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1. Introduction  

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

2014) and provided detailed description of the building and construction characteristics of four of 

them (Álvarez 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 database with the 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 integrated with hazard assessments and vulnerability 

characterization of the built environment.  

Chile extends from latitudes 17Á30ôS to 56Á30ôS, is approximately 4,200 km long and 117 km wide 

with a surface of 756,096 km2 (INE, 2014a), and has an estimated population of just over 17.8 

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 macro-

regions, as shown in Figure 1: the arid Great North (Norte Grande), the semiarid Little North (Norte 

Chico), mediterranean climate Central Zone (Zona Central), the rainy Southern Zone (Zona Sur), 

and the chilly and wet Austral Zone (Zona Austral). From east to west, four zones are identified: 

the Andes (Cordillera de los Andes), central valley, the Chilean Coastal Range (Cordillera de la 

Costa), and the coastal plain. 

The main economic activities of the country are copper mining, agriculture, fishing, and forestry 

(Hausmann et al. 2015, and Simoes et al. n.d.).  

Table 1.1: Inhabitants (INE, 2015) and surface at regional level (INE, 2014a) 

Region Inhabitants Surface (Km2) 

XV ï Arica y Parinacota 235,081 16,873 

I ï Tarapacá 328,782 42,226 

II ï Antofagasta 613,328 126,049 

III ï Atacama 308,247 75,176 

IV ï Coquimbo 759,228 40,580 

V ï Valparaíso 1,808,300 16,396 

XIII ï Región Metropolitana 7,228,581 15,403 

VI ï Libertador General Bernardo OôHiggins 910,577 16,387 

VII ï Maule 1,035,593 30,296 

VIII ï Biobío 2,100,494 37,069 

IX ï La Araucanía 983,499 31,842 

XIV ï Los Ríos 401,548 18,430 

X ï Los Lagos 834,714 48,584 

XI ï Aysén del General Carlos Ibáñez del Campo 107,334 108,494 

XII - Magallanes y de la Antártica Chilena 163,748   132,291* 

Total 17,819,054 756,096 
                      *: South America: 132,291 Km2. Chilean Antarctic: 1,250,000 Km2. 
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Figure 1.1: Chile identifying its five natural macro-regions 

 

In this report, two different approaches are described to construct an exposure model for Chile: 

using statistical data to construct 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 information obtained from 

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 in Ortiz 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 neither available in databases 

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 27 typologies originally defined in the first deliverable 

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

in this report. Table 1.7 shows the conversion of these 18 typologies into GEMôs taxonomy, using 

GEMôs tool TaxT-GEM Building Taxonomy Tester (Silva, 2013). 

National and Detailed Exposure Model databases will be available through GEMôs SARA Wiki 

webpage (sara.openquake.org) by the end of 2015. 
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Table 1.2: The ten masonry typologies originally defined were used in the exposure model 

 
Original and exposure model typologies 

Building technology and masonry unit type 

Number of stories 
Unreinforced 

clay brick 

Reinforced 

clay brick 

Confined 

clay brick 

Reinforced or confined 

concrete block 

1 - 2 story houses MA-N1-B1-U1 MA-N1-B2-U1 MA-N1-B3-U1 MA-N1-B2-U2 

3 story buildings - MA-N2-B2-U1 MA-N2-B3-U1 MA-N2-B2-U2 

4 - 5 story buildings - MA-N3-B2-U1 MA-N3-B3-U1 MA-N3-B2-U2 

 

 

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

 Original typologies 

Exposure model 

typologies Number of stories 

Construction time period 

T1 

(until 1972) 

T2 

(between 1973 

and 1996) 

T3 

(since 1997) 

1 - 3 story houses RC-N1-T1 RC-N1-T2 RC-N1-T3 RC-N1 

3 - 9 story buildings 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 buildings 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 

Number of stories 
Foundation Type 

Emergency 
Isolated Footing Spread Footing 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 

 Original and exposure model typology 

Number of stories Adobe Typology 

1 - 2 story houses AD-N1 

 

Table 1.6: One typology for self-construction/informal houses 

 Original and exposure model typology 

Number of stories Self-construction/informal Typology 

1 - 2 story houses SC-N1 
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Table 1.7: Conversion of defined typologies into GEM taxonomy 

Typology GEM Taxonomy 

Participation of 

GEM taxonomies in 

typologies* (%) 

