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Earthquakes are one of the most catastrophic natural phenomena. After an earthquake, earthquake
reconnaissance enables effective recovery by collecting data on building damage and other impacts. This paper
aims to identify state-of-the-art data sources for building damage assessment and provide guidance for more
efficient data collection. We have reviewed 39 articles that indicate the sources used by different authors to collect
data related to damage and post-disaster recovery progress after earthquakes between 2014 and 2021. The
current data collection methods have been grouped into seven categories: fieldwork or ground surveys,
omnidirectional imagery (OD), terrestrial laser scanning (TLS), remote sensing (RS), crowdsourcing platforms,
social media (SM) and closed-circuit television videos (CCTV). The selection of a particular data source or
collection technique for earthquake reconnaissance includes different criteria depending on what questions are to
be answered by these data. We conclude that modern reconnaissance missions cannot rely on a single data
source. Different data sources should complement each other, validate collected data or systematically quantify the
damage. The recent increase in the number of crowdsourcing and SM platforms used to source earthquake

reconnaissance data demonstrates that this is likely to become an increasingly important data source.

earthquake reconnaissance fieldwork surveys closed-circuit television videos

| 1. Introduction

Each year, disasters cause significant human and economic losses. Out of these disasters, earthquakes are one of
the most catastrophic natural phenomena. These events have caused more than 23 million deaths between 1902
and 2011 I substantial physical, social, economic 2l and, occasionally, institutional, cultural and environmental
losses. Following an earthquake, there is a substantial demand and need for spatial information 2l about
population location B, evacuation routes, availability of resources 4, size of the affected area and distribution of
damage. Later, during the emergency phase, it is necessary to collect more detailed data about damages in the

structural components of buildings &,

Earthquake reconnaissance enables collecting perishable data on building performance to prepare statistics,
calibrate and validate engineering models, and identify the construction deficiencies that lead to inadequate
structural performance. This paper aims to identify state-of-the-art data sources for building damage assessment
and serve as a guide to make more efficient data collection based on the experiences in the last years. Damage is
understood as a change in the mechanical, material and/or geometric properties of a building, affecting its
performance and behaviour 8. Damage data is highly ‘perishable’, or ephemeral, since damaged structures may

be altered or removed during rescue or early recovery @ activities & or modified by aftershocks. A large
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earthquake produces extensive building damage and affects the operational conditions of other structures [ in and
around an urban area 19, Additionally, economic and social consequences are usually related to the loss of
buildings’ usability 11121 Buildings are essential places to live 13, do business or carry out activities 14! this is
why most of the losses 12 and 75% of the casualties 18 in disasters are due to building damage 22! Building
damage assessment is a critical activity to secure the safety of the public & and provide information for disaster
relief, early recovery planning 19 and later reconstruction 2718191 especially due to the threat of aftershocks.
Moreover, damage assessment is essential for assessing disasters’ social and economic impact 28191201 The
effectiveness of post-disaster activities during the response and recovery phases depends on accurate and early
damage estimation 21,

In the past, conventional recording and measurement tools, such as photography, note-taking and surveying, were
used by reconnaissance investigators to collect data and document field observations. Nowadays, the availability
of state-of-the-art instrumentation, mobile data collection technologies, social media (SM), crowdsourcing
platforms, training and field support services has increased the ability of field investigation teams to capture
perishable data during post-disaster phases [&l. Currently, there are two data sources in the disaster management
cycle: sensor-generated, such as the data collected by remotes sensing (RS) tools, closed-circuit television videos
(CCTV) or satellites, and user-generated content collected from SM and crowdsourcing platforms [22123],
Quantitative assessment of damage determines the physical damage of the exposed elements in the affected area.
The result of the damage assessment will be the aggregate quantities of damages for an exposure unit. This
guantitative assessment is used to assess the direct economic loss as the basis for calculating the value of
economic losses: the replacement cost (18 or insurance payouts of value to international aid organisations, bi-
lateral/multilateral donors and the insurance industry 24, During the emergency or relief phase, the quantitative
assessment of damage starts with the structural component of the buildings due to its essential role in the safety of
the population affected by earthquakes and the estimation of temporary shelter needed . Structural damage
evaluation implies a visual inspection to establish whether the building structure components are damaged, the
degree to which different elements may be damaged and the degree of damage that represents a risk to the
occupants of the building. These data are necessary for understanding the trend of natural disaster impacts and
existing planning and building practices [22l. Earthquake reconnaissance enables collecting perishable data on
building performance to prepare statistics, calibrate and validate engineering models and identify the construction
deficiencies that lead to inadequate structural performance 28, Damage detection and characterization involve five
closely related subjects &, i.e., structural health monitoring (SHM), condition monitoring (CM), non-destructive

