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Abstract A number of indices have been developed for
measuring vulnerability to disasters, but little attention has
been paid to recovery indices. Post-disaster periods are
usually divided into four phases. The terms established by
the United Nations Development Programme for post-dis-
aster phases—relief, early recovery, recovery, and devel-
opment—are used in this article. This research examines
the hypothesis that the boundaries between post-disaster
recovery phases are fuzzy and should be defined by the
progress achieved in the recovery process, rather than by
the amount of time elapsed since the event. The method-
ology employed involved four steps: fieldwork, mapping,
identification of indicators, and assessment. The case study
area was the city of L’Aquila in the Abruzzo region of
central Italy, which was struck by an earthquake in April
2009. For each phase of the recovery process in L’ Aquila a
score was calculated based on the progress observed in
2016, 7 years after the earthquake. The highest score went
to the early recovery phase (14 points), followed by the
recovery phase (13 points), the development phase (12
points), and the relief phase (4 points). The results
demonstrate the possibility of defining post-disaster
recovery phases in an affected area based on measuring
achievements through indicators rather than defining
recovery phases in terms of elapsed time after a disaster.

Keywords Disaster recovery - Earthquakes -
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L’Aquila - Post-disaster phases - Spatial indicators

< Diana Contreras
contrerasdi @stud.sbg.ac.at

Department of Geoinformatics — Z_GIS, University of
Salzburg, 5020 Salzburg, Austria

1 Introduction

On 6 April 2009 an earthquake with a magnitude of
6.3 My and a hypocentral depth of 10 km struck the Italian
city of L’Aquila (population 72,800). The epicenter was
located in Poggio del Roio, 3.4 km to the southwest of the
L’ Aquila city center. L’ Aquila is the capital of the province
by the same name, and the administrative capital of the
Abruzzo region in central Italy. Its location is shown in
Fig. 1a, b.

The historical city was badly damaged, 67,500 people
were left homeless (Alexander 2010), 1500 people were
injured (202 seriously), and 308 people lost their lives.
About 10,000 buildings were damaged, and between 1.5
and 3 million tons of waste were generated (Brown et al.
2011). The cost of the damage was estimated at 16 billion
Euros (UNIFI 2009). Due to the extensive damage the city
center was cordoned-off and declared as restricted zone
until 2014, as it is depicted in Fig. lc.

Reconstruction programs such as the Complessi Anti-
sismici Sostenibili ed Ecocompatibili (C.A.S.E) (earth-
quake resistant and environmentally friendly units) project,
and the Moduli Abitativi Provvisori (M.A.P) (temporary
housing units) program, resulted in the construction of
5722 housing units for the homeless population in 19 new
settlements distributed around the city at various locations
within 1 year from the earthquake (Contreras et al. 2013).
The C.A.S.E and M.A.P. projects resettled 11,923 and
2482 displaced residents from L’Aquila, respectively. Six
months after the earthquake only 25 % of the displaced
inhabitants were able to return to their former homes (Gi-
gantesco et al. 2013). One year after the earthquake 5000 of
the survivors who used to live in the city center were still
housed in hotels, 15,000 in provisional housing, and 27,000
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Fig. 1 a, b Location of the case study area: L’Aquila, Italy; ¢ restricted zone in L’Aquila after the earthquake on 6 April 2009

in rented accommodation with a government grant of
between 600 and 800 Euros per month.

This expensive housing resettlement solution resulted in
a number of problems including a lack of basic services,
lack of urban facilities (for example, churches, schools,
pharmacies, post offices, supermarkets, social centers,
sports centers), lack of spatial connectivity (Contreras et al.
2013), social fragmentation (Geipel 1979; Forino 2014),
and questionable ecological values (Alexander 2012). This
artificial resettlement “sprawl” did not consider either the
social or spatial characteristics of L’Aquila, nor the cen-
turies-old relations between the historical center and its
surrounding neighborhoods (Forino 2014).

The recovery of L’Aquila has unfortunately been sur-
rounded by political intrigues and scandals, as well as legal
and administrative failures. In 2012, six Italian scientists
were convicted of manslaughter with 6 years in prison for
failing to predict the deadly earthquake and for giving
incomplete and contradictory information to the residents.
The court stated that they were not able to accurately
communicate the risk in 2009 (BBC 2014). Eventually, the
sentence was overturned because it did not have a solid
legal basis. The mayor of L’Aquila resigned several times
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and by 2014 he was under investigation. The person in
charge of allocating funds was also accused of and then
acquitted for mismanagement of funds. The conflict
between this person and the mayor of L’ Aquila contributed
to the delay of the reconstruction process. At the same time
other debates were going on regarding the cost of scaf-
folding (Ciorra 2014) and the dwellings in the new settle-
ments (Alexander 2012). Discussions also took place
within the provincial government with respect to the
recovery of L’ Aquila, which included the idea of relocating
the whole city to some available public land.

