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1. Introduction

Previous reports of the SARBhile project defined 27 buildings typologies for Chile (Ortiz et al.

2014) and providededailed description of the building and construction characteristics of four of
them (Alvarez et al. 2015). This report describes the methodology used to obtain an exposure model
for the residential building stock in Chile. This exposure model is a databtsthe number of
buildings per typology at the block level, the surface area per typology and the reposition costs for
each typology. The blocks are defined based on the 2002 Census. The exposure model is needed
to perform risk calculations when integed with hazard assessments and vulnerability
characterization of the built environment.

Chile extends from |latitudes 17A3006S to 56A30«¢
with a surface of 756,096 Kn{INE, 20143), and has an estimated pégtion of just overl7.8
million by 2014(INE, 2015. Table 1 summarizes inhabitants and surface for each region of Chile
(South American Chile). From north to south, Chile can be roughly divided into five /acro
regions, as shown in Figure 1: the arid Giarth (Norte Grandég, the semiarid Little NorthNorte
Chico), mediterranean climate Central ZoZeiga Centra), the rainy Southern Zon&gna Suy,

and the chilly and wet Austral Zongdqna Austral. From east to west, four zones are identified:
the Andes Cordillera de los Andgs central valley, the Chilean Coastal RanGergillera de la
Costg, and the coastal plain.

The main economic activities of the country are copper mining, agriculture, figmdfprestry
(Hausmann et al. 2015, and Simeeésl. n.d.).

Table 1.1: InhabitantdNE, 2015) and surface at regional level (INE, 2@}4

Region Inhabitants | Surface (Km)
XV 1 Arica y Parinacota 235,081 16,873
| i Tarapaca 328,782 42,226
II'T Antofagasta 613,328 126,049
lll i Atacama 308,247 75,176
IV i Coquimbo 759,228 40,580
V 1 Valparaiso 1,808,300 16,396
XIII 7 Regién Metropolitana 7,228,581 15,403
VITLi bertador Gener al 910,577 16,387
VII i Maule 1,035,593 30,296
VIII T Biobio 2,100,494 37,069
IX 7 La Araucania 983,499 31,842
XIV i Los Rios 401,548 18,430
X1 Los Lagos 834,714 48,584
Xl i Aysén del General Carlos Ibafiez del Campg 107,334 108,494
XIl - Magallanes y de la Antartica Chilena 163,748 132,291*
Total 17,819,054 756,096

* South America: 132,291 KinChilean Antarctic: 1,250,000 Kin
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Figure 1.1: Chile identifying its five natural maemegions

In this report, two different approaches are described to construct an exposure model for Chile:
using statistical data to constt a national exposure model for the whole country, and using remote
digital surveys to construct a detailed exposure model for three specific cities. The latter was done
to validate the national exposure model as this model was built with informatiamexbfrom

census data and other public databases.

From the available information in the census and public databases, and from the information we
were capable of collecting when conducting the remote digital surveys, 18 out of the 27 proposed
typologies inOrtiz et al. (2014) are considered in both national and detailed exposure model. All
ten masonry typologies were considered, but only four reinforced concrete typologies were
considered because the information of the year of construction was neithablaviaildatabases

nor identifiable when surveying. Two timber typologies were considered because the type of
foundation was not identified. Finally, one typology was considered for adobe and one-for self
construction. Tables 1.2 to 1.6 shows all the 28lygies originally defined in the first deliverable

of the project (Ortizt al.2014), and the 18 typologies used to build the exposure models presented

in this report. Table 1.7 shows the conversi o]
G E M @osl TaxT-GEM Building Taxonomy Tester (Silva, 2013).
National and Detailed Exposure Moddhtdbasesvi | | be available through

webpage (sara.openquake.dog)the end of 2015.



Table 1.2: The ten masonry typologies originally defined weesl in the exposure model

Original and exposure model typologies
Building technology and masonry unit type
umer o sores | Uerieced [ Rerreed [ Contned | et
1- 2 story houses | MA-N1-B1-U1 | MA-N1-B2-U1 | MA-N1-B3-Ul MA-N1-B2-U2
3 story buildings - MA-N2-B2-Ul | MA-N2-B3-Ul MA-N2-B2-U2
4 - 5 story buildings - MA-N3-B2-Ul | MA-N3-B3-Ul MA-N3-B2-U2

Table 1.3: Four out of twelve reinforced concrete typologiee used in the exposure model

Original typologies
Construction time period Exposure mode
Number of stories T1 (bet T2 1673 T3 typologies
. etween .
(until 1972) and 1996) (since 1997)

1 - 3 story houses RC-N1-T1 RC-N1-T2 RC-N1-T3 RC-N1
3 - 9 storybuildings RC-N2-T1 RC-N2-T2 RC-N2-T3 RC-N2
10- 24 story buildings RC-N3-T1 RC-N3-T2 RC-N3-T3 RC-N3
25 or more story buildingg RC-N4-T1 RC-N4-T2 RC-N4-T3 RC-N4

Table 1.4: Two out of three timber typologies were used in the exposure model

Original typologies

Exposure model typologies

Foundation Type

Number of stories Isolated Footing

Spread Footing

Emergency Timber houses| Emergency

1-3 story houses T1-N1-IF

TI-N1-SF

TI-N1-EM T1-N1 TI-N1-EM

Table 1.5: One typology for adobe houses

Originaland exposure model typolog

Number of storieg

Adobe Typology

1 - 2 story houses

AD-N1

Table 1.6: One typology for setonstruction/informal houses

Original and exposure model typolog

Number of stories

Self-construction/informal ypology

1- 2 story houses

SCGN1




Table 1.7: Conversion of defined typologies into GEM taxonomy

Participation of
Typology GEM Taxonomy GEM taxonomies in
typologies* (%)

MA-N1-B1-Ul MUR+CLBRS+MOC/LWAL/HBET:1,2/RES+RES1 -
MA-N1-B2-Ul1 | MR+CLBRH+RS+MOC/LWAL/HBET:1,2/RES+RES1 -
MA-N2-B2-U1l MR+CLBRH+RS+MOC/LWAL/HEX:3/RES+RES2 -
MA-N3-B2-Ul1 | MR+CLBRH+RS+MOC/LWAL/HBET:4,5/RES+RES2 -
MCF+CLBRS+MOC/LWAL/HBET:1,2/RES+RES1 27

MA-N1-B3-U1l
MCF+CLBRH+MOC/LWAL/HBET:1,2/RES+RES1 73
MCF+CLBRS+MOC/LWAL/HEX:3/RES+RES2 30

MA-N2-B3-U1l
MCF+CLBRH+MOC/LWAL/HEX:3/RES+RES2 70
MCF+CLBRS+MOC/LWAL/HBET:4,5/RES+RES2 80

MA-N3-B3-Ul
MCF+CLBRH+MOC/LWAL/HBET:4,5/RES+RES2 20
MCF+CBH+MOC/LWAL/HBET:1,2/RES+RES1 73

MA-N1-B2-U2
MR+CBH+RS+MOC/LWAL/HBET:1,2/RES+RES1 27
MCF+CBH+MOC/LWAL/HEX:3/RES+RES2 70

MA-N2-B2-U2
MR+CBH+RS+MOC/LWAL/HEX:3/RES+RES2 30
MCF+CBH+MOC/LWAL/HBET:4,5/RES+RES2 83

MA-N3-B2-U2
MR+CBH+RS+MOC/LWAL/HBET:4,5/RES+RES2 17
RC-N1 CR/LWAL/HBET:1,3/RES+RES1 -
RC-N2 CR/LWAL/HBET:3,9/RES+RES2 -
RC-N3 CR/LWAL/HBET:10,24/RES+RES2 -
RC-N4 CR/LWAL/HBET:25,40/RES+RES2 -
TI-N1 W/LWAL/HBET:1,3/RES+RES1 -
TI-N1-EM W/LWAL+DNO/HBET:1,2/RES -
AD-N1 MUR+ADO+MOM/LWAL+DNO/HBET:1,2/RES+RES1 -
SCN1 MATO/LWAL+DNO/HBET:1,2/RES+RES6 -

*: According to National Exposure Model results

This report is organized in 6 sections. Sections 2 and 3 describe the methodologies followed to
generate the National Exposure Model for Chile, and the Detkigdsure Model for three
different cities. A summary of the obtained results is also presented in each section. Then, a
comparison between both models is made in Section 4. Section 5 presents a further comparison
with other world databases (UN, PAGER, IB@hd discusses the main differences between these
and the generated National Exposure Model. Finally, a discussion and conclusions on the
recommendations on available data management and its use is presented in Section 6.