evaluation (NDE), statistical process control (SPC) and damage prognosis (DP) &,

| 2. Fieldwork or Ground Surveys

Post-disaster structural damage assessment is typically based on ground surveying methods 21, The objective of
these missions is to learn about the performance of infrastructure and structures under seismic loading, collect
accurate damage data 22 for further research (28 and scientific understanding of their physical, socio-economic,

environmental 8, cultural and institutional consequences. In situ structural observations sometimes include records
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not limited to the mechanism of structural failure and observations of undamaged structures and the extent and
scale of damage to structures at a global and component level 24, To develop a detailed building damage map
after an earthquake or a hurricane, it is necessary to identify the damage using a building-by-building approach 19
(291: most building damage assessments reviewed relied on a foot-on-ground approach B9, This detailed inspection
is the most reliable 21 and generates invaluable information on the seismic performance of the affected building
stock 1. However, the limited time the mission is deployed and the street level constraints on the extent of
observations make it less reliable at collating damage statistics, which are particularly important for validating and

developing fragility and vulnerability functions 27,

Fieldwork or ground surveys are a traditional approach to estimating the spatial distribution of earthquake impacts
to building clusters, performed by volunteer groups consisting of structural engineers, architects, researchers with
experience in building instrumentation, geotechnical and seismological specialists 28] and undergraduate students
of these fields. These missions collect structural, geotechnical, seismological and damage information [2&l.
Earthquake reconnaissance missions are undertaken by national or international organisations such as the
Earthquake Engineering Field Investigation Team (EEFIT) [El28] jn the United Kingdom (UK), the Geotechnical
Extreme Events Reconnaissance Association (GEER) [8l28132] gnd the Earthquake Engineering Research Institute
(EERI) B'in the United States (US). The EERI, through its program, Learning from Earthquakes (LFE) established
in 1973, was the first professional organization to organize reconnaissance missions to significant seismic events.
This organization recently has formed a virtual earthquake reconnaissance team (VERT) to conduct ‘virtual’ (i.e.,
not on-site) assessment within 48 h after an earthquake [&!. In Italy, the European Centre for Training and Research
in Earthquake Engineering (EUCENTRE) and the Italian Network of University Laboratories for Earthquake
Engineering (ReLUIS) have organized earthquake reconnaissance missions and conducted follow-on seismic
policy analyses. For six decades, the New Zealand Society for Earthquake Engineering (NZSEE) has supported
reconnaissance research of earthquakes and major tsunamis in the world Bl The Asian Technical Committee
(ATC3) “Geotechnology for Natural Hazards”, the Building Research Institute of Japan and the Nepalese
Engineering Society have conducted reconnaissance missions in Asia after natural phenomena. Another
organization that has supported reconnaissance missions in the US is the American Society of Civil Engineers
(ASCE). Additionally, sometimes, self-organized teams with a focused hypothesis-driven research question or
inquiry are formed to collect data [8l. In the 2017 Puebla—Morelos earthquake case, also known as the 2017 Puebla
earthquake or the 2017 Mexico earthquake, the Applied Technology Council (ATC) from the US deployed a team to
Mexico City sponsored by the ATC Endowment Fund. This team was joined by practising architects, engineers,
professors and local agencies [28. The NZSEE, in collaboration with the Universidad Autonoma de Metropolitana
(UAM) Azcapotzalco, the American Concrete Institute (ACI) Disaster Reconnaissance team, the Colegio de
Ingenieros Civiles de Mexico (CICM) and the team of Stanford University’'s John A. Blume Earthquake Engineering

Center 23 all deployed a team for the same earthquake in Mexico (4],

In a foot-on-ground survey, as it is portrayed in Figure 1, the assessment is conducted manually 2, one building
after another [23: each reconnaissance mission in the field takes approximately one week. Considering that, there
is a preliminary data collection to limit the inspection area where the causes of failures of buildings can be