2 Literature Review

For the purpose of this article, post-disaster recovery is
defined as a complex multidimensional, long-term process
involving planning, financing, decision making, and
reconstruction. The recovery process is aimed at restoring
sustainable living conditions to a community or an area that
has been strongly affected in the physical, social, eco-
nomic, institutional, cultural, and ecological dimensions as
a result of vulnerability that existed prior to an event. In
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such a situation the recovery process must not only involve
the reconstruction of buildings and the restoration of
infrastructure, but also address the interactions between
diverse groups and institutions with the aim of rebuilding
people’s lives and livelihoods, as well as restoring cultural
assets and ecological conditions (Contreras et al. 2014).

Although post-disaster recovery is an uncertain and
often conflict-laden process that is nonlinear and has no
clear boundaries, it is usually divided into four phases. A
summary of the terms assigned by different authors to each
recovery phase is presented in Fig. 2.

For this research the terms established by the United
Nations Development Programme (UNDP)—relief, early
recovery, recovery, and development phases—were adop-
ted (UNDP 2008). During the relief phase the priority is to
save the lives of people through the deployment of search-
and-rescue (SAR) task forces (Kates and Pijawka 1977,
Alexander 2006). It is critical to include a building damage
survey (Contreras 2009) to determine the level of damage,
and badly damaged buildings need to be evacuated and
demolished (Brown et al. 2010). A needs assessment is
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then required to make an initial estimate of the number of
people left homeless by the earthquake, the number of
temporary shelters required (Brown et al. 2010), and the
type of humanitarian aid required. Secondary impacts due
to the earthquake (for example, landslides or fires) need to
be dealt with as quickly as possible. Essential services need
to be restored and the rehabilitation of roads (Alexander
2006) and the environment needs to be set in progress
(Brown et al. 2010; Alexander 2006).

The early recovery phase aims to return the community
to normal life by completing the removal of debris, the
rehabilitation of roads, and the demolition of damaged
buildings (Brown et al. 2010; Alexander 2006) and starting
the removal of temporary shelters. The reconstruction and/
or repair of buildings, roads, and bridges should start
during this phase (Alexander 2006), and any pre-impact
recovery plan should be implemented or, in the absence of
a preexisting plan, a new recovery plan formulated. The
restoration of essential services should be completed.
Urban facilities need to be reactivated to enable businesses
to continue to operate and support the recovery.

AUTHORS

DEVELOPMENTALRECONSTRUCTION Kates and Pijawka

(1977)
RECONSTRUCTION I Hogg
(1980)
RECONSTRUCTION SAMHSA
A New Beginning (2000)
ENSURING SUSTAINABILITY Shaw et al.
(2004)

PHASEIV Karatani & Hayashi

(2004)

RECONSTRUCTION DEVELOPMENT Vale & Campanella

(2005)
DEVELOPMENT UNDP
(2008)
PRE-DISASTER DAMAGE REDUCTION Murai
MITIGATION PERIOD (2008)
ON-GOING DEVELOPMENT Brown etal.
(2010)
FULL-FLEDGED RECOVERY Honjo
(2011)

Fig. 2 Names assigned to post-disaster recovery phases by different authors. Source Adapted from UNDP (2008)
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The main objective during the recovery phase is for the
disaster area to return to normality (Alexander 2006)
through continuing implementation of the recovery plan,
but with the inclusion of modifications based on specific
experience gained following the event. Essential services
and urban facilities should be fully functional. Social dif-
ferentiation rather than social equity is prominent during
this phase because people on high incomes will have easier
access to credit and are likely to have been better insured
than those on low incomes, who may therefore be less
resilient (Alexander 2006). Reconstruction and/or repair of
buildings and environmental rehabilitation continue during
the recovery phase, and work starts on the restoration of
parks and monuments (Brown et al. 2010). The construc-
tion of bridges and new roads tapers off and the removal of
temporary shelters finishes (Brown et al. 2010). Changes
must be monitored in building use and in housing density,
especially in areas with high levels of damage. In most
cases the recovery process stops in the recovery phase,
without including the experience gained following the
disaster, which encourages emergent vulnerability and
reduce the possibility to build back better.

The development phase goes beyond the state that
existed prior to the event, or the state that would have
existed had the event not occurred (Chang 2009), although
few of the affected areas are likely to reach this stage with
most areas remaining in the recovery phase. Monuments
are erected to commemorate the disaster (Alexander 2006).
In the development phase assessments are made of the way
the recovery phase was implemented and of lessons learned
that should be included in future recovery plans. The
construction of buildings, parks, and monuments gradually
decreases, and rehabilitation of the environment continues
(Brown et al. 2010). In the case of the essential services,
business continuity plans need to be established to allow
continuity of business operations, or to provide for redun-
dancies. Building codes must be formulated and applied;
buildings need to be reinforced, giving priority to facilities
required to respond to emergencies. Urban facilities need to
have emergency and contingency plans in place, and
businesses require continuity plans. During this phase
changes in urban land use, building density, parks, and
roads need to be evaluated in terms of the lessons learned
from the disaster. Economic growth starts during the
development phase with the process of local or regional
regrouping (Kates and Pijawka 1977).

