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Abstract

Post-earthquake reconnaissance missions have been systematically undertaken since the 1960s by a variety of
national and international teams of earthquake especialists, notably from UNESCO (1963-1980), the California
based Earthquake Engineering Research Institute (EERI), by the Architectural Institute of Japan (AlJ) and the
Japanese Society for Civil Engineering (JSCE), by EEFIT in the UK, AFPS in France and others. These
missions, beyond adding to global understanding of earthquake effects and ways to mitigate them through
design, all have in addition the aim of communicating to those in the affected country the need for increased
earthquake awareness and suggesting appropriate responses to improve seismic safety in the countries visited.
This can be done, for example, by involving local specialists (engineers and scientists) in the mission teams,
giving advice on the development of local building codes and on reconstruction, focussing part of the field effort
on the study of vernacular housing and other special local problems, and by making the results of the
investigation widely available for follow-up investigations. This paper will review the extent to which past
earthquake field missions have contributed to the improvement of seismic safety globally, and will consider
ways in which future field missions might be more effective.

Keywords: Earthquake Field Reconnaissance Missions; earthquake damage; vernacular housing; historic buildings;
recovery
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1. Introduction

. )

It is now generally accepted that post-earthquake field investigations have made, and continue to make, an
enormous contribution to our understanding of the mechanics of earthquakes, the ground motions they produce,
and their effects on buildings and other structures and on society at large. Ambraseys [1] , one of the pioneers of
today’s programme of earthquake field investigations wrote:

“It is increasingly apparent that the site of a damaging earthquake is undoubtedly a full-scale laboratory, in
which significant discoveries can be made by keen observers - seismologists, geologists, engineers,
sociologists and economists. As our knowledge of the complexity of earthquakes has increased we have
become more and more aware of the limitations which nature has imposed on our capacity to predict, on
purely theoretical grounds, the performance of engineering structures, of the ground itself or of a
community. It is the long-term study of earthquakes and fieldwork that offers the unique opportunity to
develop a knowledge of the actual situation created by an earthquake disaster”

Henry Degenkolb, who as President of EERI was instrumental in setting up the Learning from Earthquakes
Programme expressed essentially the same point in a different way [2] :

“Some of us argue that you shouldn’t get your structural license until you’ve chased an earthquake. No
matter how much you have read the reports, the impact doesn’t strike you until you’ve seen the damage”

The contributions which post-earthquake reconnaissance missions have made to the development of earthquake
science and earthquake engineering have been well-documented. They have enhanced our understanding of the
distributions of ground motion, the effects of soil amplification, geotechnical process and the types of failure
which are found in structures constructed with a range of different materials and typologies [3,4]. They have
been intended to, and have contributed greatly to, the development of codes and construction practices,
particularly in the countries which have organised and funded these field missions.

But the field missions have also had, implicitly or explicitly, the aim of reducing the impact of earthquakes
globally and specifically in the countries which have played host to these missions. These have often been the
lower-income countries, where the human toll from earthquakes has not only been far greater than in the richer
countries, but also has stayed at a very high level, with little reduction in death rates over recent decades [5].

The 1962-1980 UNESCO Missions for example had the aim “to investigate the cause and effects of such events
for the purpose of adding to scientific and practical knowledge for the mitigation of their disastrous
consequences” [6]. The EERI’s Learning from Earthquakes (LFE) programme was formalised in 1973, with
three principal activities: conducting field investigations; developing guidelines for conducting post-earthquake
investigations that enable consistent data to be collected; and disseminating the lessons learned [7,8] (both in the
USA and internationally). And the constitution of the UKs field reconnaissance team EEFIT states that its aims
are “to collaborate with colleagues in earthquake-prone countries in the task of improving the seismic resistance
of both traditional and engineered structures”.