observed within a safe environment. Earthquake reconnaissance missions’ members are usually trained volunteers
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affiliated with one of the organisations mentioned previously, who cannot spend more than one week away from
their daily business. Even the ATC’s reconnaissance mission after the 2017 Puebla—Morelos earthquake lasted
only three days [28l. To maximize the area to inspect, three teams composed of three to four structural engineers
were deployed each day in this specific mission. Each team involved one Spanish speaker to interact with
residents and one local structural engineer (28 Usually, preliminary data collection before fieldwork includes
seismic information, size of the affected area, building typologies, injuries and casualties, local institutions,
accessibility, safety and security aspects, local traditions and any information supporting the fieldwork planning 28,
Traditionally, paper forms were used, but increasingly, smart technologies are used, such as tools to complete
investigation forms and collect multi-media data (e.g., photos, audios and videos) 2. One example was the
damage assessment app used by the EEFIT mission team deployed to Albania to collect damage data after the
earthquake in 2019 7. The ATC reconnaissance mission for the 2017 Puebla—Morelos earthquake focused on
buildings with not only significant but also minimal damage. No inspections were undertaken on collapsed
buildings, considering that those buildings do not suggest where or why the failures occurred 28, This ATC’s
reconnaissance mission collected damage and geotechnical data, earthquake ground motions from several suites
and ambient vibration recordings from buildings instrumented by the team during the reconnaissance trip (28, This
ATC mission instrumented seven of the inspected buildings with an array of accelerometers [28. The NZSEE and
UAM team focused on extensive and widespread damage where local site effects could have contributed to the
significant damage in buildings. At the same time, the team evaluated the performance of the repaired and
retrofitted buildings after the 1985 Michoacéan earthquake 24l Stanford’s John A. Blume Earthquake Engineering
Center surveyed the affected area in Mexico on 24-29 September. It complemented the database of collapsed

buildings with data collected from newspapers and SM until 1 November 2017 [22],

https://encyclopedia.pub/entry/16878 4/15



Earthquake Reconnaissance Data | Encyclopedia.pub

Figure 1. EEFIT earthquake reconnaissance mission after the Christchurch earthquake in 2011. Source: 28!,

The GEER deployed two teams in central Italy. The first team, integrated entirely by Italians, located potential
landslide sites of interest. Later, a second team was deployed to collect data in the places identified by the first
team 38, Manual inspection and documentation of landslides were done by the GEER team in central Italy using
standard geologist’s tools: scale, measuring tape, clinometer, compass, rock hammers and total station. Key
landslide dimensions were measured on each manually inspected point, i.e., length, wide, scarp height and slope
inclination 281, Notes were taken about the slide mass or rockfall constituent materials, local geology, observed
groundwater and seepage conditions and anthropogenic activity in the area. The width and height of the rockfall
source were measured using total stations, while slope inclination below the rock source was either estimated or
measured 28, The geologic hammer was utilized to infer the rock strength. Stratification, weathering, spacing, joint
width and infill material were evaluated. Distances were estimated for most rockfalls, given that lateral and vertical
distances of the rollout were too large to measure manually. Boulder fragments were inspected with measurements
of boulder size 28], Parallel to the GEER mission, and with its support during the planning phase and the support of
the Italian Department of Civil Protection (DPC by its acronym in Italian), EERI, EUCENTRE and RelLuis also
deployed a mission in central Italy to study the effects of the earthquake sequence, not only on the built
environment but also on the communities located in the affected areas. Another objective was to assess the
retrofitting methodologies and evaluate their effectiveness in mitigating the damaging effects of ground shaking 2.
These three organizations also deployed two missions. The first mission was deployed following the 2016 Amatrice
earthquake, and the second mission after the earthquake sequence in 2017 when it was considered safe to enter
the restricted zones B2, The mission teams were formed by engineers with expertise in lifelines and structures
focused on bridges and buildings. Besides engineering aspects, the mission collected data related to emergency

management and the performance of critical infrastructures (Cl) such as hospitals and schools £2.

| 3. Omnidirectional Imagery (OD)

The outcomes of the fieldwork or ground surveys can be improved by the unique viewpoints and perspectives
delivered by the OD camera technology. Employing OD cameras enables the collection of chains of omnidirectional
images. The development of online platforms to host the collected images makes it possible for those photo chains
to be easily visualized to simulate an immersive ‘walk through’ of a landscape with a 360 degree view, ideal for
comprehensive damage inspections in reduced access zones 2. One example of the visualisation obtained with

this technology is presented in Figure 2.
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Figure 2. A portion of an OD image depicting a street intersection in St. Louis, MO. Source: 42,

Previous studies have reported an acceptable level of accuracy of virtual surveys compared to street surveys [271141]
(42 chains of OD images could be utilized to increase sample sizes by improving statistical structural damage
data, allowing robust sampling techniques to be used across an area impacted by an earthquake [&. EEFIT tested
this data source in two different post-earthquake contexts: the 2016 Muisne earthquake in Ecuador and the 2016
earthquake in central Italy. In both cases, the same camera equipment was used: a Ricoh Theta S. The imagery
was visualized employing the Mapillary platform to assess construction typologies, number of stories and degree of
damage [Z. The context of the two EEFIT missions is different in the scale of the damage, the buildings affected,

the urban context, the local topography and the earthquake’s characteristics.

