFPH Plus' 1140*

Exception: Complete enclosure shall not
be required where underfloor areas are
elevated more than 4 feet above the
ground. In such a case, a minimum of 6-
inches of noncombustible material or
metal flashing shall be extended
vertically from grade on the exterior of
columns and supporting walls.

Appendages and Noncombustible building material
Projections v ~ ~ ~
(Decks)
Fences and Noncombustible fence and retaining
Retaining Walls walls within 5 feet of primary dwelling o X X X
unit and attachments. No combustible
parallel fences.
Detached All detached ADUs and accessory
Accessory structures with a footprint greater than or
Structures and equal to 15 square feet shall be located a v ~ ~ ~
ADUs minimum of 30 feet away from the

primary dwelling unit and attachments

IBHS Wildfire Prepared Home Standard, Plus level [https://wildfireprepared.org/wp-content/uploads/WFPH-Standard.pdf]
2024 International Wildland-Urban Interface Code, Ignition Resistant Construction Class 1

2022 California Building Code, Title 24, Part 2 (Volumes 1 & 2) with July 2024 Supplement updated

2018 NFPA 1144, Standard for Reducing Structure Ignition Hazard from Wildland Fire

Green (v) - Construction requirements referenced as one of the acceptable methods in this standard or by another code

Gray (~) - Construction requirements partially addressed by the code

Orange (X) — Construction requirements not referenced by the code

N

4.4 Neighborhood ember zone structures

The neighborhood ember zone width (in feet) shall be calculated to determine structures at risk from
ember exposure from surrounding external fuels for each external fuel sector as well as possible ignitions
in other areas of the defined neighborhood. The neighborhood ember zone dimensions shall be
determined using the processes described in Chapter 3, Section 3.4 (see process step 4).

Any structures and/or parcels within the defined neighborhood boundary or, when present inside the
neighborhood flame zone boundary, and the determined neighborhood ember zone shall meet the
minimum mitigation requirements prescribed within the latest available IBHS Wildfire Prepared Home
Standard “Base” level (hereafter referred to as IBHS WFPH Base). These minimum requirements provide
ignition protection from ember attack exposure. If any part of a parcel falls within the neighborhood ember
zone, any structure on the parcel shall be considered part of the neighborhood ember zone and is required
to meet the specified requirements for this zone.

If structures are present within the defined boundaries of the defined neighborhood and are not included
in the flame and/or neighborhood ember zones, there are no additional mitigation requirements except for
meeting roof cover material requirements and connective fuel pathway requirements.

IBHS Wildfire Prepared Neighborhood
Technical Standard
Version 2025



30

Table 4.4. Neighborhood ember zone construction requirements correspond to those requirements
specified by the 2025 IBHS WFPH Base. Other current codes and standards and how their provisions
relate are provided for reference.

Structural Construction requirements 2025 IBHS 2024 IWUIC 2022 CBC? 2018 NFPA
component WFPH Base' IR3? 1140*
Roof Class A roof covering

Gutters and Noncombustible gutters and

Downspouts downspouts

Vents 1. Corrosion-resistant vents conforming

with ASTM E2886, or

2. Noncombustible corrosion-resistant
mesh with openings not to exceed
1/8-inch in diameter

6-inch Applied vertically on the exterior base of
Noncombustibl | the wall measured from the grade and

e Vertical the nearest horizontal surface (e.g.,
Clearance decks)

Underfloor Fully enclosed to the ground with

Area noncombustible corrosion-resistant
Construction mesh with openings not to exceed 1/8-

inch in diameter.

Exception: Complete enclosure shall
not be required where underfloor areas
are elevated more than 4 feet above the
ground. In such a case, a minimum of 6-
inches of noncombustible material or
metal flashing shall be extended
vertically from grade on the exterior of
columns and supporting walls.

Fences and Noncombustible fence and retaining
Retaining Walls | walls within 5 feet of primary dwelling
unit and attachments.

Detached Shall have no more than 3 detached

Accessory accessory structures and ADUs with a

Structures and footprint greater than or equal to 15

ADUs square feet located between 10-30 feet
of the primary dwelling unit and
attachments.

1. IBHS Wildfire Prepared Home Standard, Base level [https://wildfireprepared.org/wp-content/uploads/WFPH-
Standard.pdf]
2. 2024 International Wildland-Urban Interface Code, Ignition Resistant Construction Class 3
2022 California Building Code, Title 24, Part 2 (Volumes 1 & 2) with July 2024 Supplement updated
4. 2018 NFPA 1144, Standard for Reducing Structure Ignition Hazard from Wildland Fire
- Construction requirements referenced as one of the acceptable methods in this standard or by another code
- Construction requirements partially addressed by the code
— Construction requirements not referenced by the code

©
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Minimum data requirements, additional data and
recommendations, data schema
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The following appendix includes the minimum data requirements to determine compliance with the IBHS
Wildfire Prepared Neighborhood Standard as well as recommendations for both additional data and data
schema.

A1 Formats

A1.1 Date

The date shall be entered as a string using the form YYYY-MM-DD.

A2 Neighborhood applicability and governance

A2.1 Neighborhood design and applicability requirements
Table A2.1 provides the minimum required data fields and variables for determining the applicability of the
IBHS Wildfire Prepared Neighborhood Standard. Within the data schema, roof compliance with the Class

A requirement is considered part of the neighborhood compliance variables.

Variable Variable name Type Description Options

Roof Neighborhood_roof_compliance | string Are 100% of roofs Class A | Binary
across the entire defined 0=True/Yes/Complaint
neighborhood? 1=No/Noncompliant

Construction Construction_type string Are all structure types Binary

type within the defined 0=True/Yes/Compliant
neighborhood boundary 1=No/Noncompliant
compliant by those listed
in Chapter 1?

Structures Total_structures integer | Total number of integer
structures identified in the
defined neighborhood

Parcels Total_parcels integer | Total number of parcelsin | integer
the defined neighborhood

Structure Structure_separation string Are 90% or more of Binary

separation structures separated by a 0=True/Yes/Compliant
minimum distance 1=No/Noncompliant
greater than 10 feet to the
closest neighboring
structure?

Mean structure | Structure_separation_mean float Mean structure Float

separation separation for the defined
neighborhood

Median Structure_separation_median float Median structure Float

structure separation distance for

separation the defined neighborhood

Standard Structure_separation_stdev float Standard deviation of the Float

deviation of distribution of structure

structure separation distances for

separation the defined neighborhood
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A2.1 Covenants, Conditions & Restrictions (CC&R)
Any Covenants, Conditions and Restrictions documents that are active and enforced are recommended to
be submitted as a .pdf document if provided.

A2.2 FIREWISE

Neighborhoods, communities, etc. which hold an NFPA FIREWISE USA recognition are encouraged to
provide proof of their recognition to accompany any neighborhood specific data in instances when the
standard is being applied towards mitigation assessments or any designation program.

A3 Fuel assessment data requirements

A3.1 External fuels

Fuels surrounding the defined neighborhood govern the mitigation requirements for the neighborhood
flame zone and the neighborhood ember zone. The external fuel type models listed in Table A3.2 (Scott
and Burgan 2005) are used in fuel models to identify fire and ember behavior and are derived from those
included in the LANDFIRE dataset. External fuel type models/classifications which have 10% or greater
coverage by surface area in each external fuel assessment sector shall be identified using the variable
structure defined in Table A3.7. Additional supplemental data can be used to identify fuels and/or to
augment the time lag between LANDFIRE updates where land-use surrounding the defined neighborhood
may have changes if the spatial resolution is finer than that used by LANDFIRE (30 m by 30 m grid) and can
be integrated under the 40 different fuel model types from Scott and Burgan (2005). Tables A3.2, A3.3
provide the data structure for the identified fuel type models for each sector that are used within Chapter
3, to determine the neighborhood flame zone and neighborhood ember zone distances for each sector.
See Figures 3.1 and 3.2 for sector identification provisions.

Table A3.1. The following table provides the data variable structure for external fuel model types for all
detected (depicted as the N-number of fuel types) fuels with 10% or more coverage in each 45° north-
relative external fuel assessment sector for 4.25 miles radially outward from the defined neighborhood

boundary.

Variable Variable name Type Description Options
Sector 1 Fuel_type_[1...N]_sector1 string Fueltype presentin | See fueltype
sector 1 options below in
Table A3.3
Sector 2 Fuel_type_[1...N]_sector2 string Fuel type presentin | See fueltype
sector 2 options below in
Table A3.3
Sector 3 Fuel_type_[1...N]_sector3 string Fueltype presentin | See fueltype
sector 3 options below in
Table A3.3
Sector 4 Fuel_type_[1...N]_sector4 string Fueltype presentin | See fueltype
sector4 options below in
Table A3.3
Sector 5 Fuel_type_[1...N]_sector5 string Fuel type presentin | See fueltype
sector5 options below in
Table A3.3
Sector 6 Fuel_type_[1...N]_sector6 string Fuel type presentin | See fueltype
sector 6 options below in
Table A3.3
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Variable Variable name Type Description Options
Sector 7 Fuel_type_[1...N]_sector?7 string Fuel type presentin | See fueltype
sector 7 options below in
Table A3.3
Sector 8 Fuel_type_[1...N]_sector8 string Fueltype presentin | See fueltype
sector 8 options below in
Table A3.3

Table A3.2. This table provides the data variable structure for the flame model types which represent the
worst-case flame intensity and ember transport distances and are used in calculating the neighborhood
flame zone and neighborhood ember zone (Chapter 3, Sections 3.3 and 3.4).

Variable Variable name Type Description Options
Neighborhood
flame zone
Neighborhood flame FRz_fueltype_sector1 string Worst case fuel See fuel model
zone fuel model type type for typesin
sector 1 neighborhood Table A3.3
flame zone in
sector 1
Neighborhood flame FRz_fueltype_sector2 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 2 neighborhood Table A3.3
flame zone in
sector 2
Neighborhood flame FRz_fueltype_sector3 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 3 neighborhood Table A3.3
flame zone in
sector 3
Neighborhood flame FRz_fueltype_sector4 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 4 neighborhood Table A3.3
flame zone in
sector 4
Neighborhood flame FRz_fueltype_sector5 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 5 neighborhood Table A3.3
flame zone in
sector 5
Neighborhood flame FRz_fueltype_sector6 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 6 neighborhood Table A3.3
flame zone in
sector 6
Neighborhood flame FRz_fueltype_sector7 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 7 neighborhood Table A3.3
flame zone in
sector 7
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Variable Variable name Type Description Options
Neighborhood flame FRz_fueltype_sector8 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 8 neighborhood Table A3.3
flame zone in
sector 8
Neighborhood
ember zone
Neighborhood ember | ERz_fueltype_sector1 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 1 neighborhood Table A3.3
ember zone in
sector 1
Neighborhood ember | ERz_fueltype_sector2 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 2 neighborhood Table A3.3
ember zone in
sector 2
Neighborhood ember | ERz_fueltype_sector3 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 3 neighborhood Table A3.3
ember zone in
sector 3
Neighborhood ember | ERz_fueltype_sector4d string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 4 neighborhood Table A3.3
ember zone in
sector4
Neighborhood ember | ERz_fueltype_sectorb string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 5 neighborhood Table A3.3
ember zone in
sector5
Neighborhood ember | ERz_fueltype_sector6 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 6 neighborhood Table A3.3
ember zone in
sector 6
Neighborhood ember | ERz_fueltype_sector7 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 7 neighborhood Table A3.3
ember zone in
sector 7
Neighborhood ember | ERz_fueltype_sector8 string Worst case fuel See fuel model
zone fuel model type type for typesin
for sector 8 neighborhood Table A3.3
ember zone in
sector 8
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Table A3.3. This table provides the LANDFIRE fuel type models used in Chapters 3 and 4 in determining
neighborhood flame zone and neighborhood ember zone and for use in the variables described in Table
A3.1. Adapted from Scott and Burgan (2005). Rows shaded in light brown represent fuels in arid to
semiarid climates with rainfall deficient summer months and extinction moisture content of 15%. Those
rows shaded in light green represent subhumid to humid climates with extinction moisture contents of

30%-40%.

Class Type ID Description
1. Grass
GR1 Short or patchy or heavily grazed grass
GR2 Moderately coarse continuous grass with average height 1 feet
GR3 Very coarse grass with average height 2 feet
GR4 Moderately coarse continuous grass with average height 2 feet
GR5 Dense, coarse grass with mean height 1-2 feet
GR6 Dryland grass with average height 1-2 feet
GR7 Moderately coarse continuous grass with average height 3 feet
GR8 Heavy, coarse continuous grass with average height 3-5 feet
GR9 Very heavy, coarse, continuous grass with average height 5-8 feet
2. Grass & Shrub Mix
(Up to 50% shrub
coverage)
GS1 Shrubs height about 1-foot, low grass load
GS2 Shrubs height about 1 to 3 feet, moderate grass load
GS3 Moderate grass/shrub load, average grass/shrub height less than 2
feet
GS4 Heavy grass/shrub load, average height greater than 2 feet
3. Shrubs coverage 50% or
greater; grass sparse or
less
SH1 Low shrub fuel load, fuelbed depth about 1-foot; some grass may be
present
SH2 Moderate fuel load (higher than SH1), average height about 1-foot, no
grass fuel present
SH3 Moderate shrub load, possibly with pine overstory or herbaceous
fuel, fuel bed depth 2 to 3 feet
SH4 Low to moderate shrub and litter load, possibly with pine overstory,
fuel bed depth about 3 feet
SH5 Heavy shrub load, average height 4 - 6 feet
SH6 Dense shrubs, little or no herb fuel, average height about 2 feet
SH7 Very heavy shrub load, average height 4 - 6 feet
SH8 Dense shrubs, little or no herb fuel, average height about 3 feet
SH9 Dense, finely branched shrubs with significant fine dead fuel,

average height about 4 - 6 feet; some herbaceous fuel may be
present

IBHS Wildfire Prepared Neighborhood
Technical Standard
Version 2025




39

Class Type ID Description
4. Grass or shrubs mixed
with litter from forest
canopy
TU1 Fuelbed is low load of grass and/or shrub with litter
TU2 Fuelbed is moderate litter load with shrub component
TU3 Fuelbed is moderate litter load with grass and shrub components
TU4 Fuelbed is short conifer trees with grass or moss understory
TUS Fuelbed is high load conifer litter with shrub understory
5. Dead & down woody fuel
beneath forest canopy
Recently burned but able to carry wildland fire
TL1 Light to moderate load, fuels 1 to 2 inches deep
Fuelbed not recently burned
TL2 Broadleaf, hardwood litter, low load and compact
TL3 Moderate load conifer litter and does not include coarse fuels
TL4 Moderate load, includes small diameter downed logs. Includes both
fine and coarse fuels
TL5 High load conifer litter; light slash or mortality fuel. Does not include
coarse fuels
TL6 Moderate load, less compact broadleaf, hardwood litter
TL7 Heavy load includes larger diameter downed logs includes both fine
and coarse fuels. Not composed of broadleaf or long-needle pine
litter
TL8 Moderate load of long-needle pine litter. Compactness may include
small amount of herbaceous load
TL9 Very high load, fluffy composed of broadleaf, hardwood litter
6. Activity fuel or debris
from wind damage
Fuelbed is activity fuel
SB1 Fine fuel load is 10 - 20 tons/acre, weighted toward fuels 1 - 3inches
diameter class, depth is less than 1-foot
SB2 Fine fuel load is 7 - 12 tons/acre, evenly distributed across 0 - 0.25,
0.25-1,and 1 - 3inches diameter classes, depth is about 1 foot
SB3 Fine fuel load is 7 to 12 tons/acre, weighted toward 0 - 0.25-inch
diameter class, depth is more than 1-foot
Fuelbed is blowdown
SB2 Blowdown is scattered, with many trees still standing
SB3 Blowdown is moderate, trees compacted to near the ground
SB4 Blowdown is total, fuelbed not compacted, foliage still attached

7. Built environment or fire
resistant agricultural
(maintained)

Note: The “NB” LANDFIRE fuel classes are considered unable to
carry wildland fire. However, built environment fuels (NB1) are
considered and used in both ember transport and flame intensity
processes. They are considered combustible and are treated as
such.
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Class Type ID Description
NB1 Urban or suburban development
NB2 Snow/ice
NB3 Maintained agricultural field
NB8 Open water
NB9 Bare ground/soil

A3.3 Flame & neighborhood ember zones required data fields

Table A3.4 provides the minimum required data fields/variables for the neighborhood flame zone and
neighborhood ember zone distances for each external fuel sector.

Table A3.4. Variable structure for the final flame resistance and neighborhood ember zone distances for
each sector. The values for each variable listed in this table shall be calculated using the processes
described in Chapter 3, Section 3.3 (neighborhood flame zone), Equation 4-1 (for FRz), and Section 3.4
(neighborhood ember zone). Values can be rounded to the nearest foot.

Variable Variable name Type Description Options
Neighborhood
flame zone
Neighborhood flame Fz_distance_sector1 integer neighborhood Value in feet. O if
zone distance sector flame zone there is no
1 distance for sector neighborhood

1 flame zone
Neighborhood flame Fz_distance_sector2 integer neighborhood Value in feet. O if
zone distance for flame zone there is no
sector 2 distance for sector neighborhood

2 flame zone
Neighborhood flame Fz_distance_sector3 integer neighborhood Value in feet. O if
zone distance for flame zone thereis no
sector 3 distance for sector neighborhood

3 flame zone
Neighborhood flame Fz_distance_sector4 integer neighborhood Value in feet. O if
zone distance for flame zone there is no
sector4 distance for sector neighborhood

4 flame zone
Neighborhood flame Fz_distance_sectorb5 integer neighborhood Value in feet. O if
zone distance for flame zone there is no
sector5 distance for sector neighborhood

5 flame zone
Neighborhood flame Fz_distance_sector6 integer neighborhood Value in feet. O if
zone distance for flame zone thereis no
sector 6 distance for sector neighborhood

6 flame zone
Neighborhood flame Fz_distance_sector7 integer neighborhood Value in feet. O if
zone distance for flame zone thereis no
sector 7 distance for sector neighborhood

7 flame zone
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Variable Variable name Type Description Options
Neighborhood flame Fz_distance_sector8 integer neighborhood Value in feet. O if
zone distance for flame zone thereis no
sector 8 distance for sector neighborhood
8 flame zone
Neighborhood flame Fz_structure_separation string Are 10% or more Binary 0 =
zone structure structures in the Yes/True/Additional
separation neighborhood ember transport
flame zone distance added to
separated by less Ez
than 30 feet? 1=No/False
Neighborhood
ember zone
Neighborhood ember | Ez_distance_sector1 integer neighborhood Value in feet
zone distance for ember zone
sector 1 distance for sector
1
Neighborhood ember | Ez_distance_sector2 integer neighborhood Value in feet
zone distance for ember zone
sector 2 distance for sector
2
Neighborhood ember | Ez_distance_sector3 integer neighborhood Value in feet
zone distance for ember zone
sector 3 distance for sector
3
Neighborhood ember | Ez_distance_sector4 integer neighborhood Value in feet
zone distance for ember zone
sector 4 distance for sector
4
Neighborhood ember | Ez_distance_sector5 integer neighborhood Value in feet
zone distance for ember zone
sector5 distance for sector
5
Neighborhood ember | Ez_distance_sector6 integer neighborhood Value in feet
zone distance for ember zone
sector 6 distance for sector
6
Neighborhood ember | Ez_distance_sector?7 integer neighborhood Value in feet
zone distance for ember zone
sector 7 distance for sector
7
Neighborhood ember | Ez_distance_sector8 integer neighborhood Value in feet
zone distance for ember zone
sector 8 distance for sector
8

A3.4 Additional data fields

A3.2.1 Fuel Treatment activities
The following do not require data fields but are available for entry and logging should the user of the IBHS
Wildfire Prepared Neighborhood Standard wish to include these data. These focus on treatments within

three miles of the defined neighborhood boundary within the previous three years.
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Table A3.5. The following shall be completed for any fuel treatment data entry.