2. National Exposure Model

This seabn describes the methodology used to obtain the National Exposure model for Chile using
statistical data. First, data sources used to build the model are identified and the information
available on each of them is described. Then, the assumptions madédtdhe model are
presented. The National Exposure Model includes the number of structures per building typology,
the surface areas per building typology, and the reposition cost per building typology. Finally, a
summary of the results is presented teeghe reader a quick overview of the residential building
stock in Chile. The exposure model is available in an excel file at both census block level and at
communal level. The information at each level is separated into urban and rural locations. The
cersus blocks defined in 2002 Census are used to construct the National Exposure Model.

2.1. Statistical data sources on dwelling and building inventory

Dwelling and building inventory data in Chile is highly disaggregated and there is a lack of a central
statistcal database that reunites the information needed in this study to develop a national exposure
model for the country. It is common that some of the relevant information is stored at communal
level and/or at the Ministry of Housing and Urbanism, MINVU (caihtountry level). Thus,
different sources had to be reached to obtain different information of the building stock at a
different resolution. The three sources used to define the National Exposure Model are summarized
below.

2.1.1. 2002Censusof population and housing

Census information is available at request at the National Institute of Statistics. (INE) from

2002 is available with a high spatial resolution at census block level. This census performed a
dwelling-perdwelling survey nationwide, including informal settlements and housing, and had a
national omission rate of 3.8%. The main drawbackkiefdata source are two: (i) it is more than

10 years old, and by 2012 the population increased by 15% and the number of dwellings increased
by 30% (INE 2012), and (ii) the categories used to identify structures in 2002 Census are different
than those 012 Census, therefore, comparing both databases is not straight forward. Moreover,
the change in the administrative division in Chile at both regional and communal level makes the
2002 database somehow outdated.

Census data is collected per dwellingking it simple to relate it with structurésand thus to the
building typologies presented in Sectidnith the case of houses. However, census data gives no
information of the number of stories of the building nor the number of apartments per story, and
there is no direct relationship between each dwelling and building typologies. Census data is
registered based on the response of the owner or adult responsible of answering the survey.

! Requests dNE (http://transparencia.ine.cl/solicitudpbave a legal waiting period ofrainimum of 20 working days
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Therefore, technical information of the dwelling (e.g., exterior wallemal) is provided by nen
experts and are inaccurate as the-egperts may classify the wall material based on the exterior
cover and on not on the structural material, which is relevant for risk assessment.

The relevant information of each dwellingtime 2002 Census that is used to build the National
Exposure Model is:

1 Location: urban or rural.

1 Type of dwelling: house, apartment in building, emergency house, informal houses, other
(part of old house, ranch, collective, etc.).

1 Exterior wall material: naforced concrete or stone, brick masonry, structural panels or
blocks, timber, adobe, recycled materials, other (e.g. gypsum board).

2.1.2. 2012 Census of population and housing

2012 Census was performed by INE, and its results are no longer available aftes arde
politicians heavily criticized the methodology used for the census, which leads to mistakes in data
collection and a national omission rate of 9.6% (Bravo et al. 2013). Hence, the results of the 2012
Census were declared by the government asvaliah and its information should not be used for
official estimations. Additionally in 2012 Census, the dwelling count in some communes is smaller
than that of the 2002 Census; therefore, it is difficult to calculate the change in the number of
dwellings atthe communal level between 2002 and 2012. The material and dwelling type
categories used in the 2012 Census are different than those from the 2002 Census, making the
connection between these databases in some cases inaccurate. Finally, the result®f¢hease
2012 Census, at the beginning of the construction of the exposure model, were only available at
the communal level and not at the census block level.

2.1.3. Unique Edification Statistics Form (UESF)

The Unique Edification Statistics Form (Formulario tnile Estadisticas in Spanish) is a database
that contains al/l construction permits grante
and September 2014 for both houses and buildings (INEb2014# aggregated at the communal

level, and is publigl available upon request. This information is of excellent technical quality,
because the construction permit is filled by the real state owner or by the architect in charge of the
project, and it is signed by a professional (architect or engineer). Bastruction permit has to

be reviewed and approved by the Director of the Municipal Works of each commune or by a

MI NVUbds inspector. The main drawbacks of this
construction permit and not of constructed huaig, (ii) it contains information since 2002, so
constructions permits before this year are not covered; and (iii) it does not include informal
construction and settlements permits, so it needs to be complemented with other databases such as
census inforration.



For each construction permit, the UESF provides information on the total number of structures and
dwellings (buildings or houses) to be built, number of stories per structure, exterior walls material,
total built surface of the project, among othbaracteristics. In Chile, there is a good correlation
between construction permits and actually built structures, so the error on considering this data for
constructing the exposure model is considered small.

Relevant information of each permit of the 8fthat is used to build the National Exposure Model
is:

1 Location: urban or rural.

Number of structures per permit.

1 Type of structure: house (detached, sadjpining or adjoining), building (indicates the
quantity of buildings and apartments per perrsit)ries of the structures (only one data per
permit).

1 Exterior wall material: reinforced concrete, hollow clay brick, handmade clay brick,
concrete block, timber, adobe, others.

1 Percentage of main exterior walls material in all exterior walls.

1 Total builtsurface of all structures per permit.

=

2.2. Number of structures per typology

The number of structures per typology of the National Exposure Model was calculated using a

combination of the 2002 Census, the UESF, and the 2012 Census. This decision was made
accounting for the technical precision of the UESF and the accuracy of its data, covering the

construction from 2002 to 2014, and the low omission rate of the 2002 Census. Data from 2012

Census was only used to update the emergency andossliruction/iformal housing, because

2002 Census is not representative of the current number of these houses.

The proposed methodology uses the 2002 Census information to obtain the total number of
dwellings per census block up to the year 2002. The key aspect okthedunlogy is to relate
dwelling information from 2002 Census with the 18 proposed structures typologies. To assess this
relationship, statistical information from the UESF is extrapolated to dwellings built prior to 2002.
Story distribution (percentagedpr masonry and reinforced concrete buildings, building
technology and masonry unit type distribution for masonry structures are extrapolated to Census
2002 data. It is important to note that using the building distributions obtained between 2002 and
2014may over estimate the number of high rise buildings in structures prior to 2002, as the number
of stories in high rise buildings have been increased in the last decades.

From 2002 to 2014, the proposed methodology uses the UESF data to estimate theohumber

structures for each building typology to complete the inventory. Since the UESF is available at
communal level, the number of structures per typology at a commune was uniformly distributed in
the 2002 census blocks. When there was no information aeaitathe UESF data for a certain

10



commune and a certain type of structure, the distribution at the regional level is considered to
distribute the existing dwellings prior to 2002 in that particular commune. If there is no information
available at the regmal level in the UESF data, then the national average is considered for that
particular commune.

The 2012 Census is used to estimate the number of emergency and informal houses, because these
housing types are not thought as permanent. As this Censine mafotmation at communal level,

the total number of these types of dwellings per commune was uniformly distributed throughout
the 2002 census blocks in that commune.

2.2.1. Number of masonry buildings

Data from the 2002 Census provides information on dwellmgison structures. Therefore, for a
given census block and for a given exterior wall material, the total number dwellings located inside
of buildings is known. However, the total number of buildings containing these dwellings, and the
number of stories aéach building is unknown. The average number of dwellings or apartments
per story and the distribution of masonry buildings with different number of stories, are estimated
from the UESF database for each commune.

The average number of apartments (or dwgdl) per story in masonry buildings was obtained

from the UESF data at each commune. For communes without masonry buildings, the average
apartments per story were obtained at the regional level. Figure 2.1 shows the average apartments
per story in masonriguildings for each region and the national average which is 6.4. Note that XI
Region shows 0 apartments per building in Figure 2.1 as there are no masonry buildings permits in
this region. Therefore, the national average was used to estimate the nurapartimients per

story in masonry buildings in XI region.

x 7\
i 7\ I
5. — N A
S 2 y Y\ |
g2 / \—f
g2 \/

0 N

XV | I v v Xl ve vil VIII IX XIV X Xl Xl
Region

Figure 2.1: Average apartments per story in each region for masonry buildings (INB) 2014
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Four different construction techniques are considered for masonry structures in the National
Exposure Model (Table 1.2): unreinforced clay brick, reinforced clay brick, confined clay brick,
and reinforced or confined concrete block structures. From ti2@&3sus data, only two different
masonry categories can be identified from the information of the external walls material: brick and
block. However, this census classification can not be correlated with the four masonry construction
techniques in the Nathal Exposure Model. On the other hand, UESF data identifies only
materiality of the structure (handmade clay brick, hollow clay brick, and concrete block) and not
its construction technique (unreinforced masonry, reinforced masonry, or confined masociny) w

are used to define building typologies.

Table 2.1 shows the assumptions considered to relate a masonry building permit in the UESF to
the four construction techniques of the National Exposure Model. These assumptions use the
percentage of the main samaterial.

