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1906 Earthquake: 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/eve

nts/1906calif/18april/revolution.php)



Reconnaissance 
Research 
Organizations

+ StEER + Near Shore (coastal) EER 

EERs: "A humanitarian mission in the broadest sense" (Los Angeles Times)

EERI

GEER



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

 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?

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

 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



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

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

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

 Outcome: A series of rigorous, 
data-driven fragility 
relationships to support risk 
assessment and land-use policy a

Grant et al. (2017) Landslides



Value of Natural Hazard Reconnaissance Data

• Data generated by an extreme event is often 
"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 better 
understand 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

• Once collected, these data can be used to:
- develop new fundamental discoveries and insights
- test and verify simulation models
- reduce uncertainties in probabilistic models

"Because of limitations in resources 
and training...reconnaissance is 
often cursory and anecdotal” (2011)



RAPID Mission and Strategic Activities

 Acquire, maintain, and operate state-of-the-art data collection equipment

 Develop and support mobile applications to support interdisciplinary field 
reconnaissance

 Provide advisory services and basic logistics support for research investigations

 Facilitate the systematic archiving, processing and visualization of acquired data in 
DesignSafe-CI

 Train a broad user base through workshops and other activities

 Engage the public through citizen science, as well as through community outreach and 

education
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The RAPID facility provides investigators with the equipment, software, and 
support services needed to collect, process, and analyze perishable data from 

natural hazard events



RAPID Timeline

Year 1
Community Input 

and Resource 
Requirement 
Development

Year 2
Acquisition, 

Commissioning 
and Training

Years 3-5
User Service,

Field Operations, 
Continued Training

September 2016-September 
2017

• Developing facility 
headquarters

• Hiring staff
• Workshop 
• Science plan revision
• Specification development
• Trial equipment deployment 

and testing 
• Coordination with DesignSafe
• Facility operating documents
• Advertising
• Mobile app development

September 2017-September 
2018

• Procurement and 
commissioning

• Staff training
• Facility operating plan and site 

users manual
• User training workshops (4)
• REU program
• IT cyber security
• RApp development and testing
• Fiscal operating plan
• Proposal support

September 2018 and beyond

• Supporting field missions and 
data use/reuse

• Training
• Maintenance
• Updating



Grand Challenges for Natural 
Hazards Engineering:

Community Resilience Frameworks, 
Decision Making, Simulation, 
Mitigation, and Design Tools

Strategic 
Reconnaissance 

Research 
Approaches: 

- Collect data across 
temporal, geospatial 
and social scales

- Integrated across 
data types and 
across disciplines

RAPID Instrumentation and Services: 

- Geomatics

- Lidar

- UAS

- Site Characterization

- Ground Investigation

- RApp

- Citizen Science App

- IT, Data Management and Software

- Visualization

- Reconnaissance planning and advice

- Education, Outreach and Training

Data Products to:

- Validate Models

- Reduce Uncertainties

- Inform Models

- Couple/Link Models

- Inspire New Models

RAPID Science Plan

The principal 
scientific goal of the 
RAPID is

to inform natural 
hazards 
computational 
simulation models, 
infrastructure 
performance 
assessment, and 
socioeconomic impact 
analysis by supporting 
the collection, 
development, and 
assessment of high-
quality disaster data 
sets 
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Simulation Models, 
Performance Assessment 

and Impact Analysis



Instrumentation Highlights
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5 laser scanners 

(up to 2.4 km range)

Suite of drones with 

high resolution 

cameras and lidar
“Applied Streetview” mobile imaging

Survey and geomatics 

control

Autonomous boat with hydrographic survey

Seismographic arrays 

and shear wave 

velocity profiling

Mobile EEG 

(electroencephalography)

And workflows 

(standardization and 

ease of use) and 

much more….

Virtual environment 

for data visualization 

and analysis



RAPID App or "RApp"
RApp integrates mission planning and coordination, data collection, and data 

management into a single, unified package

 Afford users the ability to identify, 

capture, aggregate, organize, store, 

and manage social science, 

engineering, and natural science 

reconnaissance data

 Disseminate, analyze, and visualize 

those data

 Facilitates communication, 

coordination, and collaboration among 

researchers across disciplines 

 Designed with a human-centered 

approach that includes user research,  

prototyping, and iteration. 



