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After the 2018 wildfires in
Southern California, lidar
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data was collected to enable
risk-mapping assessment
and planning, to identify
fuel-load reduction programs,
and to escalate the emergency
assessment of post-fire
debris flow hazards.
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By Mike Meiser,
CMS-Lidar

he data are clear: Natu-
ral disasters are on the
rise,and their impactis
increasingly devastat-
ing. According to the
National Centers for Environ-
mental Information (NCEI),
between 1980-2019 the U.S.
averaged 6.5 weather and
climate disaster events with
costs exceeding $1 billion
each. The total cost? More
than $1.75 trillion.
The need for lidar data is

also clear. Lidar provides high-
resolution elevation data and
has been proven to be a pow-
erful tool that can mitigate the
impact of these disasters. This
highly accurate data is used
to create detailed topographic
maps that support risk analyses,
modeling, resilience, recovery,
and planning for everything
from hurricanes to earth-
quakes to wildfires.

To fully understand this
application, especially where
wildfires are involved, a group
of US. Geological Survey
(USGS) and Woolpert staff

sat down to discuss experienc-

es and review materials related
to this relationship.

Wildfires have been in-
creasingly devastating in select
areas of the country, especially
over the last few years. Between
2017-2019 alone, the NCEI
reports that costs incurred by
wildfires predominantly in Cal-
ifornia have totaled more than
$47.7 billion and claimed more
than 160 lives.

USGS 3D Elevation Pro-
gram (3DEP), in partnership
with the Federal Emergency
Management Agency (FEMA),
contracted with Woolpert to
collect, process, and deliver
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lidar data across Southern Cal-

ifornia immediately following

the wildfires that raged across
the region in 2018.

The data were collected

to enable wildfire risk map-

ment and planning,

fuel-load reduction

programs, and escalate the

CIMErgency assessment of‘post-

w hazards.

frequency and

; across the

statc of California highlight

the urgent need for additional

high-resolution elevation data

to support disaster relief and

recovery efforts—and to an-
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ticipate future haz
geographer  Carol g
from the USGS National Ge-
ospatial Program.

“We have used older eleva-
tion dara, satellite imagery, aerial
imagery, and other tools in the
past, but the none of thos
liver the high-n
of aerial lidar data, es
post: ster respr

THE SCIENCE BEHIND WILDFIRES

In 2019, the American Me-
teorological Society cited cli-
mate, fuels, and people as
three confluent factors
destructive wildfires that have

plagued California over the
last few years. Although these
factors are difficult to con-
trol, scientists have identified
resources that address how
wildfires escalate and cause
catastrophic damage.

Wildfires spread quickly,
powered by thick, dry vegeta-
tion, to destroy everything in
their path. They remove the
vegetation that holds the earth
together, destroying fine scale
roots several inches deep. The
fires can change the proper-
ties of the soil, making it more
susceptible to erosion and ad-
rersely  affecting  how the
ground absorbs water.
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Above: This
lidar image
was taken
over Lake
Casitas,
California.

Left: Lidar
data provide
3D informa-
tion about
the forest
canopy and
vegetation
structure.

Credit:
United States
Geological
Survey.
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Wildfire risk mapping and
planning assessment requires
analysis of a lidar dataset in or-
der to determine the vegeta-
tion, fuel load, and potential
structures that are in danger
for future events. Fuel-load re-
duction programs aim to lessen
the material that contributes to
the propagation of a wildfire.

“Imagine a large pine tree
with branches that reach the
ground,” says Dennis Sta-
ley, a research geologist at
USGS. “If the fire catches, it
goes up to the top of the wee.
However, if the tree has been
trimmed from the ground up
to about 12 feet, it reduces the
risk of that wee catching fire
and of that fire spreading.”

One way to decrease the
fuel load is to reduce the un-
derstory that grows beneath the
forest canopy. By identifying,
creating, and maintaining fire
breaks, a wildfire can be miti-
gated, slowed, or even redirect-
ed. By strtegically decreasing
these fuels from targeted areas,
like near homes and businesses,
the likelihood that the wildfire
will destroy those structures is
considerably lessened.

Lidar collections captured
post-fire not only help ad-
dress recovery efforts, but they
help plan for future events. By
identifying fuel load and the
canopy structure of vegetation,
adjustments can be made to
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predict and focus efforts on the
path of future wildfires to pro-
tect people and infrastructure.

CHANGE DETECTION
AFTER FIRES

Wildfires also spark other po-
tentially devastating natural
disasters. FEMA reports that
wildfires dramatically alter the
terrain and greatly increase the
risk of flooding from heavy

rains and mudflows.

CAL FIRE Needs Imagery

IN ITS 2019 “Community Wildfire Pre-
vention & Mitigation Report,” The
California Department of Forestry and
Fire Prevention (CAL FIRE) called for
the use of lidar, satellite, and other im-
agery and elevation data collection,
processing, and analysis for incorpo-
ration into state management plans
and emergency response.

The report concluded that liv-
ing sustainably in the fire-prone
landscapes of California will require
broad recognition of the inevitability
of fire, which will in tum necessitate

enhanced investment in and novel
approaches to risk evaluation, fuel
management, forest health, land use
planning and community adaptation.

“As we move headlong through
the 21st century, fire managers and
landowners in Califomia are chal-
lenged to effectively utilize available
resources and tools to create resil-
ient landscapes, reduce |oss of life
and property, and stem rising man-
agement costs, while enhancing our
compatibility with the fire environ-
ment in which we live.”
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The USGS Landslide Haz-
ards Program (LHP) has two
primary objectives: to advance
the understanding of post-fire
debris flows and improve the
ability to predict the likelthood
and magnitude of debris flows.

