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1. Introduction
This deliverable describes the efforts that have taken place since the beginning of the
project to produce a building inventory database for Europe, leveraging the work being
carried out in the Global Earthquake Model (GEM) [1].
The second chapter describes the structure of the databases which are being developed
to house the data, the third chapter discusses the data collected within NERA to populate
the databases (which is presented in detail in Deliverable D7.5) and the methods which
have been developed to overcome data gaps and make use of proxy data. The final
chapter describes the activities which will be continued after the submission of this
deliverable until the end of the project.
2. A European Building Inventory Database
This section describes the structure of the European Building Inventory database, which
will mirror the Global Exposure Database being developed by the Global Earthquake
Model [2].
Building inventory data is available at different levels of resolution and characterisation
across Europe and thus one of the aims of the database is to produce both homogeneous
levels of building exposure data as well as provide a place where detailed, high
resolution data can be stored. For this reason, the Global Exposure Database has been
designed with a number of different levels, which are split between three different
databases (Figure 1).

Figure 1. Building inventory data levels
Within WP7 of the NERA project the focus has been on producing the European input for
the Level 0/1 database, though any additional higher-level data that has been collected
as part of these efforts will be stored in the level 2 and 3 databases, which however are
still undergoing design and implementation.
2.1 Level 0/1 Schema
The total number of buildings on a 30 arc second grid is provided, based on available
building/dwelling count information at country-level (Level 0) or sub-country level (Level
1)1. The distribution of dwellings and/or buildings, divided by building type, is also
provided at either Level 0 or Level 1. A distinction is made between data for rural and
1

The GADM v2.0 dataset [3] is used to define the administrative boundaries within countries.
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urban areas, and data on residential buildings or other types of buildings (public,
commercial use, etc.) that can be grouped together as ‘non-residential’. Information on
the value of buildings (assuming a replacement cost per square metre) will also be
provided where possible.
The database schema for Level 0/1 is presented in Figure 2.

Figure 2. Level 0 and 1 of the Global Exposure Database Schema (v32)
The information that is required for each country in Europe, primarily at level 0 (countrylevel), and if possible and level 1 (sub-country level), includes the following attributes
for residential buildings shown in the schema in Figure 2:
building_type: the available typologies of buildings within urban/rural areas described
according to the GEM Building Taxonomy (Brzev et al. 2013)
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dwelling_fraction: percentages of dwellings per building typology within the
urban/rural areas in a specific administrative area
building_fraction: percentages of buildings per building typology in the urban/rural
areas in a specific administrative area
avg_dwelling_per_build: average number of dwellings per building typology in
urban/rural areas in a specific administrative area
avg_floor_area: average total floor area per building typology in urban/rural areas in a
specific administrative area
replace_cost_per_area: average replacement cost (new) per square metre per
building typology in urban/rural areas in a specific administrative area
tot_num_dwellings: total number of dwellings within urban/rural areas in a specific
administrative area
tot_num_buildings: total number of buildings within urban/rural areas in a specific
administrative area
avg_peop_dwelling: average number of people per dwelling within urban/rural areas
in a specific administrative area
avg_peop_building: average number of people per building within urban/rural areas in
a specific administrative area
avg_dwelling_area: average dwelling area within urban/rural areas in a specific
administrative area
avg_floor_capita: average floor area per capita within urban areas in a specific
administrative area
Readers are referred to NERA deliverable D7.2 (Crowley et al., 2014a) for a discussion of
the data sources in Europe which have been used to obtain the attributes described
above, D7.3 for a discussion of the definition of building typologies in Europe (Crowley et
al., 2014b), and D7.5 for the actual values of this data for each country (Ozcebe et al.,
2014).
Another important attribute for the building inventory database is:
tot_pop: total population within urban/rural areas in a specific administrative area
Currently, the first version of the European Building Inventory Database will make use of
the same population dataset as the Global Exposure Database, which is based on the
Global Rural-Urban Mapping Project, Version 1 (GRUMPv1) which consists of estimates of
human population for the year 2000 by 30 arc-second (1km) grid cells. A proportional
allocation gridding algorithm, utilizing more than 1,000,000 national and sub-national
geographic units, is used to assign population values (counts, in persons) to grid cells.
The possibility to use European population datasets (such as Gallego (2010), which is
available at a resolution of 100m) will be explored towards the end of the project, and
recommendations for the future will be made.
2.2 Level 2 Schema
At the local level, information is provided for each cell in a grid of blocks of 30 arc
seconds (roughly 1x1km at the equator). The database contains aggregated statistical
information about each grid cell, in terms of the count/area/value of buildings of
different building typologies. The main difference between this level and Level 0/1 is that
the latter estimates the number and distribution of buildings based on proxy data (such
as the number of dwellings, average number of people per dwelling etc.) together with a
population distribution dataset. The location of buildings is assumed to be directly
correlated with the location of population. On the other hand, at level 2 the data has a
much higher correlation with the actual distribution of buildings as it has either been
aggregated from detailed building-by-building information or has been produced through
building surveys, perhaps also with the use of satellite imagery. The schema for this
database is shown in Figure 3.
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Figure 3. Level 2 of the Global Exposure Database Schema (v32)
2.3 Level 3 Schema
Level 3 stores detailed information on individual buildings following the GEM Building
Taxonomy v2.0 (Brzev et al. 2013). The building taxonomy has been developed into a
data model, as shown in Figure 3. Users can collect data using the Inventory Data
Capture Tools available for Android from Google Play [5], and provided this data in a
format that is compatible with the level 3 database.
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Figure 4. Level 3 of the Global Exposure Database Schema (v32)
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3. Steps to Populate the Level 0/1 Databases
The following sections of this Chapter explain how the attributes described in Section 2.1
for the Level 0/1 database can be used to obtain building counts, area, replacement cost
(new) and the distribution of these parameters amongst different building typologies.
3.1 Algorithms for estimating building counts, area and replacement cost from
dwelling information
3.1.1 Building counts per building typology
The goal of the procedure is to estimate the building count for each building typology in
each 30 arc second cell of the Level 0/1 database based on the available information
(which can vary from country to country). Should it be possible to provide the
parameters of the algorithms for both urban and rural environments, the methods can
be applied separately for each environment.
The final results of the procedures are:
a) b (i, j ) , “building count per cell”;
b)