Kates and Pijawka (1977) divided recovery processes
into four time periods: an emergency period lasting
between a few days and about 4 weeks; a restoration period
lasting from 2 to 9 months, a replacement-reconstruction
period lasting from 3 to 20 years, and finally, a phase of
developmental reconstruction of undefined length. This
model was formulated based on experience gained from the
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recovery processes in Rapid City, South Dakota (1972
flood), San Francisco, California (1906 -earthquake),
Anchorage, Alaska (1964 earthquake), and Managua,
Nicaragua (1972 earthquake). However, when Hogg (1980)
tested the Kates and Pijawka model with the recovery
process after the 1976 Venzone earthquake in Friuly,
northeast Italy, the first phase took twice as long as the
Kates and Pijawka model suggested and the second phase
also lasted longer, while the third phase had not been
started 3 years later. Hogg eventually concluded that the
differences in the time periods were due to the different
size and needs of the small town of Venzone following the
earthquake, compared with the cities on which the model
by Kates and Pijawka was tested.

Karatani and Hayashi (2004) also considered four pha-
ses for the recovery process after the 1995 Hanshin-Awaji
or Kobe earthquake, but included an additional predisaster
phase designated “Phase 0 that started 2 years before the
earthquake. According to these authors, the relief phase
takes 9 months, the early recovery phase takes 3 years, and
the recovery phase takes 4 years. Other authors such as
Brown et al. (2010) defined some particular activities that
should start, continue, or be completed in each phase,
without suggesting a time frame for each phase. The
Substance Abuse and Mental Health Services Administra-
tion in the United States (SAMHSA 2000) considers a
predisaster phase of warning and threat, before the phases
of disaster recovery in terms of collective reactions: heroic,
honeymoon (community cohesion), disillusionment (trig-
ger events/anniversary reactions), and reconstruction (a
new beginning; setback; working through grief; coming to
terms).

More vulnerable zones have longer recovery phases
(Wisner 2004). Each post-disaster phase is characterized by
unique functional and operational requirements (Kates and
Pijawka 1977). The recovery phase is determined by the
unique history of an area (Karatani and Hayashi 2007). The
assessment of recovery processes following an earthquake
needs to be based on specific indicators in order to ensure
objectivity and comparability (Shohei 2007). Aldrich
(2012) considered six main factors and resources that
determine recovery rates: the provision of aid to survivors,
the level of damage, the population density, human factors
(such as education, job skills, employment experience),
social factors, and capital (savings) available.

3 Hypothesis

Post-disaster periods are usually divided into four phases.
This research examines the hypothesis that the boundaries
between post-disaster recovery phases are fuzzy and that
recovery phases overlap. It is proposed that the post-
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disaster recovery phase attained in an affected area should
be defined by the progress achieved in the recovery pro-
cess, as measured by specific indicators, rather than by the
amount of time elapsed since the event.

4 Methodology

The methodology for this research involved four steps: (1)
fieldwork in L’Aquila; (2) mapping of earthquake recov-
ery; (3) selection of earthquake recovery indicators; and (4)
assessment of earthquake recovery in L’Aquila.

4.1 Fieldwork

Four field visits have been made to L’ Aquila in 2010, 2012,
2014, and 2016 that is one, three, five and 7 years after the
earthquake in 2009. The main activities during the field
visits involved (1) visits around and to the former restricted
zone; (2) visits to the new settlements around L’ Aquila; (3)
the collection of cadastral data and aerial photographs of
L’Aquila; and (4) interviews with 4 members of the
Department of Civil Protection in 2010, and 4 members of
the Settore Ricostruzione Pubblica—Ufficio Progettazione
(Office of Public Reconstruction—Office of Planning) in
2014.

A monitoring schedule, including details of the tools
used to collect the data, was an essential part of the
research. This schedule was formulated at the start of the

study, but subsequently adjusted according to the avail-
ability of the means, resources, and data required for the
research (Contreras et al. 2016). This monitoring schedule
is outlined in Table 1.

4.2 Mapping of Earthquake Recovery in L’Aquila

This activity entailed five steps: (1) selection of a sampling
area: the restricted zone after the earthquake (Fig. 1¢); (2)
selection of the categories that compound the indicators in
the physical and socioeconomic dimensions; (3) analysis of
the progress of recovery using spatial indicators: changes
in building use (residential, commercial, transport, recre-
ation, religious, hospital, office, educational, industrial,
sports, hotel, monument, and not inhabited) before 2009
and after the earthquake in 2010, 2012, 2014, and 2016 as
well as changes in building condition (new buildings,
construction ongoing, partially enabled, reconstructed,
reconstruction ongoing, earthworks, reconstruction pro-
jected, repaired, debris removed, propped, inhabited,
damaged, restricted use, and demolished) for the same
years (Contreras et al. 2014; Contreras and Blaschke 2016);
(4) combining of results with weights allocated by experts
in disaster management, geoinformatics, and remote sens-
ing to the key spatial categories and indicators in a
recovery index; and (5) determining the hotspots of
recovery in L’Aquila based on the building use and
building condition of the buildings in the time of the
fieldwork and their contribution to the recovery process

Table 1 Monitoring schedule of the post-disaster recovery progress in L’Aquila, Italy. Source Adapted from Contreras and Blaschke (2016)

Timeline Remote sensing (RS) Ground observations (GO) Geographic information system (GIS)

N*  Year Month Sensor Analysis  Month Tools Software/Applications

1 2010 April GPS Arc GIS 9.3-10
Analogue maps Google Earth
Interviews Google Maps