“To understand post-fire
debris, we need to understand
how landslides initiate, how they
propagate downstream and how
the runout inundates down-
stream areas upon exiting a
mountain front,” Staley said. “To
predict debris flow, we have to
also understand the rainfall in-
tensities that initiate that debris
flow in recently burned areas.”

To perform change detec-
tion after fires, the LHP con-
ducts multiple studies assessing
topographic, hydrologic, and
vegetation changes in the days,
weeks, months, and years fol-
lowing wildfire. Staley also
stressed the overall importance
of the emergency assessment of
post-fire debris hazards.

“We have some fairly sim-
ple statistical models generat-

ed from data collected in the
immediate aftermath of the
fire to estimate the rainfall
impact and the likelihood of
flooding or even future fires,”
Staley said. “Models applied
between 7 to 10 days after the
100% containment of the fire
provide immediate resources
to these organizations.”

These studies leverage lidar
data—both temrestrial and air-
bome—unmanned aircraft sys-
tem (UAS) data, remote sensing
data, and direct field measure-
ments of surface and subsurface
hydrological properties at moni-
toring sites of two Years or more.

WHERE LIDAR COMES IN

Lidar data provide the neces-
sary 3D information about the
forest canopy and vegetation
structure, which is used to map
wildfire fuel like trees and clus-
ters of trees that are more likely
to burn and escalate a wildfire.

“Collecting data after a
wildfire helps develop predic-
tive models of flood and mud-
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flow hazards that result from
steep terrain that has been

stripped of vegetation,” Staley
said. “When the vegetation,
whose root network holds the
dirt together, is burned off, it
turns into mudslides.”

Lidar data support the fun-
damental science of how flows
initiate, how they grow and
evolve, and where they go. Sta-
tistical debris flow models, gen-
erated by lidar data, illustrate
the likelihood and rainfall in-
tensity thresholds of a region.

“We rely on 10m digital el-
evation models because they're
available and models are cali-
brated,” Staley said. “We use
lidar in the recently burned
areas. Data on topographic
boundary conditions for field
work support boundary condi-
tions for process and physics-
based modeling for analysis.”

Lidar data collected before
a wildfire is used to predict and
address the fire’s behavior, path,
and intensity. The data collected
after a wildfire is used to analyze

hazards created by the fire, such
as flooding and mudslides. It can
be used to identify fallen trees
within the understory and, when
combined with hyperspectral or
other imagery, the vegetation
health and point density of the
upper canopy can be mapped to
predict fire susceptibility.

“Lidar helps analysts cal-
culate fire risk and to iden-
tify regions where prescribed
burns can prevent greater
damage,” Staley said. “Regular
forest management involves
knowing the topography and
creating fire breaks, removing
ladder fuels, and implement-
ing defensible space around
homes and businesses.”

“Lidar helps
analysts calculate
fire risk and to
identify regions
where prescribed
burns can prevent
greater damage.”
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ty lidar data set was acquired,
processed, and is now public-
ly available and distributed by
the USGS.

Lidar col-
This collecion support- lections
ed multiple state and feder- ;:&t::e:sndl
al agencies, which each benefit as this help
from the use of the lidar data :’::;:;:;*‘ et
for wildfire mitigation, recov-  and plan for
ery efforts, and new mapping. ﬁ;‘g‘;ﬁ
These include the California cyedit:
Department of Forestry and United States
Fire Protection, the U.S. Forest gueovl;yg:lcal
Service, the National Park Ser-
vice, the Department of Fish
and Wildlife, the California
Geological Survey, and the Na-
tional Weather Service, as well
as local agencies specific to the
event.
The lidar data are being
used to analyze hazards creat-
ed by the fires, such as flood-
ing and mudslides, and will
be used to analyze future risk
mitigation strategies.
Lidar data can be integrated
and applied using several com-
To help mitigate landslide  percial software packages, in-
risk across the state, more cluding  ArcGIS, TauDEM,
widely available lidar data— ;4 Python software for the
and more data overall—are | jgessment of post-fire debris-
needed. Improved resolution | fow hazards. For data related
and accuracy of data related | 4 post-fire debris flows, Mat-
to both bedrock and surficial | 1ah IDL, LASTools, SAS, and
geology is necessary to com-  others can be used.
bat these natural disasters. By producing information
that directly supports the ob-
COLLECTION AND APPLICATION jectives of the USGS and the
As the firm contracted by = FEMA Flood Hazard Pro-
the USGS to acquire the li- | gram, the benefits of collect-
dar dataset, Woolpert mobi- | ing, processing, and analyzing
lized to Southern California = lidar data are evident. To quan-
to acquire airborne lidar over | tify and qualify that return on
aregion of interest for wildfire | investment, the 3D Nation Re-
mitigation analysis. quirements and Benefits Study
During the collection de-  is gathering updated estimates
ployment, the team faced nu- | on potential benefits from top-
merous  challenges.  These | ographic and bathymetric lidar
included difficult and varied = data.The study will be complet-
terrain, significant airspace re-  ed later this year.
strictions, and frequent envi- Lidar is one of the most
ronmental factors, such as daily | crucial tools in this battle
interference from amarinelayer | against natural disasters which,
of fog, as well as new wildfires = as the data have shown, will
that had initiated during theac- = only continue to grow and im-
quisition time frame. pact lives and livelihoods well
Ultimately, a 3DEP quali- | into the future. Bl
|
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