MA-N1-B1-U1 MUR+CLBRS+MOC/LWAL/HBET:1,2/RES+RES1 - 

MA-N1-B2-U1 MR+CLBRH+RS+MOC/LWAL/HBET:1,2/RES+RES1 - 

MA-N2-B2-U1 MR+CLBRH+RS+MOC/LWAL/HEX:3/RES+RES2 - 

MA-N3-B2-U1 MR+CLBRH+RS+MOC/LWAL/HBET:4,5/RES+RES2 - 

MA-N1-B3-U1 
MCF+CLBRS+MOC/LWAL/HBET:1,2/RES+RES1 27 

MCF+CLBRH+MOC/LWAL/HBET:1,2/RES+RES1 73 

MA-N2-B3-U1 
MCF+CLBRS+MOC/LWAL/HEX:3/RES+RES2 30 

MCF+CLBRH+MOC/LWAL/HEX:3/RES+RES2 70 

MA-N3-B3-U1 
MCF+CLBRS+MOC/LWAL/HBET:4,5/RES+RES2 80 

MCF+CLBRH+MOC/LWAL/HBET:4,5/RES+RES2 20 

MA-N1-B2-U2 
MCF+CBH+MOC/LWAL/HBET:1,2/RES+RES1 73 

MR+CBH+RS+MOC/LWAL/HBET:1,2/RES+RES1 27 

MA-N2-B2-U2 
MCF+CBH+MOC/LWAL/HEX:3/RES+RES2 70 

MR+CBH+RS+MOC/LWAL/HEX:3/RES+RES2 30 

MA-N3-B2-U2 
MCF+CBH+MOC/LWAL/HBET:4,5/RES+RES2 83 

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 - 

SC-N1 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 Detailed Exposure 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, IBD), and 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. 
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2. National Exposure Model 

This section 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 made to build the 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 to give the 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 

census 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 

statistical 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 (central/country 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. 2002 Census of population and housing 

Census information is available at request at the National Institute of Statistics (INE)1. Data from 

2002 is available with a high spatial resolution at census block level. This census performed a 

dwelling-per-dwelling survey nationwide, including informal settlements and housing, and had a 

national omission rate of 3.8%. The main drawbacks of this data 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 in 2012 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 dwelling, making it simple to relate it with structures ïand thus to the 

building typologies presented in Section 1ï in 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. 

                                                 
1 Requests at INE (http://transparencia.ine.cl/solicitudes/) have a legal waiting period of a minimum of 20 working days 
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Therefore, technical information of the dwelling (e.g., exterior wall material) is provided by non-

experts and are inaccurate as the non-experts 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 dwelling in the 2002 Census that is used to build the National 

Exposure Model is: 

¶ Location: urban or rural. 

¶ Type of dwelling: house, apartment in building, emergency house, informal houses, other 

(part of old house, ranch, collective, etc.). 

¶ Exterior wall material: reinforced 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 after experts and 

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 as non-valid, 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 at the 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 results released of the 

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 Único de Estadísticas in Spanish) is a database 

that contains all construction permits granted by the countryôs communes between January 2002 

and September 2014 for both houses and buildings (INE, 2014b). It is aggregated at the communal 

level, and is publicly 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). Each construction permit has to 

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

MINVUôs inspector. The main drawbacks of this data source are: (i) it contains information of 

construction permit and not of constructed buildings, (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 information.  
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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 other characteristics. 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 UESF that is used to build the National Exposure Model 

is: 

¶ Location: urban or rural. 

¶ Number of structures per permit. 

¶ Type of structure: house (detached, semi-adjoining or adjoining), building (indicates the 

quantity of buildings and apartments per permit), stories of the structures (only one data per 

permit). 

¶ Exterior wall material: reinforced concrete, hollow clay brick, handmade clay brick, 

concrete block, timber, adobe, others. 

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

¶ Total built surface 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 and self-construction/informal 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 of the methodology 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 (percentages) for 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 

2014 may 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 the number of 

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 available in the UESF data for a certain 
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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 regional 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 Census has the information 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 dwellings, not on 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 of each 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 dwellings) 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 masonry buildings 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 number of apartments per 

story in masonry buildings in XI region. 

 

 

Figure 2.1: Average apartments per story in each region for masonry buildings (INE, 2014b) 
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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 the 2002 Census 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 National 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 masonry) which 

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 walls material. 

 

Table 2.1: Percentage wall material available in the UESF and its related assigned masonry construction technique 

Characteristics from UESF Assigned masonry construction technique 

100% of the main wall material corresponds to handmade clay bricks 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 handmade 

clay bricks 

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

bricks 

Confined masonry with clay bricks 

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

concrete blocks  

For masonry buildings of three to five stories, the use of unreinforced 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 Model, and handmade clay bricks are automatically 

assigned as confined masonry with clay bricks.  