2 2011 September ~ Quickbird ~ OBIA

GIS

3 2012 September ~ GPS Arc GIS 10.1

Analogue maps Google Earth
Google Maps

5 2014 April GPS Arc GIS 10.3
Analogue maps Google Earth
Interviews Google Maps

7 2016 April Quickbird ~ OBIA July GPS Arc GIS 10.4

10 2019%* GIS April Analogue maps Google Earth

Interviews Google Maps

* Number of years after the earthquake
** Fieldwork planned

@ Springer
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according to the experts. Building use before the earth-
quake is based on the observation of the announcements
above the door of the stores and the photographs taken
during the fieldwork, Google Maps, as well as information
extracted from photographs available in the 3D model of
the city of L’Aquila in Google Earth. The hotspots of
recovery in the city center of L’Aquila in 2010, 2012,
2014, and 2016 are depicted in Fig. 3.

4.3 Selection of Earthquake Recovery Indicators

The recovery indicators were selected based on a review of
the literature on the topic of recovery indicators after
earthquakes and on the basis of experience gained through
fieldwork and mapping. The selection of indicators was
based on the indicators taken into account by other authors
to measure the progress of the recovery after the 1976
earthquake in Venzone (Hogg 1980) and the 1995 Hanshin-
Awaji or Kobe earthquake (Karatani and Hayashi 2007;
Chang 2009; Honjo 2011), the 2004 Indian Ocean tsunami,
and the 2005 Pakistan earthquake (Brown et al. 2010). The
selected indicators were then classified into physical,
social, economic, institutional, cultural, and ecological
dimensions. Each dimension contains indicators or vari-
ables that can be measured in different units during dif-
ferent phases of the post-disaster recovery.

4.4 Assessment of Earthquake Recovery
in L’Aquila

In order to determine which recovery phase a particular
zone has reached it is desirable (but not essential) to have
quantitative data for each indicator and/or variable or cat-
egory. This enables specific indicators of recovery to be
monitored through time.

The proposed method uses the framework derived from
existing studies to estimate which post-disaster phase an
area is in. Rather than using the particular quantities
measured for each indicator, it makes use of a binary
numeral system (using two values 0 and 1) to indicate
whether or not the activity represented by a particular
indicator is ongoing in the post-disaster phases, according
to the UNDP (2008) definition. The post-disaster recovery
phases are specified at the top of Table 2. The colors in the
table indicate the post-disaster recovery phases in which
each indicator should be measured, or the phase during
which each activity should take place. The value “1” is
assigned to indicators in phases in which the activities have
taken place. The value “0” is assigned when the activity
should have occurred in the analyzed area but in reality did
not occur. Finally, the total score in each phase is compared
in order to establish which post-disaster phase each area
has reached. This assessment method was applied to
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L’Aquila—instead of considering all of the indicators
derived from the literature review, only those for which
primary or secondary data were available were used. The
post-disaster phase with the highest score shows the phase
attained at L’ Aquila 5 years after the earthquake.

5 Results

A total of 79 indicators were selected to define the post-
disaster recovery phase achieved by L’Aquila (Table 2).
The progress of each indicator in the recovery of L’Aquila
is evaluated for 2014 and a value of “1” or “0” is assigned
according to the criteria described in the methodology
section.

The highest score (14 points) was obtained for the early
recovery phase, followed by the recovery phase (13 points),
the development phase (12 points), and the relief phase (4
points).

Electricity and gas supplies, as well as telephone lines,
were reported to have been damaged by the L’Aquila
earthquake (Donadio and Povoledo 2009). During the
fieldwork the gas supplies and road networks appeared to
be the aspects of infrastructure worst affected by the
earthquake. Esposito et al. (2013) reported that testing and
repair of more than 70 % of the gas network in L’Aquila
was completed within 3 months of the earthquake, but
work on these facilities was observed to be still in progress
during the first field visit to the area in 2010. Thus a value
of 1 was assigned to the gas facilities restoration indicator
for the early recovery and recovery phases.

With regard to the road network, 1 year after the
earthquake in 2010 there was no access available to the
restricted zone in the city center. Some of the roads were
open by the 2012 field visit, but access was guarded by the
army and police. Seven years after the earthquake in 2016
it is possible to walk around the city center, but some
secondary streets still are closed, due to the ongoing works.
Debris could still be observed at the city center of L’ Aquila
even 5 years after the earthquake, but it was not blocking
the streets anymore. Therefore, a value of “0” was
assigned to the roads obstructed indicator for the relief
phase, while the indicators debris removed and roads
opened got a value of “1” for the early recovery phase. The
bus terminal was damaged by the earthquake, but the repair
works took a year to complete. Some bus stops were still
not in use in 2010, but by 2014 most of them were. So the
value of “1” was assigned to the connectivity indicator for
the early recovery and recovery phases, though the service
frequencies of the routes that connect the new settlements
and central L’ Aquila still need to be increased. Neverthe-
less, in 2016 it was observed that there are a high number
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Table 2 Assessment of post-disaster earthquake recovery in L’Aquila, Italy, after 7 years in 2016

