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Workshop Objectives and Today's Program
Main Objectives

9:00 a.m.

Introduction to Natural Hazard
Reconnaissance/NHERI Network

• Familiarize the natural hazards
research community with capabilities
of the RAPID's equipment, software,
and support/services portfolio, and
explain how users can access the
facility

9:30 a.m.

RAPID Science Plan

9:45 a.m.

Brief Self-Introductions

9:55 a.m.

RAPID Facility Basics

10:20 a.m.

Hurricane Harvey/Irma Reconnaissance

10:40 a.m.

Break (15 mins)

• Galvanize the community around
critical research needs and nextgeneration reconnaissance strategies
identified in the NHERI/RAPID
science plan

10:55 a.m.

Demonstration: Exploring RApp

11:15 a.m.

RAPID Field Instrumentation

12:00 p.m.

Lunch, with 30 min. Presentation on GEER
Ecuador Reconnaissance mission

1:15 p.m.

RAPID Field Instrumentation

2:00 p.m.

Laser scanner instrumentation and point
cloud demonstration

2:45 p.m.

Break (15 mins)

3:00 p.m.

Special Considerations for Reconnaissance
Missions

3:30 p.m.

Activity: Develop Reconnaissance Strategy
and RAPID Proposal

4:30 p.m.

Wrap up, and Question & Answer Session

• Inspire research ideas involving the
use of the facility, and data developed
with facility resources
• Provide a basic understanding of
and best practices for reconnaissance
missions
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1906: The Dawn of Natural Hazard Reconnaissance in the U.S.

• Three days after the earthquake, Governor Pardee appoints a California State Earthquake Investigation Commission (lead by
A. C. Lawson) to unify the work of scientific investigation teams
• "Lawson Report" (1908) - a detailed, benchmark compilation on scientific investigation of the earthquake and the damage it
caused
Source: USGS (https://earthquake.usgs.gov/earthquakes/events/1906calif/18april/revolution.php)

1906: The Dawn of Natural Hazard Reconnaissance in the U.S.

• Inspired new, fundamental understanding of earthquakes: e.g. ground movement surveys leads H. F. Ried to introduce the
landmark "theory of elastic rebound"
• Post-event mapping across the city begins to provide a coherent story that explains damage concentrations: the notion of "site
effects"
Source: USGS (https://earthquake.usgs.gov/earthquakes/events/1906calif/18april/revolution.php)
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Origins of Social Science Disaster Reconnaissance Research
• First systematic social science study of
disaster by Samuel Prince: 1917 Halifax
Explosion.
• 1949-1954: Charles Fritz (w/ R.A.
Enrico Quarantelli) at University of
Chicago studied divergent behavior
(panic) in disasters.
• 1963: Enrico Quarantelli, Russell
Dynes and Eugene Haas founded the
Disaster Research Center (DRC) at Ohio
State University. ”Formalized” social
science recon research.
• DRC initially supported by U.S. Office
of Civil Defense to inform cold war civil
defense efforts.
• First DRC reconnaissance for the 1964
Alaska earthquake

1971: EERI Multidisciplinary investigation of the San Fernando quake

• Multidisciplinary investigation addressing seismology, emergency operations, lifelines, structural and geotechnical engineering,
policy, and governmental response
• Leads to the Earthquake Engineering Research Institute's "Learning from Earthquakes" program
Source: LATIMES and EERi )
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Geotechnical Extreme Events Reconnaissance (GEER)

GEER is a volunteer organization of experts scientists from academia, industry, government organizations, and non-profit organizations
that responds to extreme events, conducting detailed reconnaissance and documenting observations
Source: GEER

Recent Reconnaissance Example: Spatiotemporal Variability of Storm Surge
u

Issue: There is dramatic
variability in surge-related
damage along the coast, but
detailed information on surge
variation in space and time was
not attainable.

u

Approach: Rapidly deployable
onshore water level sensors are
installed at moderate spatial
resolution along the coast. 117
sensors deployed in Texas prior
to Hurricane Ike (2008)

u

Outcomes: (1) Advanced
understanding of storm surge
timing and spatial distribution;
and (2) Detailed dataset for
surge prediction validation

East et al. 2008

USGS 2017

Kennedy et al. 2011

Irish et al. 2011
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Recent Reconnaissance Example: Impact of Irma on Residential Construction
u

Issue: Majority of insured loss in
< Cat 3 hurricanes is associated
with roof cover and fenestration
losses on residential housing.
Capture of perishable data on
large sample size critical. Age of
roof strongly correlated with
damage

u

Approach: UAVs used to canvas
coastal neighborhoods that
experienced highest winds. Tax
appraise database used to
determine roof age. Ground
teams document fenestration
damage. FEMA wind maps
accessed for hazard intensity

u

Outcome: Statistically
significant assessments of roof
cover performance as a function
of age and maximum wind speed