The methodology used to obtain the total number of masonry buildings of each building typology 

in each census block is the following: 

i) 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 

separated into urban and rural zones.  

ii)  Distribution of apartments by number of stories of the building: With de UESF data the 

apartments per commune contained in 3-story, 4-story and 5-story buildings were 

separated, and this communal distribution (percentages) of height distribution are 
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applied to 2002 Census information to separate apartments prior to 2002 in that 

distribution at census block level.  

iii)  Estimation of number of buildings by building height and material unit: The apartments 

prior 2002 per height distribution 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 

classified by heights (3-story, 4 story and 5-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 and 2002-2014) the UESF buildings were 

added in each census block by assuming a uniformly distribution. 

iv) Estimation of number of buildings by typologies: From step iii) the obtained buildings 

at census block level only consider material unit and not construction technique. Then, 

the UESF information is used to separate the 3-story, 4-story and 5-story buildings of 

hollow clay brick into confined or reinforced masonry according to the assumptions 

previously mentioned (see Table 2.1). Also, the handmade clay brick buildings 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 

brick 2 3 Hollow clay brick 

3 3 Concrete block 

4 4 Handmade clay 

brick 5 4 Hollow clay brick 

6 4 Concrete block 

7 5 Handmade clay 

brick 8 5 Hollow clay brick 

9 5 Concrete block 
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A detailed example of the application of this 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 each commune. 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 apartments per 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. 

 

 

Figure 2.2: Average apartments per story in each region for reinforced concrete buildings (INE, 2014b) 

 

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

i) Distribution of apartments in urban and rural areas: The 2002 Census apartments (or 

dwellings) in reinforced concrete buildings are separated by location in urban and rural 

(data by census blocks). Communal UESF apartments and buildings were also 

separated into urban and rural areas. 

ii)  Distribution of apartments by stories: The number of apartments in buildings with 

different stories were obtained from the UESF data (e.g. apartments in 3-story buildings 
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apartments from census data to estimate the number of dwellings located in buildings 

of different height at census block level. 
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iii)  Estimation of number of buildings by building height: With the number of apartments 

per story in each commune, the prior to 2002 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 number of reinforced 

concrete buildings. 

A detailed example of the application of this methodology for reinforced concrete buildings is 

presented in Appendix B. 

2.2.3. Number of masonry houses 

UESF gives information of the configuration of houses as detached, semi-adjoining (adjoining on 

one side), or adjoining (adjoining on two sides), and separate them by location (urban or rural). For 

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 of masonry 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 masonry houses with concrete block in urban areas, adjoining 

masonry houses with handmade clay bricks in rural areas, semi-adjoining masonry houses with 

hollow clay bricks in urban areas, etcetera). These percentages are applied to the prior 2002 

masonry houses from 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 unit and not 

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 separated in confined 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, semi-adjoining, adjoining) is important to 

estimate the number of structures 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 semi-adjoining using the distribution obtained from the UESF 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 detached, adjoining, and semi-adjoining houses. Even 

though two semi-adjoining 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 information does not give the information of the number of adjoined houses per structure. 

Therefore this assumption overestimates the number of houses in exposure model. A detailed 

example to obtain the number of masonry houses per structural typology is presented in Appendix 

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 simpler as 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 for reinforced 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/self-construction 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. The number of 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 2012 Census data 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 changes that alter statistical 

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 communal level. The administrative changes between 2002 

and 2012 are: 



17 

 

¶ In 2003, the commune of Santa Bárbara (VIII Region) was divided into Santa Bárbara and 

Alto Biobío. 

¶ In 2004, the commune of Iquique (I Region) was divided into Iquique and Alto Hospicio, 

the commune 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. 

¶ In 2005, the I Region was divided in two, redefining I Region and creating the new XV 

Region of Arica y Parinacota. 

¶ In 2007, X Region was divided in two, redefining X Region and creating the new XIV 

Region of Los Ríos.  

The creation of new regions was not a problem for creating the National Exposure Model because 

the limits of the communes were respected. 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 Santa Bárbara and Alto Biobío were considered as one commune (Santa Bárbara). 