b( ) (i, j ) , “building count of type k per cell”.
k

Table 1. Definitions of terms required for building count algorithms
Definition
Number of buildings/dwelling types

Symbol

Note(s)

Population count per cell

p (i, j )

Defined by the used taxonomy.
Available from Gridded Population of
World, LandScan or similar datasets.

Building count per cell

b (i, j )

To be computed, if unavailable

Buildings count of type k per cell

Dwelling fractions

K

b( ) (i, j )
k

df ( k )

Average number of people per
€
dwelling

pd

Aggregated dwelling count (total no.
of dwellings) for area Z

dZ

Average number of dwellings per
building type

dbk

Aggregated total building counts
(total number of buildings) for area
Z

bZ

Average number of people per
€
building irrespective of building type

pb

10

To be computed
Available from census when the full
datasets are available, or inferred
from surveys, like DHS and MICS, or
using other information (engineering
surveys, literature data etc.).
Available from most statistical
country-level data sets, or determined
by census, DHS or MICS.
Available from statistical country-level
data sets, or determined by census,
DHS or MICS
Available from a priori knowledge
(approximately 1.0 for single
family/single story buildings, 6.0 for
mid-rise buildings, and 15.0 for highrise residential buildings).
Available from existing statistics or
from remotely sensed data by means
of specific methodologies (e.g.,
NERIES).
Available from statistical country-level
data sets, or determined by census,
DHS or MICS.
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bf (

Building fractions

To be computed, if necessary, though
may also be available in some
countries.

k)

There are five methods to estimate the building count, with the “quality” of the method
increasing from 1 to 5:

b( ) (i, j ) from p (i, j ) , df ( k ) , pb , and a priori knowledge dbk
k

1st method:
If

pb

and df

( k ) are available:

b (i, j ) = p (i, j ) pb

€
€

bf ( ) =
k

b(k ) d (k )
= (k )
b
db

1

∑(d

(k )

(k )

db )

=

d (k ) / d
1
df (k )
=
db(k ) ∑ (d (k ) db(k ) ) / d db(k )

k

k

b
2nd method:
If

db( ) )
k

k

(i, j ) = b (i, j ) × bf

(k )

k

𝑝! and df ( k ) are available:
€

3rd method:
If

dZ

k)

(i, j ) = d (k) (i, j ) db(k)
k
b (i, j ) = ∑ b( ) (i, j )
k

k

( k ) 𝑝 are available:
!

and df

d(

k)

(i, j ) = "# p (i, j ) ∑ Z p (i, j )z $% × dZ × df (k)
b(

(i, j ) = d (k) (i, j ) db(k)
k
b (i, j ) = ∑ b( ) (i, j )
k

€

4th method:
and df

(i, j ) = "# p (i, j ) × df (k) $% / pd

b( ) (i, j ) from dZ , df ( k ) , and a priori knowledge dbk

€

bZ

k)

b(

€

€

∑(df

b( ) (i, j ) from p (i, j ) , df ( k ) , pd , and a priori knowledge dbk
d(

If

(k )

1
(k )

k)

b( ) (i, j ) from bZ , df ( k ) , and a priori knowledge dbk
k

( k ) 𝑝 are available:
!