In the 2016 Muisne earthquake in Ecuador, damage data collected through a series of rapid visual surveys (RVS)
conducted in the field were compared to the data collected virtually along the same routes using chains of OD
images. This mission validated the utilization of OD imagery with RVS data to compare virtual surveys, later using
OD imagery on the damage data extracted from satellite imagery [ZZ. In 2016 in central Italy, the work was focused
on testing OD imagery’s ability, collected during the walk-through, to better understand damage regarding the
damage maps provided by the European Copernicus Emergency Management Service. These maps were
delineated based on the timely geospatial information derived from RS and completed with available open data

sources in situ for emergency response 27,

| 4. Discussion
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Building-by-building foot-on-ground surveys collect highly detailed data that can be used forensically to validate RS
data or models such as structural models or fragility curves 43, However, they are expensive and time-consuming
(391 and the duration of these inspections can last for months 29, depending on the availability of volunteers 21, to
reach a good understanding of the event's characteristics 29. Nevertheless, it is necessary to differentiate between
a rapid building damage survey 44, which is focused on buildings’ safety during the emergency phase, and a
detailed damage survey oriented to assessing the performance of building structures or the restoration of historic
buildings “2l. This second kind of damage survey can support early recovery planning and help to accomplish
build-back-better and built-to-last. Now, smartphones allow quicker and more rigorous structural evaluations by
filling in forms in apps containing all the necessary items to evaluate the damage to a building and collecting
multimedia data. The collected photos can be indexed by their locations using GPS coordinates 48 or what3words.
Eventually, post-earthquake investigation data can be quickly uploaded to servers through the network of
smartphones so that seismic damage data can be quickly shared to support decision making for post-disaster

recovery (23],

Omnidirectional imagery shows significant capabilities in identifying aggregated ‘low’ and ‘high’ damage grades,
failure modes, number of stories and construction typologies. There are some potential issues with properly
identifying disaggregated lower damage (e.g., damage grades 0—3 according to the European Macroseismic Scale-
98) [27. The comparison of RVS and OD based post-earthquake survey data identified challenges to overcome.
Those challenges are poor image quality; insufficient photosphere captures related to the extent of its overlap, lack
of photos close enough to each other and obstructions such as trees, walls or vehicles 2. More advanced
cameras could improve the image quality, and the gaps between pictures can be solved by reducing the distance
between images (between 10 and 12 m) 4 especially on obstructed streets (e.g., tree-lined). Moreover
uncertainties related to the validity of the information inferred using this method and the challenges associated with
collecting detailed data still need to be addressed. The TLS capture of the entire geometry of the Baptistery of San
Giovanni in Florence, Italy, was not used in the context of an earthquake reconnaissance mission. However, we
decided to include this reference for the suitability of this method in reconnaissance missions when they need to
focus on the forensic analysis of world heritage (WH) buildings. Terrestrial laser scanning can collect highly
detailed data of cracks, settlements, displacements and other damages in structural and nonstructural elements,
the latter being especially important in these kinds of buildings. However, time to collect the data and training to

operate this tool correctly is necessary.

The main advantage of using RS for building damage assessment is that large damaged areas can be surveyed
rapidly without being hampered by the emergency operation on the ground 24, However, VHR satellite images
useful for CD could be expensive, not be up-to-date, not match each other and contain clouds, making them
useless for CD. An accurate damage detection can take some time while the objects in the images are classified,
and the software algorithm in software is trained to detect changes related to damage “4. Smaller and particularly
complex urban disaster scenes, multi-perspective aerial imagery obtained with UAVs and sUAV and derived dense
colour 3-D models are increasingly employed to gather data. Hence, it would be interesting to investigate how the
regulation for the operation of sUAVs affects the data collection rate and its delineation of areas affected by the

earthquakes, and sUAV's effectiveness as a detailed reference source for the tracking of recovery efforts during
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return missions. These data sources are an alternative to CD in satellite images in identifying damage, and they
also remove challenges such as the images not matching 8. Currently, satellites are equipped with several RS
payloads to complement airborne remote sensing and other UAVs. The result is a collaborative operated network

involving multiple satellite observations, airborne RS and ground operations 18!,