However, since 2003 the UESF data identifies Santa Bárbara and Alto Biobío as different 

communes. Since it is not easy to identify if a 2002 census block belongs to either of the communes, 

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 names, except the case of 

Alto Hospicio and Iquique. For the new communes of Alto Biobío, Hualpén and Cholchol, we 

assumed that all constructions previous to 2002 (i.e., from 2002 Census) belongs to the communes 

of Santa Bárbara, Talcahuano and Nueva Imperial, respectively. For Iquique and Alto Hospicio, it 

was necessary to split the information 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, is currently in 

Alto Hospicio. 

2.3. Floor areas of structures per typology 

Since 2002 Census does not provide information on floor areas of dwelling nor structures, the 

average floor area for structures of 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 stories. Average floor area was used to estimate the surface of the structures prior to 

2002.  If in a certain commune no structures of a certain typology were built between 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. The weighted average floor areas obtained per region from the UESF 

database and the national averages for 16 of the 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 

estimated because the total cost of these structures are estimated directly in the next section. 
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To obtain 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 calculated floor area per dwelling results lower 

than 30 m2, this floor area per dwelling was assumed and the floor area per building was calculated 

by multiplying 30 m2 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 (m2)  

Typology XV I II  III  IV  V XIII  VI VII  VIII  IX  XIV  X XI XII  
National 
average 

RC-N1 62 136 80 72 77 93 140 108 76 96 117 189 103 169 219 111 

RC-N2 1,490 1,514 2,224 2,531 2,279 1,796 3,455 3,187 2,408 2,312 2,204 1,447 2,635 2,413 1,488 2,652 

RC-N3 10,996 10,278 8,042 10,345 6,422 7,931 8,872 5,851 10,176 8,131 6,594 14,312 6,463 0 4,813 8,581 

RC-N4 0 11,066 19,388 0 17,490 11,434 15,954 15,842 0 14,699 0 0 0 0 0 15,063 

MA-N1-B1-U1 79 77 82 60 68 103 99 63 61 71 116 103 76 127 80 85 

MA-N1-B2-U1 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 0 1,010 

MA-N3-B2-U1 920 0 886 1,081 1,993 1,246 1,166 2,012 2,318 1,708 973 1,778 956 1,533 2,019 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 0 1,151 1,151 1,151 0 979 2,249 1,151 1,151 714 1,015 1,151 0 1,151 0 1,668 

MA-N3-B3-U1 0 0 2,299 3,554 1,584 1,011 2,209 2,116 2,394 2,905 1,019 1,888 1,389 1,823 0 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 0 888 0 0 0 15,797 0 0 0 0 0 0 5,054 0 12,044 

MA-N3-B2-U2 0 139 771 0 0 1,371 1,254 1,779 2,256 0 0 0 0 1,418 0 782 

TI-N1 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 typology2 

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 residential structures: 

Superior, Semi-Superior, Regular, Semi-Inferior, 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 design features, 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 slabs, total height of the structure, and number of basements, among others. Installations 

consider elevators, air-conditioning system, optic fiber availability, motion detector sensor, etc. 

Finishing works includes interior and exterior coating, pavements, doors, windows, 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 2002-2014 UESF data. 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 worst quality categories possible (Table 2.4).  

 

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

Type of 

structures 

Best Quality Category Worst Quality Category 

Score 
Quality 

category 
CLP/ m2 USD/m2 Score 

Quality 

category 
CLP/ m2 USD/m2 

RC buildings 37 Superior 334,807 544.6 11 Regular 183,452 298.4 

Masonry 

buildings 
18 Semi-

Superior 
217,870 354.4 5 Semi-Inferior 114,642 186.5 

RC houses 32 Superior 334,807 544.6 6 Regular 183,452 298.4 

Masonry houses 13 Semi-

Superior 
217,870 354.4 4 Semi-Inferior 114,642 186.5 

Timber houses 24 Superior 208,658 339.4 4 Semi-Inferior 82,483 134.2 

Adobe houses 2 Semi-Inferior 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 values for residential structures with the 

same categories than MINVU. This base appraisal value is modified by four factors dependent on 

the structureôs location, special conditions of the structure, depreciation, and a commercial 

                                                 
2 1 USD = 614.76 CLP (January 8th,2015) 
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coefficient applicable to structures built in commercial zones (SII, 2013). The factor that depends 

on the structureôs location is assigned for each commune and is given in Table 2.5. 