This paper aims to consider to what extent post-earthquake reconnaissance missions have contributed to global
seismic safety, with particular reference to the improvement of seismic resilience in the countries where
earthquakes and their impacts have been investigated. The paper begins with a brief historical survey of the
development of post-earthquake field missions over the last 60 years; it then looks at some ways and some
specific areas in which the learnings from field missions can be claimed to have influenced practice and
contributed to seismic safety globally. It concludes with some suggestions for ways in which the planning and
organisation of field missions can be modified to improve their long-term value for the regions studied.
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2. Achievements of field missions since 1960
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2.1 UNESCO Missions 1960-1980

Over period of nearly 20 years from 1962, UNESCO supported at least 23 post-earthquake reconnaissance
missions. Their locations are shown in Figure 1. Nicholas Ambraseys was the leading figure in this programme.
The missions were interdisciplinary, involving both engineers and earth scientists, and where possible were
joined by local specialists in the country affected. They aimed to be in the country within 72 hours of the event,
though that was never achieved, and more typically 2-3 weeks or more elapsed from the time of the event to the
arrival of the team; however, once in the country, the mission typically spent 3-4 weeks on the investigation,
longer than is nowadays usual [9].

The missions observed and recorded details of visible surface faulting, liquefaction and landslides, any ground
motion recordings collected, and the performance of buildings of different types. The objectives and style of
operation depended on the conditions found. They were, arguably, the first to describe in detail the performance
of adobe and rubble stone masonry buildings in Turkey, Iran and Pakistan; the first to note the significantly
better performance of stone masonry buildings whose roofs were independently supported on timber columns
(1974 Pattan earthquake in Pakistan); the first to systematically investigate the performance of historic masonry
buildings (in the 1976 Friuli earthquake) and report on the effectiveness of simple metal tie-rods in limiting
collapse; and the first to note the poor performance of mid-rise reinforced concrete buildings under shaking with
a high amplification in the 1-2.5 sec range (in Bucharest in the 1977 Vrancea earthquake).

As UNESCO-funded missions, the reports also made recommendations to the Governments of the affected
countries. These routinely included advice on the requirement for improved building design practice, supported
by development of local codes; the need for careful assessment and repair of damage structures; the need for a
proper plan for reconstruction (taking account of experiences in other earthquake-affected countries); and the
need for capacity building, through training programmes and the development of institutions for education for
earth scientists engineers and architects. It is not known how far these recommendations were influential, though
at least in Skopje, the now internationally well-known Institute for Earthquake Engineering (1ZIIS) was
founded following the 1963 earthquake, and UNESCO did follow up their missions with seminars and training
programmes in several countries. It was also claimed that the UNESCO missions, as well as adding significantly
to our knowledge of earthquakes and their effects, also helped to understand “ways and means of mitigating such
disasters through the use of local building materials and methods of construction” [9].
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Figure 1. Locations of field investigations by different reconnaissance teams 1962 to 2013.

2.2 EERI Learning from Earthquakes Programme (since 1972)

The Earthquake Engineering Research Institute, based in Oakland California, was founded in 1949, and has
conducted post-earthquake field investigations, both of US and non-US earthquakes from its inception. The 1971
San Fernando earthquake provided the stimulus to establishing EERI’s Learning from Earthquakes (LFE)
programme; it became clear from that event that advance planning and coordination would have been beneficial
to achieve the maximum benefit in understanding the damage, ensuring all aspects were covered and avoiding
contradictory reports from special interests [2]. The LFE programme was formalised in 1973, with three
principal activities: conducting field investigations; developing guidelines for conducting post-earthquake
investigations that enable consistent data to be collected; and disseminating the lessons learned [7,8]. Today,
after mounting investigations of over 300 events, EERI has developed a highly professional approach to the
mounting and management of field missions, and is undoubtedly the world’s leading earthquake field
investigation organisation. With a large worldwide individual membership, EERI is in many respects an
international organisation with a global outreach.