INDICATORS

EARLY

RELIEF RECOVERY

RECOVERY DEVELOPMENT

PHYSICAL

LIFELINES

Damaged facilities
Provisional measures

Restoration

Gas facilities
Emergency and/or
business continuity plan

Improvements in
capacity

INDICATORS

EARLY
RECOVERY

RELIEF

RECOVERY DEVELOPMENT

INFRASTRUCTURE

Roads obstructed
Debris removed
Acquisition of new
and/or additional spaces

to deposit debris

Roads Roads opened

Connectivity

Emergency and/or
business continuity plan

New connections to the
affected area

Availability
Repaired

Reinforcement works

Bus
stations/stops

Emergency and/or
business continuity plan

Improvements in
capacity

New stations/stops that
serve the affected area

LAND USE AND DWELLING

Damaged buildings
Building inspectors

Secondary effects (fires,
landslides, and so on)

Homeless people

Dwelling Temporary shelters

Repaired
houses/buildings
reconstructed

Number of reinforced
houses

New houses constructed
with seismic isolation

Change in building condition

Change in building use

SOCIAL

HEALTH

Availability of health
facilities

Field hospitals required

Health facilities

Health facilities | repaired

Reinforced

Emergency and/or
business continuity plan
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Table 2 continued

D

C

INDICATORS

RELIEF

EARLY
RECOVERY

RECOVERY

Improvements in
capacity

New services to the
affected area

Day cares,
kindergartens,
schools,
universities,
nursing homes,
sports facilities

EDUCATION / CARE FACILITIES

Availability of
education, care and
sport facilities

Temporary structures
Repaired

Reinforced

DEVELOPMENT

Emergency and/or
business continuity plan

Improvements in
capacity

New services to the
affected area

MIGRATION

Emigration rate

Incentives for relocating
people

Relocation

Satisfaction with the
relocation

Satisfaction with the
recovery process

ECONOMIC

Supermarkets,
industries,
companies and
banks.

Availability of
commercial and
industrial facilities

Repaired

Creation of areas free of
taxes

Reducction in taxes

Job openings per month

Job applicants’

Job openings per month
for the most vulnerable
population

COMMERCIAL / INDUSTRIAL FACILITIES

Hotels

Hotels available

Hotels repaired

Reinforced

Hotel reservation rates

Emergency and/or
business continuity plan

Improvements in
capacity

New services to the
affected area
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Table 2 continued

EARLY

INDICATORS RELIEF

RECOVERY

RECOVERY DEVELOPMENT

Availability |

Temporary structures

required ! ©

Repaired 0

Reinforced

Public

buildings Emergency and/or

business continuity plan

INSTITUTIONAL

Improvement of the
capacity

New public buildings in
the affected area

Availability |

Repaired 1

Reinforced

Monuments

/conservation buildings Emergency and/or

business continuity plan

CULTURAL

New services to the
affected area

Availability |

Structures repaired 1

Reforestation task

Open spaces and parks Emergency and/or

business continuity plan

ECOLOGICAL

New services to the
affected area

Environmental reserve

TOTAL 4 14

D Dimensions, C Categories

of buses between L’Aquila and Rome, compensating for
the shortfalls in train frequencies.

In 2016 it was still possible to find buildings and houses
in L’ Aquila that were in the same, or even worse, condition
as immediately after the earthquake in 2009 (Fig. 4a, b, g).
This is the reason to assign the value of “1” to the damaged
buildings indicator in the relief phase. Other buildings had
been demolished, repaired, reconstructed, or were under-
going reconstruction (Fig. 4c, d). Therefore a value of “1”
was assigned to the repaired houses/buildings reconstructed
indicator for the early recovery and recovery phases. While
the Government Palace in the city center of L’Aquila
(Fig. 4e) had been relocated (Fig. 4f), damaged houses in
the city center (Fig. 4g) had been reconstructed in new
settlements in the outskirts of the city (Fig. 4h). In the
sampling that included 753 buildings in the former
restricted zone in the city center of L’ Aquila, 163 buildings
(22 % of the buildings considered in the sampling area)
had been reconstructed by 2016, an encouraging sign of
recovery in the city, taking into account that there was no
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reconstructed buildings after the
earthquake).

Considering the same sampling area and the same
number of buildings (753), it was found that the percentage
of buildings that were partly enabled (the building is
propped, stores are functioning in the ground floor, but the
other floors are empty) had plummeted from 4 % (29) to
slightly over 1 % (11) between 2010 and 2016. The per-
centage of buildings under reconstruction rocketed to 20 %
(150) in 2016 from just over 5 % (41) in 2010. The per-
centage of buildings for which reconstruction was planned
(announced in a billboard) rose from to 2 % (13) in 2012 to
4 % (29 %) in 2014, but fell to 3 % (24) in 2016. The
percentage of propped buildings (still requiring structural
support) rocketed to over 29 % (220) in 2012 from just 4 %
(31) in 2010. However, the percentage of propped build-
ings dropped to 22 % (165) in 2014 and 16 % (121) in
2016. The percentage of buildings with restricted use had
been steadily falling from 82 % (621) in 2010, to 44 %
(332) in 2012, 9 % (67) in 2014, and 7 % (52) in 2016,

by 2012 (3 years
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Fig. 4 Progress of rebuilding in
L’Aquila, Italy, after the 6 April
2009 earthquake: a Students’
dormitory along via XX
Settembre in 2010 (one year
after the earthquake);

b Students’ dormitory along via
XX Settembre in 2016 (seven
years after the earthquake);