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

Factors by commune 

1,00 0,90 0,70 0,60 0,50 0,40 

Zapallar Iquique Valparaíso Copiapó Arica Castro 

The rest of 

communes 

in the 

country 

Viña del Mar Antofagasta Machalí Coquimbo Calama Coyhaique 

Santo 

Domingo 
La Serena Talca Papudo Villa 

Alemana 
Recoleta 

Concepción Concón San Pedro de La 

Paz 
Quilpué Casablanca Independencia 

Santiago Algarrobo Pucón Puchuncaví Quintero Maipú 

Providencia Temuco Puerto Montt Rancagua El Tabo Pudahuel 

Ñuñoa Colina Puerto Varas Las Cabras El Quisco Quilicura 

Las Condes Peñalolén Huechuraba Vichuquén Quillota Estación Central 

La Reina San Miguel Calera de Tango Chillán Limache Lampa 

Vitacura   Chiguayante Olmué Talagante 

Lo Barnechea   Los Ángeles San Felipe Isla de Maipo 

   Villarrica Los Andes Peñaflor 

   Valdivia Rinconada Padre Hurtado 

   Osorno Requinoa Melipilla 

   Punta 

Arenas 

San 

Fernando 
Curacaví 

   La Florida Santa Cruz La Cisterna 

   Macul La Estrella San Joaquín 

   Pirque Curicó Puente Alto 

    Constitución 
San José de 

Maipo 

    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 in Table 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 Table 2.5. For example, 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/m2 (see Table 2.4) and the worst quality is Regular, with a reposition 

cost of 298.4 USD/m2, which results in a reposition cost of 380.5 USD/m2 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). Replacement 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 

authorities or helping institutions. 

2.5. Occupants per typology 

The average occupants per type of dwellings (i.e. RC apartments, RC houses, masonry apartments, 

masonry houses, timber houses, adobe houses, emergency houses and informal housing) in each 

commune was obtained using 2012 Census data. Then, the total occupants per typology can be 

estimated by multiplying this average with the number of dwellings of the exposure model. Table 

2.6 shows the average inhabitants per dwelling for each type of residential structure per region. A 

minimum average of one inhabitant per dwelling for each commune was considered.  

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

 Region 

Type of structure XV I II  III  IV V XIII  VI  VII  VIII  IX XIV  X XI  XII  

RC buildings 2.8 2.9 2.6 2.1 2.1 2.4 2.3 2.3 2.1 2.4 2.1 2.2 2.2 2.3 3.1 

Masonry buildings 2.8 3.0 2.9 2.3 2.4 2.8 3.2 2.9 2.8 2.9 2.5 2.7 2.5 2.5 2.7 

RC houses 3.5 3.7 3.7 3.4 3.4 3.2 3.7 3.4 3.1 3.4 3.2 3.2 3.1 2.9 3.0 

Masonry houses 3.8 3.9 4.0 3.5 3.4 3.3 3.7 3.3 3.2 3.4 3.2 3.1 3.1 2.8 3.2 

Timber houses 3.8 3.7 3.9 3.4 3.2 3.3 3.6 3.3 3.1 3.3 3.1 3.1 3.1 2.9 3.1 

Adobe houses 2.8 2.9 3.8 3.6 3.0 3.1 3.4 3.2 3.0 3.0 2.7 2.4 3.0 2.2 2.9 

Emergency houses 3.0 3.3 3.0 2.8 2.5 2.9 3.2 2.8 2.6 2.8 2.6 2.6 2.5 2.3 2.1 

Informal houses 2.0 2.1 2.2 1.0 1.9 1.8 2.6 2.3 1.7 2.0 2.0 1.9 1.8 1.7 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 also 2012 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 2012 Census with 

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

blocks. 
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As the 2002 Census includes urban and rural census blocks but the 2002 cartography only considers 

urban zones, the 2012 cartography was used in order to improve the information for rural zones in 

the exposure model. 

Table 2.7 shows the percentage of georeferenced census blocks per region considering only 2002 

cartography (ñ2002 census blocks georeferenced by 2002 cartography (%)ò column). As the 

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 2.7 also shows the improvement of georeferenced census blocks for the 

National Exposure Model using 2002 and 2012 cartographies (ñ2002 census blocks georeferenced 

by 2002 and 2012 cartographies (%)ò column) and the contribution of the 2002 census population 

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

Table 2.7: 2002 census block georeferencing and its contribution to the National Exposure Model 

Region 

2002 census blocks 

georeferenced by 2002 

cartography (%) 

2002 census blocks 

georeferenced by 2002 

and 2012 cartographies 

(%) 

2002 census 

population using 

2002 and 2012 

cartographies (%) 

National 

Exposure Model 

structures using 

2002 and 2012 

cartographies (%) 