Name Type Description Options
Treatment_ID String or A unique integer identifier for the
integer treatment within a project (for that
organization), usually a number or an
alpha-numeric code, rather than a full
name. Preferred that it does not include
text that identifies which organization, in
case that must be kept private
Treatment_name string Project or fuel treatment name
County string County name where treatment was
completed
Neighborhood string Neighborhood name/identifier
Neighborhood_ID Account identifier Identifier if applying for, or
have an active IBHS
designation
Primary_objective string The primary goal of the treatment (see Ex: Broadcast Burn, Fuel
options). Reduction, Fuelbreak,
Roadway Clearance
Secondary_objective string The secondary goal of the treatment (see Ex: Broadcast Burn, Fuel
options). Optional field. Reduction, Fuelbreak,
Roadway Clearance
Tertiary_objective string The tertiary goal of the treatment (see Ex: Broadcast Burn, Fuel
options). Optional field. Reduction, Fuelbreak,
Roadway Clearance
Retreatment_date date Approximate estimated date at which the
treatment will need to be performed again
Treatment_status string Treatment status Ex: Planned, Active, Complete
Treatment_start_date date Date the treatment started, usually the
date of the first activity
Treatment_end_date date Date all treatment activities were
completed.
Treatment_area integer Area of treatment in acres (nearest integer)
Ownership_group string Agency or organization Federal, State, Local, Private,
Other, HOA, Firewise, etc.
Activity_description string The practice used to achieve management
objectives.
Broad_vegetation_type string Identify the primary broad vegetation type Forest, Woodland, Shrubland,
for the activity area Grass, etc.

Table A3.6 Objective descriptions

Objective

Objective definition

Biomass utilization

Work conducted in an area where the secondary or tertiary objective is to utilize woody
biomass for wood products, and/or generate energy through combustion or gasification,
and/or utilize woody biomass to help develop markets for beneficial uses of the material

Burned area restoration

Work conducted in a recently burned area intended to promote recovery and ecological

stability

Carbon storage

Work conducted to improve carbon storage or carbon stability in forests, shrubs and

grasslands

Climate adaptation

Work conducted to increase the ability of an ecosystem to be resilient to or resist climate
change. Resilience is the ability to recover from a climate change-related event, while
resistance is the ability to withstand that event unchanged
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Objective

Objective definition

Cultural burn

Application of fire to the environment predominantly to achieve cultural objectives

Ecological restoration

Work conducted to re-establish the composition, structure, pattern, integrity, and
ecological processes necessary to facilitate terrestrial and Wildfire & Landscape
Resilience Interagency Tracking System — August 2023 9 aquatic ecosystem sustainability,
resilience, and health under current and future conditions

Fire prevention

Activities were conducted to help educate the public about Fire Prevention. Includes
CWPP, public education events, placement of prevention signs, and community meetings
related to fire prevention

Forest pest control

Work conducted to control the spread of active forest pest and diseases, typically used
during active infestations such as Sudden Oak Death and Gold Spotted Oak Borer
outbreaks

Forestland stewardship

Work conducted to encourage private and public investments in forestlands and resources
within the state to ensure adequate future high quality timber supplies, related
employment, and other economic benefits, and to protect, maintain, and enhance the
forest resource for the benefit of present and future generations

Fuelbreak

Work conducted to modify flammable vegetation to create defensible space to reduce fire
spread to structures and/or natural resources, and to provide a safer location to fight the
fire. Fuelbreaks are strategically placed along a ridge, valley bottom, access road, or
around a subdivision

Habitat restoration

Work conducted to improve or protect wildlife habitat

Land protection

Protection of natural and working lands against conversion to other land cover types, such
as developed or cropland, that would result in the loss of natural vegetation. Often through
the establishment of easements, acquisitions, fee title, or other activities

Mountain meadow
restoration

Work conducted to restore mountain meadow lands

Non-timber products

Work conducted to collect, propagate, or preserve non-timber products, including food,
medicinal, cultural, spiritual, or other materials from an ecosystem

Other forest
management

Precommercial forest management treatment activities. Or work conducted in an area to
improve stand structure or composition

Other fuels reduction

Work conducted in an area where the primary objective is to reduce fuel loads. While this
can be accomplished through Fuel Break and Broadcast Burn objectives, this should be
used when Fuel Break and Broadcast Burning objectives are not being utilized

Prescribed fire

Work conducted in an area where the primary objective is reducing fuel loads through
broadcast burning and pile burning

Recreation

Work conducted to improve or maintain recreation opportunities

Reforestation

Work conducted to promote the reforestation of non- or understocked forestland and areas
burned by wildfire, drought, pests, or other natural disturbances to increase carbon
sequestration and rebuild natural habitats and ecosystems. Tree planting associated with
timber harvest operations is not tracked because these activities are legally required to
meet minimum stocking standards following timber operations

Riparian restoration

Work conducted to improve riparian habitat or stream channel function

Roadway clearance

Work conducted along the right of way of fire roads, county roads, or highways for purposes
of improved ingress and egress. This includes the removal of dead trees resulting from
insects or drought. Right of Way Clearance is not done with the intent of stopping a fire at
the location of work but instead focuses on ingress and egress enhancement

Site Preparation for
Planting, Seeding, or
Natural Regeneration

Manipulation of a site to enhance the success of regeneration, including through the
completion of activities such as broadcast burning, mastication, mowing, dozer, or
herbicide application

Timber harvest

Work conducted in an area where the primary objective is to harvest timber to produce
wood products

Utility right of way
clearance

Work conducted along the right of way of Electric Utility lines. This includes the removal of
dead trees resulting from insects or drought. Right of Way Clearance is not done with the
intent of stopping a fire at the location of work but instead focuses on keeping trees from
hitting powerlines and/or high fuel loads from forming under powerlines
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Objective
Watershed restoration

Objective definition

Work conducted in uplands and/or riparian areas to restore watershed function, including
improvements in water quantity, water quality, habitat, and other ecological characteristics
Work conducted on land that is covered or saturated by water for all or portions of a year
(excluding mountain meadows and riparian areas), to improve ecosystem function,
including water quality, habitat, and other ecological characteristics

Wetland restoration

A4 Parcel Level Variables

A4.1 Required parcel level variables

The following variables represent the minimum requirements that shall be collected and submitted for

each parcel and subsequent structures within the neighborhood being evaluated. Tables are broken down
into parcel-level subsystems. The following are the sub-systems used in the data dictionary and minimum
requirements as developed by IBHS in support of the IBHS Wildfire Prepared Home Standard. The parcel-

level data fields can be obtained through any means such as ground-based inspections, aerial imagery

etc. but must meet the minimum data requirements specified here.

Table A4.1. Home inspection details subsystem.

Variable Data name Variable Title Description Subsystem Value
type
address address string Physical address Home
Inspection
Details
latitude lat float Latitude in decimal degrees Home
Inspection
Details
longitude lon float Longitude in decimal degrees | Home
Inspection
Details
Single family single_family_hom | string Single Is the home a single-family Home 0=True /compliant
home e_present Family home (no townhomes / Inspection 1=False
Home condos) with three stories or Details
Present? less? Binary True/False
Stories number_of_stories | integer Number of | How many stories does the Home
stories home have (not including a Inspection
walk-out basement)? Details
Neighborhood flame_resistance_ | string Neighborh | Isthe parcel/home a part of Home 0=True/Yes
flame zone zone ood flame the neighborhood flame zone | Inspection 1=False/No
zone Details
Neighborhood ember_resistance_ | string Neighborh | If the parcel/home is not part Home 0=True/Yes
ember zone zone ood ember | of the neighborhood flame Inspection 1=False/No
zone zone, is it part of the Details
neighborhood ember zone
Table A4.2 General parcel subsystem.
Variable Data name Variable Title Description Subsystem Value
type
Accessory accessory_struct | string Accessory | Are all additional structures General 0=True/Compliant
structure/s ures_properly_di structure larger than 15 square feet. 1=False
stanced_from_h spacing more than 30 feet from the
ome house or not present? Note: If
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not present, select yes.
(Structure examples sheds,
hot tubs, propane tanks,
pergolas, ADUs, playsets)
Binary Yes/No

Accessory
structure/s
inside 30 feet

accessory_struct
ures_present

string

Accessory
structures
inside 30
feet from
the house

If the property has additional
structures larger than 15 ft?
within 30 feet of home, are
there three or fewer
structures?

Additional data
requirements: Photo of each
accessory structure present
showing distance from home
for reference.

General

0=True/Compliant
1=False

Table A4.3 Accessory structure compliance subsystem (for 3 accessory structures, not required if not present).

Variable Data name Variabl | Title Description Subsystem Value
e type

Accessory accessory_structure_ | String Accessory For the accessory structure 1, | Accessory 0=True/Yes/
structure compliance_1 structure 1 does it meet all of the same | structure Compliant
compliance 1 compliance requirements as the home? | compliance 1=False

Binary Yes/No

Additional data

requirements: Photos of the

5 feet buffer zone all the way

around the structure.
Accessory accessory_structure_ | String Accessory For the accessory structure 2, | Accessory 0=True/Yes/
structure compliance_2 structure 2 does it meet all of parcel structure Compliant
compliance 2 compliance requirements? Binary Yes/No | compliance 1=False

Additional data

requirements: Photos of the

5 feet buffer zone all the way

around the structure.
Accessory accessory_structure_ | String Accessory For the accessory structure 3, | Accessory 0=True/Yes/
structure compliance_3 structure 32 does it meet all of the parcel | structure Compliant
compliance 3 compliance requirements? Binary Yes/No | compliance 1=False

Additional data

requirements: Photos of the

5 feet buffer zone all the way

around the structure.

Table A4.4. External propane tank (not required if not present).
Variable Data name Variable Title Description Subsystem Value
type
External propane_tank_c string External If a stationary propane tankis | Propane tank | 0=True/Compliant
propane tank ompliance fixed present, is it at least 10 feet 1=False
compliance propane from with house with the
tank additional clearance

requirements or placed 30
feet away from the home?
Additional data
requirements: Photos of the
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5 feet buffer zone all the way
around the propane tank.

Table A4.5. Hot Tub/Spa (not required if not present).

Variable Data name Variable Title Description Subsystem Value
type
Hot tub/spa hot_tub_complia | string Hot If applicable, is the hot tub Hot tub 0=True/Compliant
compliance nce tub/spa placed at least 10 feet from 1=False
the home, ona
noncombustible surface (no
wood decks) and notunder a
covered porch or pergola?
Binary Yes/No
Additional data
requirements: Photos of the
5 feet buffer zone all the way
around the hot tub.
Table A4.6. General roof condition subsystem.
Variable Data name Variable Title Description Subsystem Value
type
Roof debris roof_clear_of_de | string Roof Is the roof clear of debris Home 0=True/Compliant
bris debris Binary True/False. Inspection 1=False
Additional data Details
requirements: Presence of
debris shall be documented
with photo/s
Table A4.7. Dominant roof cover subsystem.
Variable Data name Variable Title Description Subsystem Value
type
Dominant roof dominant_roof_ | integer Dominant Percentage of coverage for Dominant Range: 50%-100%
cover cover_percenta Roof Cover the dominant roof cover roof cover
percentage ge Percentage material
*Dominant roof dominant_roof_ | string What is the dominant roof Dominant See sub-table for
cover material cover_material covering material? roof cover minimum required
type Additional data roof cover types
requirements: Photo
requirement: 6 photos
showing all roof faces.
Table A4.8. Secondary roof cover subsystem.
Variable Data name Variable Title Description Subsystem Value
type
Secondary roof secondary_roof_c | integer Dominant Percentage of coverage for Dominant Range: <50%
cover over_percentage Roof Cover the dominant roof cover roof cover
percentage Percentage material
*Secondary roof secondary_roof_c | string What is the secondary roof Dominant See sub-list for
cover material over_material covering material? roof cover minimum required
type Additional data roof cover types
requirements:
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Photo requirement: 6 photos
showing all roof faces.

*The following provides the minimum required roof cover types to be evaluated and listed in required parcel-level data
for both dominant and secondary roof cover materials:

Asphalt shingle

Standing seam metal

Metal with exposed fasteners
Discontinuous metal

Clay tile with bird stops

Clay tile without bird stops
Concrete tile with bird stops
Concrete tile without bird stops
Slate

Composite shingle/Plastic Panel
Wood shake shingle

Low slope/flat membrane

Low slope/flat built-up/TPO

Low slope/flat modified bitumen
Low slope/flat ballasted
Unknown steep slope

Unknown low slope/flat

Table A4.9. Gutters, downspouts subsystem.

Variable Dataname | Variable Title Description Subsystem Value
type
Metal gutters metal_gutte | string Metal Are the gutters and Gutters & 0=True/Compliant
downspouts r_downspo gutters and downspouts made of metal downspouts 1=False
uts_present downspout Binary True/False
S Additional data
requirements: Photos
required of gutters and
downspouts
Gutter debris gutters_do string Debris in Are the gutters and Gutters & 0=True/Compliant
wnspouts_c gutters downspouts clear of debris. downspouts 1=False
lear_of_deb Additional data
ris requirements: Photos
required of inside gutter
condition
Gutter guards metal_gutte | String Presence of | Are gutter guards presentand | Gutters & 0=True
r_guard_pre gutter completely made of metal? downspouts 1=False
sent guards Additional data
requirements: If true a
photograph is required
Table A4.10. Vents subsystem.
Variable Data name Variable | Title Description Subsystem | Value
type
Roof vent roof_vents_complia | string Roof vent Are all roof vents (except Vents 0=True/Compliant
compliance nce compliance plumbing vents) flame- and 1=False

ember-resistant or covered
with 1/8" metal mesh or
finer? Binary True/False
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Variable

Data name

Variable
type

Title

Description

Subsystem

Value

Additional data
requirements: Close-up
photo of every vent with mesh
in view (to observe size).

Under eave
vents

vents_under_eav
es_compliance

string

Vents_under_e
aves_complia
nce

If present: Are the open eave
vents flame- and ember-
resistant or covered with 1/8"
metal mesh or finer? Binary
True/False

Additional data requirements:
Photos require close-up of every
vent with mesh in view (to
observe size).

Vents

0=True/Compliant
1=False

Roof vent type

roof_vents_type

string

Roof vent
types

Identify and list all vents
visible that are present on the
roof.

Additional data
requirements: Provide
photographs of each

Vents

*See sub-list below
for minimum vent
type requirements

Eave attic vents

eave_attic_vents_
compliance

string

Eave attic
vents

If present: Are under eave
vents that enter directly into
the attic space flame- and
ember-resistant or covered
with 1/8" inch metal mesh or
finer? Binary True/False

Vents

0=True/Compliant
1=False

Gable end
vents

gable_end_vents
compliance

string

Gable end
vents

If present: Are the gable end
vents flame- and ember-
resistant or covered

with 1/8" metal mesh or
finer? Binary True/False
Additional data
requirements: Photos must
be provided of each visible
vent with close-up of mesh

Vents

0=True/Compliant
1=False

Crawl space
vents

crawl_space_vent
s_compliance

string

Crawl space
vent
compliance

If present: Are the crawl
space vents flame- and
ember-resistant or covered
with 1/8" metal mesh or
finer?

Additional data
requirements: A close-up
photo of every vent with mesh
in view (to observe size).

Vents

0=True/Compliant
1=False

Forced air vent
louver flap

dryer_vent_louver
_flap_present

string

Forced air vent
louver flap
present

Do forced air vents have a
louver or flap? Binary
True/False

Additional data
requirements: A close-up
photo of the vent.

Vents

0=True/Compliant
1=False

Forced air vent
and flap
material

metal_dryer_vent
_present

string

Forced air vent
louver flap
material

Is the dryer vent assembly made
of metal?

Additional data requirements:
A close-up photo of the vent/s.

Vents

0=True/Compliant
1=False
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*The following provides the minimum required roof vent types to be listed in required parcel-level single-family home

data.

Ridge-cap vent

Off-ridge vent

Turbine vent

Table A4.11. Eave/Soffit subsystem.

Variable

Data name

Variable
type

Title

Description

Subsystem

Value

Eave/soffit
materials

eave_soffits_materi
als_compliance

string

Eave soffit
materials

Are the eaves enclosed on
the underside with

soffits made of
noncombustible material,
have at least a 1-hour fire-
resistance-rating,

material, or 2-inch dimension
lumber (no plywood or vinyl)?
Binary True/False

Additional data
requirements: A close-up
photo/s of the eaves.

Dominant
roof cover

0=True/Compliant
1=False

Table A4.12. General exterior walls subsystem.

Variable

Data name

Variable
type

Title

Description

Subsystem

Value

Exterior walls

material and 6- inch

vertical clearance

exterior_walls_
material_com
pliance

string

Exterior
Walls
Material(s)
Compliance

Noncombustible 6-inch
vertical clearance. Do all
exterior walls have a
minimum of 6 vertical inches
(measured from the ground
up and from any attached
horizontal surface like a deck
or patio) of noncombustible
siding material around the
home such as fiber-cement,
brick, stone, stucco, or
exposed concrete
foundation?

General
exterior walls

0=True/Compliant
1=False

Table A4.13. Dominant wall subsystem.

Variable

Data name

Variable
type

Title

Description

Subsystem

Value

Dominant wall
cover material

dominant_wall
_cover_materi
al

string

Dominant
wall cover
material

*Please select the dominant
wall cover material(s).

Additional data
requirements: A close-up

Dominant
walls

*see list below for
minimum wall
material types
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photo/s of materials
used on all wall coverings.

Dominant wall dominant_wall | integer Dominant What is the dominant wall Dominant >50%
cover material _cover_cover_ wall cover cover percentage of coverage | walls
coverage percentage material on the structure
coverage
percentage
Table A4.14. Secondary wall subsystem.
Variable Data name Variable Title Description Subsystem Value
type
Secondary wall secondary_wa | string Secondary *Please select the secondary | Secondary *See list below for
cover material ll_cover_mater wall cover wall cover material(s). walls minimum wall
ial material Additional data material types
requirements: A close-up
photo/s of materials
used on all wall coverings.
Secondary wall secondary_wa | integer Secondary What is the secondary wall Secondary <50%
cover material lL_cover_cover wall cover cover percentage of coverage | walls
coverage _percentage material on the structure?
coverage
percentage

*The following provides the minimum required wall material types to be listed in required parcel-level single-family

home data.
Stucco
Vinyl siding

Fiber cement siding
Wood panel/wood-based composite siding

Wood shake

Plastic composite siding
Brick or brick veneer
Stone or stone veneer

Concrete
Other
Unknown

Table A4.15. Foundation subsystem.

Variable Data name Variable Title Description Subsystem Value

type
Photos required Foundation
Table A4.16. Shutters subsystem.

Variable Data name Variable Title Description Subsystem Value
type

Functional shutters | functional_sh string Presence of | Are functional Shutters 0=True/Yes

utters_present functional noncombustible shutters 1=False
shutters present on all windows?

Binary True/False

IBHS Wildfire Prepared Neighborhood

Technical Standard
Version 2025




51

Variable

Data name

Variable
type

Title

Description

Subsystem

Value

Additional data
requirements: Close-up
photos showing the

shutters/shutter system.

Decorative shutters

secondary_wa
IL_cover_cover
_percentage

string

Presence of
decorative
shutters

If present, are decorative
shutters made of
noncombustible material?
Binary True/False
Additional data
requirements: Close-up
photo/s of the materials
used.

Shutters

0=True/Yes
1=False

Table A4.17. Exterior glass and doors.

Variable

Data name

Variable
type

Title

Description

Subsystem

Value

Exterior glazing

windows_skyli
ghts_glazed_gl
ass

string

Windows /
Skylights /
Glazed
Glass

Do all windows, skylights,
and glazed openings

within doors meet ONE of the
following requirements:
Multipaned glass with at least
two tempered panes
(etched), have a 20-minute
fire-resistance rating, or glass
blocks (windows only)?
Additional data
requirements: Photos of the
tempered glass etched label
(bug), located on the inside of
each tempered pane in one of
the four corners, meeting
AMMA labeling requirements.