By mid 2016, the total number of field missions of all types conducted by EERI since the 1971 San Fernando
earthquake was 303, of which 141 have led to Reconnaissance Team Reports or Earthquake Spectra articles. Of
these only 35 were in the USA, Canada or Mexico, the remaining 106 were elsewhere in the world. On average
there have been about four such missions per year since 1990. The locations of the EERI earthquake
reconnaissance missions are shown in Figure 1. The cumulative learning from all of these field missions is
immense and includes many hugely significant contributions to geotechnical engineering, structural engineering,
lifeline engineering and to the understanding of human responses in earthquakes and recovery processes. An
early review was made in the publication Reducing Earthquake Hazards [7], and learning was more briefly
reviewed in Learning from Earthquakes [4].

Unlike UNESCO, as a research organisation, EERI has not sought to make explicit recommendations to the
affected countries in its reports; rather, it sees its international outreach as being through the accumulation and
dissemination of post-earthquake reports and observations, and through cooperation at an individual level with
local scientists, engineers and policy-makers. Indeed as an international organisation it has members in over 70
countries, including large cohorts of members in several of the lower-income high risk countries, notably India,
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Pakistan, and Colombia. EERI draws on its members in the affected country to form the basis of the EERI
mission, including often the team leader. By creating these individual collaborations, it creates a community of
individuals in the affected countries who can draw on the EERI documentation and resources to influence policy
and practice and develop education programmes in those countries.

. )

Although the primary beneficiaries of the LFE programme have been the earthquake engineering community in
the USA, the documentation of the EERI earthquake reports contain many observations by individual team
members, which have led to a gradual development of ideas about “best practice”. This indeed may be a better
way to disseminate the results of field missions than specific recommendations.

2.3 The UK Earthquake Engineering Field Investigation Team (EEFIT) since 1983

In 1982 EEFIT was formed as “a UK-based group of engineers, architects and scientists who seek to collaborate
with colleagues in earthquake-prone countries in the task of improving the seismic resistance of both traditional
and engineered structures”. From the outset EEFIT was envisaged as a collaboration between academic
institutions and the practising engineering profession. EEFIT exists solely to facilitate the formation of
investigation teams which are able to undertake, at short notice, field studies following major damaging
earthquakes and to disseminate the findings to engineers, academics, researchers and the general public. The
objectives are to collect data and make observations leading to improvements in design methods and techniques
for strengthening and retrofit, and where appropriate to initiate longer-term studies. Field training for engineers
involved in earthquake-resistant design practice and research is also one of its key objectives.

Since 1982 EEFIT reconnaissance team have visited and produced reports on 29 separate earthquakes, including
many of the most significant events of the period worldwide, with two of these (2009 L’Aquila and 2011
Tohoku) having had follow-up missions. The locations are shown in Figure 1. Eight of these events have been in
the wider European area. Collaboration with other national teams has been an important feature of these
missions where possible, and EEFIT has collaborated with teams from France, Italy, Turkey, USA, Chile, Peru
and New Zealand. The findings of EEFIT reports parallel, in many respects, those of the EERI missions, but an
additional aim of EEFIT missions has been to carry out building-by-building damage surveys in a number of
different locations . An important aspect of EEFIT’s mission is in the training of younger engineers and
scientists, and this has been achieved by the participation of over 100 engineers and scientists in EEFIT
missions, more or less equally divided between industry and academia. EEFIT members have been involved in
the development of Eurocode 8 [32], now governing the design of structures in most EU countries and influential
in the codes of many other countries, helping to bring field observations into new code provisions.

EEFIT reports have not generally set out to include general recommendations to the government (or engineering
professions) of the countries visited regarding either design codes or reconstruction, though recommendations
for further research are often made. But the short field mission investigations have often been the trigger for
more substantial research programmes, and these are noted by EEFIT as one of the most important means by
which the learnings from these missions are disseminated [4]. They have included topics such as repair and
strengthening of historic structures, the development of vulnerability relationships for different structural classes,
soil amplification effects (in the 1985 Mexico earthquake), liquefaction, and the vulnerability of earth dams.
These research programmes have in their turn, affected both engineering practice and design regulations in the
country affected and elsewhere. Of equal importance has been the establishment of lasting collaborations with
colleagues and research teams in the affected countries.