XV 80 91 95 98 

I 47 70 79 79 

II  91 93 96 97 

III  76 84 94 93 

IV 70 79 86 86 

V 83 86 91 89 

XIII  94 96 97 97 

VI  63 80 86 83 

VII  54 69 77 74 

VIII  66 83 87 86 

IX 51 75 84 81 

XIV  49 70 83 80 

X 52 80 88 87 

XI  56 69 87 85 

XII  64 80 92 93 

 

Following the described procedure in 5 regions more than 90% of the structures are included in the 

georeferenced census blocks (ñNational Exposure Model structures using 2002 and 2012 

cartographies (%)ò column). In order to consider all the structures in the National Exposure Model, 

it was necessary to georeference the missing census blocks. The methodology to georeference these 

census blocks with unknown coordinates is the following: 
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¶ 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 georeferenced census blocks. 

Based on this information it can be assumed an urban or rural location for the census block. 

¶ With the 2012 cartography information it is possible to obtain two centroids per each 

commune: the communal centroid (i.e. urban and rural zone for the commune) and the 

urban centroid.  

¶ 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. Results3 

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 structures and the number of dwellings per region obtained from the 

National Exposure Model is presented on Table 2.8 and Table 2.9, respectively. XII Metropolitan 

Region is the most populated region of Chile, with 40% of the total inhabitants of the country and 

has the highest participation in 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 of residential structures were identified in the National 

Exposure model, which corresponds to 5.3 million of residential dwellings. A 99.5% of the total 

number of structures corresponds to houses (4,236,548) and the rest 0.5% corresponds to buildings 

(23,267). In houses, timber (TI-N1) and reinforced hollow clay brick masonry (MA-N1-B2-U1) 

typologies are predominant in Chile, representing 32% and 26% of the total number of houses, 

respectively. Informal/self-construction houses represent 0.1% of total houses in the 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 stories (RC-

N2), reinforced concrete buildings of 10 to 24 stories (RC-N3), and reinforced hollow clay brick 

masonry buildings of 4 to 5 stories (MA-N3-B2-U1) has the highest participation in buildings with 

35%, 16%, and 22%, respectively. The rest 27% of buildings correspond to all the 3-story masonry 

buildings, 4 to 5-story confined clay masonry, all the concrete block buildings, and reinforced 

concrete buildings higher than 24 stories. For buildings 72% corresponds to mid-rise 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://sara.openquake.org/risk:detailed_exposure:national_exp_model_chile_database_block_level 

https://sara.openquake.org/risk:detailed_exposure:global_exp_model_chile_database_block_level
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to 5 stories high), including reinforced concrete (25%) and masonry buildings (47%), and the rest 

28% are high-rise buildings (reinforced concrete buildings higher than 5 stories).  

Table 2.10 shows the total number of structures and dwellings by location (urban or rural), were 

82% of the structures (which corresponds to 86% of the dwellings) are 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 shows the 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 Zone. Reinforced 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 (XI and XII Region) 

have the lowest participation in 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 the National Exposure Model per stories high, respectively.
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Table 2.8: Number of structures and inhabitants per region 

 Region   

Typology XV I II  III  IV  V XIII  VI VII  VIII  IX  XIV  X XI XII  Total % 

RC-N1 (*)  5,847 8,161 40,793 9,187 21,460 41,192 125,832 7,568 10,390 45,369 9,402 2,075 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-U1 (*)  1,090 446 9,471 5,326 5,560 21,945 190,427 56,360 50,631 40,589 4,044 1,321 1,611 317 2,297 391,434 9% 

MA-N1-B2-U1 (*)  25,603 3,658 20,419 21,857 99,890 131,458 555,673 85,174 87,354 62,236 14,228 2,205 3,412 523 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 5,156 0% 

MA-N1-B3-U1 (*)  218 301 565 5,038 14,958 46,062 219,194 23,052 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 (*)  5,062 25,837 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 (*)  6,904 9,399 8,175 10,654 28,662 129,502 187,199 38,849 46,304 300,455 229,474 96,234 217,541 25,301 37,798 1,372,451 32% 

TI-N1-EM (*)  1,619 889 801 411 1,842 5,539 16,610 6,939 9,088 14,954 2,369 1,447 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% 

SC-N1 (*)  247 301 186 88 81 251 390 110 107 224 94 41 119 19 6 2,264 0% 

Total structures 47,898 50,578 129,456 73,732 201,990 416,071 1,420,630 264,015 343,868 607,765 286,864 106,366 237,605 29,388 43,589 4,259,814 100% 