Exterior
glazing,
doors, bay
windows

0=True/Yes/
Compliant
1=False

Exterior doors

exterior_door_
material_com
pliance

string

Exterior
door
materials
compliance

Are all exterior doors solid,
have a noncombustible
threshold and ONE of the
following: 1) Door
surface/cladding made of
noncombustible or
ignition-resistant material
(e.g., metal, solid
hardwood, fiberglass), or
2) a noncombustible storm
door as the outermost door?
Additional data
requirements: A photo of
every exterior door.

Exterior
glazing,
doors, bay
windows

0=True/Yes/
Compliant
1=False

Skylight type

skylight_type

string

Skylight
glass type

If skylights are present, are
they made of flat glass (rather

Exterior
glazing,

0=True/Yes/
Compliant
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Variable Data name Variable Title Description Subsystem Value
type
than domed plastic)? Binary doors, bay 1=False
Yes/No windows
Skylight mesh Skylight_mesh | string Skylight If skylights are operable, is Exterior 0=True/Yes/
mesh the opening protected by a glazing, Compliant
protection noncombustible mesh doors, bay 1=False
screen where the dimensions | windows
of the mesh shall not exceed
1/8-inch in diameter?
Binary Yes/No
Table A4.18. Primary deck/covered porch subsystem.
Variable Data name Variable Title Description Subsystem Values
type
Area around deck deck_area_no | string Deck area Does the area around the Primary 0=True/Yes/Comp
ncombustible noncombus | footprint of all decks / deck/covered liant
_space_prese tibles covered porches, porch 1=False
nt including under stairs, have
at least 5 feet of
noncombustible space?
Binary Yes/No
Decks and porches decks_covere | string Decks Is the top surface of all decks | Primary 0=True/Yes/Comp
condition d_porches_cl covered / covered porches clear of deck/covered liant
ear_of_debris porches yard debris? Binary Yes/No porch 1=False
clear of Additional data
debris requirements: Photo/s of the
deck / porch deck surface.
Deck or porch type deck_covered | string Type of What type of deck / covered Primary *See sublist
description _porch_type porch/deck | porchis present? deck/covered below for
Additional data porch minimum
requirements: Photos of porch/deck
each side of the deck / porch descriptors
and include the base of the
structure (see subsystem
photo requirements for
additional details)
Deck and porch decks_covere string Porch/deck Is the top surface of alldecks | Primary 0=True/Yes/Comp
vegetation condition | d_porches_cl vegetation / covered porches completely | deck/covered liant
ear_of_excess condition free from porch 1=False
ive_vegetation trees and shrubs, with no
more than 10 potted
plants / flowers in
noncombustible planters?
Binary Yes/No
Underneath deck underneath_d | string Underdeck | Isunderneath all decks/ Primary 0=True/Yes/Comp
area condition ecks_covered condition covered porches including deck/covered liant
assessment _porches_clea assessment | stairs free from any porch 1=False

r_of_vegetatio
n

vegetation (including wood
piles, plants, grass, weeds,
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Variable

Data name

Variable
type

Title

Description

Subsystem

Values

etc.)? Binary Yes/No
Noncombustible materials
like concrete, rock, or dirt are
permitted.

Additional data
requirements: Photo/s of
underneath the deck / porch
of the ground and
substructure (including any
mesh or lattice used to
enclose it.)

Decks/porches
under 4 feet
elevation

decks_porche
s_less_than_4
ft_to_ground_
properly_encl
osed

string

Deck/porch
es below 4
feet
elevation

Decks / porches 4 feet or less
from walking surface to
ground: Is it fully enclosed
underneath with

1/8-inch or finer metal mesh
with no combustible material
such as lattice installed over
the mesh? Binary Yes/No
Additional data
requirements: Photo/s of the
covering.

Primary
deck/covered
porch

0=True/Yes/Comp
liant
1=False

Auxiliary deck
structures

decks_w_addi
tional_structu
re_complianc
e

string

Decks with
additional
structure/s
attached

Attached decks with an
additional structure (like

a pergola or gazebo): Is it
made of metal, with no

solid roof cover, free from all
vegetation, and

without curtains / drapes /
screens?

Additional data
requirements: Photo/s of the
structure.

Primary
deck/covered
porch

0=True/Yes/Comp
liant
1=False

Deck stairs
materials

decks_stairs_
construction_
materials_co
mpliance

string

Deck stair
materials

Are all decks, including stairs,
entirely

constructed with
noncombustible materials
such as metal/ lightweight
concrete OR retrofitted with
noncombustible materials for
no-gap walking

surfaces and railing within 5
feet of home? Binary Yes/No.
Additional data
requirements: minimum of 2
photos of underdeck
structure materials and a
close-up of the walking
surface.

Primary
deck/covered
porch

0=True/Yes
1=False
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Table A4.19. Secondary deck/covered porch subsystem — provides data requirements for additional decks and
porches.

Variable Data name Variable Title Description Subsystem Values
type
Area around deck secondary_De | string Deck area Does the area around the Secondary 0=True/Yes/Comp
ck_area_nonc noncombus | footprint of all decks / deck/covered liant
ombustible_s tible covered porches, porch 1=False
pace_present including under stairs, have
at least 5 feet of
noncombustible space?
Binary Yes/No
Decks and porches secondary_de | string Decks Is the top surface of alldecks | Secondary 0=True/Yes/Comp
condition cks_covered_ covered / covered porches clear of deck/covered liant
porches_clear porches yard debris? Binary Yes/No porch 1=False
_of_debris clear of Additional data
debris requirements: Photo/s of the
deck/ porch deck surface.
Deck or porch type secondary_de | string Type of What type of deck / covered Secondary *See sublist
description ck_covered_p porch/deck | porchis present? deck/covered below for
orch_type Additional data porch minimum
requirements: Photos of porch/deck
each side of the deck / porch descriptors
and include the base of the
structure (see subsystem
photo requirements for
additional details)
Deck and porch secondary_de | string Porch/deck | Isthe top surface of alldecks | Secondary 0=True/Yes/Comp
vegetation condition | cks_covered_ vegetation / covered porches completely | deck/covered liant
porches_clear condition free from porch 1=False
_of_excessive trees and shrubs, with no
_vegetation more than 10 potted
plants / flowers in
noncombustible planters?
Binary Yes/No
Underneath deck secondary_un | string Underdeck | Isunderneath all decks/ Secondary 0=True/Yes/Comp
area condition derneath_dec condition covered porches including deck/covered liant
assessment ks_covered_p assessment | stairs free from any porch 1=False
orches_clear_ vegetation (including wood
of_vegetation piles, plants, grass, weeds,
etc.)? Binary Yes/No
Noncombustible materials
like concrete, rock, or dirt are
permitted. Additional data
requirements: Photo/s of
underneath the deck / porch
of the ground and
substructure (including any
mesh or lattice used to
enclose it.)
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Variable Data name Variable Title Description Subsystem Values
type
Decks/porches secondary_de | string Deck/porch | Decks/ porches 4 feetorless | Secondary 0=True/Yes/Comp
under 4 feet cks_porches_L es below 4 from walking surface to deck/covered liant
elevation ess_than_4ft_ feet ground: Is it fully enclosed porch 1=False
to_ground_pro elevation underneath with 1/8-inch or
perly_enclose finer metal mesh with no
d combustible material
such as lattice installed over
the mesh? Binary Yes/No
Additional data
requirements: Photo/s of the
covering.
Auxiliary deck secondary_de | string Decks with Attached decks with an Secondary 0=True/Yes/Comp
structures cks_w_additio additional additional structure (like deck/covered liant
nal_structure_ structure/s a pergola or gazebo): Is it porch 1=False
compliance attached made of metal, with no
solid roof cover, free from all
vegetation, and
without curtains / drapes /
screens?
Additional data
requirements: Photo/s of the
structure.
Deck stairs secondary_de | string Deck stair Are all decks, including stairs, | Secondary 0=True/Yes
materials cks_stairs_co materials entirely constructed with deck/covered 1=False
nstruction_ma noncombustible materials porch
terials_compli such as metal/ lightweight
ance concrete OR retrofitted with
noncombustible materials for
no-gap walking
surfaces and railing within 5
feet of home? Binary Yes/No.
Additional data
requirements: minimum of
2 photos of underdeck
structure materials and a
close-up of the walking
surface.
Table A4.20. 0-5 Foot Noncombustible Zone: 0-5 foot subsystem.
Variable Data name Variable Title Description Subsystem Values
type
0-5 Foot hiz_ground_co | string Ground Is the ground cover in the 0-5- | 0-5 Foot 0=True/Yes/Comp
Noncombustible ver_noncomb cover Foot Noncombustible Zone Noncombust | liant
Zone ground cover ustible assessment | hardscaped with bare dirt, ible Zone 1=False

assessment

gravel, pavers, river rocks, DG
base, steppingstones, or
concrete and free from
debris? No combustible
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Variable Data name Variable Title Description Subsystem Values
type
ground covers such as wood
or rubber mulch are allowed.
Binary Yes/No
0-5 Foot hiz_clear_of_v | string Vegetation Is the 0-5-Foot 0-5 Foot 0=True/Yes/Comp
Noncombustible egetation assessment | Noncombustible Zone free Noncombust | liant
Zone vegetation from all vegetation? This ible Zone 1=False
assessment means no bushes,
grass/artificial turf, flowers,
trees, succulents, including
no overhanging tree
branches? Binary Yes/No
0-5 Foot hiz_clear_of _c | string Combustibl | Isthe 0-5-foot 0-5 Foot 0=True/Yes/Comp
Noncombustible ombustible_it e items noncombustible buffer free Noncombust | liant
Zone combustible ems assessment | from all combustible items ible Zone 1=False
items such as furniture, firewood,
sheds, storage units, hot
tubs, etc.? Binary Yes/No
0-5 Foot hiz_clear_of v | string Vehicles Is the 0-5-foot 0-5 Foot 0=True/Yes/Comp
Noncombustible ehicles noncombustible buffer free Noncombust | liant
Zone Vehicles of stored boats, RVs, trailers, ible Zone 1=False
or ATVs? Binary Yes/No
Yard vegetation hiz_clear_of_d | string Yard Is the entire yard free of 0-5 Foot 0=True/Yes/Comp
debris ebris_accumu vegetation accumulated fallen pine Noncombust | liant
lation debris needles, leaves, and other ible Zone 1=False
debris? Binary Yes/No
Tree spacing canopy | trees_spaced_ | String Tree Are all trees with trunks 4+ 0-5 Foot 0=True/Yes/Comp
pruned spacing/can | inches spaced Noncombust | liant
opy spacing | apart/ pruned to a canopy- ible Zone 1=False
to-canopy distance of at
least 10 feet and limbs
pruned to a minimum of 6
feet off the ground? Binary
Yes/No
Tree to shrubs/bush | trees_vegetati string Tree to Are the trees with trunks 4+ 0-5 Foot 0=True/Yes/Comp
spacing on_properly_s shrub-bush | inches properly spaced? Noncombust | liant
paced spacing (Spacing between the tree ible Zone 1=False
canopy and the next closest
shrub / bush / tree must be at
least twice the height of the
shrub / bush / tree or 10 feet.)
Binary Yes/No
Shrubs and bushes shrubs_bushe | string Shrub/bush | Do all the shrubs/bushes/ 0-5 Foot 0=True/Yes/Comp
spacing s_trees_space es spacing trees with trunks less than 4 Noncombust | liant
d_properly inches have proper spacing ible Zone 1=False

between them? Spacing
distance must be at least
twice the height of the tallest
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Variable Data name Variable Title Description Subsystem Values
type
bush / shrub present and
privacy bushes or rows of
shrubs are not allowed.
(Example: 3 feet
bush + 4 feet bush (tallest) =
spaced 8 feet apart.) Binary
Yes/No
Dead vegetation dead_vegetati | string Dead Has all dead vegetation been 0-5 Foot 0=True/Yes/Comp
on_removed vegetation removed? Binary Yes/No Noncombust | liant
maintenanc ible Zone 1=False
e
Table A4.21. 5-30-foot subsystem.
Variable Data name Variable Title Description Subsystem Values
type
Trees properly thirty_feet_hiz | string Trees Do all trees within 30 feet, HIZ 5-30 0=True/Yes/Comp
pruned _trees_pruned pruned have branches removed from liant
the ground up to 6 feet and 1=False
upper branches trimmed to
ensure 10 feet of space from
neighboring trees? Binary
Yes/No
Tree spacing canopy | thirty_feet_hiz | string Tree Trees with trunk 4 inches or HIZ 5-30 0=True/Yes/Comp
_vegetation_s spacing 5- larger: Have spacing between liant
paced 30 feet the tree canopy and the next 1=False
closest shrub/bush/tree with
a trunk diameter of less than
4 inches at least twice the
height of the bush/shrub/tree
(or 10 feet, whichever is
less)? Binary Yes/No
Shrub/bushes thirty_feet_hiz | string Spacing of Are all shrubs within 30 feet, HIZ 5-30 0=True/Yes/Comp
spacing _shrubs_spac shrubs and removed from under trees, liant
ed bushes have space between grouping 1=False
of a 10-foot area of 10 feet
apart, AND all privacy hedges
and rows of bushes have
been removed? Binary
Yes/No
Yard debris Zone 1 thirty_feet_hiz | string Yard debris Within 30 feet of the home, is | HIZ5-30 0=True/Yes/Comp
_vegetation 5-30 foot the yard free of accumulated liant
area fallen pine needles, leaves, 1=False
and other debris? Binary
Yes/No
Dead vegetation thirty_feet_hiz | string Dead Has all dead vegetation and HIZ 5-30 0=True/Yes/Comp
and firewood stacks | _vegetation_fir vegetation firewood stacks been liant
ewood and 1=False
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Variable Data name Variable Title Description Subsystem Values
type
firewood 5- | removed or placed at least 30
30-footarea | feet away from the home?
Table A4.22. Fences subsystem.
Variable Data name Variable Title Description Subsystem Values
type
Back-to-back back_to_back | string Back-to- If fences are back-to-back Fences 0=True/Yes/Comp
fencing _fencing_com back fence within 30 feet, is there at liant
pliance sections least 5 feet between them? 1=False
Binary Yes/No
Additional data
requirements: Photos of any
fencing within 30 feet.
Home fencing fencing_dista string Fencing Is fencing within 5 feet of the Fences 0=True/Yes/Comp
nce near or home, including liant
within the any part that attaches to the 1=False
HIZ home? Binary Yes/No
Additional data
requirements: Photos of any
fencing near or within 5
feet/HIZ of the home.
0-5 Foot fence_materia | string 0-5 Foot If fencing, posts or gates are Fences 0=True/Yes/Comp
Noncombustible l_noncombust Noncombu present within 5 feet of the liant
Zone fencing ible stible Zone home, are they made of 1=False
fencing noncombustible materials,
such as metal (aluminum,
chain link, or iron) or
concrete blocks? No vinyl or
wood fences allowed. Binary
Yes/No

A4.2 Parcel level additional data requirements

The following represent the minimum subsystem photograph requirements that shall be collected for

each parcel/single family structure and subsystem variable if the variable feature is present. See Section
A6 for photograph/image format requirements, metadata requirements and recommendations.

Table A4.23 Parcel level additional data requirements.

Subsystem Variable Data name Photograph minimum requirements

Home Address numbers | address_numbers_photo 1 photo of the address numbers on the home /
Inspection mailbox.

Details

Home Left elevation left_yard_photos 2 photographs of the yard area in its entirety
Inspection photographs

Details
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Subsystem Variable Data name Photograph minimum requirements

Home Back/rear of back_of_the_house_photos 3 photos of the back of the property in landscape

Inspection house mode/orientation.

Details photographs

Home Front elevation of | front_of_the_house_photos 3 photos of the front of the property in landscape

Inspection the property mode/orientation.

Details photographs

Home Frontyard front_yard_photos 2 photos of the yard in its entirety.

Inspection photographs

Details

Home Left Side of the left_side_of_the_house_photos 3 photos of the left side of the property in landscape

Inspection House Photos mode/orientation.

Details

Home Right Side of the right_side_of_the_house_photos 3 photos of the right side of the property in

Inspection House Photos landscape mode/orientation.

Details

Home Right Yard Photos | right_yard_photos 2 photos of the yard in its entirety.

Inspection

Details

o

General Accessory accessory_structures_present Photo/s required of each accessory structure
structures within present showing distance from home for reference.
30 feet

compliance 3

Hot Tub/Spa Hot tub/spa

Exterior fixed
propane tank

Exterior Propane
Tank

Dominant roof
cover material

Dominant Roof
Covering

Secondary Roof
Covering

Secondary roof
cover materials
Roof Roof clear of
debris

Gutters and
downspout
materials

Gutters and
Downspouts

Accessory Accessory accessory_structure_compliance_1 Photos of the 5 feet buffer zone all the way around
structure 1 structure the structure

compliance 1
Accessory Accessory accessory_structure_compliance_2 Photos of the 5 feet buffer zone all the way around
structure 2 structure the structure

compliance 3
Accessory Accessory accessory_structure_compliance_3 Photos of the 5 feet buffer zone all the way around
structure 3 structure the structure

hot_tub_compliance

propane_tank_compliance

dominant_roof_covering_material

secondary_roof_covering_material

roof_clear_of_debris

metal_gutter_downspouts_present

Photos of the 5 feet buffer zone all the way around
the hot tub

Photos of the10 feet buffer zone all the way around
the propane tank.

6 photos showing all roof faces

6 photos showing all roof faces

Photo/s of any areas of visible built-up debris on any
roof face. Close-up photographs if possible

1 close-up photo of gutter, 1 close-up photo of
downspout

Gutters and
downspout debris
accumulation

Gutters and
Downspouts

gutters_downspouts_clear_of_debris

Photo/s of any areas of debris in gutter systems
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Dominant wall
cover material

Dominant Walls

Secondary Walls | Secondary wall

cover material/s

Foundation Foundation

dominant_wall_cover_material

secondary_wall_cover_material

foundation_photos

Subsystem Variable Data name Photograph minimum requirements

Gutters and Gutter guard metal_gutter_guard_present Close-up photo/s of gutter guard material (if

Downspouts present)

T ———

Vents Roof vent roof_vents_compliance Close-up photo of every vent with mesh in view (to
compliance observe size)

Vents Roof vent types roof_vents_type Close-up wide-angle photo of every vent with mesh

in view (to observe size)

Vents Forced air vent dryer_vent_louver_flap_present 1 photo of the vent assembly including the louver
assembly flap (if present)

Vents Dryer vent metal_dryer_vent_present 1 close-up photo of the vent
material

Vents Eave attic vents eave_attic_vents_compliance A close-up photo/s of every vent with mesh in view

(to observe size)

Vents Gable-end attic gable_end_vents_compliance A close-up photo/s of every vent with mesh in view
vents (to observe size)

Vents Crawl space crawl_space_vents_compliance A close-up photo/s of every vent with mesh in view
vents (to observe size)

I I =

Eaves & Soffits Eave/soffit eaves_soffits_materials_compliance Close up photo of the eaves for all 4 elevations (4
material total photos, minimum requirement)
compliance

Close up photo of material
used on dominant percentage wall coverings

Close up photo/s of material/s
used on any secondary wall coverings

Photos of all sides of the foundation, including the
deck (if present). Minimum of 4 photos total, 1 for
each elevation clearly showing foundation
ground/foundation interface.

Exterior glazing, Windows,
windows, doors, skylights
bay windows compliance

windows_skylights_glazed_glass

Shutters Functional functional_shutters_present Close-up photo showing the shutters
shutters

Shutters Decorative decorative_shutters_material_non_co Close up photo/s of the decorative shutter
shutters mbustible material/s

Photo of the tempered glass etched labels for all
accessible windows.