¢ Church Santa Maria del
Sufragio in 2010; d Church
Santa Maria del Sufragio in
2016; e Government Palace in
2009 (Photograph by David
Alexander); f Government
Palace relocated (2014);

g damaged houses in the city
center (2014); h new houses in
Paganica (2014). Photographs
by D. Contreras

which is another sign of progress in the recovery process.
The percentage of buildings demolished reached 3 % (24)
in 2014 from just over 1 % (8) in 2012, but this number
decreased again to 2 % (18) in 2016. The percentage of
damaged buildings remained high at 32 % (239) of the
sampling buildings in the city center of L’Aquila in 2014
(Contreras 2015) and slightly decreased to 28 % (214) in
2016. These numbers were the reason to assign the value of
“1” to the change in building condition indicator for the
early recovery and recovery phases.

Using the same sampling area and sampling size (753
buildings) to monitor the building condition change from
2010 to 2016, it was found that the percentage of unin-
habited buildings in the former restricted zone has been

slightly decreasing since 2010, when 86 % (648) of the
buildings included in this sampling were not inhabited. By

2012 the percentage of uninhabited buildings had
decreased slightly to 81 % (611), but by 2014 increased to
75 % (568) and by 2016 to 75 % (561). Between 2012 and
2014, 3 new recreation facilities became available, repre-
senting a 20 % increase from 15 in 2009 before the
earthquake. There was no progress in this kind of building
use by 2016. In 2014, the number of commercial facilities
available in the sampling zone was 78, increased by 77 %
from 44 before the earthquake. There was no increase in
the number of commercial facilities by 2016. Between
2010 and 2016, there has been no increase in the number of
educational facilities (5 before the earthquake), monuments
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(2 before the earthquake), and transport facilities (8 before
the earthquake). In 2016 there was no longer any health (2
before the earthquake) or industrial (1 before the earth-
quake) facility in the sampling zone. Between 2012 and
2014, the number of hotels, offices, and religious facilities
increased by 4, 21, and 8, representing a 33, 38, and 28 %
increase from 12 hotels, 55 office facilities, and 29 reli-
gious facilities before the earthquake, respectively. From
2014 to 2016, the number of office facilities available in
the sampling zone increased by 1 but there was no change
in the number of hotels or religious facilities during this
time period. The number of residential buildings, 580
before the earthquake, has been steadily increasing from 76
(13 % of the residential buildings in the sampling zone
before the earthquake) in 2010, to 79 in 2012, 106 in 2014,
and 113 in 2016. These numbers were the reason to assign
the value of “1” to the change in building use indicator for
the early recovery and recovery phases.

Parts of the main hospital were evacuated after the
earthquake due to the risk of collapse (Donadio and Pov-
oledo 2009), but it was working normally already in 2014.
The availability of health facilities is not a problem any-
more, which explains the value of “0” assigned to the
availability of the health facilities and field hospitals
required indicators for the relief phase. The repair of the
hospital of L’Aquila justifies the value of “1” assigned to
the indicator health facilities repaired for the early recovery
phase.

The emigration rate has soared and employment security
has fallen since the earthquake (Venturini and Verlinghieri
2014). This is the reason to assign the value of “1” to the
emigration rate indicator for the recovery phase. The lack
of sufficient facilities in the city center and in the new
settlements is the reason for the assignment of the value
“1” to the availability of education, care, and sports
facilities and the availability of commercial and industrial
facilities indicators for the relief phase, because this
problem is characteristic of this phase. There is a high
demand of labor force in the construction industry due to
the reconstruction in the city. This is the reason to assign a
value “1” to the job openings per month and job applicants
indicators for the recovery phase.

The hotels available indicator got a value of “1” for the
early recovery phase, because four of the 12 hotels inclu-
ded in the sampling zone were functioning by 2016. The
relocation of the Government Palace is the reason for the
assignment of the value “1” to the indicator new public
buildings in the affected area, which is more a character-
istic of the development phase.

Monuments and conservation buildings have been
repaired and reinforced through the years, which explains
the assignment of the value “1” for those indicators for the
early recovery and recovery phases. The same reason
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explains the assignment of the value “1” for the indicator
structures repaired in the case of open spaces and parks for
the early recovery phase.

6 Discussion

The housing erected between 2009 and 2010 in the new
settlements to accommodate people left homeless by the
earthquake included features such as seismic isolation and
solar cells, characteristics that are more closely associated
with the development phase of a recovery process
(Fig. 4h). But it was still possible by 2014 to find damaged
houses in the city center, which is characteristic of the
relief phase. This confirms that the boundaries between
post-disaster recovery phases are fuzzy.