2.4 Other field mission teams

This discussion has concentrated on the UNESCO, EERI and EEFIT missions primarily because these were
deliberately set up to be international in scope, and also because these are the best documented archives of
earthquake damage descriptions available. But post-earthquake reconnaissance missions and associated reports
on damage have been made by many other organisations and by individual efforts; there are national teams in
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many countries set up to undertake post-earthquake reconnaissance, notably in Japan, France, Germany, Italy,
Greece, Turkey and China. Many university groups have fielded reconnaissance missions to study particular
aspects of earthquakes; consultancy, insurance and modelling companies have fielded their own reconnaissance
missions to obtain data for their own purposes, some of which has been published; and the literature can yield
many thousands of individual observations of earthquake damage, which can be of great value, particularly
eyewitness accounts. Activities of a few of the other organised field investigation teams, the Japanese Society
for Civil Engineering, Association Francaise du Genie Parasismique (AFPS), and the German Task Force, are
presented by Spence [10].

. )

3. Some impacts of field missions on seismic safety

The importance of the observations of field missions consists not only in their occurrence and reporting in one
earthquake, but in the repetition of the same observation in many earthquakes in different regions with differing
patterns of ground motion, in building stocks designed to different codes and built according to differing local
practices. In the following sections the contributions which field mission observations have made in particular
areas of seismic risk, understanding and mitigation are summarised.

3.1 Development and spread of earthquake design codes

Perhaps the most obvious, and most important, contribution to seismic safety has come through the development
of codes of practice for the design of new structures. As Degenkolb [2] puts it: *“ As far as earthquake design is
concerned, by far the most important advances have been as a result of observing earthquakes”. In field
investigations from the earliest days it has consistently been found that well-designed, well detailed and well-
constructed buildings resist earthquake-induced forces without excessive damage, though designing to code does
not necessarily protect against severe damage; damage and collapse of buildings can often be attributed to poor
construction practice and lack of quality control. It has also been found that detailing for ductility and
redundancy provide safety against collapse; and that a complete load path designed for seismic forces must be
provided. The stiffness of the lateral load resisting system has been found to have a major effect on both
structural and non-structural damage; and properly designed horizontal diaphragms are essential. Irregularities in
both plan and elevation have been found to have a very significant effect on earthquake performance, especially
soft stories. It has been found that inadequate distance between buildings can result in pounding damage; and
stiff elements not considered in the design can strongly affect the seismic response of a building.

The relative performance of structures with different load-resisting systems has shown that unreinforced
masonry buildings have performed poorly, though better if strengthened with steel ties; by contrast reinforced
and confined masonry buildings have performed well. Steel frame buildings have generally performed well,
though investigations following the 1994 Northridge and 1995 Kobe earthquakes found unexpected levels of
damage to welded connections. Performance of precast and pre-stressed concrete buildings depend critically on
the connection of the elements; exterior panels and parapets need strong anchoring to protect life safety. Though
timber frame structures often perform comparatively well, various recent forms of wood frame construction have
been found to have serious weaknesses. Reinforced concrete frame buildings often demonstrate similar
weaknesses, including the roles of a soft storey, non-ductile elements, and irregularities in contributing to
damage or collapse.

These and other observations derived from field studies have led, often through subsequent research
programmes, to the progressive development of the building codes for earthquake-resistant construction in the
USA, from ATC3-06 [11] through to the current version of the International Building Code [12] , and also to the
development of European and Japanese codes. The US and European codes, in turn, have influenced earthquake
construction codes in other countries of the world. Field mission experience has also led to the definition of a
small number of Model Building Types [13, 14] used in loss estimation studies, and to the development of
standards for the evaluation of existing buildings to assess whether they should be strengthened [15]. Field
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investigations have also helped gain acceptance for new technologies such as seismic isolation and semi-active
control

. )

3.2 Study of vernacular housing and historical structures

From the UNESCO missions onwards, field reconnaissance missions have frequently found that a large
proportion of the damage has been suffered by so-called “non-engineered” structures, mostly ordinary domestic
buildings built according to the local vernacular, but also larger public buildings, churches, mosques etc which
may be of historical importance. Sections discussing the performance of non-engineered or vernacular structures
often form a part of the field reconnaissance reports, especially those of UNESCO and EEFIT, both of which
organisations specifically set out to record such damage. And in some more recent events, the 1997 Umbria-
Marche and 2010 Maule earthquakes, it was possible to observe the performance of buildings which had been
strengthened by relatively recent interventions specifically to improve their earthquake resistance .