Exterior glazing, Exterior Door

exterior_door_material_compliance

Photo of every exterior door

windows, doors,
bay windows

ent

windows, doors, Material(s)
bay windows Compliance
Exterior glazing, Bay window bay_window_non_combustible_wall_pres | Photo/s of any bay window and area underneath

and surrounding the window feature.

Primary Deck / Deck / Covered decks_covered_porches_clear_of_debris Photo/s of the deck / porch deck surface
Covered Porch porches clear of

debris
Primary Deck / Deck / Covered deck_covered_porch_type Photos (minimum 3) of each side of the deck /
Covered Porch porch type porch and include the base of the structure.
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Subsystem Variable Data name Photograph minimum requirements
Primary Deck / Under deck/porch | underneath_decks_covered_porches_ Photo/s of underneath the deck / porch of the
Covered Porch area clear_of vegetation ground and substructure (including any mesh or

lattice used to enclose it.)

Primary Deck /
Covered Porch

Decks below 4
feet elevation

decks_porches_less_than_4ft_to_ground_
properly_enclosed

Photo of the covering surrounding deck (less than 4
feet elevation)

Primary Deck / Decks with decks_w_additional_structure_complianc | Photo/s of the structure/s
Covered Porch additional e
structure/s
Primary Deck / Deck/stairs decks_stairs_construction_materials_com | 2 photos of underdeck structure materials and 1
Covered Porch materials pliance close-up photograph of the walking surface

/ Covered Porch

Covered porch
type

Secondary Deck | Secondary secondary_decks_covered_porches_clear | Photo of the deck/ porch deck surface
/ Covered Porch deck/porch _of_debris
debris condition
Secondary Deck | Secondarydeck/ | secondary_deck_covered_porch_type Photos (minimum 3) of each side of the deck /

porch and include the base of the structure.

Secondary Deck
/ Covered Porch

Secondary deck
underneath area

secondary_underneath_decks_covered_p
orches_clear_of_vegetation

Photo of underneath the deck / porch of the ground
and substructure (including any mesh or lattice or
other materials used to enclose it.)

Secondary Deck
/ Covered Porch

Secondary decks
below 4 feet
elevation

secondary_decks_porches_less_than_4ft_
to_ground_properly_enclosed

Photo of the covering surrounding deck (less than 4
feet elevation)

Noncombustible
Zone

Noncombustible
Zone Photos

Secondary Deck | Secondary decks secondary_decks_w_additional_structure Photo/s of the structure/s
/ Covered Porch with additional _compliance
structure/s
Secondary Deck | Secondary secondary_decks_stairs_construction_ma | 2 photos of underdeck structure materials and a
/ Covered Porch decks/stairs terials_compliance close-up of the walking surface
materials
0-5 Foot 0-5 Foot hiz_photos Please take photos showing the 0-5-Foot

Noncombustible Zone surrounding the entire
house. Photos must capture all four elevations,
front, rear, left and right sides

Noncombustible
Zone Fencing

5-30 Foot 5-30 Foot thirty_feet_hiz_photos Please take photos showing the 5-30 Foot

Defensible Defensible Space Defensible Space Zone surrounding the entire

Space Zone Zone Photos house for reference. Photos must capture all four
elevations, front, rear, left and right sides

Fences Fencing back_to_back_fencing_compliance Photos of any fencing within 30 feet

Fencing 0-5 Foot fencing_distance Photos of any fencing near the home

A4.3 Connective fuel parcel level requirements

A4.3.1 Required data
Connective fuel assessment is required for all structures within the designated neighborhood/community and
the following data fields are required. See connective fuel node definition.
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Table A4.24. Connective fuel pathways.

Subsystem Variable Data name Description

Connective fuels | Cluster Cluster_id Which cluster of structures ID integer
identifier does this parcel belong to

Connective fuels | Front front_elevation_connective_fuel Does the front elevation have | 0=Yes
elevation a connected fuel node 1=No
connective pathway to a neighboring
fuel structure?

Connective fuels | Left elevation left_elevation_connective_fuel Does the left elevation have a | 0=Yes
connective connected fuel node pathway | 1=No
fuel to a neighboring structure?

Connective fuels | Back/rear back_elevation_connective_fuel Does the back/rear elevation 0=Yes
elevation have a connected fuel node 1=No
connective pathway to a neighboring
fuel structure?

Connective fuels | Right right_elevation_connective_fuel Does the right elevation have 0=Yes
elevation a connected fuel node 1=No
connective pathway to a neighboring
fuel structure?

A4.4 Additional data

Intentionally left blank for future standard revisions and the identification of additional relevant data sources

A4.5 Additional optional neighborhood to parcel data

A4.5.1 Neighborhood “as built” site and structure plan drawing sets
“As built” site and individual structure drawing sets can be submitted as a .pdf document.

A4.5.2 Local defensible space ordinance
A .pdf file of any local ordinance in place and enforced for defensible space requirements.

A5 Structure cluster and neighborhood connective fuel minimum data
requirements

See structure cluster definition and Chapter 3 for structure identification and connective fuel processes and Chapter
4 for defined neighborhood requirements.

Table A5.1. Contiguous cluster required variables and connective fuel flags.

Variable

Data name

type

Description Value

Cluster identifier

cluster_id

integer

i.,e.1,2,3,...Nblock. Each
block can reuse integer IDs

Integer number identifier for
each contiguous structure
cluster identified within the
boundaries of the
neighborhood

Total homes within the
cluster

cluster_homes

integer

Number of homes/units within
the identified contiguous
cluster

Numeric integer values
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Total homes pass cluster_homes_pass integer Total number of homes/units Numeric integer values
connective fuels which passed connective fuel

node criteria in cluster
Total homes flagged for cluster_homes_flagged | integer Total number of homes/units Numeric integer values
connective fuels which failed connective fuel

node criteria in cluster
Cluster compliance cluster_compliance string Was the cluster flagged for 0=No/Compliant

connective fuels?

1=Yes/Flagged for connective
fuels

Table A5.2. Neighborhood connective fuel compliance.

Variable Data name type Description Value

Neighborhood neighborhood_connect_fuel | integer Does the neighborhood meet | Binary O=Yes/Compliant
connective fuel all connective fuel 1=No/False/Non-Compliant
compliance requirements?

A6 Neighborhood flame zone and neighborhood ember zone mitigation

compliance

Table A6.1. Flame and neighborhood ember zones mitigation compliance.

Variable Data name type Description Value
Neighborhood flame flame_resistance_zone | string Does the parcels within the Binary 0=Yes/Compliant
zone compliance neighborhood flame zone meet | 1=No

all mitigation requirements

including connective fuel

provisions
Neighborhood flame flame_resistance_ percentage Percentage of mitigated Percentage
zone percentage zone_ percent parcels meeting neighborhood | (if compliant, percentage =
mitigated flame zone requirements 100%)
Neighborhood ember ember_resistance_zone | string Does the parcels within the Binary 0O=Yes/Compliant
zone compliance neighborhood ember zone 1=No

meet all mitigation

requirements
Neighborhood ember ember_resistance_ percentage Percentage of mitigated Percentage
zone percentage zone_percent parcels meeting neighborhood (if compliant, percentage =
mitigated ember zone requirements 100%)

A7 Imagery minimum requirements

A7.1 Ground-level imagery photograph requirements

The following provides requirements and recommendations for ground level imagery and photographs
used to assess, verify, validate, and/or monitor any element required by the IBHS Wildfire Prepared
Neighborhood Standard.

A7.1.1 Camera specifications
Resolution: Any submitted ground-based imagery shall use a minimum resolution of 12
megapixels.
Lens: Itis recommended to use wide-angle lenses to capture more of the scene; a focal length of

24mm-35mm is recommended but not required.
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A7.1.2 Image format
File Format: Images shall be saved and submitted in RAW format.
Color Depth: Images shall use a minimum 16-bit color depth setting.

A7.1.3 Geotagging and metadata
All submitted images shall contain the following minimum metadata:
Time, Latitude, Longitude, Camera settings (i.e., aperture and focal length settings)

A7.1.4 Temporal requirements
Ground-based imagery shall be collected within 60 days of any defined neighborhood evaluation,
verification and/or monitoring.

A7.2 Ground level imagery recommendations

The following are recommendations and best-practices for ground-level imagery and are not considered
to be requirements for ground-based imagery use for any element and/or requirement of the IBHS Wildfire
Prepared Neighborhood Standard.

A7.2.1 Recommended imaging conditions
Time of Day: For the bestimage quality, photos should be taken during the “golden hours,” however
itis understood that these times are not ideal for typical inspection activities.

A7.2.2 Weather conditions
Avoid rainy or completely overcast days, if possible, to minimize reflections, issues with water
droplets, distortion from rain/moisture, and shadows that might not show details.

A7.2.3 Photographic techniques

Exposure: It is recommended to use HDR techniques to manage high-contrast scenes but not
required

Focus: Ensure the entire scene isin focus.

A7.2.4 Coverage

360-Degree Views: Each required image location could also include a 360-degree series of
photos. For 360-degree image processing, the process will require taking multiple photos in a
circle around a central point. 360 imagery is not required (see imagery requirements).

A7.2.5 Panoramic shots
Use panoramic shots for open areas to get a wider perspective of the landscape and community
layout, which can be useful for understanding potential fire spread.

A7.2.6 Overlapping fields of view
Each photo should overlap with the previous by approximately 30% to ensure complete coverage
when stitching images together or when analyzing spatial relationships.

A7.2.7 Consistent height

Establish a consistent height at which photos are taken by using a tripod to standardize the angle
of capture across different photographers and locations. While not required, the use of a tripod at
a consistent height for all ground-based images is recommended.
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A7.2.8 Distance from subject
Standardize the distance from which photos are taken to maintain consistency across different
images and scenes.

A7.2.9 Positioning and reference points

Use reference points or markers in photos to help align shots taken from different angles or at
different times. Mark specific spots for repeated photography. It’s useful for monitoring changes
over time.

A7.2.10 Macro and micro scales

Instruct photographers to take both wide-angle shots for overall views and closer, detailed shots
of specific features like building materials, vegetation types, and ground cover for assessing fire
risk.

A7.2.11 Angle grids

Create a grid system for larger areas, specifying the exact points and angles from which photos
should be taken. This can guide photographers and ensure that all necessary perspectives are
covered.

A7.3 Aerial imagery requirements

This section provides the minimum requirements for aerial imagery used for assessment, verification,
validation, and/or monitoring of any requirement specified in the IBHS Wildfire Prepared Neighborhood
Standard.

A7.3.1 General aerial imagery requirements. Aerial imagery collected from any fixed-wing
aircraft, unmanned aerial vehicle, drone, quadcopter etc. for use in assessing roof cover type,
connective fuels, defensible space, and fuelbreak characterization shall meet the following:

A7.3.1.1 Digital file format

Aerial imagery may be supplied using one of the following file formats: ECW, geoTiff,
GeolJSON, TIFF, MrSID, MRF or HDF. Other file formats not listed here require additional
approval for use.

A7.3.1.2 Spectral resolution
Photogrammetric digital camera providing 3-bands, red, green, blue, and panchromatic if
available.

A7.3.1.3 Temporal resolution

Aerial imagery used to provide an evaluation and determination of mitigation
requirements specified in Chapter 4 using the processes described in Chapter 3 shall
have been collected within one calendar year. Imagery used for verification of mitigation
actions and/or monitoring of mitigation actions described in Chapters 3 and 4 shall be
collected within 6 months of its use in verifying actions.

A7.3.1.3 Spatial resolution shall be 15 cm or finer.

A7.3.1.4 Image compression shall not exceed 15 times and should minimize image
quality loss.
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If imagery must be converted follow these recommendations for the specific data type (recommendations

courtesy of ESRI).
Table A7.1

Data Type

Recommendations

8-bit or 16-bit, 1-,3-, or 4-band rasters
where lossy compression is not
suitable

8-bit, 3-band natural color imagery
already preprocessed by
orthorectification, color balanced,
mosaicked, and cut into tiles

16-bit or 32-bit, 1-band elevation data

8- or 16-bit imagery where lossy
compression is suitable

8-bit or 16-bit, 3-band, non-natural-
colorimagery when lossy
compression is suitable

8-bit or 16-bit, 4-band RGB-IR
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Use MRF with LERC compression or TIF with LZW/Deflate
compression. These formats include tiling with tiles of size 512,
256 or 128. Smaller tile sizes work best for scientific data where
access to temporal profiles is more common.

This imagery is generally used as background imagery and should
be converted directly to a tile cache or stored as MRF or TIFF with
JPEG YCbCr compression. Typically, a quality value of around 80 is
used, which provides approximately 8-times compression. YCbCr-
based JPEG compression internally converts the image to a
different spectral domain, improving the compression.

Use MRF with LERC compression or TIFF, LZW/Deflate
compression, tiled 128 or 256. For 16-bit elevation, be sure that
JPEG is not used.

Use MRF or TIF with JPEG (YCbCr) compression. The quality should
be checked by testing some sample imagery. In many cases, a
quality factor of 90 is suitable. Note that ArcGIS supports a 12-bit
version JPEG. Therefore, when compressing 16-bit pan imagery
using JPEG, only the first 12 bits of the imagery will be used. Many
modern sensors have a sensitivity in the range of 11 - 14 bits, and
using 12-bit compression maintains much of the image content
but excludes the last (often noisy) bits.

Examples of this kind of imagery include false color imagery or
scanned maps. Use MRF or TIFF, with JPEG (RGB) compression. In
RGB JPEG compression, each band is compressed separately.

This is the format often captured by modern digital sensors. If the
data has been orthorectified and enhanced, then some of the
original image information has been lost, potentially limiting its
use for some forms of analysis. For such imagery, lossy
compression may be suitable, but care should be taken to quantify
the effects on any intended future analysis.

Itis then recommended to convert such imagery into a 3-band
RGB and 1-band NIR image and use the above recommendations
for compressing each. Splitting into a separate RGB image enables
better compression, and most users will likely access the RGB
component more than the NIR. In ArcGIS, one can virtually merge
the two files to create an RGB-IR image suitable for displaying as
false color or computing NDVI. Typically for such imagery, the
compression quality is set higher, to 90 or 95, so that compression
does not add significant artifacts to NDVI.

When using JPEG compression, the recommended quality values
to use can range from 80 to 95. It is best to try different factors on
sample images and review the differences to determine an optimal
value.
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Recommendations

8-bit or 16-bit, 5-band RGB-IR with a Many sensors include 4-band multispectral imagery and 1-band
panchromatic band higher-resolution panchromatic imagery. If you are maintaining the

IR band, itis recommended to not pre-pansharpen such imagery.
The pan-image changes the multispectral properties of the bands,
and the pan-sharpening process will significantly increase the file
sizes, reducing the suitability of the imagery for analysis. Instead,
maintain the 4-band multispectral and 1-band panchromatic as
separate rasters, and use the capability of ArcGIS to pan-sharpen
on the fly, which is performed very fast and ensures that the
integrity of the spectral bands is not lost. If you need to compress
the imagery to reduce size, the panchromatic band should use
JPEG compression, as the panchromatic band is typically much
larger than the multispectral image and is not used for spectral
analysis. Limited JPEG compression (for example, Q90) has
minimal effect on visual interpretation or computation of tie points
or DSM generation.

When using JPEG compression, the recommended quality values
to use can range from 80 to 95. It is best to try different factors on
sample images and review the differences to determine an optimal
value.

Another option that can be used is to pansharpen and store the
3band RGB image with lossy JPEG compression. This image can be
used for visual interpretation. Then store the lower resolution
multispectral red and IR bands separately for use in analysis.

A7.3.2 Aerial imagery requirements for connective fuel assessment.
For aerial imagery to be used in connective fuel assessments it must be orthorectified for
use in Geographic Information Systems (GIS) platforms.

Itis important to collect ortho-rectified imagery so ground features/connective fuel
elements can be measured, and other data layers can be created from the data source
which has a strong relationship to ground control. The data required for ortho-
rectification include orientation parameters for the source image(s) and a digital
elevation model (DEM) of the geographic area to be covered by the imagery. Ortho-
rectification corrects for tip and tilt of the aircraft and displacement in the photograph
caused by changes in the ground elevation. Generally, the development of ortho-rectified
imagery requires the acquisition of overlapping photography of the same geography and
some combination of surveyed ground control and airborne (Global Positioning System)
GPS collection at the time of photography. A photogrammetrist performs image
correlation techniques and aero-triangulation on the resulting block of photographs to
establish the orientation parameters of the individual image. Using the most recent DEM
source or new LiDAR DEM provides the base for which the new imagery is rectified. Orth-
rectified imagery allows for detailed connective fuel features to be accurately mapped
and measured. The requirements specified here provide a consistent structure for data
providers and users to ensure compatibility of datasets within the same framework layer.
The requirements integrate with existing standards such as the American Society for
Photogrammetry and Remote Sensing (ASPRS) standards.
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A8 Definitions specific to this appendix

Accuracy, horizontal. A measure of the horizontal distance on a photograph within defined tolerances.

Accuracy, vertical. Vertical (elevation) accuracy of a rectified image and associated digital elevation
models. Vertical measurements are usually expressed as contour lines or spot heights.

Aerial imagery. Any image taken from an airborne craft.
Band. A range of wavelengths of electromagnetic radiation.

Covenants, Conditions, and Restrictions (also referred to as CC&R). A recorded document that
contains a legal description of the development and a statement that it is a community apartment project,
condominium project, planned development, or stock cooperative. The declaration must additionally set
forth the name of the association and the restrictions on the use or enjoyment of property. Unlike bylaws,
which address the governance of an association, CC&Rs describe property rights and obligations of the
membership, such as 1) restrictions on the use of property, 2) member and association maintenance
duties, 3) enforcement powers, 4) lender protection provisions, 5) assessments obligations and
lien/collection rights, 6) duty to insure, and 7) dispute resolution and attorneys' fees provisions.

Datum. The description of the shape of the earth as defined by the National Geodetic Survey; usually
referred to as NAD27 or NAD83 for the horizontal datums and NAVD29 or NAVD88 for the vertical datums.
NAD27 uses surface reference points, whereas NAD83 uses the center of the earth as the reference point.

Digital elevation model (DEM). A Digital Elevation Model (DEM) is a representation of the bare ground
(bare earth) topographic surface of the Earth excluding trees, buildings, and any other surface objects.

Forward lap or End lap. The extent to which sequential exposures in a flight line overlap, typical end lap
for stereo photography is 60%.

Ground sample distance (GSD). The area of ground represented in each pixel in xand y components.
Ground-based imagery. Any imagery taken or collected from the ground.

Side Lap. The extent to which the exposures of adjacent flight lines overlap, typical side lap for a block of
stereo photography is 30%.

Pixel. The smallest cell size with a uniform value of an image. This digital image cellis produced in varying
sizes, usually referred to in ground units such as 6 inches, 1 foot, 3 meters, etc. Pixels are created during
the scanning of the aerial imagery and are key to establishing the resolution of the orthophotograph.

Map or Cartographic scale. The relationship between a given distance on the ground and the
corresponding distance on a photograph or image. Scale is expressed in at least two different ways. Both
are ratios. In the first, commonly used measuring systems are compared; for example, 1" =100' (1 inch on
the map equals 100 feet on the earth). In the second, the map unit is arbitrary; for example, 1:100 means
that one of anything (an inch, a foot, a centimeter, etc.) on the map equals 100 of that same unit on the
earth. (1"=100"is the same scale as 1:1200). Scale is presented in several ways: as a bar at the bottom of
the map, as aratio (1:100), or as an equation (1"=100').

Orthorectified. The process of geometrically correcting an image to remove relief distortions, sensor
artifacts, earth curvature and other perspective distortions, and align the image with coordinates on the
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ground, restoring geometric integrity. Ground control points, tie points, and elevation data are used to
correct perspective and terrain distortion in aerial, drone, and satellite imagery.

Projection. Methods of presenting the earth (a three-dimensional object) on a plane, (a two-dimensional
object) with as little distortion as possible.

Root-mean-square error (RMSE). Square root of average squared error.
Scanning. The process of converting analog photographs or hard copy maps into a digital form.
Spatial accuracy. Distance from true ground location.