€
(k )
(k )
b
d
k
bf ( ) =
= (k )
b
db

b (i, j ) = "# p (i, j )
1

∑(d

(k )

(k )

db )

=

∑ p (i, j ) $% × b
Z

Z

d (k ) / d
1
df (k )
=
db(k ) ∑ (d (k ) db(k ) ) / d db(k )

k

k

b
5th method:

z

(k )

(k )

k

b(

k)

∑ p (i, j ) $% × b
Z

z

(i, j ) = b (i, j ) × bf (k)
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∑(df
k

(i, j ) = b (i, j ) × bf

b( ) (i, j ) from bZ , and bf (k )
b (i, j ) = "# p (i, j )

1

Z

(k )

db( ) )
k
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3.1.2 Built-up area per building typology
The goal of the procedure is to estimate the built-up area for each building typology in
each 30 arc second cell of the Level 0/1 database based on the available information
(which can vary from country to country).
The final results of the procedures are:
a) a (i, j ) , “building area per cell”;
b)

a(

k)

(i, j ) , “building area of type k per cell”.

Table 2. Definitions of terms required for built-up area algorithms
Symbol

Definition
Average floor area
per capita

Note(s)

a pf

Available from census

Average dwelling area

ad

Available from census

Average total floor
area per building
typology

a bk

General expert opinion, or
from specific building
inventory data

There are three methods to estimate the building count, with the “quality” of the method
increasing from 1 to 3:
1st method:

a(

k)

(i, j ) from,

p
k
df ( ) , a f

p(

k)

a(

(i, j ) = "# p (i, j ) × df (k) $%

(i, j ) = p(k) (i, j ) ⋅ a fp
k
a (i, j ) = ∑ a ( ) (i, j )
k

2nd method:

a(

k)

(i, j ) from,

k)

k
k
bf ( ) , ad , d ( ) (i, j) (latter needs to be calculated using

“highest quality” method above)

a(

(i, j ) = d (k) (i, j ) ⋅ ad
k
a (i, j ) = ∑ a ( ) (i, j )
k

3rd method:

a(

k)

(i, j ) from

k)

k
abk , b( ) (i, j) (latter needs to be calculated using “highest

quality” method above)

a(

k)

(i, j ) = b(k) (i, j ) ⋅ abk

3.1.3 Replacement cost (new) per building typology
The goal of the procedure is to estimate the building replacement cost (new) for each
building typology in each 30 arc second cell of the Level 0/1 database.
12
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The final results of the procedures are:
a) c (i, j ) , “building replacement cost (new) per cell”;
b)

c( ) (i, j ) , “building replacement cost (new) of type k per cell”.
k

Table 3. Definitions of terms required for replacement cost (new) algorithms

Symbol

Definition
Replacement cost
(new) per building
typology

Method:

a(

k)

(i, j ) from,

cbk

Note(s)
Estimated from algorithm

k
b( ) (i, j) (calculated using “highest quality” method above) and

cbk

c(

k)

(i, j ) = a(k) (i, j ) ⋅ cbk

3.2 Building and dwelling fractions
An extensive effort carried out in this project has been to estimate the building fractions
and dwelling fractions for each country. The number of dwellings and/or buildings within
each country (level 0) or sub-national boundary (level 1) is available for many countries
in Europe and additional information on these dwellings and buildings is often also
available. This information is described in more detail in D7.2 and includes era of
construction, height, external wall material, etc.
Local expertise is required to map the available information on the buildings/dwellings
into the common building typologies in the country, and thus estimate the fractions of
each building typology within the country. These fractions can either represent the
distribution of buildings across building typologies (building fractions) or the distribution
of dwellings across building typologies (dwelling fractions). D7.3 describes the common
building typologies that are currently being considered across Europe for this purpose.
D7.5 describes the first efforts within the project to define building and dwelling fractions
for each country in Europe. Significant sources of data for this effort have been the
national census data, the JRC IMPRO-Building project [6] and the PAGER project [7].
3.3 Method to obtain replacement cost per square metre
The methodology used in this project to estimate the replacement cost per square metre
for different building typologies has been proposed by the Global Exposure Database
consortium (Wehner and Edwards, 2013). Wehner and Edwards identify a number of
factors that affect the replacement cost of a building, which are summarised in Table 4.
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Table 4. Factors affecting building replacement cost and methodologies where they are
included (adapted from Wehner and Edwards, 2013).
Factor affecting building
replacement cost
Country and region
Distance from major centre