Table 2.1: Percentage wall material available in the UESF and its rakdigghednasonry construction technique

Characteristics from UESF Assigned masonry construction techniq
100% of the main wall material corresponds to handmadebcieks Unreinforced masonry with clay bricks
100% of the main wall material corresponds to hollow clay bricks Reinforced masonry with clay bricks

- Less than 100% of the main wall material corresponds to handma

clay bricks Confined masonry with clay bricks
- Less than 100% of the maivall material corresponds to hollow clay| y y

bricks

100% of the main wall material corresponds to concrete blocks Reinforced or confined masonry with

For masonry buildings of three to five stories, the afsenreinforced handmade clay brick was

not identified in the field (Table 2.1). Therefore, this construction technology is not assigned for
masonry buildings in the National Exposure Moagld handmade clay bricks are automatically
assigned as confinedasonry with clay bricks

The methodology used to obtain the total number of masonry buildings dbeidihg typology
in each census block is the following:

) Distribution of apartments in urban and rural areas: The 2002 Census apartments (or
dwellings) in masonry buildings are separated by location in urban and rural (data by
census blocks). Similarly, the communal UESF apartments and buildings were
separatednito urban and rural zones.

1)) Distribution of apartments by number of stories of the building: With de UESF data the
apartments per commune contained #st@y, 4story and Sstory buildings were
separated, and this communal distribution (percentages) igitheistribution are

12



ii)

applied to 2002 Census information to separate apartments prior to 2002 in that
distribution at census block level.

Estimation of number of buildings tyilding heightand material unit: The apartments
prior 2002 per height distrilion were converted into number of buildings of each story
height and typology, using data from UESF regarding the number of dwellings per story
for each commune.

From steps i) and ii), for urban and rural the information of the UESF buildings were
classifed by heights (Story, 4 story and-Story buildings), and finally the communal
buildings were split in material unit (handmade clay brick, hollow clay brick and
concrete block). Therefore, each of the location (urban or rural) group was separated in
9 categories (see Table 2.2).

Then, the distribution (percentages) by stories and material unit obtained were applied
in the prior 2002 estimated buildings per stories at block level. Finally, in order to obtain
the total number of buildings (prior 2002 an@02-2014) the UESF buildings were
added in each census block by assuming a uniformly distribution.

Estimation of number of buildings by typologies: From step iii) the obtained buildings
at census block level only consider material unit and not constraetibnique. Then,

the UESF information is used to separate #stoBy, 4story and Sstory buildings of

hollow clay brick into confined or reinforced masonry according to the assumptions
previously mentioned (see Table 2.1). Also, the handmade clayHtarilckngs were
separated into confined and unreinforced masonry. Finally, these numbers of masonry
buildings are separated into the defined building typologies (see Table 1.2).

Table 2.2: Categories of separation for masonry buildings

Category| Stories Material unit
1 3 Handmade clay

Hollow clay brick

Concrete block

Handmade clay

Hollow clay brick
Concrete block
Handmade clay

Hollow clay brick
Concrete block

Ol [(N|ojobh]| W N
gloaia|bhidibh|] W W
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A detailed example of the applicatiohthis methodology is presented in Appendix A for masonry
buildings.

2.2.2. Number of reinforced concrete buildings

As the masonry buildings, the estimation of the apartments per story for reinforced concrete
buildings are obtained from the UESF data for eachnoone. If a certain commune does not have
reinforced concrete buildings, the average apartments per story at regional level is used, and if the
region does not have reinforced concrete buildings, the national average is used. Figure 2.2 shows
the apartmesstper story at regional level and the national average for reinforced concrete buildings
based on the UESF data. Reinforced concrete buildings have on average 6.8 apartments per story.

N
e N

Apartments per story
OFRPNWMOUUION OO

XV oL 1o v X vE v vIE X XV X XE X
Region

Figure 2.2: Average apartments per story in each region for redfaancrete buildings (INE, 20y

The methodology to obtain the total number of reinforced concrete buildings is the following:

)] Distribution of apartments in urban and rural ar8dse 2002 Census apartmebs
dwellings)in reinforced concretbuildings are separated by location in urban and rural
(data by census blocksCommunal UESFapartments and buildings weiso
separated it urban and ruradreas.

i) Distribution of apartments by storiesh@ number of apartments in buildings with
different stories were obtained from the UESF data (e.g. apartmenttonyduildings
to apartments in 46tory buildings) These percentages are applied to the poia002
apartments from census data to estimate the number of dwellings located in buildings
of differert height at census block level.

14



i) Estimation of number of buildings by building heigiitith the number of apartments
per story in each commune, the prior2002 apartments were converted into number
of buildings of different height.

Finally, the UESF buildings are added to the prior 2002 buildings at the census block
level by assuming a uniformly distribution to complete the total numbiesimiorced
concrete buildings.

A detailed example of the application of this methodology for reinfocoedtrete buildings is
presented in Appendix B.

2.2.3. Number of masonry houses

UESF gives information of the configuration of houses as detachedasdgming (adjoining on
one side), or adjoining (adjoining on two sides), and separate them by location unat) oFor
masonry houses, UESF contain information of material unit (handmade clay brick, hollow clay
brick and concrete block) but not of the construction technique, equivalent to masonry buildings.

The methodology used to obtain the total number @a$anry houses, in each of the four defined
structural typologies (Table 1.2), in each census block is the following:

The houses of the UESF data were separated in 18 categories by configuration condition, material
unit, and location (e.g. detached masohoyses with concrete block in urban areas, adjoining
masonry houses with handmade clay bricks in rural areas;asgoming masonry houses with
hollow clay bricks in urban areas, etcetera). These percentages are applied to the prior 2002
masonry housesdm 2002 Census to obtain the number of houses in each category. At each census
block, the number of houses from UESF is added by assuming a uniform distribution of UESF
houses in the census blocks. At this point these houses only consider material umit and
construction technique. The UESF information is used to separate hollow clay brick houses into
confined or reinforced masonry according to the assumptions presented for masonry buildings in
Table 2.1. The handmade clay brick houses were also separatedfined and unreinforced
masonry. Finally, the total number of masonry houses per structural typology is obtained at each
census block.

The configuration condition of houses (detached, ssijoining, adjoining) is important to
estimate the number aftructures and not only the number of dwellings. When a dwelling is
identified as a house in the 2002 Census, it is assumed to represent one structure. It is then classified
as detached, adjoining or seadjoining using the distribution obtained from tHESF for that

exterior wall material. As house typologies presented in (Ortiz et al. 2014) do not include the
number of houses adjoined to classify them, the number of dwellings is considered the same as the
number of structures, but classified as detaclaeljbining, and semadjoining houses. Even

though two semadjoining houses can be one structure, three, four or more adjoining houses can
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also be one structure; these assumptions are not included in the National Exposure Model, because
UESF informatiordoes not give the information of the number of adjoined houses per structure.
Therefore this assumption overestimates the number of houses in exposure Andelailed

example to obtain the number of masonry houses per structural typology is presampeehidix

C.

2.2.4. Number of reinforced concrete houses

To obtain the total number of reinforced concrete houses per census block, the methodology
followed was similar than that of masonry houses. However, the methodology for reinforced
concrete houses is simpkes there is no need to relate material unit with construction technique as
in the case of masonry houses. .

2.2.5. Number of timber houses

For timber houses the methodology followed to estimate the number of structures per census
block was the same as f@inforced concrete houses.

2.2.6. Number of adobe houses

For adobe houses the methodology followed to estimate the number of structures per census
block was the same as reinforced concrete and timber houses.

2.2.7. Number of Emergency houses and Informal/sel€onstruction housing

To estimate the number of emergency houses and informal housing the methodology used for
masonry, reinforced concrete, timber, or adobe houses, cannot be used because emergency and
informal houses are not thought as permanent structures. fifienaf houses of these typologies

widely varies depending on the occurrence of natural disasters (i.e., earthquakes, tsunami or
floods), and cannot be estimated using projection models.

To estimate the number of emergency and informal houses the 2012sGkta was used at
communal level. Then, this number was uniformly distributed on the census block of each
commune using the cartography of 2002 Census.

2.2.8. Special considerations

Between 2002 and 2012, there were several territorial administrative chaaigaktethstatistical

data managing. These changes affect the correlation between information from 2002 Census and
new information. Recall that information of 2002 Census is available at census block level, and
information of UESF is available at communeVél. The administrative changes between 2002

and 2012 are:
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1 In 2003, the commune of Santa Barbara (VIIl Region) was divided into Santa Barbara and
Alto Biobio.

1 In 2004, the commune of Iquique (I Region) was divided into Iquique and Alto Hospicio,
the commue of Talcahuano (VIII Region) was divided into Talcahuano and Hualpén, and
the commune of Nueva Imperial (IX Region) was divided into Nueva Imperial and
Cholchol.