Inhabitants 

(National model) 
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 - 

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

 Region   

Typology XV I II  III  IV  V XIII  VI VII  VIII  IX  XIV  X XI XII  Total % 

RC-N1 5,847 8,161 40,793 9,187 21,460 41,192 125,832 7,568 10,390 45,369 9,402 2,075 4,602 825 1,517 334,220 6% 

RC-N2 10,874 3,028 14,924 3,905 14,382 39,049 145,912 7,462 8,280 32,082 8,231 3,053 5,131 399 1,153 297,863 6% 

RC-N3 653 12,244 14,047 3,669 5,773 47,773 296,523 1,689 1,457 26,562 7,836 28 1,700 0 368 420,322 8% 

RC-N4 0 4,856 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 9,471 5,326 5,560 21,945 190,427 56,360 50,631 40,589 4,044 1,321 1,611 317 2,297 391,434 7% 

MA-N1-B2-U1 25,603 3,658 20,419 21,857 99,890 131,458 555,673 85,174 87,354 62,236 14,228 2,205 3,412 523 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 5,913 1,081 842 844 30 426 106,480 2% 

MA-N1-B3-U1 218 301 565 5,038 14,958 46,062 219,194 23,052 79,008 119,036 21,636 2,608 7,243 937 572 540,428 10% 

MA-N2-B3-U1 0 4,061 1,031 0 0 3,743 35,125 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 2,179 1,324 194 695 12 0 45,687 1% 

MA-N1-B2-U2 5,062 25,837 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 90 0 0 873 2,223 578 2,765 0 0 0 0 2 0 7,523 0% 

TI-N1 6,904 9,399 8,175 10,654 28,662 129,502 187,199 38,849 46,304 300,455 229,474 96,234 217,541 25,301 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 2,369 1,447 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% 

SC-N1 247 301 186 88 81 251 390 110 107 224 94 41 119 19 6 2,264 0% 

Total structures 59,761 75,521 164,576 82,582 224,253 539,040 2,090,539 287,079 360,771 676,519 305,280 110,716 245,682 29,832 45,472 5,297,621 100% 

Inhabitants 

(National model) 
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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Table 2.10: Number of structures and dwellings by 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-U1 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-U1 943 0 943 0.0% 15,628 2 15,630 0.3% 

MA-N3-B2-U1 5,148 9 5,156 0.1% 106,148 332 106,480 2.0% 

MA-N1-B3-U1 499,809 40,618 540,428 12.7% 499,809 40,618 540,428 10.2% 

MA-N2-B3-U1 2,133 2 2,135 0.1% 48,799 27 48,825 0.9% 

MA-N3-B3-U1 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% 

SC-N1 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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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 structures per region (left), with the total number 

of structures per construction material (right). 
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Figure 2.4: Number of reinforced concrete buildings per stories high at national level 

 

 

Figure 2.5: Number of masonry buildings per stories high at national level 

2.5.2. Surface areas 

The total built surface areas per typology in each region is presented in Table 2.10. 

2.5.3. Reposition costs 

The reposition costs per typology in each region are summarized in Table 2.11. The estimated 

total cost for residential structures attributed to  the 2010 Maule earthquake in Chile was 

0

500

1000

1500

2000

2500

3000

3500

3 4 5 6 7 8 9
1

0
1

1
1

2
1

3
1

4
1

5
1

6
1

7
1

8
1

9
2

0
2

1
2

2
2

3
2

4
2

5
2

6
2

7
2

8
2

9
3

0
3

1
3

2
3

3
3

4
3

5
3

6
3

7
3

8
3

9
4

0

N
u

m
b

e
r 

o
f 
re

in
fo

rc
e

d
 c

o
n

c
re

te
 

b
u
ild

in
g

s

Number of stories

0

1000

2000

3000

4000

5000

6000

7000

3 4 5

N
u

m
b

e
r 

o
f 
m

a
s
o

n
ry

 b
u
ild

in
g

s

Number of stories



31 

 

approximately USD 3,943 million (SVS, n.d.). This cost represents 3.6% of the total 

reposition cost of the National Exposure Model (108 USD billion). The total reposition cost 

of the model represents 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 inhabitants obtained in the model and those shown in 

Table 1.1 corresponds to 4%, with a maximum difference in Region I of 21% of difference.  

It is important to note that the model considers only inhabitants in the chosen typologies, but 

the number of the projection from INE (INE, 2014) considers every type of housing in Chile, 

including those types not considered in the model. 