Blue roof = Too late
Need this

Recent Reconnaissance Example: Perceptions of Mexico's Earthquake Early Warning
u

Issue: How do Mexico City residents
perceive SASMEX (earthquake early
warning system)? How did they
respond to warnings for the
September 2017 earthquakes relative
to the system’s performance?

u

Approach: Interdisciplinary team of
seismologists, sociologist,
psychologist, and urban geographer.
In-depth interviews. Convenience
sample of the public, government
officials, academics, business, &
NGOs.

u

Outcome: Recommendations for
earthquake early warning system
development in the United States
published in Science.
Allen, R.M., et al. (2017) “Quake warnings,
seismic culture”, Science
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Recent Reconnaissance Example: Rapid Assessment of Post-Earthquake Building Damage
u

Images from Paal et al. (2015)

Issue: Techniques are
needed to enable rapid
assessment of building
damage (i.e. red/ yellow/
green tagging) in the
aftermath of earthquakes.
Rapid assessment speeds
(a)
(b)
(c)
(d)
(e)
recovery and reduces the
impact of earthquakes on Still image of structural damage Damaged region (a), detected spalling (b),
communities.
cracking (c), vertical reinforcement (d) and
(Haiti 2010)

u

Approach: Collect still
image, SfM, and lidar data
of earthquake damaged
buildings to support
development of rapid
damage assessment
methods.

horizontal reinforcement (e)

Images from
Shakya and
Barbosa (2017)

Terrestrial lidar scan and reconstruction of temple (Nepal 2015)

u

Outcome: Next generation
of damage-detection
algorithms
Automated crack detection using lidar data

Recent Reconnaissance Example: Impact of Co-Seismic Rockfall on Buildings
u

Issue: landslide risk practices
require that the vulnerability of
communities to landslides be
known, but information was not
available to support such
assessment.

u

Approach: lidar-scan ~30 homes/
sites damaged by rockfall during
the Christchurch earthquake ,
and relate impact energy to
building damage indices;
geotechnical-structural
collaboration

u

Outcome: A series of rigorous,
data-driven fragility
relationships to support risk
assessment and land-use policy a
Grant et al. (2017) Landslides
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Value of Natural Hazard Reconnaissance Data
• Data generated by an extreme event is unique and often highly
"perishable" —and thus, must be collected quickly
• Disaster data sets include the real-world complexities (e.g., interplay
between natural, human, and built systems) that allow us to
understand better and to quantify the socio-technical dimensions
related to damage, restoration, and resiliency of the built environment;
Such data is difficult to duplicate in the laboratory
• These data can be used to:
- develop new, fundamental discoveries and insights
- test and verify simulation models
- reduce reducing uncertainties in probabilistic models
- inspire the next generation simulation models

Rationale for the RAPID Facility
• There was single facility or organization with access to the wide range of field
equipment required to document complex natural hazard events. Teams seeking
different instruments have had to employ equipment specialists from multiple
organizations to collect data from single events.
• Organizations have different standards for collecting (practices and equipment),
archiving, sharing, and publishing data.
• There was no single data gathering software application; instead, a wide range of
stand-alone, incompatible programs and applications were are used in reconnaissance
missions.
• There is no facility specifically focused on the unique needs inherent with fast-tract
multidisciplinary reconnaissance missions.
• There was no consensus-based science plan or well-recognized statement of research
needs to help guide the community’s post-event data collection efforts. Data collection
often reflects investigator’s specific research interests rather than community needs.
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Enabling the Next Generation of Natural Hazards Reconnaissance
Courtesy of J. Bray,
(2017) Ishihara Lecture,
Simplified procedure for
estimating liquefactioninduced building
settlement

• Fundamental
insights
• Critical data
for validation
• Lots of highly
perishable data
• 2D “point"
data
• Manual
measurements
• 10 cm
resolution

Enabling the Next Generation of Natural Hazards Reconnaissance
• Large amount of
high-quality data
• High-resolution (<1
cm), systematic data
collection
• 3D (and 4D)
• Automation

2016 Kaikoura, New Zealand Earthquake

• Efficient data
collection via the
RApp mobile
application
• Shared resources,
broadened user base
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Enabling the Next Generation of Natural Hazards Reconnaissance
• Large amount of
high-quality data
• High-resolution (<1
cm), systematic data
collection
• 3D (and 4D)
• Automation
• Efficient data
collection via the
RApp mobile
application
• Geo-referenced
data sets that can be
later analyzed and
interrogated
• Open data archived
in DesignSafe

Enabling the Next Generation of Natural Hazards Reconnaissance

Tsunami Inundation
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Enabling the Next Generation of Natural Hazards Reconnaissance

Example Eyewitness Interview Transcript

Enabling the Next Generation of Natural Hazards Reconnaissance
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Relative frequency

Enabling the Next Generation of Natural Hazards Reconnaissance

Vertical displacement
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