1 In 2005, the | Region was divided in two, redefining | Region and creating the new XV
Regionof Arica y Parinacota.

1 In 2007, X Region was divided in two, redefining X Region and creating the new XIV
Region of Los Rios.

The creation of new regions was not a problem for creating the National Exposure Model because
the limits of the communes werespected. To relate data from 2002 Census and UESF, the only
change needed was to update the region for certain communes in the UESF database. The fact that
some communes split was more problematic. For example in the 2002 Census, the current
commune of &nta Barbara and Alto Biobio were considered as one commune (Santa Barbara).
However, since 2003 the UESF data identifies Santa Béarbara and Alto Biobio as different
communes. Since it is not easy to identify if a 2002 census block belongs to eitheoofthenes,

the structures prior 2002 from census data was added to the communes that kept the old name, and
we decided to consider only the UESF data for the communes with new, exceEs the case of

Alto Hospicio and IquiqueFor the new communes of Al®iobio, Hualpén and Cholchol, we
assumed that all constructions previous to 2002 (i.e., from 2002 Census) belongs to the communes
of Santa Béarbara, Talcahuano and Nueva Imperial, respectively. For Iquique and Alto Hospicio, it
was necessary to split th&fdérmation from 2002 Census, because Iquique was chosen as a city to
develop a Detailed Exposure Model. This separation was considering that one district (a set of
census blocks) called Huantajaya, which was previously located in the old Iquique, iflycurren

Alto Hospicio.

2.3. Floor areas ofstructures per typology

Since 2002 Census does not provide information on floor areas of dwediingfructuresthe

average floor area fostructuresof each typology was estimated using UESF data for each
commune For multi-story buildings, the average floor area was calculated considering the built
area of all storiesAverage floor areavas used to estimate the surface of the structures prior to
2002. If in a certain commune no structures of a certain typology wdtebetween 2002 and

2014, a regional average floor area was used and a national floor average was used if no structure
was built in that region. Theveightedaverage floor areas obtained per region from the UESF
database and the national averages @anflthe 18 typologies of the exposure model are shown in
Table 2.3 For emergency timber houses, and for informal houses an average floor area is not
estimateecause the total cost of feestructuresareestimated directly in the next section.
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To obtan the floor area per dwelling in a certain commune for a specific typology, the floor area
of structures of that typology in the commune were divided by the average dwellings per building
of that commune for the typology. In case that the calculateddi®ar per dwelling results lower
than 30 M, this floor areger dwellingwasassumedndthe floor area per building was calculated

by multiplying 30 n? and the number of dwellings per building.
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Table 2.3: Average floor area of structures at regional and national level

Average floor area per region m

Typology XV | I Il vV Vv Xl VI Vil Vil IX XIV X X XII ’;‘SE?:;E'
RC-N1 62 136 80 72 77 93 140 108 76 96| 117| 189| 103| 169| 219 111
RC-N2 1,490 | 1514 2224 2531| 2279 1,796| 3455| 3187 2408 2312| 2,204| 1,447| 2,635| 2413| 1488 2652
RC-N3 10,996 | 10,278| 8,042| 10,345| 6422| 7,931| 8872| 5851| 10,176| 8131| 6,594 | 14,312| 6,463 0| 4813 8581
RC-N4 0| 11,066| 19,388 0| 17,490| 11,434| 15954| 15842 0| 14,699 0 0 0 0 0| 15063
MA-N1-B1-U1 79 77 82 60 68 103 99 63 61 71| 116| 103 76| 127 80 85
MA-N1-B2-Ul 54 58 73 63 58 62 76 60 54 64 78| 122 107| 133 157 69
MA-N2-B2-U1 0 290 879 | 1,109| 1,109 899 | 1,340| 1,869| 1,112 0 0| 1,010| 1,109| 1,109 o 1,010
MA-N3-B2-Ul 920 0 886 | 1,081| 1993| 1246 1,166| 2012| 2318| 1,708 973| 1,778| 956| 1,533| 2019| 1,251
MA-N1-B3-U1 68 69 71 65 80 81 87 67 65 74 89| 112 83| 137| 117 80
MA-N2-B3-U1 1151 1,451 1,151 0 979 | 2249| 1,51| 1,151 714 | 1,015 1,151 0| 1,151 o| 1,668
MA-N3-B3-U1 o| 2299| 3554 1584| 1011| 2209 2116| 2,394| 2905| 1,019| 1,888 1,389| 1,823 o| 1,899
MA-N1-B2-U2 63 60 60 54 58 65 78 64 65 60 74| 129 127| 103 76 67
MA-N2-B2-U2 0 838 0| 15,797 0 0 0 0| 5054 12,044
MA-N3-B2-U2 139 771 1,371| 1,254| 1779| 2,256 0 0| 1,418 782

TI-NL 95 112 143 79 79 78 80 76 63 54 50 62 60 61 75 64

AD-N1 111 165 112 111 123 146 147 143 136 104 64 42 55 87| 109 135
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2.4. Reposition cost per typology

To allow later calculation of risk in terms of cost, unit reposition costs for each typology are
estimated. MINVU define the unit prices for five quality categories of residesttiattures:
Superior, SemBuperior, Regular, Senmferior, and Inferior, being the Inferior quality category
assigned to social dwellings only (MINVU, 2015). The quality of a structure is assigned based on
a score, which is calculated considering desfgatures, characteristics of the structure,
installations, and finishing works. Design features depend on story height, floor area, presence of
basement and elevators, facades characteristics, and others. Structure considers presence of
reinforced slabgptal height of the structure, and number of basements, among others. Installations
consider elevators, agonditioning system, optic fiber availability, motion detector sensor, etc.
Finishing works includes interior and exterior coating, pavementssdeondows, etc. The
maximum score is 40. A table relates the total score of a building with its category.

For the National Exposure Model, it is not possible to calculate the category for each structure
based on 2002 Census, 2012 Census, or-2002 UESHlata. If typical structures are considered

for the main building materials (reinforced concrete, masonry, timber and adobe), it is possible to
estimate a score for each structure. This score was used to estimate the replacement costs for the
best and wotsquality categories possible (Table 2.4).

Table 2.4: Score, quality categories, and replacement cost for structures

Best Quality Category Worst Quality Category
Type of
Stuetures | seore | QUAIY | oy oy e [ Uspim? | score| QUMY | oy m2 | usDi?
category category
RC buildings 37 Superior | 334,807| 544.6 11 Regular 183,452| 298.4
Masonry 18 Semi 217,870 354.4 5 Semiinferior | 114,642| 186.5
RC houses 32 Superior | 334,807| 544.6 6 Regular 183,452| 298.4
Masonry houses 13 Semi 217,870| 354.4 4 Semilnferior | 114,642 186.5
Timber houses 24 Superior | 208,658| 339.4 4 Semilnferior | 82,483 | 134.2
Adobe houses 2 SemilInferior | 57,287 93.2 - - -

* RC: reinforced concrete

Information in Table 2.4 represents average national construction costs. However, it is necessary
to differentiate cost between communes. The Internal Revenue Service (Servicio de Impuestos
Internos in Spanish) has information of base appraisal valuesdiential structures with the

same categories than MINVOhis base appraisal value is modified by four factors dependent on
the structureds |l ocati on, speci al conditions

21 USD = 614.76 CLP (Januar{’,2015)
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coefficient applicable to structuwgduilt in commercial zones (SlI, 2013). The factor that depends
on the structur eds dommuuasandis givenisTalles26i gned for e

Table 2.5: Factors by commune for base appraisal value (Sll, 2013)

Factors bycommune
1,00 0,90 0,70 0,60 0,50 0,40
Zapallar Iquique Valparaiso Copiap6 Arica Castro
Vifia del Mar | Antofagasta Machali Coquimbo Calama Coyhaique
Santo La Serena Talca Papudo Villa Recoleta
Concepcion Concon San Pedrode La| Quilpué Casablanca| Independencia
Santiago Algarrobo Pucon Puchuncavi| Quintero Maipu
Providencia Temuco Puerto Montt Rancagua El Tabo Pudahuel
Nufioa Colina Puerto Varas Las Cabras| EIl Quisco Quilicura
Las Condes | Pefialolén Huechuraba Vichuquén Quillota Estacién Centra
La Reina San Miguel| Calera de Tango Chillan Limache Lampa
Vitacura Chiguayante Olmué Talagante
Lo Barnechea Los Angeles| San Felipe | Isla de Maipo | The rest of
Villarrica Los Andes Pefaflor communes
Valdivia Rinconada | Padre Hurtado in the
Osorno Requinoa Melipilla country
Punta San Curacavi
La Florida Santa Cruz La Cisterna
Macul La Estrella San Joaquin
Pirque Curico Puente Alto
Constitucion Sal\';l;igie de
Linares San Bernardo
Tomé Buin
Talcahuano Paine
Futrono

To estimate the replacement cost of structures in each commune in the National Exposure Model,
the cost associated to best quality of construction (Table 2.4) was assumed for structures in
communes with factor 1.0 iTable 2.5. Similarly, the cost associated to worst quality of
construction was assumed in communes with factor 0.4 in Table 2.5. For other communes, the
replacement cost is extrapolated according to the factor in Tablo? &ample, the municipality

of Osorno has a location factor of 0.6, and for RC houses the best quality is Superior, with a
reposition cost of 544.6 USD#(see Table 2.4) and the worst quality is Regular, with a reposition
cost of 298.4 USD/& which results in a reposition cost of 3BQSD/nt for RC houses in Osorno.
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Replacement cost for emergency houses is not defined at MINVU. For the model, it was assumed
to be the same as the construction cost of a new emergency house: an average of CLP 798,000
(USD 1,280) (TECHO, 2014). Replacent costs for informal houses are considered the same as

for emergency houses because they are not being built with a particular material, and we assume
that in an earthquake, damaged informal houses would be replaced with emergency houses by the
authorites or helping institutions.