(Open) Data Workflow 
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Science Plan:  Strategic Approaches – Acquire and integrate data over 
a range of temporal and spatial scales, and across disciplines  
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Science Plan:  Strategic Approaches – Acquire and integrate data over 
a range of temporal and spatial scales, and across disciplines  
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Enabling the Next Generation of Natural Hazards Reconnaissance

Courtesy of J. Bray 
(2017) Ishihara Lecture, 
Simplified procedure for 
estimating liquefaction-
induced building 
settlement

• 2D sparse 
“point" data

• Manual 
measurements

• 10 cm 
resolution



Next Generation Natural Hazards Reconnaissance

Tsunami Inundation

• Large amount of high-
quality data 

• High-resolution (<1 cm), 
systematic data collection

• 3D (and 4D)

• Automation 



Next Generation Natural Hazards Reconnaissance

Tsunami Inundation



Next Generation Natural Hazards Reconnaissance

Example Eyewitness Interview Transcript



Next Generation Natural Hazards Reconnaissance



Next Generation Natural Hazards Reconnaissance



Recent Missions
Hokkaido, Japan Earthquake response in support of GEER



Recent Missions



Recent Missions



Recent Missions



2018 Hurricane Florence response in support of StEER and GEER



September Disaster “Season”

Hands-on summer workshop 
attendees: Navid Jafari and Alex Grant 

Pre-deployment refresher and 
eqpt. pick-up, Sept. 2018

Site operations specialist 

Outside 
users 



Other Non-Disaster Natural Hazard Missions
NSF Research Project “A Platform for Regional-Scale Landslide Risk Assessment” (NSF Grant 1548552)

Challenging (helicopter) access Equipment capabilities in adverse weather

Tech director/director in-field collaboration

Landslide hazards



Complementing Laboratory Instrumentation

Obtain 3D high- resolution point cloud models for NHERI experiments

o Record damage

o Determine precise instrument locations

o Benchmark experiments to field observations

o Develop damage detection and load history determination methods 
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NHERI UCSD 
Shaking Table Experiment



The RAPID’s Roles

 Maintain and calibrate equipment for you to use

 Provide staff assistance for use when necessary

 Assist with proposal preparation:
o Advice

o Integration with science plan 

o Provide budget information for RAPID equipment and staff

 Logistical support:
o Arrange and assist with equipment delivery

o RApp to help with team organization/coordination

 Outside our scope:
o Coordinating reconnaissance missions

o Setting the scientific objectives for reconnaissance missions

o Providing funding for reconnaissance
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Overview of Using the RAPID

Before Requesting 
Equipment:
• Read RAPID Site User 

Manual
• Review equipment list and 

specifications
• Review User Agreement
• Review user rates and fees
• Verify liability insurance
• Verify reconnaissance 

funding source
• Complete user training 

(recommended)

Request Equipment 
(Preferred 2 Weeks 
Prior to Deployment):
• Check current status 

of equipment
• Complete the RAPID 

Equipment Request 
Form

Discussion Between 
RAPID And User 
(Within 2 Business Days 
of Equipment Request):
• Equipment needs
• Schedule
• Rates
• Shipping logistics
• Complete RAPID User 

Agreement

Receive Equipment:
• Options: At home, 

in field, from RAPID 
HQ, carried by 
RAPID staff, 
handoff from 
another team

Setup RApp (if Needed):
• User setup of RApp via 

Mission Control
• RAPID prepares field 

tablets
• Verify DesignSafe

account is active

Collect Data:
• Use manufacturer or 

RAPID developed 
equipment manuals 
(loaded on RApp or 
otherwise provided)

• RAPID remote 
support as needed

• RAPID staff in-field 
(if needed)

Return Equipment:
• Options: Shipping, 

returned by hand, 
returned by RAPID 
staff, handed off to 
another team

• RAPID will inspect 
and verify 
equipment condition

Data Archival:
• Raw data uploaded to 

DesignSafe by RAPID staff
• Good practice to back up 

data during deployment 
as well on backup 
devices or computers

Data Processing:
• If needed RAPID HQ has 

processing capabilities
• Can setup as part of initial 

user agreement or 
arrange afterwards

• Processed data uploaded 
to DesignSafe by user

Pay User Rates:
• RAPID invoices per 

the user 
agreement

• Payment expected 
within 30 days 

Before Deployment 

After Deployment Deployment 



Who can use the RAPID? (anyone...)