The lack of employment security is based on the fact
that there are no job openings in sectors other than the
construction industry and that the reconstruction of the city
center will need still more time. Therefore there are no
urban facilities that could be sources of employment in the
new settlements. Alexander (2012) underlined how the
damage to infrastructure and the reduction in services
available resulted in a loss of productive employment in
L’Aquila. Prior to the earthquake Universita degli Studi
dell’Aquila was the main employer in the city. Following
the earthquake conditions became difficult due to the large
amount of damage, with some important buildings
destroyed. The suspension of enrollment fees also made it
difficult for the university to continue to function, and
enrollments fell by 6 % over the first three semesters after
the earthquake (Alexander 2012).

Only two banks (Fig. 5a, b), one insurance institution
(Fig. 5¢), and four hotels (Fig. 5d) had opened in the city
center by 2016. Most restaurants in the city center had
already reopened by 2012 and are located along the main
road (Corso Federico II) or close to the main square (Pi-
azza del Duomo). Some of the restaurants that had reo-
pened were closed again by 2014, possibly due to the
reconstruction activities that made access for pedestrians
difficult and unsafe. This lack of stability in the opening
and closing of commercial facilities shows the fuzzy
boundary between recovery phases, in this case between
the early recovery and the recovery. While in 2012 the city
center started to be functional, more work in 2016 neces-
sitated the closure of some commercial facilities, setting
this zone back to the early recovery phase.

This situation is encouraging migration away from the
area, because a large proportion of the economic activities
in L’Aquila takes place in the central business district,
referred to by Arens (2014) as the biggest construction site
in Europe. There is a strong correlation between the
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Fig. 5 Progress of rebuilding in
L’Aquila, Italy, after the 6 April
2009 earthquake: a Savings
Bank of Chieti—Carichieti—
Agency of L’Aquila in 2012,

3 years after the earthquake
(Cassa Di Risparmio Della
Provincia Di Chieti—
Carichieti—Agenzia Di
L’Aquila); b National Bank of
Business in 2012 (Banca
Nazionale del Lavoro);

¢ National Institute of Insurance
in 2012 (Istituto Nazionale delle
Assicurazioni); d Hotel Duca
Degli Abruzzi in 2012
Photographs by D. Contreras
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dissatisfaction among people who relocated to new settle-
ments and the distance and travel time to central L’ Aquila
(Contreras et al. 2013). There were emergent groups that
wanted to regain social space for L’Aquila through the
location in the new settlements of amenities such as mul-
tifunctional centers (including auditorium, library, multi-
media, and playground spaces for children). The main
objective is to reduce the emigration of young people from
the city of L’Aquila (Forino 2014). Most of the new set-
tlements lack any urban facilities, a characteristic of the
relief phase when most of the facilities are not available
due to damage, but in this case due to the lack of urban
planning in the design of the new settlements (Contreras
et al. 2013). These problems contrast with the advanced
seismic design of the houses, more related to the devel-
opment phase.

The Government Palace in L’Aquila (Fig. 4e, f) was
relocated and reconstructed. The Castello (or Forte Spag-
nolo) was reopened in 2010, which encouraged the
recovery of the city. The Basilica di San Bernardino
opened in 2016. Other churches such as the Francesco Di
Paola church still required structural support but were open
to parishioners. Some churches, such as Santa Maria del
Suffragio in the main square, continued with reconstruction
work while remaining open for religious services. Others
had been completely repaired by 2014, such as the Catte-
drale Metropolitana dei Santi Massimo e Giorgio and the
Basilica Santa Maria di Collemaggio. In 2016, the memory
chapel next to the church Santa Maria di Collemaggio
opened to visitors. This demonstrates that while some
buildings give the impression that the development phase

has been reached in L’Aquila, others continue to show
characteristics of the recovery or early recovery phases.

Gigantesco et al. (2013) carried out telephone interviews
in 2012 with a random sample of 957 adult residents of
L’Aquila as part of research into the psychological
sequelae of the earthquake. The authors found a prevalence
of posttraumatic stress disorder (PTSD) and major
depression (MD) even 19 months after the earthquake.
These kinds of mental disorders characteristic of the relief
phase should not continue for such a long time, but pos-
sibly due to the delay in the recovery process in L’ Aquila,
they continue to be a problem among the population. This
confirms that overlap exists between recovery phases,
because by the time the interviews were done, L’Aquila
was in the transition from the relief to the early recovery
phase after the earthquake. This also confirms that in the
minds of the affected people the boundaries between the
post-disaster recovery phases are fuzzy.

Many tourists were observed visiting the city center in
2012 (Contreras et al. 2014), 2014, and 2016, as confirmed
by officials from the Office of Public Reconstruction in the
community of L’Aquila. This is promising and confirms
that while L.’ Aquila is still in the early recovery phase the
city is on the way to the recovery phase. With respect to
tourism, L’ Aquila’s recovery process can be compared to
the recovery process of Christchurch, New Zealand, from
two earthquakes in 2010 and 2011. While Christchurch had
to close the city center for 2 years, and there are still
demolition tasks and empty parcels characteristic of the
early recovery phase, the city has managed to advance to
the development phase. The institution in charge of
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reconstruction located monuments in some of the empty
parcels and built symbolic buildings, such as the Cardboard
Cathedral (also called the transitional cathedral) and
founded the Quake City museum. A tourist route was
designed around the affected area and a temporary shop-
ping mall, called Re:START, was built from shipping
containers. Some artists painted murals on the walls of the
remaining buildings next to the empty parcels. The plan-
ning department has already developed a reconstruction
plan for the city center that incorporates changes in urban
land use, building density, parks, and roads, and the new
buildings include seismic isolation features, all character-
istics of the development phase. This is another example of
the fuzzy boundaries between the recovery phases.