2.5. Occupants per typology

The average occupants per type of dwellifags RC apartments, RC houses, masonry apartments,
masonry houses, timber houses, adobe houses, emergency houses and informal heasing) in
communewas dtained using 2012 Census dafaen, the total occupants per typology can be
estimated by multiplying this average with the number of dwellings of the exposure aldlel.

2.6 shows the average inhabitants per dwelling for each type of residentialrstpet regionA
minimum averagef one inhabitanper dwelling br each commune wasnsidered

Table 2.6: Average inhabitants per dwelling for the different residential group of structures

Region
Type of structure | XV | | v v X {vefvifvi fIxX | Xiv | X | X |XI

RC buildings 28|29|26]|21]|21|24| 23|23| 21| 24|21 22]|22]23]31
Masonry buildings| 2.8|3.0(2.9]|2.3(2.4| 28| 3.2[29]| 28| 29|25| 27|25|25]| 2.7

RC houses 35|37|37|34[34[32]| 37|34 31| 34[32| 32[31]|29] 3.0
Masonry houses | 38(3.9[4.0/35|34|33| 37|33]| 32| 34|32| 31|31|28]3.2
Timber houses | 3.8|3.7(3.9]|34(32]|33| 36[33|31| 33|3.1| 31|3.1]29](3.1
Adobe houses | 28|29(3.8|36(3.0/3.1| 34(32]|3.0| 3.0]|27| 24|30[22] 29
Emergency housey 30| 3.3|3.0|2.8|25|29| 3.2|28| 26| 28|26| 26[25|23]| 2.1
Informal houses | 20| 2.1|22[1.0[1.9]|18| 26|23| 17| 2.0[20| 1.9]|18]|17]| 1.0

2.6. Georeferencing census blocks

The 2002 census blocks were used to construct the National Exposure Model. The cartography of
2002 Census, and ala®12 Census, were requested at INE. The given 2002 and 2012 census
cartographies were at census block level but only for the urban sectors. For rural zones, the 2012
cartography includes some coordinate points for rural structures included in the 2042 Wiéms

the census blocks related to those points, but it does not contain coordinates in all rural census
blocks.

22



As the 2002 Census includes urban and rural census blocks but the 2002 cartography only considers
urban zones, the 2012 cartography was usedder to improve the information for rural zones in
the exposure model.

Table 27 shows the percentage of georeferenced census blocks per region considering only 2002
cartogerapBycéeéinnsus Dblocks georeferencaksdheby 20
missing information in some regions is high and we cannot neglect the rural zones in the exposure
model , the coordinates of the 2012 rural census blocks are assigned to its respective 2002 rural
census blocks. Table 2also showshe improvement of geeferenced census blocks for the
NationalEx posur e Model usi ng 2 2002xenaus lbock® Qedbréferenced t o g r
by 2002 and 2012 c aantthecon&iputionfeahe 20026¢n8us populatiomn )

and structures of the National Exquwe Model for those georeferenced census blocks.

Table 27: 2002 census block georeferencing and its contribution to the National Exposure Model

2002 census blocks 2002 census blocks , 2002 census Expggﬂroen?/llodel
Region georeferenced by 200] georeferenced by 2(.)0‘ population using structures using
and D12 cartographieg 2002 and 2012

cartography (%) (%) cartographies (% 2002 and'2012

cartographies (%
XV 80 91 95 98
| 47 70 79 79
Il 91 93 96 97
1 76 84 94 93
v 70 79 86 86
Vv 83 86 91 89
Xl 94 96 97 97
VI 63 80 86 83
VI 54 69 77 74
VI 66 83 87 86
IX 51 75 84 81
A\ 49 70 83 80
X 52 80 88 87
Xl 56 69 87 85
Xl 64 80 92 93

Following the described procedure in 5 regions more than 90% of the structures are included in the
geor ef er enced NatienalsbExmsurd Madel kssuctufe$i using 2002 and 2012
cart ogr ap hi)elsorderdo)cansidemall therstnuctureshe National Exposure Model,

it was necessary to georeference the missing census blocks. The noghtalgeoreference these
census blocks with unknown coordinates is the following:
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1 By the list of the numerical code of each census block, it is possible to stablish if the census
blocks with unknown coordinates are between urban or rural georeferensed béocks.
Based on this information it can be assumed an urban or rural location for the census block.

1 With the 2012 cartography information it is possible to obtain two centroids per each
commune: the communal centroid (i.e. urban and rural zone docdimmune) and the
urban centroid.

1 If the census block is identified as urban, the coordinates of the urban centroid of the
commune is assigned to the census block. If the census block is identified as rural, the
communal centroid is assigned.

2.5. Results

In this section relevant results of the National Exposure Model are presented, which are the number
of structures by typology, floor area and replacement costs by typology.

2.5.1. Number of structures

A summary of the number of structurasd the number of dwellisger region obtained from the
National Exposure Model is presented on TabBaRd Table 2.9, respectivel{ll Metropolitan

Region is the most populated region of Chile, with 40% of the total inhabitants of the country and
has the highest participatiam the total number of structures with 33%. XI Region with 0.6% of
the total inhabitants in Chile is the least populated region and has the lowest participation in the
total number of structures with less than 1%.

Approximately a total of 4.26 million ofesidential structures were identified in tNational
Exposure modelwhich corresponds 6.3 million of residential dwellingsA 99.5% of the total
number of structures corresponds to houses (/286and the rest 0.5% corresponds to buildings
(23,267). In houses, timber (flN1) and reinforced hollow clay brick masonry (M#L-B2-U1)
typologies are predominant in Chile, representing 32% and 26% of the total number of houses,
respectively. Informal/selfonstruction houses represent 0.1% of total hourst®ei country, and
emergency houses a 1.5%. Adobe structures, which is a highly seismic vulnerable typology,
represents a 4.6% of the total houses in Chile. Reinforced concrete buildings of 3 to 9 steries (RC
N2), reinforced concrete buildings of 10 to 2dries (REN3), and reinforced hollow clay brick
masonry buildings of 4 to 5 stories (MA3-B2-U1) has the highest gacipation in buildings with

35%, 16%, and 2%, respectively. The rest 2¥of buildings correspond to all thesBory masonry
buildings, 4 to 5story confined clay masonry, all the concrete block buildings, and reinforced
concrete buildings highehan 24 stories. For buildings %2corresponds to midse buildings (up

3 Database with the results of the National Exposure Model will be available by the end of 2015 in the following
link: https:/kara.openquake.org/risk:detailed _exposure:national_exp_model_chile_database_block_level
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to 5 stories high) nicluding reinforced concrete (28 and masonrpuildings (47%), and the rest
28% are highrise buildings (reinforced concrete buildings higher than 5 stories).

Table 210 shows the total number of structuasd dwellingsby location (urban or rural), were
82% of the structurgsvhich corresponds t0686 of the dwellingsare located in urban areas. The
number of structures by typology and location per region are shown graphically in Appendix D.

For masonry, reinforced concrete, timber (timber and emergency houses) and adobe structures,
Figure 2.3 showshe distribution at regional level for these construction materials. It is important

to note that masonry, reinforced concrete and adobe structures are concentrated in the Central Zone
of Chile, and timber houses are concentrated in the Southern ZonfarB&d concrete structures

have an important participation in the Great North and Little North of Chile, besides Central Zone,
but a little participation in Southern and Austral zones. Austral Zone regions (Xl and XII Region)
have the lowest participatian the total number of structures, but in this zone timber structures

has the highest participation.