 Open to anyone:

o Academics, government agencies, private industry, etc.

o Different rates for NSF vs. non-NSF (RAPID equipment is subsidized 
by NSF)

o Different priority for equipment requests

o We aim to accommodate all requests

 NSF Grants:

o RAPID equipment can be requested for any NSF research

o Reconnaissance possibilities:

• RAPID grants 

• NSF supported reconnaissance organizations (GEER 
http://www.geerassociation.org/ , ISEER 
(https://hazards.colorado.edu/news/center-news/102)

• Other NSF proposals
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http://www.geerassociation.org/
https://hazards.colorado.edu/news/center-news/102


RAPID Priorities for Equipment Requests

User

Data Collection Activity

Near-Term 
Response to a 

Priority
Natural 
Hazard1

Recovery 
Phase for a 

Priority
Natural 
Hazard1

Experiments 
at NHERI 
Facilities 

Other Natural 
Hazards

Other 
Applications

NSF 
Supported

1 2 2 3 3

Non –NSF 
Federal
Agency

4 5 5 5 5

Other 5 6 6 6 6
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1 Priority Natural Hazards: Hurricanes, Tornados, Other Windstorms, Storm Surge, Earthquakes, 
Tsunamis, and Landslides

 The RAPID will make every effort to accommodate all requests 

 When we can’t, this table sets our priorities

 We have and continue to establish MOU’s with other organizations that have similar equipment 
to help handle intensive drawdowns



Where can the RAPID Equipment be Deployed?

 Locations following natural hazards:

o Priorities are wind events, earthquakes, and tsunamis

o Both immediate response and recovery monitoring possible, as are 
"pre-event" missions

 To supplement instrumentation at large-scale 
experimental facilities 
o Priorities are tests at other NHERI facilities

 Focus on short term deployments:

o Longer term deployments possible but we need to talk

o Deployments more than two weeks will require a user agreement to 
ensure equipment can be returned for high priority use if it is 
needed
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Equipment Delivery

 The RAPID will organize the shipping of equipment

o It may meet you in the field 

o You may retrieve from the UW

o Our staff may meet you with it

o You may receive a hand-off from another reconnaissance team

 You will be responsible for some of the delivery costs

 The site user manual (coming to the RAPID website) will 

have detailed requirements 

 The RAPID will help with import/export controls

o Instrument specific

o Limitations on certain countries
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Rates

Rates and their 
calculation 
reviewed and 
approved by 
UW 
Management 
Accounting and 
Analysis and 
the UW College 
of Engineering
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Example Fee Scenarios

 5 Day Hurricane 
Deployment 
(GEER)
o Close range lidar

($67)
o Structure sensor 

($10)
o iPad  ($5)
o Thermal camera 

($5)
o Insta 360 ($5)
o Field laptop ($18)
o Shipping: ~$500
o Total cost to user: 

$980
o Equipment value: 

$24,400
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 5 Day Hurricane 
Deployment (StEER)
o Applied streetview

($113)

o Matrice 210 (UAS) 
($40)

o GS18 GPS , 2 ($94)

o Field Tech, 2 ($763)

o Tech travel ($2500)

o Shipping: ~$100 
(checked bag fees)

o Total cost to user: 
$7,650

o Equipment value: 
$94,900

o Staff annual salaries 
~$140,000 total

 5 Day Earthquake 
Deployment 
(GEER)
o Close range lidar

($67)

o Long range lidar
($516)

o iPad  ($5)

o Field laptop ($18)

o International 
insurance 
surcharge: $250

o Total cost to user: 
$3,280

o Equipment value: 
$204,135



RAPID Equipment Availability: 
Via RAPID Website

 Basic information requested:
o Equipment category

o Dates

o Locations

o Use

o Additional services

o User experience with 
equipment

o Funding source

o Reconnaissance team 
(GEER/StEER, etc.)
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Site User Manual

 Available on RAPID 
website

 Has all pertinent 
information for using 
the RAPID Facility
o Initial contact

o Scheduling

o Receiving and returning 
equipment

o RApp setup

o Rates and fees
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User Training and Site User Manual

 User training:

o Recommended but not required

o 1-Day overview workshops (example from 2018)

- Wind-focused training in collaboration with NHERI WOW, Miami, May 17-18

- Earthquake-focused training at the NCEE in Los Angeles, June 25

- Joint GEER-RAPID training in San Francisco, week of  September 17

o 4-Day intensive hands-on workshops (at RAPID headquarters in Seattle)

• Creates cadre of RAPID equipment experts

• List of participants and expertise will be maintained on https://rapid.designsafe-
ci.org/
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https://rapid.designsafe-ci.org/


July 2018 Hands-On 4-Day Workshop

• July 24-27, 2018; Seattle UW campus and environs
(Lake Washington) 

• Over 90 applicants

• First year class of 24 advanced-trained potential 
users

• Provided travel support via a NSF supplement

• Primary objective: comprehensive, hands-on 
training on RAPID equipment data acquisition and 
post-processing



rapid.designsafe-ci.org/