The typologies with more inhabitants corresponds to timber houses (TI-N1), reinforced 

masonry hollow clay brick houses (MA-N1-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 2.10: Total floor area per region (Thousand m2) 

  Total floor area per region   

Typology XV I II  III  IV  V XIII  VI VII  VIII  IX  XIV  X XI XII  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-U1 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-U1 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-U1 162 0 47 65 35 752 4,102 497 261 326 67 44 65 2 27 6,453 

MA-N1-B3-U1 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-U1 0 250 64 0 0 341 2,572 84 16 135 76 21 0 0 0 3,560 

MA-N3-B3-U1 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 3,661 5,989 12,763 5,629 15,668 41,670 174,461 20,894 25,261 43,205 17,795 7,358 15,507 2,075 3,711 395,649 
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Table 2.11: Total reposition costs per region (Million USD) 

  Reposition costs per region   

Typology XV I II  III  IV  V XIII  VI VII  VIII  IX  XIV  X XI XII  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-U1 35 0 15 15 9 194 944 116 55 80 19 10 17 0 7 1,515 

MA-N1-B3-U1 3 4 8 78 301 905 4,701 328 1,197 2,117 565 65 157 26 16 10,472 

MA-N2-B3-U1 0 78 18 0 0 76 691 20 3 30 17 5 0 0 0 939 

MA-N3-B3-U1 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 

SC-N1 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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Table 2.12: Total inhabitants per region 

 Inhabitants per region  
Typology XV I II  III  IV  V XIII  VI VII  VIII  IX  XIV  X XI XII  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-U1 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-U1 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-U1 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-U1 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-U1 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-U1 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-U1 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 

SC-N1 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  

The National Exposure Model limitations are: 

1) It is 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 distribution 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, but they are not necessarily representative of all the existing 

buildings in each commune. 

3) For reinforced concrete and masonry buildings, one of the most relevant data obtained 

from UESF information is the average apartments per story per commune. If a 

different 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 Peñaflor, a commune in the Metropolitan Region (XIII 

Region). This permit indicates 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 estimate the average the number of apartments per story of this 

commune, the average value may change significantly affecting the estimation of the 

number of masonry buildings for this commune. 

4) UESF information is more reliable than census data to characterize the material 

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 a non-expert 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 in the National 

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 high-rise buildings previous to 2002. 

5) UESF information is available at communal level, and for the National Exposure 

Model these structures are uniformly distributed within the census blocks. For 

communes with large number of census blocks the number of structures 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 macro-regions of Chile. 
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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 classify structures using the 18 typologies of the 

Exposure Model. The three cities were chosen to be representative of three macro-regions of 

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

for the Southern Zone.  

The city Iquique, located in the Iquique commune is the capital of the I Region of Tarapacá, 

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 km2 and 196,437 inhabitants (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 formalize the 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 Iquique-Alto Hospicio 

ïcalled Big Iquique- is one of the most populated urban centers in Chile with 302,515 

inhabitants (SINIM, 2015). The most important economic activities of Iquique are the 

international trading through de tax free zone of Iquique (ZOFRI) and the seaport, the mining 

industry, tourism, and the fishing, manufacturing, and construction industries. 

Rancagua is the main city and capital of the VI Region of Libertador Bernardo OôHiggins; it 

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

is located in the commune of Rancagua, 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 km2 (SINIM, 2015). The most developed economic activity is trading. Rancagua is also 

the largest and most important city near El Teniente (50 km of distance), the largest 

underground copper mine in the world, currently operated by the state owned mining 

company Codelco. 

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 951 km2. With an 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 3.1 shows 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 report). 

 

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 3.2: Maps of the communes of Iquique, 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 Model for each of the three cities was generated using digital remote 

surveying. For this purpose, Google Street View and GEMôs Tool for Field Data Collection 

and Management Inventory Data Capture Tools (IDCT) (Jordan et al. 2014), were used. 

Before conducting 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 must allow 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 individual images 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 covered 0.20 km2. 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* (km2) 

Iquique 116 18.5 

Rancagua 196 46.2 

Osorno 168 29.0 

*: surface according to the 2012 Census cartography 

 

 

Figure 3.3: Comparison of a map of the urban zone of Iquique and a set of images of the city (18.5 km2) 
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Figure 3.4: Comparison of a map of the urban zone of Rancagua and a set of images of the city (46.2 km2) 

 

 

Figure 3.5: Comparison of a map of the urban zone of Osorno and a set of images of the city (29 km2) 

 












































































































