Figures 2.4 and Figure 2.5 shows the number of reinforced concrete and masonry buildings
obtained for théNationalExposure Modeperstories high, respectively.
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Table 28: Number of structures and inhabitants per region

Region

Typology XV | I I Y% Vv Xl v Vil il X XIV X XI XIi Total %
RC-N1 (¥) 5847| 8161| 40793 9,187| 21,460 41192| 125832 7,568| 10,390 45369| 9402| 2075 4,602 825| 1,517 334,220 8%
RC-N2 362 124 437 95 379 1,486 3,461 148 199 869 239 147 149 9 44 8,148 0%
RC-N3 5 86 174 25 66 471 2,435 21 11 244 75 0 24 0 7 3,642 0%
RC-N4 0 44 20 0 8 63 338 2 0 5 0 0 0 0 0 479 | 0%
MA-N1-B1-UL (*) 1,090 446 | 9471| 5326| 5560 21,945 190,427| 56,360| 50,631 40589|  4044| 1,321 1611 317| 2297 391,434 9%
MA-N1-B2-U1 (*) 25603| 3658| 20,419| 21,857| 99,890| 131,458| 555673| 85174| 87,354 62,236| 14,228 27205| 3412 523 | 1,121 1,114,811| 26%
MA-N2-B2-U1 0 113 29 0 0 441 306 38 7 0 0 9 0 0 0 943 | 0%
MA-N3-B2-U1 176 0 53 61 18 604 3,519 247 112 191 69 25 68 1 13 5156 | 0%
MA-N1-B3-UL (*) 218 301 565| 5038| 14,958 46,062 | 219,194 23052| 79,008 119,036 21,636| 2,608 7,243 937 572 540,428| 13%
MA-N2-B3-U1 0 218 55 0 0 348 1,144 73 14 190 75 18 0 0 0 2,135 0%
MA-N3-B3-U1 0 0 11 2 38 423 1,315 96 6 44 79 12 53 0 0 2,080 | 0%
MA-N1-B2-U2 (*) 5062| 25837 44,510 14,117| 10,974 9,972 74,876| 13,881 9,588 6,610 3,917 190 778 768 154 221,234| 5%
MA-N2-B2-U2 0 0 20 0 0 0 60 0 0 0 0 0 0 0 0 80| 0%
MA-N3-B2-U2 0 331 11 0 0 36 131 18 76 0 0 0 0 0 0 602 | 0%
TI-N1 (%) 6,004| 9399| 8175| 10,654| 28662| 129502 187,199 38,849| 46,304| 300455| 229,474| 96,234| 217,541| 25301| 37,798| 1,372,451| 32%
TI-NL-EM (*) 1,619 889 801 411 1,842 5,539 16,610 6,939 9,088 14,954 2369| 1447| 1,757 257 55 64,577 | 2%
AD-N1 () 764 670 | 3,725| 6,873| 18,055 26,278 37,722| 31,440| 50,972 16,751 1,163 33 249 430 4 195,129 5%
SGN1 (¥) 247 301 186 88 81 251 390 110 107 224 94 41 119 19 6 2,264 0%
Total structures 47,808| 50,578| 129456| 73,732| 201,990 416,071| 1,420,630| 264,015 343,868 607,765| 286,864| 106,366| 237,605| 29,388 43,580| 4,259,814| 100%
Inhabitants 210,182| 260,936| 588,878| 274,868| 717,146| 1,643,180 6,861,977| 932,768| 1,125761| 2,186,256| 932,779| 342,673| 756,340 84,421| 139,245| 17,057,411 -

(National model)

(*) represent houses, the rest are buildings
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Table 2.9: Number of dwellings and inhabitants per region

Region

Typology XV | I I Y% Vv Xl v Vil il X XIV X XI XIi Total %
RC-N1 5847| 8161| 40793 9,187| 21,460 41192| 125832 7,568| 10,390 45369 9,402 2075| 4,602 825| 1,517 334,220 6%
RC-N2 10,874|  3,028| 14924| 3,905| 14,382 39,049| 145912| 7,462 8,280 32,082 8231 3053 5131 399 | 1,153 297,863| 6%
RC-N3 653 | 12244| 14047| 3669 5773 47,773  296,523| 1,689 1,457 26,562| 7,836 28 1,700 0 368 420,322| 8%
RC-N4 0 4856 | 4,133 0 1,109 8,467 88,139 442 0 1,143 0 0 0 0 0 108,289 2%
MA-N1-B1-U1 1,090 446 | 9471| 5326| 5560 21,945 190,427| 56,360| 50,631 40,580 |  4,044| 1321| 1611 317| 2297 391,434 7%
MA-N1-B2-U1 25603| 3658| 20,419| 21,857| 99,890| 131,458| 555673| 85174| 87,354 62,236| 14,228 27205| 3412 523 | 1,121 1,114,811| 21%
MA-N2-B2-U1 0 678 473 0 0 6,681 6,243 1,354 85 0 0 111 0 3 0 15,630 0%
MA-N3-B2-U1 879 0 742 1,301 479 12,966 68,227| 8,446 4,304 5013 1,081 842 844 30 426 106,480| 2%
MA-N1-B3-U1 218 301 565| 5038| 14,958 46,062 | 219,194 23052| 79,008 119,036 21,636| 2,608 7,243 937 572 540,428| 10%
MA-N2-B3-U1 0 4061| 1,031 0 0 3,743 35125| 1,370 255 2,417 482 333 0 8 0 48,825 1%
MA-N3-B3-U1 0 0 253 157 1,028 7,289 30,007| 2,365 183 2179 1,324 194 695 12 0 45687 1%
MA-N1-B2-U2 5062| 25837 44,510 14,117| 10,974 9,972 74,876| 13,881 9,588 6,610 3,917 190 778 768 154 221,234| 4%
MA-N2-B2-U2 0 0 237 0 0 0 10,217 0 0 0 0 0 0 0 0 10,455| 0%
MA-N3-B2-U2 0 992 9 0 0 873 2,223 578 2,765 0 0 0 0 2 0 7523 0%
TI-N1 6,004| 9399| 8175| 10,654| 28662| 129502 187,199 38,849| 46,304| 300455| 229,474| 96,234| 217,541| 25301| 37,798| 1,372,451| 26%
TI-N1-EM 1,619 889 801 411 1,842 5,539 16,610 6,939 9,088 14,954 2369| 1447| 1,757 257 55 64,577 | 1%
AD-N1 764 670 | 3,725| 6,873| 18,055 26,278 37,722| 31,440| 50,972 16,751 1,163 33 249 430 4 195,129 4%
SGN1 247 301 186 88 81 251 390 110 107 224 94 41 119 19 6 2,264 0%
Total structures 50,761| 75521| 164,576| 82,582| 224,253| 539,040| 2,090,539| 287,079 360,771| 676,519| 305,280| 110,716| 245682 29,832 45472| 5,297,621| 100%
Inhabitants 210,182| 260,936| 588,878| 274,868| 717,146| 1,643,180 6,861,977| 932,768| 1,125761| 2,186,256| 932,779| 342,673| 756,340 84,421| 139,245| 17,057,411 -

(National model)
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Table 210: Number of structureand dwellingsby location

Structures Dwellings

Typology Urban Rural Total % Urban Rural Total %
RC-N1 318,692 15,528| 334,220| 7.8% 318,692 15,528 334,220| 6.3%
RC-N2 8,061 87 8,148| 0.2% 295,148 2,715| 297,863| 5.6%
RC-N3 3,636 6 3,642| 0.1% 419,512 810| 420,322 7.9%
RC-N4 479 0 479 | 0.0% 108,289 0| 108,289 2.0%
MA-N1-B1-Ul 307,501 83,933| 391,434| 9.2% 307,501 83,933| 391,434| 7.4%
MA-N1-B2-U1 | 1,024,599| 90,212| 1,114,811 26.2% | 1,024,599 90,212| 1,114,811 21.0%
MA-N2-B2-U1l 943 0 943 | 0.0% 15,628 2 15,630| 0.3%
MA-N3-B2-U1l 5,148 9 5,156| 0.1% 106,148 332| 106,480 2.0%
MA-N1-B3-Ul 499,809| 40,618 540,428| 12.7% 499,809 40,618| 540,428| 10.2%
MA-N2-B3-U1l 2,133 2 2,135| 0.1% 48,799 27 48,825 0.9%
MA-N3-B3-Ul 2,073 8 2,080| 0.0% 45,464 223 45,687 0.9%
MA-N1-B2-U2 205,847 15,388| 221,234| 5.2% 205,847 15,388 221,234| 4.2%
MA-N2-B2-U2 80 0 80| 0.0% 10,455 0 10,455| 0.2%
MA-N3-B2-U2 602 0 602 | 0.0% 7,523 0 7,523 0.1%
TI-N1 974,238| 398,213| 1,372,451| 32.2% 974,238 398,213| 1,372,451| 25.9%
TI-N1-EM 38,417| 26,160 64,577 1.5% 38,417 26,160 64,577 1.2%
AD-N1 116,628| 78,501 195,129| 4.6% 116,628 78,501| 195,129| 3.7%
SCN1 1,566 698 2,264 0.1% 1,566 698 2,264 0.0%
Total 3,510,452| 749,362| 4,259,814| 100% | 4,544,263 753,359| 5,297,621| 100%
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Total number of structures