Such field investigations reveal much of interest about the comparative performance of different forms of
traditional construction, and also about the performance of traditional structures by comparison with more recent
engineered ones. In a variety of field reports, it has been observed that lightweight structures, using timber
frames, have had a surprisingly good performance. Local traditions such as quincha and bahareque in Central
and South America, himis and baghdadi in Turkey, and also masonry-infilled timber frame construction dhajji
diwari in Kashmir performed comparatively well [5]. In Pakistan, as noted earlier, the UNESCO mission
following the 1974 Pattan earthquake observed much better performance in stone masonry buildings in which
the flat roof was independently supported on timber columns than in those buildings in which the roof was
directly supported by the walls [16]. However, conversely, many local traditional building types, especially those
using field stone masonry or earthen construction, performed very poorly, and uniformly collapsed at relatively
low levels of ground motion. Buildings with heavy mud roofs, or vaulted roofs, have been found to perform very
poorly eg in the Bam earthquake [17]. But also certain forms of timber-frame structure, such as the traditional
heavy-roof construction in Kobe, often performed badly [18].

For historical structures, several field studies have concentrated on identifying the particular mechanisms of
damage using methods proposed by Lagomarsino [19] and themselves derived from field observations. Common
mechanisms of damage found in the 1997 Umbria-Marche, 2009 L’Aquila and 2010 Maule earthquakes include
shear cracks in walls, separation of walls at corners, overturning of facades, collapse of masonry arches and
vaults, and separation of roof trusses from supporting walls. Strengthening interventions intended to improve
performance seem in some cases to have contributed to the failure, as for example in the case of the Basilica of S
Francesco at Assisi in 1997 [20] or more recent evidence of failure of several churches in L’Aquila, Italy [21]
and Maule, Chile [22] .

What are the benefits of such studies for seismic safety? One benefit is in loss modelling: the accumulation of
data on damage facilitates modelling the performance of these building types, some of which continue to be
built in large numbers, and to estimate, for future events, what damage and attendant casualties will occur at an
urban or regional scale given any particular ground motion scenario, leading to the development of programmes
for retrofitting.. A second benefit is that the observation of relative damage enables good practice to be
identified. A number of “building for safety” programmes have been set up, in recent years [23, 24] which have
had the aim of bringing good earthquake resistant design practice to the construction of small buildings in rural
areas through builder training, for example in the application of timber or reinforced concrete ring-beams to
masonry structures, improving masonry bonding, promoting improved gquincha construction etc, and nowadays
using grouting or reinforced masonry [25]. There have been to date still relatively few such programmes and
most have been confined to areas which are in the process of reconstruction following an earthquake; but they
will be important as long as housing in earthquake risk areas continues to be owner-built rather than engineered.
It is the systematic observations of damage from field investigations which has enabled these building for safety
programmes to be developed.

A further benefit is in the application to the protection of historical monuments. In countries such as Italy and
India, protection of the national heritage of historical monuments has a high priority, and a huge number of

7
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valuable monuments are at risk from earthquakes and other hazards. The observation of damage from past
earthquakes has enabled a number of common mechanisms of damage to be classified [19, 27]; and this enabled
not only modelling of expected damage from future earthquakes, but also has led to development of retrofit
techniques for improving the earthquake-resistance of such structures with minimal impact on the integrity of the
ancient fabric of the monument. Such work has been the core of two recently completed EU-funded research
programmes [28]. Thus earthquake field reconnaissance missions have fed directly and indirectly into important
work in the protection of historic monuments.