Building usage
Building structure
Height of building
Footprint size of building
Form of building
Quality of building
Site topography
Site ground conditions
Demolition and debris
removal
Builders’ preliminaries
Rate variations from the date
for which data are available
Design, documentation and
legal fees
Authority fee
Governmental taxes

Methodology
Level 0/1
Level 3
Included
Included
Limited to “Urban” and
Incorporated with a
“Rural”
detailed relationship
between replacement rate
and distance from regional
centre
Limited to “residential”
Included
Included
Included
Included (if part of
Included
building typology)
Not included
Included
Not included
Included
Reflected in range of rates Reflected in range of rates
provided for a single
provided for a single
building type
building type
Reflected in range of rates Reflected in range of rates
provided for a single
provided for a single
building type
building type
Reflected in range of rates Reflected in range of rates
provided for a single
provided for a single
building type
building type
Excluded to consider just
Excluded to consider just
replacement cost (new)
replacement cost (new)
Included in rate data
Included in rate data
Interpolation from
Interpolation from
provided BPI* data
provided BPI data
Not included
Not included
Not included
Not included

Not included
Not included

* BPI = building price index for given year and country
For Level 0/1 database, the methodology requires the user to provide, for a given
country (or region within a country), the replacement rate (replacement cost per square
metre) in a given currency (together with the currency conversion details) for each
residential building typology (as described in Section 3.2) in urban/rural areas. Various
construction cost handbooks are available in Europe (including SPON’s 2002 European
Construction Costs Handbook), as well as other sources of information (e.g. [4]), which
can be used to estimate the replacement rate for each building typology. Often,
structural engineers with knowledge of the buildings in the country will be needed in
order to relate the building type information available in the construction cost handbook
to the building typology in the inventory database. The variation in building price index
also needs to be collected, which can be represented as a table of indices against years,
as shown in the example below.
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Table 5. Building price index example
Year

Building Price
Index
136
134.9
138.4
145.7
152.6
159.5
169.9
181.7
190.8
194.6
202.4

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

As an example of the use of the building price index, suppose rate data were provided
for 2005 values, but the replacement cost in 2010 is required. The calculated
replacement costs would be increased by a facto equal to 159.5/204.4=1.27. For dates
beyond the most recent building price index, it has been suggested by Wehner and
Edwards (2013) that linear extrapolation from the most recent two values can be made.
The methodology applied to the whole of Europe merges the procedure described above
with a scaling approach on a regional basis. Indeed, the approach proposed above is
very valuable, but it is demanding as for the required effort, the expertise of the
involved persons, and the lack of data sources for all countries and regions at the
European level.
A simplified methodology for assigning reconstruction rates at level 0/1 has thus been
proposed by Wehner and Edwards (2013). The proposed simplified methodology
involves:
• determining a replacement rate for a single pre-selected Reference Usage based
on the GDPpc of the country in question and a regressed relationship for
replacement rate and GDPpc for the Reference Usage; and then
• factoring the rate to other Usages using factors predetermined for index
countries. It is proposed that the global range of GDPpc is subdivided into five
bins and an index country (together with a full range of factors) is provided for
each bin.
The methodology is described diagrammatically in Figure 5.
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It is proposed that the global range of GDPpc is subdivided into five bins and an index country (together with a full
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range of factors) is provided for each bin.
The above methodology is described diagrammatically in Figure 8.1.
Index country
Reference Usage
Replacement Rate

BIN I

BIN II

BIN III

BIN IV

BIN V

Regressed
relationship

2. Read replacement
rate for reference
usage
3.
Factor
reference
usage
replacement rate to other usages
using index country for relevant bin

GDPpc
1.  Determine  country’s  GDPpc

Figure 5. Diagrammatic representation of the simplified methodology for assigning

Figure 8.1 Diagrammaticreconstruction
representation of rates
simplified
methodology
assigning reconstruction
rates.
(Wehner
and for
Edwards,
2013).
4. Next steps

The data to populate the database at Level 0 and 1 is described in more detail in
Deliverable D7.5 (Ozcebe et al., 2014). Levels 2 and 3 are expected to grow once the
database is made available online, and users contribute their own sources of data.
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