Region ([RC W |Masonry [|Timber M| Adobe [J|Informall Total
XV 6,215 32,150 8.523 764 247 47,898
I 8.416 30,903 10,288 670 301 50,578
I 41,424 75,145 8.976 3.726 186| 129,457
III 9,306 46,400 11,065 6,872 88 73,731
v 21,912 131,438 30,504 18,055 81 201,990
V 43,212 211,289 135,041 26,278 251 416,071
X111 132,066 1,046,643 203,809 37,722 390 1,420,630
VI 7,739 178,939 45,788| 31,440 110 264,015
VII 10,600 226,796 55,3921 50,972 107| 343,868
WVIII 46,486 228,894 315,409 16,751 224 607,765
IX 9.716 44,048 231,843 1,163 94 286,864
XIV 2,222 6,389 97.681 33 41 106,366
X 4,774 13,165 219,298 249 119| 237,605
X1 834 2,547 25,558 430 19 29,388
X1 1,568 4,158 37.853 4 6 43,589
Total | 346,489 2,278,904 | 1,437,028 195,129 2,264 | 4,259,814

Figure 2.3: A map of Chile with pie charts of participation of masonry, reinforced concrete, timber
(residential timber houses and emergency houses) and adobe structvegiopg(left), with the total number
of structures per construction material (right).
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Figure 2.4: Number of reinforced concrete buildings per storiesatightional level
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Figure 2.5: Number of masonry buildings per stories higtational level

2.5.2. Surface areas

The total built surface areas per typology in each region is presented in Tidble 2.

2.5.3. Reposition costs

The reposition costs per typology in each region are summarized in Tabl€lestimated
total cost for residential stctures attributed to the 2010 Maule earthquake in Chile was
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approximately USD 3,943 milliofSVS, n.d.). This cost represents 3.6% of the total
reposition cost of thadlationalExposure ModelX08 USD hillion). The total repsitioncost

of the modelrepresents 42% of the Chilean GDP of 2014, which is 258 USD billion (The
World Bank,2015.

2.5.4. Inhabitants

The estimated number of inhabitants per typology in each region is shown in Table 2.12. The
difference between the total number of inhabitahtsinedn the model and those shown in
Table 1.1 corresponds to 4%, with a maximum difference in Regb81% of difference.

It is important to note that the model considers only inhabitants in the chosen typologies, but
the number of the projection from INENE, 2014) considers every type of housing in Ghile
including those types not considered in the model

The typologies with more inhabitants corresponds to timber houses1{TIreinforced
masonry hollow clay brick houses (MA1-B2-U1), and confined masonry clay brick houses
(MA-N1-B3-U1), with 26%, 23% and 11% of the total inhabitants in the country,
respectively.
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Table 210: Totalfloor area per regio(Thousand

Total floor area per region
Typology XV I I I v \ Xl \ VI Vil IX XV X Xl Xil Total

RC-N1 362 | 1,107 3,264 658 1,651 3,850 17,660 815 785 4,375 1,097 393 475 140 333 36,966
RC-N2 540 187 971 240 863 2,668 11,957 473 480 2,008 527 213 392 22 65 21,608
RC-N3 59 889 1,402 256 422 3,734 21,600 121 111 1,984 491 3 152 0 32 31,254
RC-N4 0 489 388 0 132 722 5,395 25 0 68 0 0 0 0 0 7,219
MA-N1-B1-U1l 87 34 777 320 376 2,255 18,827 3,547 3,086 2,900 468 137 123 40 183 33,161
MA-N1-B2-Ul 1,381 213 1,492 | 1,383 5,815 8,180 42,471 5,133 4,714 3,987 1,108 269 364 70 176 76,756
MA-N2-B2-U1 0 33 25 0 0 396 410 71 8 0 0 9 0 0 0 953
MA-N3-B2-U1l 162 0 47 65 35 752 4,102 497 261 326 67 44 65 2 27 6,453
MA-N1-B3-Ul 15 21 40 327 1,198 3,744 19,126 1,540 5,160 8,850 1,929 292 602 128 67 43,039
MA-N2-B3-U1l 0 250 64 0 0 341 2,572 84 16 135 76 21 0 0 0 3,560
MA-N3-B3-Ul 0 0 25 8 60 427 2,904 204 15 129 80 23 74 1 0 3,950
MA-N1-B2-U2 319 | 1,554 2,655 766 633 648 5,814 885 627 394 291 24 99 79 12 14,800
MA-N2-B2-U2 0 0 18 0 0 0 941 0 0 0 0 0 0 0 0 958
MA-N3-B2-U2 0 46 9 0 0 49 164 32 171 0 0 0 0 0 0 471
TI-N1 653 | 1,054 1,170 842 2,267 | 10,066 14,963 2,969 2,905| 16,309 11,586| 5,930 | 13,148| 1,555| 2,817 88,235
AD-N1 85 110 416 764 2,215 3,836 5,554 4,497 6,923 1,738 74 1 14 38 0 26,265
Total 3661| 5989| 12,763| 5,629 | 15668| 41,670| 174,461| 20,894| 25261| 43,205| 17,795| 7,358| 15,507| 2,075| 3,711| 395,649
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Table 2.1: Total reposition costs per regi@illion USD)

Reposition costs per region

Typology XV | Il I} v \% XMl \ Vil Vil IX XV X Xl Xl Total
RC-N1 123 528 | 1,363 216 690 1,634 8,135 284 279 1,735 465 143 176 46 | 125 15,941
RC-N2 183 79 459 87 405 1,185 5,860 181 182 836 244 80 153 7 25 9,966
RC-N3 20 440 690 97 180 1,877| 10,827 46 46 935 247 1 61 0 12 15,478
RC-N4 0 246 195 0 54 371 2,708 10 0 37 0 0 0 0 0 3,621
MA-N1-B1-U1 19 9 217 69 99 569 4,760 725 623 646 96 30 29 8 44 7,941
MA-N1-B2-U1 296 65 432 309 | 1,479 1,969 | 10,327| 1,170 998 936 260 58 88 15 39 18,440
MA-N2-B2-U1 0 10 7 0 0 106 103 17 1 0 0 2 0 0 0 246
MA-N3-B2-U1l 35 0 15 15 9 194 944 116 55 80 19 10 17 0 7 1,515
MA-N1-B3-Ul 3 4 8 78 301 905 4,701 328 | 1,197 2,117 565 65 157 26 16 10,472
MA-N2-B3-U1l 0 78 18 0 0 76 691 20 3 30 17 5 0 0 0 939
MA-N3-B3-Ul 0 0 8 2 14 109 753 48 3 34 23 5 19 0 0 1,018
MA-N1-B2-U2 68 426 720 154 163 147 1,351 183 147 94 84 5 21 16 3 3,584
MA-N2-B2-U2 0 0 5 0 0 0 202 0 0 0 0 0 0 0 0 207
MA-N3-B2-U2 0 14 3 0 0 10 38 7 45 0 0 0 0 0 0 118

TI-N1 110 285 306 135 427 2,074 2,785 465 460 2,770 | 2,107 960 | 2,367 | 239 | 524 16,012

TI-N1-EM 2 1 1 1 2 7 21 9 12 19 3 2 2 0 0 83
AD-N1 8 10 39 71 206 358 518 419 645 162 7 0 1 3 0 2,448
SCN1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

Total 867 | 2,196 | 4,487 | 1,232| 4,028| 11,593| 54,723| 4,026 | 4,697| 10,431| 4,137| 1,366| 3,091| 362 | 795 108,030
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Table2.12: Total inhabitants per region

Inhabitants per region

Typology XV | Il 1 v \Y Xl Vi Vil Vil IX XV X Xl Xl Total
RC-N1 20,378 30,500 148,821 31,421 72,277 132,309 462,263 25,006 33,203 154,528 29,477 6,667 13,857 2,358 4,517 1,167,581
RC-N2 30,595 9,024 38,278 8,376 29,872 93,644 359,280 17,040 17,348 78,628 17,247 6,519 11,201 921 3,522 721,494
RC-N3 1,838 35,063 35,741 7,816 11,736 111,465 672,238 3,893 2,874 62,929 15,742 59 3,621 0 1,124 966,138
RC-N4 0 13,815 10,780 0 2,240 20,109 193,997 1,019 0 2,624 0 0 0 0 0 244,584
MA-N1-B1-U1l 4,017 1,738 37,829 17,688 18,775 71,023 698,918 | 187,346 162,026 134,144 12,254 4,197 4,997 880 7,308 1,363,139
MA-N1-B2-U1l 97,027 14,195 81,543 76,645| 337,546 428,218| 2,045,607 284,860 280,843 211,867 45,126 6,896 10,678 1,478 3,512 3,926,041
MA-N2-B2-U1l 0 2,009 1,345 0 1 19,240 19,836 3,925 191 0 0 297 1 8 0 46,851
MA-N3-B2-U1l 2,504 0 2,148 2,836 1,253 36,964 217,047 24,477 12,654 17,725 2,733 2,250 2,111 74 1,146 325,920
MA-N1-B3-U1l 829 1,180 2,003 18,184 51,736 149,714 803,493 77,545 256,629 409,158 68,946 8,114 22,872 2,721 1,812 1,874,937
MA-N2-B3-U1l 0 12,030 2,954 0 0 10,617 112,232 3,971 572 6,657 1,271 889 0 19 0 151,212
MA-N3-B3-U1l 0 0 733 342 2,348 20,514 95,580 6,853 533 6,314 3,320 519 1,736 28 0 138,821
MA-N1-B2-U2 19,032 98,516 | 175,917 48,880 37,083 32,200 276,543 46,834 31,170 22,280 12,548 594 2,364 2,096 491 806,549
MA-N2-B2-U2 0 0 675 0 0 0 34,436 0 0 0 0 0 0 0 0 35,112
MA-N3-B2-U2 0 2,938 260 0 0 2,518 6,888 1,675 7,119 0 0 0 0 6 0 21,404