3.3 Recording and archiving damage data

A number of the post-earthquake field missions considered have acquired damage data in a statistical form,
either from field surveys or compiled from local reports. This has indeed been a main aim of several EEFIT
missions. In the past, the data were made available through the mission-specific publication reports and through
the research articles that discuss the observed wvulnerability of selected building classes or cross-event
summaries [29]. However with the advent of new tools that allow the creation and design of web-accessible
data architecture, a much wider accessibility of the data is now possible. Moreover, the publication in 2009 of
the USGS ShakeMap archive (http://earthquake.usgs.gov/shakemap), provides an estimate of the ground
shaking at any location in any past event. This now enables cross-event analyses against a consistent set of
estimated ground motions and their variable impacts. The Cambridge Earthquake Impacts Database (CEQID)
[30] and the Gem Earthquake Consequences Database (http://www.globalguakemodel.org/what/physical-
integrated-risk/consequences-database/) have been designed and assembled to take advantage of these new
tools. CEQID (www.ceqid.org) is based on earthquake damage data assembled since the 1960s, complemented
by other more recently published and some unpublished data. The database assembles the data into a single,
organised, expandable and web-accessible format, with a direct access to event-specific shaking hazard maps.
Analytical tools are available which enable cross-event relationships between casualty rates, building classes
and ground motion parameters to be determined. The Database is freely accessible to all users, and uses a
simple xml format suitable for data mining. Location maps and images of damage are provided for each
earthquake event. The Database links to the USGS ShakeMap archive to add data on local intensities and on
measured ground shaking.

Currently the CEQID database contains data on the performance of more than 1.3 million individual buildings,
in over 600 surveys following 51 separate earthquakes, and the total is continuously increasing. The database
also has a casualty element, which gives total recorded casualties (deaths, seriously and moderately injured),
and casualty rates as a proportion of population with definitions of injury levels used, and information on
dominant types of injury, age groups affected etc. Of the 51 events currently in the database, 23 were in Asia
and the Pacific (12 of which were in Japan), 17 in Europe, Turkey and North Africa, and 11 in North or South
America. Most of the surveys have been done in events since 1990; among these 51 events, 18 were prior to
1990, 21 between 1990 and 2000, and 14 since 2000. Of the 1.3 million buildings in the database, 0.45 million
do not have a well-defined building or structural typology given; of the remainder, 78% are of timber frame,
14% masonry, 5% reinforced concrete, and 3% are of other structural types.

The cross event analysis tools of CEQID and GEMECD allow the construction of charts of empirical damage
data related to consistent measures of ground motion derived from the USGS Shakemap archive to be used to
show the relationship between damage and any chosen measure of ground motion. Thus post-earthquake
damage data can be used directly to enable empirical fragility relationships to be developed for any given
building type, making an important contribution to loss modelling capability.

EEPImap (www.snapandmap.org) is a searchable archive of more than 12,000 photographs of post earthquake
damage each geolocated, and each with an assessment of structure type, and level of damage defined using
EMS-98 definitions. Such databases, continuously expanded and globally accessible, make a very important
contribution to seismic safety through their contribution to loss modelling, an essential step in any programme
to devote funds (public or private) to reducing seismic risk.
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3.4 Observing reconstruction processes
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A post earthquake field mission provides just a snapshot in time of a process of emergency management and
recovery which can take years. Most post-earthquake field missions have been concerned with recording damage
and consist predominantly of engineers. For this purpose, a visit within at most a few weeks is needed. But
learning lessons about recovery processes can be of equal importance to the international community, and in
recent years there has been an increase in the number of studies of this aspect. Some of these have involved
repeat missions by reconnaissance teams, or by individual members of reconnaissance teams, some months or
even years later, when the recovery process can be observed and analysed. Both EERI and EEFIT have
organised such repeat missions, and international comparisons have been attempted by Comerio [31] and Platt
and So [26].