The relocation of most of the people left homeless by the
earthquake in L’ Aquila is not proof of recovery. The fact that
several churches, which constitute monuments within this
historical city, were still undergoing repair and reconstruc-
tion 5 years after the earthquake also indicates that the
problems associated with the disaster had clearly not yet
been overcome. However, the relocation and reconstruction
of the Government Palace, the use of seismic isolation in the
new settlements, and the inclusion of solar cells on their roofs
and balcony handrails (more characteristic of the develop-
ment phase) while buildings were still being demolished,
new buildings erected, and debris cleared within the city,
supports the idea that recovery phases have fuzzy boundaries
and there are always overlaps between them.

The results of this study suggest that it is not possible to
test the recovery following the L’ Aquila earthquake against
the Kates and Pijawka (1977). It is too difficult to ascertain
how long each phase will last because each recovery phase
is unique, which confirms the fuzzy boundary hypothesis. It
is therefore proposed that, instead of using discrete periods
of time, post-disaster recovery should be measured in terms
of overlapping time periods. Whether each recovery phase
starts earlier or later will depend on the level of damage
caused by an earthquake and the vulnerability of the
affected area prior to the event.

Further research based on the comparison of the
recovery process of multiple case study areas affected by
disasters will be necessary to understand whether the fuzzy
boundaries and the overlap between post-disaster phases
are the result of lack of suitable planning, or whether they
are an inherent characteristic of post-disaster phases.

7 Conclusion
The binary system used in this study to evaluate the

recovery phase achieved for L’ Aquila by 2016 can be used
to evaluate the progress of the recovery process of any area
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affected by an earthquake, based on the evaluation of each
indicator per dimension. The scores in the case of L’ Aquila
were assigned based on the monitoring of the recovery
process between 2009 and 2016. The scores obtained for
each phase gave a realistic assessment of the recovery stage
attained in L’ Aquila by 2016, because the recovery process
in the city included a mixture of characteristics from each
of the different post-disaster phases, demonstrating the
fuzzy boundaries between the phases.

Most of the indicators identified for the post-disaster
recovery were physical and social indicators, followed by
smaller numbers of economic, institutional, cultural, and
ecological indicators. Further research is required to iden-
tify additional institutional and cultural indicators for post-
disaster recovery following earthquakes. There are not
many ecological recovery indicators to evaluate following
an earthquake; these are more important after other kinds
of natural disasters such as floods, droughts, and landslides,
or events related to human error such as fires, leakages,
explosions, or chemical spills.

By 2016 major advances had been made in L’Aquila
with respect to providing housing (with seismic isolation
and solar cells) for people made homeless by the 2009
earthquake, locating bus stops in the new settlements,
creating tax-free areas, and accelerated reconstruction
activities in the city center. But L’Aquila was still con-
sidered to be in a transition between the early recovery and
the recovery phase by the UNDP definition—equivalent to
the full-fledged recovery phase of Honjo (2011), the early
recovery and reconstruction phases of Brown et al. (2010),
the recovery and revitalization phases of Murai (2008),
phases II and III of Karatani and Hayashi (2004), the
principles and planning and implementation phases of
Shaw (2004), the honeymoon/disillusionment and recon-
struction phases of SAMHSA (2000), the restoration and
replacement and reconstruction phases of Kates and
Pijawka (1977) and Vale and Campanella (2005), and
restoration and reconstruction I phases of Hogg (1980),
because of delays in the removal of debris, the continuing
presence of damaged buildings, the lack of satisfaction
with the recovery process expressed by the relocated
community, and the high unemployment and migration
rates.

The results based on observations made and data col-
lected during the field visits in 2010, 2012, 2014, and 2016
(1, 3, 5, and 7 years after the earthquake) have led to the
conclusion that determining recovery phases should be
based on the goals achieved and selected variables or
indicators. Every recovery case is different due to differ-
ences in the financial resources available, the political
context, the degree of resilience, and the vulnerability level
that existed prior to the event. The vulnerability level of the
city center in L’Aquila was very high (Alexander
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2010, 2012) because it was an area made up of ancient
buildings, built with masonry and without any reinforce-
ment. Additionally, despite that L’Aquila is located in a
medium hazard seismic zone there was no pre-impact
recovery plan of any kind at the time of the earthquake. It
explains the slowness of the recovery process.
Post-disaster phases following an earthquake have fuzzy
boundaries and recovery phases are better defined by the
objectives achieved within the affected area than by lim-
iting each phase to a specific time period. It is, however,
recommended that assessments should be made at specific
times during the post-disaster period (for example, 5 and
10 years after the event) as was done in Kobe (Honjo
2011), based on selected indicators, in order to determine
the stage of the recovery process achieved. The proposed
assessment method provides a means of defining the factors
that affect the recovery process and can assist in formu-
lating policies with which to solve the associated problems.
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