Spatial resolution. Pixel.
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APPENDIX B
Commentary
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B1 Administrative commentary

The IBHS Wildfire Prepared Neighborhood Standard was developed to provide a means for community-
scale wildfire mitigation through a system of requirements that could build upon the growing body of
science. The goals of this standard are to provide a system of mitigation requirements that account for
varying external fuel exposures, structure spacing, and connective fuel conditions to address the following
core principles:

e Reduce the probability of structure ignition from flames, radiant heat, and ember exposures that
are closest to or in direct contact with the specific external fuels that surround the defined
neighborhood.

e Holistically reduce the probabilities of ember-driven ignitions across the defined neighborhood.

e Slow or halt structure-to-structure fire spread within the defined neighborhood should ignitions
occur.

By addressing each of these elements, the probability of a conflagration occurring can be reduced and
allow the neighborhood to function more as a fuelbreak rather than a fuel source.

The IBHS Wildfire Prepared Neighborhood Standard, like any building code, ordinance, or standard, has its
limitations which are governed by practical application and limits to scientific and engineering
understanding. It is designed to provide a system of mitigation elements that are generally more stringent
than those administered under current WU/ building code provisions. The IBHS Wildfire Prepared
Neighborhood Standard is intended to be applied as a voluntary standard that enables a neighborhood
and/or community to increase its resilience to wildfires and reduce the probabilities that a built-
environment conflagration occurs. It is meant to defend against fire entering the defined neighborhood
from all directions.

The current state of wildfire science does not provide the practical ability to reduce structure ignition
probabilities to zero, even in a neighborhood which meets the provisions of this standard. The scientific
reasoning behind the provisions included in this standard are targeted to contain structure ignitions to
10% or less within a compliant neighborhood. This is accomplished through bulk parcel level
requirements, management of connective fuels, and evaluating the presences of fuelbreaks and
firebreaks. Like all codes, ordinances, and standards, the maintenance of the required provisions is
critical to ensuring the effectiveness of the mitigation system.

Itis well understood that wildland fire behavior is governed by fuel, weather, and topography. The IBHS
Wildfire Prepared Neighborhood Standard seeks to affect fuels and account for typical weather conditions
that occur during built-environment conflagrations. Topography, however, is not included as a critical
variable. While different slope configurations can be diagnhosed, the small-scale changes in topography
present practical challenges for designing and implementing a technical mitigation standard such as this.
The focus on connective fuels and the parcel-level mitigation elements specified in this standard should
also account for fuels across topographic features which could influence fire spread toward structures.
The IBHS Wildfire Prepared Neighborhood Standard uses a 10 m, 70 mph 3-second gust wind for open
terrain conditions as its wind-design level. Using the extreme value analysis of wind return intervals used
in the ASCE 7-22 standard, this value generally represents an annual exceedance probability of 0.25% —
1% across much of the Western United States. It is noted that this design wind speed is higher than the
90" percentile of peak gusts observed in downsloping wind events across the Pacific Coast states of
California, Oregon, and Washington (56 mph; Garner and Kovacik 2022). However, it is below extremes
that have been observed, such as the peak gust observed in Arvada, Colorado of 115 mph during the
Marshall Fire (2021) and those estimated to have occurred within meso- and micro-scale features such as
the tornado-like vortex seen during the Carr Fire (2018) (Lareau et al. 2018).
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B1.1 Applicability

The applicability of the standard and the areas in which it can be applied was determined through
synthesizing the body of research regarding wildland-urban interface fires, beginning with Cohen’s (2008)
conceptual model of wildland-urban interface fire spread through Maranghides et al.” s framework for
mitigation. It also leverages improved understanding, through experimental testing, of how fire spreads
between structures. The IBHS Wildfire Prepared Neighborhood Standard was designed to serve typical
communities near or within the WUI. Its system of actions is generally designed for and applicable to WUI
types 1-5 developed by Maranghides et al. (2022) and shown in Table B1. The standard also follows a
similar approach to Maranghides et al. (2022) of segregating perimeter areas from areas interior to the
defined neighborhood. It is noted that the IBHS Wildfire Prepared Neighborhood Standard is more
conservative with structure separation in types 1 and 2 (see Table B1.1) due to recent experimental testing
results described in Section B2. The IBHS Wildfire Prepared Neighborhood Standard only can apply if at
least 90% of the structures within the defined neighborhood have more than 10 feet and less than 100 feet
of structure separation distance.

Table B1.1. WUI types classified by structure separation and typical parcel/lot size as developed by
Maranghides et al. (2022). The green shaded rows are the classes where the IBHS Wildfire Prepared
Neighborhood Standard is generally applicable. It is noted that the IBHS Wildfire Prepared Neighborhood
Standard applies 10 feet as the lower bound for structure separation distance whereas Maranghides et al.
(2022) uses 6 feet, applying a 3 feet setback distance.

Type | WUI Type Name Structure Typical Typical housing
separation parcel/lot size density
(feet) (acres) (structures per
acre)
*1 High density intermix — perimeter 6-30 feet <0.5 2-8+
*2 High density intermix - interior 6-30 feet <0.5 2-8+
*3 Medium density intermix — perimeter 30-100 feet 0.5-1+ <2
*4 Medium density — intermix — interior 30-100 feet 0.5-1+ <2
*5 Medium density intermix 30-100 feet 0.5-1+ <2
6 Low density interface > 100 feet >1 <1
7 Low density intermix > 100 feet >1 <1

*WUI types in which the IBHS Wildfire Prepared Neighborhood Standard is generally applicable are shaded
green. For types 1 and 2, the classification assumes a 3 feet setback. For type 2, the interior of the
community is defined as located more than 0.25 miles from wildland fuel sources.

B1.2 Mitigation approach and framework

To develop the mitigation approach at a neighborhood-scale used in this standard, IBHS synthesized the
body of scientific literature including post-event analyses, experimental testing, and dynamical modeling.
The IBHS Wildfire Prepared Neighborhood Standard was developed as a system of protection which
accounts for different characteristics of external fuels, how different parts of a neighborhood could
experience different exposure from flames, radiant heat, and embers, as well as how the neighborhood is
designed and the fuel characteristics across it.

Across the history of conflagrations in the built environment from urban fires, to fires following
earthquakes, to wildfire-driven conflagrations five commonalities have emerged:

e Presence of drought conditions, at any time scales
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e Presence of strong winds, typically above 20-30 mph

e Ignition mechanism, typically human-caused

e Dense construction with materials that have little to no fire resistance
e Dense combustible elements surrounding and between structures

The details behind the characteristics of wildfire-driven conflagrations are well summarized within
Giammanco et al. (2023). The IBHS Wildfire Prepared Neighborhood Standard seeks to address the last
two critical factors related to hardening of structures with more fire resistance characteristics and
materials and helping remove pathways for fire to spread between and to neighboring structures. The
controllable factors within a community are parcel level mitigation, distribution of density of ladder and
connective fuels, building codes/ordinances/HOA CC&Rs, vegetative fuel types, presence of fuelbreaks
and existing or in-place preparedness programs. The standard presented here is configured as a system to
slow fire spread and reduce the probability of conflagration. To develop the system of requirements shown
here, the following questions had to be addressed in some manner to identify a practical system for a
neighborhood spatial scale:

1) What degree of parcel level mitigation/hardening could slow fire spread to a rate where
conflagration was not a certainty?

2) How much connective fuel mitigation was needed with no parcel level hardening? With some
hardening measures? With maximum protection that wildfire science could practically offer?

B1.2.1 Experimental simulations

To begin to address these questions to understand what mitigation approach should be taken and
how to understand the influence of mitigation actions in larger scales, IBHS partnered with the
University of Buffalo to conduct a series of idealized dynamical model simulations and two “hind-
cast” simulations (Marshall Fire and Camp Fire) to understand what degree of mitigation through
parcel level actions and connective fuel remediation is needed to slow fire spread and meaningfully
lower the probability of a built-environment conflagration. Given the lack of post-fire observations of
the impact of community-scale mitigation, dynamical modeling has helped fill the gap in designing
the framework of this standard. The simulations were designed to bring together the known
understanding of built-environment conflagrations, experimental test results and post-fire
investigations.

The dynamical modeling study used the SWUIFT model (Streamlined Wildland-Urban Interface Fire
Tracing) to conduct the hindcast and idealized neighborhood experiments using various levels of
hardening, connective fuel conditions, and different wind speed exposures (Masoudvaziri et al. 2021).
Inputs to the SWUIFT model were LANDFIRE for landcover, Microsoft building footprints, WRF-LES
model for wind conditions, and WRF-Fire for wildland fire spread. The structure hardening conditions
were designed to mimic the reduction in ember and direct flame/radiant heat ignition probabilities
and designed to serve as proxies for the IBHS Wildfire Prepared Home (WFPH) requirements. The
hindcast of the Marshall Fire (2021) using 70% of structures within the fire boundary hardened to a
level that is considered a proxy for the IBHS WFPH Plus level of mitigation was shown to reduce fire
spread within the built environment. However, at this same level of mitigation, it did not make a
detectable difference in fire spread rates and destroyed structures for the Camp Fire (2018) hindcast.
The connective fuels, in this case mostly vegetative, were too densely connected and enabled fire to
continue to propagate despite the simulated mitigation efforts. The result suggested that a
combination of both structure hardening, parcel level fuel management and overall connective fuel
management is crucial to ensure the mitigation system can accomplish the goals set forth in this
standard.
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To test the framework of the system employed in this standard, two idealized communities were
defined as a high and a medium density interface community (see Table B7) covering approximately
0.75 mi2with two different structure spacing distances (4 meters and 20 meter), 33 feet (10 meter)
wide streets and different connective fuel and parcel level mitigation levels. Five different wind
environments were also tested from winds of 5 to 25 ms™ (11-56 mph). This yielded 110 independent
dynamical simulations. Conflagration was defined as greater than 10% structure loss in a 12-hour
time window. In both communities, with connective fuels connecting all four sides of each structure
and in any wind conditions conflagration occurred easily as no mitigation elements were present. In
the most densely spaced community, even with 0% connected fuel coverage, once fire entered the
modeled community conflagration occurred. Simulations at low wind speeds showed that by
reducing connective fuels to only two connective fuel paths per structure reduced the number of
structures burned and slowed fire spread but still met the conflagration criteria (> 10% structures
ignited). When combining parcel level mitigation on 70% of structures (a proxy for IBHS WFPH Plus
construction) and reducing connective fuel pathways to just one side of each structure, conflagration
was avoided, and fire spread rates were greatly reduced.

The results were in general agreement with the wildfire mitigation framework within these types of
communities discussed in Maranghides et al. (2022) and provided support for a framework which
accounted for parcel level actions (both structure hardening and fuel management) and overall
management of connective fuels into and within the defined neighborhood. The IBHS Wildfire
Prepared Neighborhood Standard applies a modified hardening approach to utilize maximum
protection elements in areas which may see a greater likelihood of direct flame and radiant heat
exposure and fill the remaining ember protection gaps using those measures described in the base
level of protection of the IBHS Wildfire Prepared Home Standard. This allows for greater flexibility in
structure spacing applicability and in connective fuel pathways. It is noted that in each case, a 0-5
Foot Noncombustible Zone remains a cornerstone of mitigation actions. It is also noted that the 30%
connective fuel coverage configuration on each parcel used in the dynamical simulations was nearly
identical to the connective fuel node and pathway requirements stated in Chapter 4. The IBHS Wildfire
Prepared Neighborhood Standard also uses a more stringent wind design environment (70 mph 3-
second gust wind speed at 10 m (33 feet) height for open terrain exposure conditions) compared to
the highest wind conditions used in the idealized neighborhood simulations (56 mph). In this
Appendix, sections B2 through B6 provide additional details to support the scientific and engineering
decision made regarding structure separation applicability requirements, roof cover requirements,
connective fuels, and the requirements of the flame and neighborhood ember zones.

B2 Roof provisions

The IBHS Wildfire Prepared Neighborhood Standard requires that all roof covering materials in the defined
neighborhood carry a Class A fire rating based on the ASTM E108 (ASTM 2020) testing standard regardless

of whether the home falls outside the flame or neighborhood ember zones. The requirement is more
stringent than what is currently specified in Chapter 7A of the California Building Code and the 2021
International Wildland Interface Code (IWUIC). The IBHS Wildfire Prepared Neighborhood Standard

specifically requires a Class A roof covering material and does not permit Class A by assembly. Regardless

of their fire classification, any wooden roof covering product including but not limited to fire-retardant
treated and fire-retardant coated wood shakes and shingles are not permitted.

Wind patterns near buildings heavily influence ember distribution patterns and accumulation locations.
Because roofs are a large, elevated surface with complex geometry and a range of slopes, they are prone

to ember accumulation during ember storms. The regions on the rooftop where embers reach stability and
rest are also a complex function of roof geometry, particularly roof valleys. Roof valleys are often covered
with organic vegetative debris, which is particularly susceptible to ignition from embers (Nguyen and Kaye
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2021). Standard test methods such as ASTM E108 and UL 790 (Underwriters Laboratories 2022; ASTM
2020) evaluate the fire performance of different roof covering materials.

The vulnerability of roofs to ember storms is well studied. Several retrospective studies have reported a
statistical correlation between wood coverings and building losses due to ember exposure (Davis 1990;
Foote et al. 2011). Moore (1981) reported that out of 1,850 homes, 50% of homes with wooden roof
covering within 30 feet of burning vegetation ignited while only 24% of homes with fire-resistant roofs
ignited in the 1961 Bel Air Fire in Southern California. Foote (1994) found the degree of flammability of the
roof had a significant impact on home survival where homes with nonflammable roofs had a 70% survival
rate compared to 19% for homes with flammable roofs. After the 1991 Oakland Hills Fire in California, it
was estimated that each burning home with a non-fire-retardant-treated wood shake roof contributed to
the ignition of ten other homes (Bryner 2000). Hedayati et al. (2024) also identified during the Lahaina Fire
that roof performance was nearly binary. Non-Class A roofs had an ignition rate greater than 80% and the
roof was a critical variable in ignition probabilities. However, for structures with a Class A roof covering,
the roof was a far less critical variable in explaining ignition potential.

Wood shake and/or wood shingle roofs have been identified as one of the most susceptible roof covers to
ember attack and ignition. These materials, when new or at a later point in their lifetime, are often treated
with fire retardant material or ignition-resistant coatings, sprays, paints, etc. to allow the material to have
some degree of ignition resistance. Quarles and Standohar-Alfano (2017) investigated the aged
performance of several fire-retardant coatings, and their relative ignition resistance compared to
untreated wood surfaces. Degradation for some began as soon as three months, and by a year of exposure
to typical weather conditions the ignition performance was no different than an untreated specimen.
When considering fire-retardant coatings, Koo et al. (2001) also found highly variable performance of
different fire-retardant coatings on wood specimens even in newly applied conditions.

Ostman and Tsantaridis (2016) explored how treated wood products performed over a 10-year window of
natural weathering. While they found some products that could retain their treatment compounds could
maintain performance over time, others after 10 years showed no performance benefit compared to
untreated products. Zhou et al. (2018) specifically examined a fire-retardant treated cedar shake shingle
and how its ignition performance degraded using three accelerated weathering tests. While the fire-
retardant treated wood performed better than its untreated counterpart, it was observed that ignition
times decreased with added artificial aging. The result was sufficient to indicate a decrease in fire
resistance performance as the treated wood aged.

While new coatings, treatments, and formulations continue to be developed and are emerging into the
marketplace that show promise, there remains little new literature on how their performance changes
over time under natural aging/weathering conditions; nor are there any operational testing standards that
evaluate changes over time in performance. The uncertainties surrounding adhesion, compatibility of
materials, and long-term durability are well described in Albert and Liew (2023).

Given the potential service life uncertainties of both ignition resistant treatments and applied ignition-
resistant coatings, the use of wood shake, wood shingle, or any wood roofing materials regardless of test
rating as a new product in the IBHS Wildfire Prepared Neighborhood Standard is prohibited. This follows
that stated in Chapter 7A of the California Building Code (Section 703A.5.3). While new coatings,
treatments, and formulations continue to be developed that show promise, there remains little new
literature on how the performance changes over time under natural aging/weathering conditions.
Additionally, there are no operational testing standards and associated product approvals that account for
changes over time in performance.
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B3 Structure separation

Laboratory experiments and post-fire investigations show a direct link between thermal exposure and the
structure hardening needed for fire resilience (Maranghides et al. 2022). Effective wildfire mitigation
balances both factors. Embers are the primary ignition source, starting small fires that, under favorable
conditions, spread to larger fuels like fences, sheds, and vehicles. This escalation, combined with strong
winds, often leads to rapid, building-to-building fire spread. Spot fires rely on nearby fuels to reach
structures, with these fuels radiating heat and accelerating fire growth. Denser neighborhoods, with more
fences and vehicles, amplify this risk. Thus, greater structure spacing is crucial to reducing vulnerability
and preventing catastrophic conflagrations in the built environment.

The built environment, specifically where high-density construction is built with little to no fire-resistance,
has minimal resistance time against potential flame exposure. Once ignited, the fuel load of a typical
single-family home is easily sufficient to produce a flame and radiant heat exposure on a nearby structure
to ignite it, even with some degree of hardened or fire-resistant materials, especially in the presence of
wind which helps stretch flame lengths.

IBHS is studying wind-driven fire spread from a source building to a target building which represents a
typical primary dwelling unit (30-feet by 40-feet in size, and 1.5 stories in height). Figure B3.1 provides a
photograph of an active test at the IBHS Research Center. In the first phase, the source building was a
large burning shed, while the second phase uses a 625 ft? accessory dwelling unit as the source. Results
from the first phase show that heat intensity on the target building depends on the source-target
orientation, wind speed, and separation distance. When the target building absorbs thermal energy from
the fire, energy is dissipated through the complex turbulent flow, some is reflected away from the
structure, and the rest is absorbed, raising the temperature of the building envelope. The thermal
response varies by component: annealed glass may shatter in place, tempered glass might fall out
depending on its frame, combustible siding and open eave can ignite, and noncombustible siding may
buckle. These illustrate the diverse damage modes under fire exposure. While some of these damages are
not catastrophic, nearly all can compromise the building’s envelope through large openings or ignitions,
significantly increasing the likelihood of complete destruction in the absence of fire-service intervention.
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Figure B3.1. Photograph of wind-driven flame spread testing at the IBHS Research Center in Richburg, South Carolina.

The first phase of the project was able to demonstrate that even under non-extreme wind conditions, the
energy accumulated at a 10-foot separation is sufficient to ignite combustible siding and open eaves. Even
with noncombustible siding or enclosed eaves, other vulnerable components of the building remain at risk
at a 10-foot separation distance. In experimental tests, double-pane tempered windows with vinyl
frames—a product with a 20% US market share and likely to remain popular due to its affordability—failed
under similar energy accumulation rate. This suggests the fire intensity at 10 feet or closer is sufficient to
overwhelm the resilience of many common building materials, even those compliant with modern WUI
codes.

Therefore, based on the initial results from this experimental testing program, the IBHS Wildfire Prepared
Neighborhood Standard uses the 10-foot minimum spacing benchmark as the smallest structure-to-
structure spacing extent to which the standard is applicable.