For housing recovery, Comerio [31] has developed an international comparison metric based on two parameters
seen as key to recovery, the degree of government involvement in the reconstruction process, and the extent of
individual citizen participation. Using the authors judgement, the housing recovery process of each of nine
countries after different disasters has been plotted on a chart Figure 2.
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Figure 2 International comparisons of post-disaster housing recovery experiences [31]

The chart indicates a wide variety of different approaches: Chile and New Zealand have combined both “top-
down” and “bottom-up” approaches, providing government leadership and funding along with community
empowerment in decision-making. By contrast, China and Italy took strong government leadership roles in
providing replacement housing but did not engage local communities in most aspects of the decision making.
USA and Japan provide strong leadership during the emergency phase and fund some aspects of recovery such
as infrastructure and public facilities, but leave most of the housing reconstruction to the private market.

Platt and So [26] in a review of recovery following 10 disasters worldwide also argue the need for a balance
between speed and deliberation to achieve the best outcome as in Chile, and suggest that in countries facing
known major hazards, recovery would be speedier and more effective if key decisions were made in advance, on
general matters such as assigning responsibilities, regional delegation of powers, and degree of citizen
involvement.

Given the huge variety of systems of national and local government, levels of economic development, and social
structures in earthquake affected countries, no one approach can be recommended for all cases, but the assembly
recording and comparison of international experiences can provide useful exemplars to assist countries in
developing the most appropriate recovery process in a given situation.
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4. I'mplications for future field missions
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Over the last 30 years there has been a huge change in the technology available to support earthquake field
missions. Digital photography, GPS positioning, the internet, mobile phone networks, high resolution satellite
reconnaissance, social media have all arrived and made their mark on the way earthquake reconnaissance
missions are conducted. Technology will continue to evolve at a rapid pace in both predictable and unpredicted
ways, allowing improvements in speed of operation, in communication between team members and base, and in
the capturing of detail: through photographic communication, some people will be able to contribute to the work
of field missions without travelling to the affected area. These technological developments, in turn, will enable
field mission teams to be more international and facilitate an increase in local participation.

The development of higher-resolution and other forms of remote sensing tools for damage assessment is not
likely to eliminate the need for investigators in the field to view damage from close range. But it will enable
teams to organise their field operations with support from continuously updated and pre-analysed remote sensing
images. The development of databases of the building stock inventory (already in development in many areas)
will enable teams to have access to pre-event data and images of each damaged object. As a response to such
changes field teams may in future be smaller, more focussed on special aspects and deployed at different times.

The collection of building-by-building data on damage has been an important feature of the work of some
reconnaissance missions, and it is largely through such damage surveys that empirical fragility relationships for
loss estimation have been developed. It is often assumed by reconnaissance teams that detailed building damage
surveying will be done, over time, by national authorities and made available. But such official damage data
often turns out to be inadequate for use in loss estimation, with damage levels and construction typologies poorly
defined, and undamaged buildings often omitted. Assembling damage data through well-chosen local building-
by-building sample datasets will continue to be of vital importance, and field surveys can now be supported
through remote sensing to locate appropriate samples across a range of areas, not just those most heavily
damaged. This will enable existing fragility estimates for national building stocks to be updated as new damage
data becomes available.

There is still a need to improve the level of international collaboration between field mission teams. The sites of
a number of the most important earthquakes in recent years have been visited by multiple teams, which usually
work independently of each other [10]. In many of the affected countries significant expertise in earthquake
engineering now exists, and it is vital for visiting reconnaissance teams to work with local experts, to learn from
them, and share their own knowledge. This already happens, but needs to be given priority to ensure
reconnaissance missions contribute most effectively to improving seismic safety.

Future post-earthquake field missions are likely to be as much concerned with helping with developing resilience
as recording damage: this will give rise to a need for a series of missions at different stages of the recovery cycle,
and for the involvement of more expertise from complementary disciplines such as sociology and urban
planning. The monitoring and evaluation of the recovery process can in future become a central part of the role
of reconnaissance missions.
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