TI-N1 26,429 34,439 32,662 36,335 92,792 417,395 680,056 127,798 143,822 987,582 | 714,503| 301,750| 677,345| 72,288| 115,679 4,460,873

TI-N1-EM 4,889 2,906 2,417 1,168 4,635 16,196 52,717 19,550 23,566 41,821 6,134 3,741 4,392 584 118 184,834
AD-N1 2,135 1,809 14,256 25,054 54,676 80,581 129,784 100,701 153,020 49,519 3,281 101 927 922 11 616,776
SCN1 512 774 516 124 176 474 1,062 274 193 480 197 79 239 38 6 5,143

Total inhabitants 210,182| 260,936| 588,878| 274,868| 717,146| 1,643,180 6,861,977 932,768 | 1,125,761| 2,186,256 932,779| 342,673| 756,340| 84,421 | 139,245 17,057,411
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2.6. Limitations

TheNationalExposure Model limitations are:

1) Itis assumed that the UESF information is correctly registered, and typing mistakes
cannot be verified without making field verifications. Additionally it is assumed that
all construction permits in UESF were actually constructed.

2) Estimations of the apartments per story, distribution of number of stories in buildings,
typologies distribubn in masonry buildings at communal, regional or national level
depends on the available information from the UESF, which only considers structures
between January of 2002 and September of 2014. These values can be representative
of the last decade, buhay are not necessarily representative of all the existing
buildings in eacltommune

3) For reinforced concrete and masonry buildings, one of the most relevant data obtained
from UESF information is the average apartments per storyc@amune If a
differert value is assumed for one of these type of buildings, the estimation of the
total number of buildings changes. As an example, only one permit for masonry
buildings is registered for Pefiaflor,cammunein the Metropolitan Region (XIII
Region). This permindicates 40 apartments per story for that building. This number
Is considered high, but is not possible to invalidate this value without verifying the
number of stories of such building in the field. If other masonry buildings are
considered to estimatthe average the number of apartments per story of this
communethe average value may change significantly affecting the estimation of the
number of masonry buildings for thitemmune

4) UESF information is more reliable than census data to characterizeatesial
information of the structure. The UESF is filled by the owner of the project or the
architect in charge, and the census data is filled by serpert person with the help
of the owner of the dwelling. These persons may not necessarily know the
construction material of the structure. For houses 25% of the stock Matti@nal
Exposure Model is obtained from UESF information at national level and for
buildings this percentage is 42%. This procedure may lead to an overestimation of
the number of hikrise buildings previous to 2002.

5) UESF information is available @ommunallevel, and for theNational Exposure
Model these structures are uniformly distributed within the census blocks. For
commune with large number of census blocks the numbestrofctures per census
block from UESF structures may be unnoticed at census block level.

The next section presents the methodology used to construct a Detailed Exposure Model and
the results for three cities located in three different mesgmns of Chi.
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3. Detailed Exposure Model

This section describes the methodology used to obtain a Detailed Exposure Model for three
cities (urban zones of three communes) in Chile using digital remote surveying, similar to a
residential housing census, to count and dlassructures using the 18 typologies of the
Exposure Model. The three cities were chosen to be representative of thregagamrs of

Chile: Iquique for the Great North of the country, Rancagua for Central Zone, and Osorno
for the Southern Zone.

The @ty Iquique, located in the Iquique commune is the capital of the | Region of Tarapaca,
and is located in the coastal plain at latitude 20.22°S, almost 1,800 km north of Santiago. The
commune of Iquique has a total surface of 2,262&md 196,437 inhabitds (SINIM, 2015).

In the 1990s, and due to the big economic growth of Iquique, an informal settlement started
to grow in the eastern hills of the city. By 2002, this population had increased by almost 10
times, and in 2004 the authorities decided to fdimeathe settlement by creating the
commune of Alto Hospicio. Before 2004, the current communes of Iquique and Alto
Hospicio corresponded to a single commune. Today, the conurbation lltqudospicio

i called Big lquique is one of the most populatedban centers in Chile with 302,515
inhabitants (SINIM, 2015). The most important economic activities of lquique are the
international trading through de tax free zone of Iquique (ZOFRI) and the seaport, the mining
industry, tourism, and the fishing, manutaing, and construction industries.

Rancagua is the main city and capital of the
is located in the central valley at latitude 34.17°S, approximately 85 km south of Santiago. It

is located in the commune of Raagua, one of the most important and most populated
communes in Central Chile. In 2014, the commune had 232,639 inhabitants and a surface of

260 knt (SINIM, 2015). The most developed economic activity is trading. Rancagua is also

the largest and most imgant city nearEl Teniente(50 km of distance), the largest
underground copper mine in the world, currently operated by the state owned mining
companyCodelco

Osorno is the second most important city in the X Region of Los Lagos, and is located at
latitude 40.57°S, more than 800 km south of Santiago. It is located in the commune of
Osorno, which by 2014 had 157,389 inhabitants and a surface of §5WVikiman important
number of immigrants from different origins, mainly European, the commune developed
importantly in the XIX century as a center for livestock and agriculture. Nowadays, tourism
has become an additional pillar of development.

Figure 3.1shows the location of the cities of Iquique, Santiago, Rancagua, and Osorno in a
map of Chile. In the next subsections, the methodology used to build the Detailed Exposure
Model for the aforementioned cities and the results of the model are presented.
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Figure 3.1: A map of Chile highlighting the cities of Iquique in the Great North, Santiago and Rancagua in the
Central Zone of Chile and Osorno in the Southern Zone. The different colors characterized each natural zone
of Chile (see Figure 1 of this repprt

As the detailed exposure model considers the cities (urban zone) of the communes, it is
important to understand how much of the surface of each commune corresponds to the cities.
Figure 3.2 shows the cities and communes Iquique, Rancagua and Osorno.
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Figure 32: Maps ofthe communes dfjuique, Rancagua and Osorno showing the surface of the urban zone of
each of them (cities). The three maps are not in the same scale.

3.1. Methodology to generate the Detailed Model for each city

The Detailed Exposure Metlifor each of the three cities was generated using digital remote
surveying. For this purpose, Google Street
and Managemerinventory Data Capture TooldDCT) (Jordan et al. 2014), were used.
Before conductig the surveys, three main tasks were performed: (i) a georeferenced image
of each city was generated; (ii) the remote surveying procedure and the information to be
collected were defined; and (iii) the data collection scheme for the remote surveying was
defined. The main hurdles experienced while working to generate the Detailed Model are
also discussed.

3.1.1. Georeferencing

To survey the communes with IDCT, a georeferenced image of the working surface is
required. The images or files loaded into the software @iy proper identification and
differentiation of the structures. A 1:2,500 scale was used for this research, and a mosaic of
superimposed georeferenced images of each city was generated. ESRI ArcGIS 10.2 (ESRI
2011) was used to georeference the indialdmages of the mosaic, following the procedure
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described in detail in Appendix E. A total of 116, 196, and 168 georeferenced images were
used for the urban zones of Iquique, Rancagua, and Osorno, respectively (see Table 3.1). On
average, each image coed 0.20 km. Figures 3.3 to 3.5 show the results of the
georeferencing process and a comparison with a map of each city.

Table 3.1: Number of images and surface of urban zones per city

City Number of images| Surface* (km?)
lquique 116 18.5
Rancagua 196 46.2
Osorno 168 29.0

*: surface according to the 2012 Census cartography

Figure 33: Comparison of a map of the urban zone of Iquique and a set of images of the city 38.5 km
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Figure 34: Comparison of a map of the urban zone of Rancagua seidodiimages of the city (46.2 Bm

Figure 35: Comparison of a map of the urban zone of Osorno and a set of images of the city)(29 km

40


















































































































































































