B4 Connective fuels

The importance of fuels between and around structures has been a critical variable in built-environment
conflagrations dating back to the first urban fires of the 1600s. Dense combustible fuels between
structures create fire paths in which fire can easily spread through direct flame and radiant heat-driven
ignition from structure-to-structure. In wildland fires, these types of fuels are commonly referred to as
ladder fuels and are typically vegetative, which allow fire to spread both laterally and vertically. Within the
context of a WUI fire or built environment conflagration, connective fuels are both vegetative and built-
environment fuels. They play a critical role in whether a wildfire entering a neighborhood becomes a
catastrophe. For example, wooden privacy fences served as a dominant fire pathway between structures
during the Marshall Fire (2021) (FEMA 2023; Giammanco et al. 2023; Juliano et al. 2022).
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B4.1 Fuel continuity

The arrangement and continuity of fuel can affect the fire's ability to spread, influencing the intensity of the
flames. The arrangement and distribution of fuel, both vertically and horizontally, is referred to as fuel
continuity. This continuity or connectivity describes the degree to which fuels are interconnected to
provide a continuous path for fire to spread. Within the IBHS Wildfire Prepared Neighborhood Standard,
these are referred to as connective fuels and connective fuel pathways. In terms of fire behavior, fuel
continuity plays a significant role in determining the rate and intensity of fire spread. High fuel continuity,
where fuels are densely distributed and interconnected, can promote the rapid spread of fire, as flames
can easily propagate from one fuel source to another. In general, live vegetation exhibits gaps between
needles, shrubs, or trees, and clumps of trees, arguing that understanding continuity of fuels is critical for
fire suppression and fuel management (Hurley et al. 2015). Even at small scales, the separation between
fuel particles has been shown to create critical conditions for fire spread on both natural and artificial fuel
beds. (Vogel 1970; van Wagner 1970; Weber 1990; Di Christina et al. 2021; Bu et al. 2021). This concept of
critical conditions or thresholds also applies to larger scales, where discontinuity occurs between plants
rather than individual particles (Cheney et al 1998; Marden-Smedley et al. 2001; Weise et al. 2005). In
either case, the fire spread threshold is determined by fuel characteristics and environmental factors such
as wind, slope, and fuel moisture content.

Over the past few years, IBHS has collaborated with the United States Forest Service (USFS) to investigate
and identify the critical physical processes that drive ignition, considering the spatial distribution of fuel
and a range of environmental conditions. As a result of this collaborative effort, valuable insights have
been gained, particularly regarding the threshold separation distance between pine needle fuel beds for
continuous flame spread under various wind conditions. As can be seen in Figure B4.1, the findings have
demonstrated the separation distance required for sustained flame spread varies depending on wind
speed and moisture content conditions. Understanding this threshold separation distance is crucial for
effectively predicting fire behavior and implementing appropriate fire management strategies such as the
connective fuel provisions described in this standard in Chapters 3 and 4.
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Figure B4.1. Maximum separation distance required for sustaining flame spread. Fuelbreak gap distances shown as a
function of wind speed for fine fuels at two different moisture content levels at the IBHS Research Center.
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The concept of fuel connectivity observed in vegetation fuels can also be extended to structural fuels such
as fences, sheds, accessory dwelling units, and other similar objects. The underlying mechanism driving
fire spread remains the same: when these structural fuels are closely spaced or connected, heat transfer
between burned and unburned particles occurs at a high rate, leading to rapid fire spread (Shields 2008).
Understanding the role of fuel connectivity in structural fuels is essential for assessing fire risk and
implementing appropriate fire mitigation strategies. It emphasizes the importance of maintaining
adequate spacing and reducing fuel continuity to minimize the potential for fire spread and mitigate the
risks associated with structural fires

In the case of nonhomogeneous fuel, such as a mixture of different structural/built environment and
vegetative fuels, details of the fire spread mechanisms are not yet well understood due to the interactions
and complexities arising from the combination of different types of fuels. When low density fuels such as
leaves meet larger fuels, such as building components, qualitative observations suggest a more rapid rate
of fire growth. This fuel configuration can create a vertical fuel ladder that allows the fire to jump from the
ground and engulf different building components in flames (Menning and Stephens 2007). According to
post-fire investigations, discontinuities between trees, bushes and structures can reduce the threat of tall,
high-intensity flames, which are strongly correlated with building damage. An analysis of Ramsay et al.’s
(1970) post-Ash Wednesday bushfire damage in Australia found that damage to homes was affected by
the amount and type of vegetation around them. Dense vegetation around houses aided in connecting the
fire to other nearby homes, making it less likely they would survive. During the Witch Creek Fire (2007),
when evaluating the vegetation within the first 30 feet of houses in San Diego County, California,
Maranghides et al. (2013) found that 67% of homes with unmaintained vegetation were destroyed,
whereas only 32% of homes with maintained defensible spaces were destroyed. The importance of fuel
discontinuity was found to be even more important near buildings. Syphard et al. (2014), after analyzing
more than 2,000 structures in San Diego County, concluded structures with defensible space that
contained spaced vegetative fuels "immediately adjacent" survived more fires. Additionally, it was also
found that reducing woody vegetation by up to 40% immediately adjacent to structures and preventing
vegetation from overhanging or touching structures were the most effective measures (Syphard et al.
2014). Afence or deck attached to the house can also facilitate the spread of fire or radiate enough heat to
ignite the building’s cladding. Figure B4.2 provides a photograph illustrating fire spread along a wooden
fence following the Mountain Fire in Camarillo California in 2024. Both post-event investigations and
laboratory experiments show that these components, especially if they are in the vicinity or in contact with
vegetation, can ignite structures.
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Figure B4.2. Photograph of a fence, following the 2024 Mountain Fire in Camarillo, CA, which had ignited adjacent to a
home where fire spread to the wall of the structure. In this case fire service intervention and the presence of
noncombustible wall cladding (stucco) helped avoid ignition of the structure. The window frame on the right side of the
image was damaged, and there was evidence of sufficient radiant heat to damage the paint in the eaves of this home.
Photograph by Evan Sluder.

B4.2 Connective fuel mitigation approach

The mitigation approach taken by the IBHS Wildfire Prepared Neighborhood Standard leans heavily on the
defensible space provisions of the IBHS Wildfire Prepared Home Standard but takes a fire pathway
approach toward evaluating the defined neighborhood and determining what conditions it must meet.
Connective fuels are evaluated across contiguous clusters of structures, where fire can most easily
spread from structure-to-structure via connective fuels and direct flame / radiant heat. This will manifest
itself more readily across clusters of homes that do not have barriers that help break the chain of fire.
Across those clusters the coverage of connective fuels is evaluated. Within the neighborhood flame zone
where the most severe fire exposure from external fuels is most likely, structures cannot be connected by
any fuel pathway. This area is the first step in minimizing initial ignitions in the area where fire is likely to
enter the defined neighborhood through external fuels. Across the remainder of the defined neighborhood
and the identified clusters, itis acceptable to have a single connective fuel pathway. Given the hardening
provisions specified for structures, this flexibility would enable more practical landscape options while
keeping the probability of conflagration low. It is noted in most cases, structures that comply with the IBHS
WFPH Plus, will not have any connective fuel pathways. However, complications could arise with the use
of accessory structures and the parcel configuration; where an accessory structure could act as a
connective fuel pathway or complete a pathway to a neighboring structure while complying with the
parcel-level provisions of the IBHS Wildfire Prepared Home Standard. If the defined neighborhood is large
enough, or external fuels do not necessitate a neighborhood ember zone, the connective fuel provisions
combined with the Class A compliant roof will still provide measures to defend against the lower
probability of fire entering the area, representing a factor of safety.
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B5 Neighborhood flame zone

The neighborhood flame zone encompasses the perimeter of the defined neighborhood where structures
are near external fuels that could impart direct flame contact and radiant heat exposure on structures
within the zone. Itis in this area where protection from ember attack, direct flame contact and radiant
heat is required to reduce the probability of ignitions should fire reach the defined neighborhood
boundary.

The method can be broken down into three key steps, external fuel determination, fire intensity analysis,
and heat transfer calculations. To complete each of these steps, described in detail in Chapter 3, requires
key assumptions to be made. Undoubtedly, these assumptions impact those calculations used to
determine mitigation provisions. The scientific assumptions used in the IBHS Wildfire Prepared
Neighborhood Standard provide a conservative and objective process for determining necessary
mitigation actions to achieve the four core principles of this standard listed in Chapter 1.

B5.1 External fuel determination

Fuelis a critical component in determining fire behavior, influencing how fires ignite, spread, and intensify.
Fuel data is crucial for the decision-making process in the IBHS Wildfire Prepared Neighborhood
Standard. Due to the availability of detailed vegetation maps and integration within the United States
operational fire management practice, LANDFIRE is used as the baseline data source for the external fuel
determination. A LANDFIRE landscape file is a multi-banded raster, with five bands required: elevation,
slope, aspect, fuel model, and tree canopy cover (LANDFIRE). For the external fuel determination, the
processes described in this standard specifically consider the fuel model band. LANDFIRE creates their
fuel model maps by creating a rule set based on the existing vegetation type, existing vegetation cover,
existing vegetation height, and the environmental site potential and assigns a fire behavior fuel model type
to each rule set. These rules are reviewed by local experts to maximize accuracy and calibrate the rules
and resulting maps (LANDFIRE).

Two Fire Behavior Fuel Models are available in LANDFIRE, 40 Scott and Burgan (2005) Fire Behavior Fuel
Model (FBFM40), and the original 13 Anderson Fire Behavior Fuel Model (FBFM13). These two fuel models
represent the same fuel types, although Scott and Burgan’s model, chosen for use in this standard, offers
more fuel models in every fuel type providing higher resolution for the fuel characterization processes.

LANDFIRE products were created and are maintained to support national, regional, and sub-regional fire
management and analysis, with a spatial resolution of 30 meters (LANDFIRE). At this scale, considering
the fire interface at the edge of a community requires assumptions and analysis that account for this
resolution. Two methods are used to consider variations in fuel that may occur within the 30-meter
resolution of LANDFIRE products.

The first method conservatively considers all fuels within a 0.25-mile buffer (flame fuel assessment zone)
of the neighborhood, allowing for an analysis of 10 times the minimum spatial resolution of LANDFIRE
products when considering what surface fuels drive fire intensity and the resulting exposure a
neighborhood may experience. Considering all fuels present within the flame fuel assessment zone of the
neighborhood, the worst-case fuel —determined by the total heat release rate per unit area—with 10% or
greater coverage is used for the exposure analysis. For assessing potential flame exposure all fuels,
regardless of coverage, are used to ensure that all fuels capable of generating the spreading line fire
assumed in the fire behavior fuel model are considered.
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The second method allows local, regional, or expert knowledge and data to supplement LANDFIRE in the
determination of the appropriate fire behavior fuel model for this analysis. Fuel management and planning
are encouraged to reduce the potential fire exposure. Fuel management practices within the flame fuel
assessment zone outside the defined neighborhood boundary will affect the surface fire behavior and the
appropriate fire behavior fuel model.

B5.2 Vegetative fuel fire intensity analysis

To determine potential surface fire intensity of the vegetative fuels identified in the flame fuel assessment
zone, BehavePlus is used to calculate Reaction Intensity (or HRRPUA). The BehavePlus fire modeling
system is a Windows®-based computer program that can be used for any fire management application
that needs to calculate fire behavior Andrews (2003). It uses specified fuel and moisture conditions to
simulate surface and crown fire rate of fire spread and intensity, probability of ignition, fire size, spotting
distance, and tree mortality. The resulting HRRPUA is determined for each one of the 40 fuel models is
shown in Table B5.1.

Table B5.1 Fire behavior fuel models and the resulting heat release rate per unit area (HRRPUA) for use in
this standard.

Fire Behavior Fuel Model Type Identifier HRRPUA (kW/m?)
GR1 88
GR2 233
GR3 301
GR4 454
GR5 852
CR6 1304
GRY 1598
GR8 1963
GR9 2993
GS1 309
Gs2 503
GS3 819
GS4 3573
SB1 557
SB2 1127
SB3 1554
SB4 1637
SH1 313
SH2 1201
SH3 389
SH4 708
SH5 1163
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Fire Behavior Fuel Model Type Identifier HRRPUA (kW/m?)
SHe 1074
SH7 1547
SH8 1667
SH9 2678
L1 106
TL2 156
L3 178
TL4 299
L5 354
L6 509
L7 357
L8 797
L9 1052
TU1 364
TU2 210
TU3 824
Tu4 1397
TUS 1813

However, to consider potential crown fire intensity a different approach was followed since the crown Fire
model in Behave requires canopy base height as input—information that is often unavailable—and does
not provide the HRRPUA needed for FDS simulations. Therefore, a simplified yet conservative approach is
used to assess the potential impact of crown fires. This approach utilizes the existing vegetation cover
(EVC) from the LANDFIRE dataset or a supplemental dataset that meets the specifications outlined in this
standard. If 10% or more of the sector’s area is covered by trees, as identified from the EVC data, a 70-
meter (230-foot) buffer is added to the neighborhood flame zone (NFz) distance derived from the fuel
analysis. The buffer distance was determined based on exponent-based models for energy decay with
distance in wildland fires. These models, derived from heat flux measurements of natural and prescribed
wildland fires across Alaska to Florida between 2006 and 2010, identified four distinct regimes. Data from
the most intense fires, typically associated with crown fires, yielded an incident heat flux equation, g =
300/L°%75, where L is the distance from the fire (Butler et al. 2015). Using this equation, a radiative heat
flux threshold of 13.1 kW/m®—representing a realistic ignition potential for common structural fuels
Cohen (2004)—corresponds to approximately 65 meters. To ensure a conservative margin, this distance

was rounded up to 70 meters.

B5.2.1 Heat transfer calculations

Heat flux calculations were performed using FDS, considering a range of HRRPUA values (~80
kW/m? to 3600 kW/mz) derived from BehavePlus for all fuel types. In all simulations, a fixed fire
was positioned 5 meters from the boundary of the computational domain, with the fire's head
assumed to be located at the neighborhood'’s edge or beyond any established fuelbreaks or
firebreaks. A similar approach was previously employed by Parsons et al. (2014) to simulate
potential burn injuries. In this case, the heat source is used to simulate potential structural
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ignition, with the fire size assumed to match the resolution of the LANDFIRE data (30 m x 30 m).
However, it is acknowledged that the fire size significantly influences the simulation results, and
this effect will be analyzed in the following section.

Total heat fluxes were calculated at distances of 10, 20, 30, 40, and 80 meters downwind from the
fire at a height of 1 meter above ground level assuming neutral stability and a logarithmic wind
profile defined by the following equation:

u, z :
u(z) = - In — Equation B5-1

o

where u is wind speed, u-is the friction velocity (m/s), zis height (m), k is the von Karman constant
(0.4), and z, is the surface roughness length (0.03 m for open terrain exposure). After the
corresponding sensitivity analysis, all simulations were computed using a computational domain
of 70 m x 130 m x 30 m and a grid resolution of 1 meter. An optical-thin approach is used for the
radiation model, with a prescribed radiation fraction of 0.371. For all the simulations, the leading
edge of the fire is positioned 5 meters from the boundary of the computational domain while the
fire’s head is assumed to be located at the edge of the neighborhood or outside any established
fuelbreaks or firebreaks. No obstructions, such as structures, are considered in the model (Figure
B5.1).

Figure B5.1. FDS simulation showing heat source and measurement locations

Mean heat fluxes, as a function of distance, are calculated during the quasi-steady state and used
to determine a power-law or linear least-squares fit, depending on the HRRPUA range. An example
for an HRRPUA of 1160 kW/mz, corresponding to the FBFM SH5, is shown below in Figure B5.2.
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Figure B5.2. Power-law least squares fit for the mean heat flux (HF) as a function of the distance fora HRRPUA equivalent
tothe FBFM SH5.

These equations were derived for various HRRPUA values, ranging from 80 to 3600 kW/mz, and
solved with a radiative heat flux threshold of 13.1 kW/m?, which is an appropriate threshold value
to represent a realistic ignition potential for common structural fuels Cohen (2004). The solution
identifies regions where this heat flux exposure threshold is met for different HRRPUA values,
classifying them as part of the neighborhood flame zone. A second-degree polynomial fit with an
R2value of 0.997 is then obtained to calculate the distances that meet this criterion as a function
of HRRPUA, establishing the initial neighborhood flame zone (NFz) in meters, as given by Equation
3-2:

FZ (x)=1x 10-s x.+0.0279x Equation B5-2

where x is HRRUPUA determined by Table 3.1 for the worst-case fuel model type in the flame fuel
assessment zone in each sector. If the canopy fuel provision described above is met, then an
additional 70-meter (230-foot) distance is added to obtain the value for FZ to use in Equation 4-1
for vegetative fuels.

B5.2.1.1 Optically thin approach

An optically-thin limit is applied in the radiation model, a suitable approach for simulating
outdoor fires (McGrattan et al. 2008). In this method, the fire radiates a user-specified radiative
fraction of energy, which is transported to the domain boundaries without being reabsorbed by
cooler gases. The radiative fraction (xz), is a common parameter in CFD models; however, it is
not a universal constant and depends on factors such as fuel type and fire size

Figure B5.3 illustrates examples of radiative fraction measurements for various liquid fuels as a
function of pool fire diameter. The data show that yz changes slightly with increasing size for
smaller fires (less than 1 meter), but these variations become more pronounced for larger fires,
generally resulting in lower yg values.
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Figure B5.3 Radiative fraction as a function of pool fire diameter (Taken from Himoto, K. (2022). Large Outdoor Fire
Dynamics. CRC Press.)

For biomass fires, several studies have measured the radiative fraction for different woody
materials under various conditions. For example, Tihay et al. (2009) calculated the radiative
fraction of laminar flames from vegetative fuels, finding values between 20% and 27%. Kremens
et al. (2012) conducted experiments with preconditioned wildland fuels typical of mixed-oak
forests, reporting an average radiative fraction of 17%. Morandini et al. (2013) studied the
influence of fuel load on radiative fraction and other fire properties, using pine needle fuel beds (2
m x 1 meter) and found radiative fractions ranging from 17.4% to 22.4%. Further, Morandini et al.
(2014) investigated the effect of slope on convective and radiative heat transfer. They observed
slightly higher radiative fractions under sloped conditions, with values ranging from 25.1% to
38.9% for a slope of 20°, compared to flat surfaces.

In summary, xr that has not been measured or reliably predicted for all potential fuel types, and
this parameter significantly influences the simulation results. For example, Figure B5.4 illustrates
mean heat fluxes at various distances for three different yi values, using a heat source of 20
meters x 20 meters. These data show higher heat flux values with increasing radiative fractions
across all distances.

For this study, a conservative approach was adopted. Since most y values reported in the
literature for woody materials range from approximately 17% to 39%, we used a value of 0.37,
which is the radiative fraction in FDS for "red oak." This value is close to the upper boundary of the
reported range, ensuring higher heat flux predictions compared to smaller yi. Model results could
be improved by inputting the appropriate y values that better represent each specific type of
vegetation.
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Figure B5.4. Simulation results for the mean heat flux values as a function of the distance for radiative fraction of 0.1,
0.29 and 0.37.

B5.2.1.2 Sensitivity analysis

Sensitivity analysis was done to evaluate the effect on the simulation results, specifically in the
total heat fluxes as the grid size, the fire depth and fire width change. For this analysis, the larger
fire provided by BehavePlus was used (HRRPUA = 3600 kW/m*2) to ensure there the domain is
large enough to recreate the prescribed HRR.

To begin with the sensitivity analysis, the appropriate grid size was evaluated considering the
smallest (5 x 5 meters) and largest (30 x 30 meters) heat source size evaluated in this work. For
this, the criteria suggested by Mc Grattan et al. (2008) were followed as guidance, stating the ratio
between length scales characterizing the diameter of the pool fire (z.), and the grid cell size in the
gas-phase (dxg) has to range between 4 and 16. Considering,

2/5
Z,=|—= Equation B5-2
¢ (PanTa\/g) q

Where q is the HRR, pg, ¢;,, T, are respectively the density, specific heat and temperature of the
ambient air and g is the standard gravity. Table B5.5 presents the values of z, z./4, and z./16 for
the smallest fire simulated (5m x 5m) and the largest one (30m x 30m). § = 0.5 meter, 1 meter and
1.5 meters were used to evaluate the effect of the grid resolution in the results. For these
simulations a value of radiative fraction of 0.37 was used.
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Table B5.2
z. (m) Zc /4 (m) Zc /4 (m)
5m x 5m heat | 5.8 1.4 0.4
source
30 mx 30 m heat | 24.3 6.1 1.5
source

To assess the impact of grid size on simulation results, fires measuring 5 x 5 meters and 30 x 30
meters were simulated using grid sizes of 0.5 meter, 1.0 meter, and 1.5 meter. The mean heat
fluxes and their corresponding standard deviations from the simulations for each heat source size
are presented in Figure B5.5. Due to significant fluctuations in heat fluxes near the heat source, no
notable effect of grid resolution was observed at distances less than 30 m. However, at 40 meters
and 80 meters, the effect became more apparent, particularly for the 1.5 meter grid size

compared to the smaller grid sizes. Based on these findings, a grid cell size of 1.0 meter was
selected for subsequent simulations.