Crowdsourcing information can be a cost-effective option to form a dense real-time accelerometric network,
reducing uncertainties of rapid earthquake scenarios 9. Despite the intrinsic variability of felt reports, based on 20
years of DYFI experience B9 it is possible to observe how felt reports have contributed to earthquake response
and science and behaviour studies B4 ntegrating DYFI data in ShakeMaps improves shaking estimates and
the rapid assessment of an earthquake’s impact 2949 The Earthquake Network app and MyShake app are
similar. The main difference between these apps is that the data recorded by the accelerometer in the Earthquake
Network app are not used to make any seismological analysis, and EEWs are sent only when several smartphones
in the same area detect accelerations above a specified threshold B, Currently, the main limitations of the EEW
system implemented by the Earthquake Network are the lack of accuracy in the information of the earthquake
intensity and that the geometry of the location of the smartphone network is not optimized regarding known faults
Bl Among these apps, the EMSC was the first to consider the behaviour of users and their associated digital
footprints to detect a widely-felt earthquake in an intersection between seismology, citizen science and digital
communication. This approach was also compared with the manually and independently derived macroseismic
datasets from DYFI 22, However, when looking at intensity levels reported by users, it is necessary to keep in mind
that those living in low seismic zones tend to report an earthquake, regardless of the magnitude and/or impact
displayed in the app user interface B, Another common problem among citizen science projects is user retention,
which could be solved by encouraging interaction with the app and other users to boost user lifetime value 11, |n
the case of Mayotte (2018), it was observed that while scientists were gathering on Twitter 22 citizens were
debating on Facebook about the same seismic phenomenon. The answers to the questions formulated on the
STTM group were available on Twitter. This situation can be explained by the socio-technical design of the
platforms and the technological culture. People use Facebook for daily and personal uses. Instead, Twitter has

become a handy platform for researchers to exchange ideas, collaborate and share preliminary outcomes 22,

Crowdsourcing and SM platforms tend to be the new data sources. Given the travel restrictions imposed by the
COVID-19 pandemic, we started using them to collect data for the earthquake reconnaissance missions of the
2020 Zagreb earthquake [B3I54I35] and 2020 Aegean earthquake B8E7 and even before the 2019 Albanian
earthquake B8 and earthquake reconnaissance missions in the long-term for the tenth anniversaries of the
earthquakes in L'Aquila (Italy) B2I6AB1 Maule (Chile) B2l and Port-au-Prince (Haiti) 2. We did not focus the
review on SM platforms because there was already a literature review on this topic 3. The ubiquity of
smartphones and SM has opened new opportunities for fast crowdsourcing and two-way communication between
affected people and institutions/authorities 22, In some cases, one geotagged picture, an individual observation or
objective comments on SM platforms can substantially reduce uncertainties regarding impacts 2. However, the
scientific community still casts doubts on the utility and reliability of data collected in the framework of citizen
science projects. Text and image data collected from SM are unstructured data that need a lot of cleaning 4. Then

pre-processing and translation to English (in case of text data), which is time-consuming, before being useful for a

https://encyclopedia.pub/entry/16878 8/15



Earthquake Reconnaissance Data | Encyclopedia.pub

supervised and/or an accurate unsupervised classification to extract meaningful information from them. Training
users to post more objective and less emotional messages is necessary to obtain more useful damage and needs
assessment data. The Institute of Earth Sciences, Academia Sinica in Taiwan, trained volunteer users among high
school or junior high school teachers to ensure the quality of data collected through the crowdsourcing TERS
system. These volunteers are trained in natural sciences, geology, historical earthquakes and associated surface
damages, geohazards, TERS and volunteer reporting system, citizen seismology and field geology excursion with
on-site practices 62!,

Earthquake reconnaissance missions can also take advantage of images uploaded on SM platforms such as
Instagram and Flickr. However, we did not find any literature reference in the last five years that mentioned the use
of Instagram, a fact that could be explained, based on our experience, because pictures published on Instagram
are accessed through Twitter. Flickr is an American image and video hosting platform which has been used in
military defence €8 to monitor and evaluate post-disaster tourism recovery after typhoon Haiyan 4 and to
prioritize the collection of RS imagery as a filtering tool after the Colorado floods 8. However, at the time of
writing, Flickr has not been used yet in earthquake reconnaissance and could also be another suitable data source.
We accept that neither crowdsourcing platforms nor SM constitutes groundbreaking science; instead, the process
of automating the extraction of meaningful information from the text and image data they provide to support
earthquake reconnaissance missions could be the future direction of research. Closed Circuit Television Videos
can record the collapse pattern in buildings, which is essential information for earthquake reconnaissance. In the
future, the data collected can be used to monitor socio-economic recovery, counting pedestrian traffic during the
early recovery, recovery and development phases [Z; however, protocols for obtaining relevant CCTV images need
to be developed.
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