Another important factor influencing the simulation results is the size of the fire. Since HRRPUA
(Heat Release Rate Per Unit Area) is the primary input, larger fire sizes result in higher total HRR
and consequently greater heat fluxes in front of the fire. To optimize computational resources, itis

desirable to simulate the smallest possible fire size that still provides realistic results for the
intended scenario.
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Figure B5.5. Mean heat flux results for varying grid cell sizes as a function of distance.
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The effect of fire size was examined during the sensitivity analysis. Figure B5.4a shows the mean
heat fluxes at various distances from the fire front as a function of FD with a fixed fire width (FW)
of 10 meters. For locations closer to the fire front (less than 30 meters), no clear trend is
observed, and the mean heat fluxes vary significantly as FD changes. However, this region is not
the focus of this study, as structuralignition is assumed to occur in this zone due to proximity to
the flame. The area of interest lies where heat flux values approach the ignition threshold of 13.1
kW/m?. This region is highlighted in Figure B5.6b, where it can be observed that changes in HF
have become less significant as FD increases. In fact, the difference in HF values calculated for
FD = 30 meters and FD = 40 meters is less than 1%. A similar trend is observed when heat fluxes
are evaluated as a function of fire width (FW) with a fixed FD. Based on these findings, a fire
source measuring 30 x 30 meters is used in this study.
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Figure B5.6. Mean heat fluxes at different distances from the fire front as a function of the fire depth (FD) considering a
fire width of 10 m.

B5.3 Structural fuel fire intensity analysis

Structures are considered a non-burnable object in the LANDFIRE dataset, requiring an independent
analysis from vegetative fuels. Burning structures can produce high radiant heat fluxes, large flames, and
large embers capable of supporting extreme fire behavior and are an important exposure consideration for
the defined neighborhood. However, there is a significant research gap in understanding the bounds of the
potential exposures from burning structures in wind-driven fires, especially in extreme fire weather
conditions. The variability of structure geometry and composition, complex fire dynamics, and scale of
wind-driven structure fires are key challenges in the analysis of these potential exposures.

Research on building-to-building fire spread has predominantly relied on reduced-scale experiments
(Narayanan et al. 2022) or on numerical, stochastic, and physics-based modeling approaches (Huang
2020; Masoudvaziri et al. 2021; Himoto and Tanaka 2008; Cheng 2011; Purnomo Dwi et al. 2024).
Experimental investigations addressing fire spread between buildings, specifically considering flame
radiation through openings during internal fires, are relatively scarce (Yuen et al. 2021; Lee et al. 2009;
Maranghides and Johnsson 2008). In contrast, during wildfires, entire structures can become fully
engulfed in flames and subjected to elevated wind speeds, resulting in significantly different fire dynamics
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and exposure risks to adjacent buildings. Research focusing on fire spread from fully engulfed structures
to nearby buildings, particularly under high wind conditions, remains limited.

To address this research gap and improve our understanding of wind-driven building-to-building fire
spread and verify if small-scale experiments still hold up in a more realistic scenario, a series of fire
exposure experiments were conducted between sheds and structures at IBHS. In the shed experiments,
15 UL 711 Class 1-A - 6-Awood cribs were placed inside a 12 x 24 foot shed, and the spread of the fire,
heating rate, and damage modes to a 30 x 40 x 16 foot building were monitored. Currently, IBHS is working
on another series of experiments between ADU'’s and structures. The ADU’s contain household fuels and
are internally finished to include the impact of fire development in a multicompartment structure from
internal and external ignitions.

In the initial structural fuel fire intensity analysis, the potential impact of structural fuels are considered
through a point source radiant heat calculation as indicated in Equation B5-3 (Himoto 2023) utilizing heat
release rates from literature and experiments at IBHS, and cross referenced with experimental heat flux
and flame length measurements at /IBHS.

4y _ XRHRR )
r — —4-7'[R2 Equation B5-3

Where Xz is the radiative fraction, HRR is the heat release rate of the fire, and R is the distance from the
source to the target. The radiative fraction Xz is assumed to be 0.3 for these calculations (Himoto 2023).
An analysis of the potential of direct flame contact and convective heating due to plume dynamics is not
yet considered in this analysis. Flame shape and plume dynamics of multicompartment fires under wind
driven conditions are not well understood and were considered beyond the scope of the capabilities of
this document until a better understanding of the problem is established. However, to provide a
conservative analysis that does not dismiss the contributions of these heat transfer mechanisms, the
measured total heat fluxes at IBHS for wind-driven experiments are incorporated in this analysis, shown in
Figure B5.5 and discussed in more detail later in this section.

Heat release rates for structure fires are limited in the literature. Values from studies with a variety of
compartment sizes and fuel conditions are considered as well as computational fluid dynamic method
utilized by Purnomo DM et al. (2024) shown in Table B5.6. These HRR and the resulting heat flux exposures
determined using Equation B5-3 are shown in Figure B5.5.

Table B5.6 Heat release rates from available literature.

Type Building Type/ Size (m?) | Size (m?) Peak HRRPUA Peak HRR (MW)
(kW/m?)

Experimental Shed w/ Wooden 26.8 2238 60

Measurement IBHS Cribs

Experimental Residence 8.64 255 2.2

Measurement*

FDS Simulation 1* Residence 174 575 100

FDS Simulation 2* Residence 109.2 687 75

FDS Simulation 3* Residence 14.4 1014 14.6
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Type Building Type/ Size (m?) | Size (m?) Peak HRRPUA Peak HRR (MW)
(KW/m?)

Experimental Unfinished 12 1816 21.8
Measurement NIST Residence (OSB &

2x4)
Experimental Residence 28.06 470.4 13.2
Measurement FM
Global

*Adapted from Jiang et al. (2021).

2000
1800 ™
1600
1400 |—®
E
% @ Experimental Measurement IBHS
= 1200
‘g ® Experimental Measurement™
%% 1000 @ FDS Simulation 1*
]
E ® FDS Simulation 2*
S 800
5 @ FDS Simulation 3*
E
m i (= (=
600 ® @ Experimental Measurement NIST
[ ] ® Experimental Measurement FM Global
®
400
' L J
L J
200 ®
s, 8
@
p o 8 9 ! $000m ® °
0 5 10 15 20

Sepatation Distance (m)

Figure B5.5. Plot of calculated radiant heat fluxes at varying distances using Equation B5-3 and Heat Release Rates for
structures from literature and measurements at IBHS.

These calculated radiative heat flux values were compared to total heat flux measurements taken at IBHS
during wind driven shed experiments at 20, 30, and 60 mile per hour wind speeds. It is known the wind
component of the experiments at IBHS will have a significant impact of the resulting total heat flux
measured downstream due to changes in the burning rate, flame stretch, flame tilt, and plume dynamics
depending on the magnitude of the wind speed. The complexity of incorporating theses impacts
characteristic of wind-driven fire is beyond the current capabilities of this standard and instead,
measurements from experiments at /BHS are used to ensure that the methods applied in this standard are
sufficient for the potential exposure. In Figure B5.6 the maximum and minimum fire sources are shown
with a power fit, bounding the radiant heat fluxes calculated using the estimated fire sizes in Table B5.6
and Equation B5-3. IBHS experiments with wind speeds between 20 and 30 mph are labeled as “IBHS
Wind Driven Fire Shed Tests” while the 60 mph tests are labeled as “/BHS Extreme Wind Driven Fire Tests”
in Figure B5.7.

IBHS Wildfire Prepared Neighborhood
Technical Standard
Version 2025



92

IBHS wind driven fire shed tests fall generally within the two HRRs considered aside from measurements
at lower structure separation distances that are more impacted by the wind component of the test and
likely convective heat flux not considered in Equation B5-3, however, none of the IBHS extreme wind driven
fire tests fall within the estimate by Equation B5-3. The result suggests the 70-mph gust wind speed, set as
the design wind speed for this standard, would have led to an underestimation of the exposure heat flux.
The high wind speed impacts the fire by stretching the flame closer to the target, increasing the fire

intensity significantly, and introducing a convective heating component not considered in Equation B5-3,
or a combination of these.
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Figure B5.6. Maximum and minimum calculated radiant heat fluxes from Figure B5.5 and measured total heat fluxes
from wind driven structure-to-structure fire spread experiments at IBHS.

To account for this underestimation, and to provide a conservative estimate for heating in the extreme
wind-driven fire scenario, an effective HRR is determined. The effective HRR is calculated utilizing the
measured heat fluxes in the extreme wind-driven fire tests and Equation B5-3. A heat release rate of 258
MW is determined using the maximum heat flux measurement from the extreme wind driven fire tests
using Equation B5-3. Calculated heat fluxes using Equation B5-3 considering a heat release rate of 258
MW are plotted in Figure B5.7.
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Figure B5.7. IBHS Extreme Wind-Driven Fire Shed Tests experimental measurements of total heat flux and associated
curve fit using Equation B.5-3 to estimate the point exposure radiant heat flux, shown as a function of separation
distance.

The curve fits for these heat fluxes provides a conservative estimate of distance in which structures
require mitigation measures due to structural fuels outside the defined neighborhood. Solving for the
threshold/design level heat flux of 13.1 kW/m?2, a neighborhood flame zone distance of 21.7 meters (71
feet) is used for structural fuels.

B5.4 Mitigation provisions for flames and radiant heat

While embers can ignite sporadic spot fires within communities, rapid fire spread from building to building
occurs when spot fires grow and engulf structures. During such events, towering walls of flame can be
driven by the wind, extending beyond the structure separation distance between homes and potentially
causing direct flame contact. Furthermore, urban ladder/connective fuels—such as vehicles, sheds,
fences, and vegetation—can ignite and contribute to the intensity and reach of the flames. As a result,
structures at risk of direct flame contact must be hardened to withstand low to moderate heat exposure,
which is the primary objective of the IBHS WFPH Plus requirements.

To achieve this, all primary vertical surfaces of the structure, including siding, windows, and exterior
doors, should meet the highest fire resistance standards. It is also crucial to remove back-to-back fence
rows, as they can facilitate fire spread between parcels. Additionally, the eaves and areas beneath bay
windows should be enclosed to minimize heat accumulation in these zones. Deck assemblies should
either be constructed from noncombustible materials or designed with solid walking surfaces that contain
no gaps, further enhancing the home’s fire resilience.
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B6 Neighborhood ember zone

During wildland and WUI fires, numerous firebrands (the term embers is used interchangeably with the
term firebrands)—flaming, glowing, or smoldering—are generated and transported by the fire's convective
column and/or wind. Spotting consists of three key processes: generation, transport, and deposition. The
likelihood of spot fires depends on fire intensity, ember properties, environmental conditions, and the
characteristics of the fuel in which they land on (Filkov et al. 2023).

Fire intensity, driven by the interaction of fuel and local weather, is influenced by factors such as fuel load,
wind speed, topography, and humidity. These elements determine the upward velocity of embers, with
spotting distance largely dependent on fire intensity, wind conditions, and ember shape. A strong
convective column lifts embers to a height where it descends as free-falling particles under wind
influence. Disruption of the convective column by wind shear or premature ejection of embers can result
in shorter-range spotting (Wadhwani et al. 2022).

Short-range embers, traveling less than 0.5 miles, are typically carried and/or tumbled by the wind rather
than the fire plume, moving both vertically at times and/or horizontally over the ground. The travel distance
is influenced by wind conditions, topography, and the type of burning material from which it originates.
These embers often retain significant unburned material. Long-range ember transport, in contrast, are
embers traveling substantial vertical and horizontal distances. These are lofted by the strong rising air
associated with the fire’s plume and tend to be less uniform in their dispersion. Several studies have
attempted to model this phenomenon; however, the predicted long-range spotting distances in these
models are often conservative. This is largely due to simplifying assumptions as there remains substantial
gaps in the knowledge about the overall ember size distributions, their mass—diameter relationships,
shape distributions, and overall aerodynamic properties.

B6.1 Ember characterization and transport

Several ember transport models have been developed to capture the complex behavior of embers and the
environmental factors influencing their spread. Some models, particularly computational fluid dynamics
(CFD)-based models, simulate the detailed physical processes of ember generation, lofting, and
transport, accounting for convective currents, wind, and ember mass loss over time. While these models
offer valuable insights into the interactions between embers, airflow, structures, and topography, it is
computationally intensive.

These ember transport models share similar limitations, largely due to simplifying assumptions that affect
predicted spotting distances. For instance, models often assume uniform wind profiles, disregarding
natural fluctuations in wind speed and direction, which can significantly reduce ember travel. They also
idealize ember properties, assuming fixed shapes (often spherical), constant mass with no mass loss
during flight, and travel at terminal velocity. Additionally, steady heat conditions are commonly presumed,
overlooking environmental cooling effects that can extinguish embers mid-flight. These models also
assume unobstructed landscapes, omitting barriers such as vegetation, buildings, and varied topography
that would hinder ember movement. Many models further exclude key factors like specific fuel types,
detailed atmospheric conditions, and the true strength of the convection column, which influences
terminal and initial vertical velocity. Together, these limitations often lead to conservatively large but
comparable spotting distance outputs across models. For practical applications such as this standard,
simpler, more efficient models are preferred. Applied ember transport models generally rely on statistical
or empirical methods to represent ember generation, lofting, and spread over larger scales. Commonly
used models include the McArthur (1967), Tarifa et al. (1965), Albini et al. (2012), and Himoto and lwami
(2021) models, each providing similar final transport distances.
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McArthur (1967) developed a model for the maximum spotting distance in eucalypt forests, focusing on
long-range firebrand transport, based on factors such as fire spread rate and fuel load. This model is
derived by combining equations that describe the terminal velocity of firebrands during flight with models
of lofting mechanisms and ambient wind conditions.

Average max spotting distance = rate of spread(4.17 — 0.033 fuel load) — 0.36 Equation B6-1

Tarifa et al. (1965) developed a model to estimate ember trajectory of burning wood particles of spherical
and cylindrical shapes, representing embers. The particles were ignited and tested at their terminal
velocity in horizontal and vertical wind tunnels. A differential equation was formulated using experimental
data to predict the change in firebrand radius over time, which is essential for estimating both the flight
duration and the time required for vertical ascent. The output of this model is depicted in Figure B6.1. One
major challenge in this process was the particles typically break during flight and the validity range for the
developed relation is not accurate at smaller sizes (Tarifa et al. 1965).
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Figure B6.1. Flight paths of spheric firebrands (embers). Inclined convection column model. The initial position of the
firebrands on the ground is fixed. From Tarifa et al. (1965).

Albini et al. (2012) developed a semi physical model to estimate the maximum spot fire distance from an
active crown fire. This distance is based on flame height above the canopy, wind speed at canopy-top
level, and the final size of the ember, represented by the diameter of a woody char cylinder. The model
includes several components: a wind-blown flame front model, a two-dimensional buoyant plume model,
a logarithmic wind speed profile with height, and an empirical model for the burning rate of a wooden
cylinder (the firebrand). The ember’s trajectory is calculated from its departure from the plume to its re-
entry at the canopy, with the spotting distance depending on the ember’s final diameter.
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Figure B6.2. Comparison of model predictions for maximum potential spotting distance over level terrain as a function
of wind speed for a specified set of burning conditions. From Albini et al. (2012).

Himoto and lwami (2021) conducted a series of wind tunnel experiments to investigate the probabilistic
variations in two of the three processes involved in spot ignition—firebrand generation and transport. The
key variables studied were the ember ejection height (H), crosswind velocity (U), and the thickness of the
wood sticks used to construct the crib (d). Based on the experimental data, the projected area of embers
and their downwind transport distances were modeled using simple physical principles. Figure 3.7
illustrates the inputs for this model and the forces acting on embers. This includes: the ejection velocity,
drag, gravitational forces, wind speed, and ejection height.

Himoto and Iwami’s (2021) model was selected due to its simplicity in fuel characterization, allowing it to
be used across different fuel assessment data sources and it offers a probabilistic approach. The
probabilistic approach provides the opportunity to set a design level based on uncertainty in other
elements of the standard through proper engineering judgement.

The following discussion outlines the ember transport calculation details used in this standard to ensure
reproducibility. Relevant parameters in the Himoto and lwami (2021) model are depicted in Figure 3.7 in
Chapter 3, Section 3.4. The constant values used in this standard are presented in Table B6.1. The ejection
height was assumed to be equal to the fuel height, and all embers were considered to have a diameter of 1
cm. For the building fuel diameter, the equivalent hydraulic diameter of a rectangular (3.6 x 7.3 meters)
was utilized. The values for heat release rate are the peak values reported for grass, for trees, and for
buildings (sheds) (Overholt et al. 2014; Manzello et al. 2007; Maranghides et al. 2022). Accurately
estimating the heat release rate of full-scale fires under windy conditions remains extremely challenging.
Only a few studies have attempted to estimate the heat release rate of burning trees and grass. Since the
heat release value for buildings is not available, a shed was used as a substitute.
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Parameter | Grass Tree Buildings
Ejection Height | 1.5 m 3.45m 3.45m
Inflow Velocity 13,22,30 ms™

Ember Diameter 1cm
Fuel Diameter | 50 cm 225cm 487 cm
Heat Release Rate | 0.15 MW 7.5 MW 20 MW
Gravity 9.8 ms?

The lognormal distribution has been widely applied to model firebrand dispersion in windy conditions.
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Where u and 9 are mean and standard deviation respectively. By analyzing the deposition distribution of
firebrands from a full-scale burn experiment of a three-story wooden building, Hayashi et al. (2014)
derived the following relationships for the mean and standard deviation.
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Here, B governs the deposition behavior and is derived from embers with a diameter dp, ejected from a fire
with a height H and a vertical velocity Wy, subjected to drag forces caused by a crosswind with speed U, ,
B can be viewed as the Froude number modified by the density ratio and initial effects of ejection velocity.
The theoretical model for turbulent diffusion flames developed by Baum and McCaffrey (1989) was used
to calculate the ejection velocity for intermittent flames.

Wy = 1.85Q'1'5 Equation B6-8

Where Qis the heat release rate of the fire, listed in Table B6.1. By applying equation B6-8 along with the
values provided in Table B6.1, the ejection velocities obtained would be 5.04 m/s for grass embers, 11.02
m/s for tree embers, and 13.41 m/s for building embers. Applying these ejection velocities in equations
B6.2-7 and using the constants listed in table B6.1, the reported traveling distance for different embers
could be obtained. It is important to note that this approach generates a probability distribution, allowing
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the integral of the probability density function to be used for calculating the cumulative density function.
For the IBHS Wildfire Prepared Neighborhood Standard, the 80™ percentile threshold was selected for use
in this standard. Figure B6.4 illustrates the cumulative density function for grass embers at three different
wind speeds and serves as an example of this approach.
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Figure B6.3 Estimated cumulative distribution function (CDF) of transport distance of firebrands from grass, based on
parameters listed in Table B6.1

B6.2 Ember mitigation provisions

During wildfires, flying embers, along with wind-blown, ground-traveling burning debris, are the most
common mechanisms that ignite structures, either directly or indirectly. Direct ignition occurs when
embers land and accumulate on combustible building materials or enter through openings to ignite
interior components. Indirect ignition happens when embers accumulate on nearby combustibles,
igniting them and subsequently causing flames to reach the building through radiant heat or direct
contact. While these spot fires typically burn with lower intensity than the main fire front, they can still
spread to nearby structures under favorable conditions. Notably, only tall, thick flames can radiate enough
heat to ignite structures; smaller flames must be in proximity or in contact to cause ignition.

Although experimental and numerical studies on ember storms in the wildland-urban interface (WUI)
exist, predicting ember paths and accumulation locations remain challenging. During flight, embers follow
unpredictable trajectories influenced by building features and environmental factors. The geometric
characteristics of buildings, community density, and the nature of receptive fuel beds, along with the
shape of the embers, their source fuel, and local wind patterns—especially coherent features at both
meso- and microscales —affect ember accumulation. This complex thermal exposure necessitates
systematic fuel management and home hardening strategies to mitigate the ignition probabilities of
structures. In the WUI, ember-caused spot fires can use vulnerable structures as fuel, potentially
escalating into tall flames and producing localized extreme fire behavior that threatens neighboring
structures. While it may be possible to identify likely ignition pathways for an isolated structure during an
ember storm, the chaotic accumulation patterns in communities complicate the identification of specific
vulnerable components in any given structure. Recognizing these complexities, a systematic and
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comprehensive hardening approach is essential to protect homes and their immediate surroundings
against known vulnerabilities, which is the design performance criteria for the IBHS WFPH Base level of
protection. This includes the requirement for a well-maintained Class A roof and the necessity for all vents
to have mechanisms that minimize ember entry into the building. The structure’s footprint should provide
a 6-inch noncombustible vertical clearance to reduce direct contact between rolling, burning debris and
any combustible exterior wall components. To mitigate the risk of indirect ember ignition, it is essential to
maintain defensible space, with particular focus on the development and upkeep of a 0-5 Foot
Noncombustible Zone.
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C1 Standard summary

C1.1 Applicability

Construction Types: This standard applies to typical single-family, duplex, and townhome construction

types.

Structure spacing: This standard can be applied to a defined neighborhood when 90% or more structures
are separated by greater than 10 feet and less than 100 feet.

C1.2 Requirements summary
Roof: All structures within the defined neighborhood must have a Class A roof covering. In addition, no
wood roofing products of any kind are allowed.

C1.2.1 Neighborhood flame zone

The neighborhood flame zone is an area typically located from the boundary of the neighborhood
inward for up to approximately 450 feet (distances are dependent on fuel characteristics) which
has the highest likelihood of experiencing the most severe fire exposure resulting from external
fuels.

The neighborhood flame zone is determined using the processes described in Chapter 3. It
accounts for external fuels within 0.25 miles of the neighborhood boundary and how it may
produce flames/radiant heat sufficient to ignite common building materials. Any parcels which
fall on the neighborhood flame zone boundary are considered in the neighborhood flame zone
and must meet its requirements.

Those structures located in the neighborhood flame zone must meet the requirements of an IBHS
Wildfire Prepared Home — Plus as specified in the IBHS Wildfire Prepared Home Technical
Standard (https://wildfireprepared.org/wp-content/uploads/WFPH-Standard.pdf). This includes a
fully 0-5 Foot Noncombustible Zone, ember or ember- and flame-resistant vents, fully
noncombustible wall cover materials, noncombustible decks, double paned tempered glass
windows, and no auxiliary structures within 30 feet, etc.

Itis possible that external fuels and/or fuelbreak/firebreak features can result in the neighborhood
flame zone not being needed and required.

Connective fuels: For structures located inside the neighborhood flame zone, there can be no
connective fuel pathway to any neighboring structures. For structures that meet the IBHS Wildfire
Prepared Home — Plus level there will typically be no connective fuel pathways to any
side/elevation of a structure. However, care must be taken with regards to the impact of ADUs and
accessory structures and their location relative to neighboring structures.

C1.2.2 Neighborhood ember zone

The neighborhood ember zone is the area, typically the remainder of the neighborhood not within
the neighborhood flame zone which has a high likelihood of experiencing ember attack from
external fuels and/or structures within the neighborhood should fire enter. It is determined by the
processes described in Chapter 3 and considers external fuels within 4.25 miles of the defined
neighborhood.
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Those structures located in the neighborhood ember zone must meet the requirements of an
IBHS Wildfire Prepared Home — Base as specified in the IBHS Wildfire Prepared Home Technical
Standard (https://wildfireprepared.org/wp-content/uploads/WFPH-Standard.pdf). This includes a
fully 0-5 Foot Noncombustible Zone, Class A rated roof covering, noncombustible gutters and
downspouts, 6-inch noncombustible vertical wall clearance, ember or ember- and flame-
resistant vents, etc.

It is possible the neighborhood ember zone will not cover the entire neighborhood; this is
contingent on neighborhood size and fuel characteristics.

C1.2.3 Connective fuels in the neighborhood ember zone and remainder of the neighborhood
Connective fuels are evaluated across clusters of homes as described in Chapter 3. In general,
within the neighborhood ember zone and the remainder of the neighborhood, 90% or more homes
must have 1 or less connective fuel pathways to any neighboring structure. It is possible that a
home does not have any connective fuel pathways but does not meet the IBHS Wildfire Prepared
Home Base or Plus levels, however all dwelling units which meet the IBHS Wildfire Prepared
Home Standard (Base or Plus mitigation levels) will generally meet these criteria except for select
circumstances likely involving connective fuel elements, ADUs and auxiliary structures and their
relative location compared to dwelling units on neighboring parcels.

C1.3 New neighborhoods, builders, developers, and planners

The 100% application of IBHS Wildfire Prepared Home Plus construction across a new neighborhood
development, provided the structure spacing applicability criteria is met, will generally meet the
requirements of this standard except in special cases related to ADUSs, auxiliary structures, and
connective fuels.
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Row number Variable Description Value Options | Assigned
value
Applicability
1. Construction type Are all primary and Yes or No?
accessory dwelling If yes, standard
units in the defined is applicable
neighborhood one of
the three types listed
in Chapter 1?

2. Structure Are 90% or more Yes or No?
separation structures within the If yes, standard
minimum defined neighborhood | is applicable

separated by a
minimum distance of
greater than 10 feet

3. Structure Are less than 10% of Yes or No?
separation structures within the If yes, standard
maximum neighborhood is applicable

separated by a
minimum distance of
100 feet or more

If the answers to

rows 1,2, and 3 are

yes, continue to

roof requirements.

If no, the standard

is not applicable

Roof

4. Class A roof cover Do all primary or Yes or No?

compliance accessory dwelling If Yes,
units in the defined neighborhood is
neighborhood have a compliant
Class A roof covering?
(note: wood shake,
wood shingles of any
kind are prohibited)
If the answer to
row4is Yes
continue to
external fuel
assessments
Flame fuel Variable Description Value Options | Assigned
assessment value
zone
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value for use in
Equation 4-1.
Canopy Provision

canopy provision met
in sector 5

assigned from
column 4 of
Table 3.2 if No,

Row number Variable Description Value Options | Assigned
value
FZ1a. Sector 1 identified Fuel model type in Distance from
worst case fuel sector 1 with the column 2 Table
type flame longest distance from 3.2 (feet)
intensity distance Table 3.2
FZ1b. Sector 1 final FZ Is the vegetation If Yes, distance
value for use in canopy provision met assigned from
Equation 4-1. in sector 1 column 4 of
Canopy Provision Table 3.2 if No,
value from
FZ1a. is used
FZ2a. Sector 2 identified Fuel model type in Distance from
worst case fuel sector 2 with the column 2 Table
type flame longest distance from 3.2 (feet)
intensity distance Table 3.2 sector 2
FZ2b. Sector 2 final FZ Is the vegetation If Yes, distance
value for usein canopy provision met assigned from
Equation 4-1. in sector 2 column 4 of
Canopy Provision Table 3.2 if No,
value from
FZ2a. is used
FZ3a. Sector 3 identified Fuel model type in Distance from
worst case fuel sector 3 with the column 2 Table
type flame longest distance from | 3.2 (feet)
intensity distance Table 3.2 in sector 3
FZ3b. Sector 3final FZ Is the vegetation If Yes, distance
value for usein canopy provision met assigned from
Equation 4-1. in sector 3 column 4 of
Canopy Provision Table 3.2 if No,
value from
FZ3a. is used
FZ4a. Sector 4 identified Fuel model type in Distance from
worst case fuel sector 4 with the column 2 Table
type flame longest distance from | 3.2 (feet)
intensity distance Table 3.2 sector 3
FZ4b. Sector 4 final FZ Is the vegetation If Yes, distance
value for use in canopy provision met assigned from
Equation 4-1. in sector 4 column 4 of
Canopy Provision Table 3.2 if No,
value from
FZ4a. is used
FZ5a. Sector 5 identified Fuel model type in Distance from
worst case fuel sector 5 with the column 2 Table
type flame longest distance from | 3.2 (feet)
intensity distance Table 3.2 in sector 5
FZ5b. Sector 5final FZ Is the vegetation If Yes, distance
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Row number Variable Description Value Options | Assigned
value
value from
FZ5a. is used
FZ6a. Sector 6 identified Fuel model type in Distance from
worst case fuel sector 6 with the column 2 Table
type flame longest distance from 3.2 (feet)
intensity distance Table 3.2 in sector 6
FZ6b. Sector 6 final FZ Is the vegetation If Yes, distance
value for usein canopy provision met assigned from
Equation 4-1. in sector 6 column 4 of
Canopy Provision Table 3.2 if No,
value from
FZ6a. is used
FZ7a. Sector 7 identified Fuel model type in Distance from
worst case fuel sector 7 with the column 2 Table
type flame longest distance from 3.2 (feet)
intensity distance Table 3.2 in sector 7
FZ7b. Sector 7 final FZ Is the vegetation If Yes, distance
value for usein canopy provision met assigned from
Equation 4-1. in sector7 column 4 of
Canopy Provision Table 3.2 if No,
value from
FZ7a. is used
FZ8a. Sector 8 identified Fuel model type in Distance from
worst case fuel sector 8 with the column 2 Table
type flame longest distance from | 3.2 (feet)
intensity distance Table 3.2 in sector 8
FZ8b. Sector 8 final FZ Is the vegetation If Yes, distance
value for use in canopy provision met assigned from
Equation 4-1. in sector 8 column 4 of
Canopy Provision Table 3.2 if No,
value from
FZ8a. is used

The values determined in rows FZ1b, FZ2b...FZ8b are used to create a polygon inside the defined
neighborhood boundary which determines the neighborhood flame zone.

Once the neighborhood flame zone boundary is determined:

neighborhood flame
zone separated by a
minimum distance of
less than 30 feet

connective fuel
provisions are
required in this
zone &

Row number Variable Description Value Options | Assigned
value
Neighborhood
flame zone
FRz1. Structure Are 10% or more Yes or No?
separation structures within the If yes, specific
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requirements

zone meet the
requirements of IBHS
WFPH Plus?

non-compliant

Row number Variable Description Value Options | Assigned
value
additional
ember transport
distances are
also required
(see Table 3.3)

FRz2a. Neighborhood If FRz1 is Yes: Does Yes or No?
flame zone any primary or If yes, the zone
mitigation accessory dwelling isnon-
requirements — unitin the compliant
connective fuels neighborhood flame If no, the zone is

zone have one or more | compliant
connective fuel

pathways to any

side/elevation?

FRz2b. Neighborhood If FRz1 is No: Does Yes or No?
flame zone any primary or If yes, the zone
mitigation accessory dwelling is non-
requirements — unitin the compliant
connective fuels neighborhood flame If no, the zone is

zone have more than compliant
one connective fuel

pathways to any

side/elevation?

FRz3. Neighborhood Do all primary and Yes or No?
flame zone accessory dwelling If yes, the zone
structure units in the is compliant
mitigation neighborhood flame If no, the zone is

The neighborhood ember zone is determined by the processes stated in Chapter 3, Section 3.4. For each
sector vector length calculations are required for each sector to determine the final neighborhood ember

zone provisions.

ember transport
vector length

ember transport
vector length
measured from the
boundary of the
neighborhood directed
radially inward toward
or through the

distance using
Table 3.3 and
the defined
neighborhood
boundary

Row number Variable Description Value Options | Assigned
value
Neighborhood
ember zone
Ez1. Sector 1 longest Sector 1 longest Calculated
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Row number Variable Description Value Options | Assigned
value
centroid of the
neighborhood
Ez2. Sector 2 longest Sector 2 longest Calculated
ember transport ember transport distance using
vector length vector length Table 3.3 and
measured from the the defined
boundary of the neighborhood
neighborhood directed | boundary
radially inward toward
or through the
centroid of the
neighborhood
Ez3. Sector 3 longest Sector 3 longest Calculated
ember transport ember transport distance using
vector length vector length Table 3.3 and
measured from the the defined
boundary of the neighborhood
neighborhood directed | boundary
radially inward toward
or through the
centroid of the
neighborhood
Ez4. Sector 4 longest Sector 4 longest Calculated
ember transport ember transport distance using
vector length vector length Table 3.3 and
measured from the the defined
boundary of the neighborhood
neighborhood directed | boundary
radially inward toward
or through the
centroid of the
neighborhood
Ez5. Sector 5 longest Sector 5 longest Calculated
ember transport ember transport distance using
vector length vector length Table 3.3 and
measured from the the defined
boundary of the neighborhood
neighborhood directed | boundary
radially inward toward
or through the
centroid of the
neighborhood
Ez6. Sector 6 longest Sector 6 longest Calculated
ember transport ember transport distance using
vector length vector length Table 3.3 and
measured from the the defined
boundary of the neighborhood
neighborhood directed | boundary
radially inward toward
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Row number

Variable

Description

Value Options

Assigned
value

or through the
centroid of the

vector length

vector length
measured from the
boundary of the
neighborhood directed
radially inward toward
or through the
centroid of the
neighborhood

neighborhood
Ez7. Sector 7 longest Sector 7 longest Calculated
ember transport ember transport distance using
vector length vector length Table 3.3 and
measured from the the defined
boundary of the neighborhood
neighborhood directed | boundary
radially inward or
through the centroid of
the neighborhood
Ez8. Sector 8 longest Sector 8 longest Calculated
ember transport ember transport distance using

Table 3.3 and
the defined
neighborhood
boundary
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Row number Variable Description Value Options | Assigned
value
Neighborhood
ember zone
Ez9. Neighborhood Does the Yes or No?
ember zone neighborhood ember
coverage zone cover the
remainder of the
neighborhood not
included in the
neighborhood flame
zone orif no
neighborhood flame
zone is present, is the
entire neighborhood
included in the
neighborhood ember
zone?

Ez10. Neighborhood Do all primary and Yes or No?
ember zone secondary dwelling If yes, the
mitigation units located in the neighborhood
requirements neighborhood ember ember zone is

zone meet the compliant. If no,

requirements of IBHS the

WFPH Base? neighborhood
ember zone is
non-compliant

Connective fuels are evaluated by identified clusters of structures. Each cluster is assigned its own integer
identifier. If the neighborhood flame zone is present and 10% or more of its structures have a minimum
spacing of less than 30 feet the neighborhood flame zone is evaluated separately for connective fuels.

Row number Variable Description Value Options | Assigned
value
Connective
Fuels
CF1a. Connective fuel How many identified Integer
flagged clusters structure clusters
were flagged for
connective fuels?
CF1b. Total structures in How many primary or Integer
connective fuel accessory dwelling
flagged clusters units are located in a
connective fuel
flagged clusters?
CF2a. Connective fuel If NFz1 is Yes, Does Yes or No?
compliance the total number of
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primary and accessory
dwelling units inside
connective fuel
flagged clusters AND
notinside the
neighborhood flame
zone 10% or less than
the total number of
dwelling units in the
neighborhood

If yes, the
neighborhood
notincluded in
the
neighborhood
flame zone is
compliant. If no,
the area not
included in the
neighborhood
flame zone is
non-compliant

CF2b.

Connective fuel
compliance

If NFz1 is No, Does
the total number of
primary and accessory
dwelling units inside
connective fuel
flagged clusters 10%
or less than the total
number of dwelling
units in the
neighborhood

Yes or No?

If yes, the entire
neighborhood is
compliant. If no,
the entire
neighborhood is
non-compliant

C3 Process diagrams

The decision-tree process diagrams for the standard applicability, neighborhood flame zone,
neighborhood ember zone, cluster, and connective fuels are provided on pages 105-106 and available to

download at wildfireprepared.org along with this standard.
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Neighborhood

Applicability, neighborhood
flame and ember zone
decision tree process diagram

Definition

Evalualion of the
Applicability of the Standard

Determine if structures within the proposed
neighborhood are a gualified dweliing type as
defined in Section 1.1.1, and have a Class A

roof covering.

No

are 1005 of
Structures within the
posed neighborood a
qualified dwoling type?

Section L1

strustues winin the

The standard is not applicable

proposed have
Class Aront covering?

Caleulaton of the nearest

neighbor structure separalion
distance (SSD} for all the
structures

more of ihe defined
Reighbarhaod have & minkmUM
SSD greater than 100 12
Secton 3.1

No

Does 90% of
more of the defined

Neighborhood Centroid and External
Fuel Sectors: The Centroid of the

55D greaier than 101t

YES
I

A\ seclion, eight 45° azimuthal fuel sectors are set
as shown in Section 3.2, Figures 3.2 and
33.

Flame fuel assessment zone (FAZ): The
buffer area extending 0.25 miles radially

outward from the boundary of the defined

neighborhood Section 3.2 and Figure 3.1.

Flame Fuel
ssment per
sector

Identification of the Scatt and
Burgan (2005} Fre Behavior Fuel
Maels (FBFAA0) from LANDFIRE

within the FAZ, Seciion 3.3

¥

The longest distance for any identified fusl model type shall be
used to determine the boundary of the ME7 (Table 2.1, Column 1
or2)

Evaluation of the Existing
Vegetation Cover (EVC)
from the LANDFIRE

0% of the spctor's
FAZ covered by
trees?

No

¥

Evaluation of the structural
fuel in LANDFIRE data

4

—No—

Yes.

The previously
caleulated NFz width
is used

Fuelfrebreak in the,

Yes neighborhood
perimeter?
No
The witdh of the The previously
NFz is calculated caloulated NFz width
using Equation 3.1 is final value

Homes within the Neighborhood
Flame zone must be at least WFPH+
and the structures cannot have any
connective fuel pathways

is set 10 define exeemal fuel

Ember assesment in the External
Fuel Sector: The bulfer area extending
4.25 miles radially outward from the
boundary of the defined neighborhaod
Section 3.2 and Figure 3.2

Ember Fuel
Assessment per
sector

Ember External
Fuel Model

fication of the Scett and
Burgan (2005) Fire Behavior Fuel
Madels (FAELALO)rom | ANDFIRE
whithin in the ERZ, Secion 321

Reslasification of the FBFMAQ
into the categaries estabiished in
Table 3.4

Use that ciassfication for
determining ihe neightorhood
ember zone:

Draw ember
transporl vectors

dkentily the: closest vadial distance
whers each evaluated el model
classificaion i found 2s decribed in
ction 3.4.2

Draw ember TARSpON veLtors from the
of an azimutnal arc through the

sectne, dirested radially inwiard toward
the neighborhood centroid

Assign vector lengths basad on the
transport distance specified in Column 1
able 3.1,

oc T
a fuel model ‘Distegord that classibeaton for
alkeast @ determining the
10% presence in ember zane
ector?
Neighborhood Ember Zone
(NEz) calculation

Evaluation of the SSD
whithin the NFz

v

Does 0% or mere

Yes

4,25 mi should be added to
the endpoint of the ember
transpart vectar as indicated in

Column 2 of Table 3.4

Does any vector
cross more than one
neighbarheod
boundaries?

Cannect the endpoins of al eight

ember ranspert vectars fo define the

neighborhacd ember zone. (Figure 3.6
B)

Yes

Does it have a length wihin the

“The entire neighbomaos—excluding the
‘neighborhead boundary of at least 10% of

Ye Flame Zone (f
the longest the present)—shal be considered part of the
neighbormood Boundary polygon? Neighborhood Ember Zone.

Homes within the
Neighborhood Ember Zone must
be at least WFPH

To cluster

process




Cluster and connective fuels process
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