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Abstract. This study is aimed to create an alternative to the

classical GIS representation of the impact of earthquake haz-

ards on urban areas. To accomplish this, the traditional map

was revised, so that it can cope with contemporary innovative

ways of planning, namely strategic planning. As in the the-

ory of fractals, the building dimension and the urban neigh-

bourhood dimension are addressed as different geographic

scales between which lessons for decisions can be learned

through regression. The interaction between the two scales is

useful when looking for alternatives, for the completion of a

GIS analysis, and in choosing the landmarks, which, in the

case of hazards, become strategic elements in strategic plan-

ning. A methodology to innovate mapping as a digital means

for analysing and visualising the impact of hazards is pro-

posed. This method relies on concepts from various geogra-

phy, urban planning, structural engineering and architecture

approaches related to disaster management. The method has

been tested at the building scale for the N–S Boulevard in

Bucharest, Romania, called Magheru. At the urban scale, an

incident database has been created, in which the case study

for the building level can be mapped. The paper presented

is part of a larger research work, which addresses decision

making using the framework shown here. The main value of

the paper is in proposing a conceptual framework to decon-

struct the map for digital earthquake disaster impact analysis

and representation. The originality of the concept consists in

the representation of elements at different scales considered

to be of different levels of importance in the urban tissue,

according to the analysis to be performed on them.

1 Introduction

In a dynamic built-up environment, which is characterised

by increasing disaster events (Raschky, 2008), a better per-

forming visualisation tool is of great importance for risk mit-

igation purposes. This paper is about developing ways of

multiscale mapping exemplified for the earthquake hazard in

Bucharest, as a mean of visualisation and analysis of a haz-

ard impact. The focus is on how earthquake damage is visu-

alised and analysed on maps and not on the vulnerability of

the elements at risk. Innovation has been practiced for cen-

turies on paper maps, but today, in the digital age and with

planet Earth becoming an urban environment, the key con-

cepts in mapping should be translated with an application to

urban planning. This paper presents a methodology to obtain

the components of a multiscale visualisation approach with

an application to the spatial analysis of the impact of hazards

for strategic planning.

The key concepts build upon are resilience, strategic plan-

ning, 4-D city models, mental maps, urban morphology, mor-

phogenesis and macro-elements. These concepts have been

developed independently by their authors. The innovation in

this paper includes linking them into the general method-

ological framework presented in this paper. In this study, it

is looked at the most evolved form of reaction to disasters:

resilience. Resilience planning is the operational dimension

in risk management, while the support of urban morphology

represents the organisational dimension of risk management.

Resilience has been approached in this context by the Euro-

pean project RISK UE (Mouroux and Le Brun, 2006), which

identified strategic elements in different disaster phases (nor-

mal, preparedness, reconstruction). The normal phase, in

considering preventive planning, can be divided into mitiga-
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tion and resilience; hence, Bostenaru Dan (2005) approached

the urban planning types which correspond to the phases

of the disaster planning cycle of reconstruction, prepared-

ness, mitigation and resilience by providing examples of how

these historically defined coping approaches now build (ac-

tion components) layers, ranging from the simplest (recon-

struction) to the most complex (resilience). For a detailed

view of the interaction between resilience and morphology,

two scales are considered: the urban scale (urban morphol-

ogy) and the building scale (structural morphology). At the

building scale, the International Association of Shells and

Spatial Structures approach offers us a wide range of views

on structural morphology, from that of Bögle (2004), who

builds on morphology as historically understood by Goethe,

up to the contemporary design approach of the computational

morphology of building structure, which is inspired by or-

ganic forms from biology. In both, the structure of the build-

ing grows organically from the way that forces are led on

their way to being transmitted to the foundation. In this pa-

per, Christopher Alexander’s (1977) dialogue between scales

is envisaged. In his approach of organically determining the

structure, Alexander (1977) went further, considering three

scales: city, building, and element. Alexander’s (1977) ap-

proach zooms from the city scale towards the building by de-

scribing patterns of favourable design situations, which can

be used in the proposed “language” to compose a new sit-

uation. The building (structural) or urban morphology is an

aggregate of these patterns. Alexander (1977) also employed

a complex network in his Pattern Language, moving away

from tradition: the relationship between patterns is a net-

work, without having a map as its basis, and it is based on

a mathematical view that was, at that time, similar to HTML.

A challenge is how to map relationships between different

scales, such as there are in Alexander (1977).

2 Review of the main concepts used in this study

In the following paragraphs reference will be made in more

detail to the main concepts involved in this study. In urban

planning, morphology refers, in particular, to the relation-

ship between the built space and the free space, between

buildings, parcels, and streets. Organically grown cities differ

from the grid in pre-planned cities, in reality or in computer

games. If the method developed by Lynch (1960) for a street

network is followed, another kind of landmark can be identi-

fied, as there is reference to the particular case of visualising

hazard impact, and not generally to the legibility of the city.

Chirvasie (1995) placed organically grown landmarks, as at-

tractors, in the middle of man-made islands in the historic

centre of Bucharest; according to Chirvasie (1995), this is

the only shape to which this method applies. The modifica-

tion of the street network is dictated by the interaction of the

network with these attractors, following fractal rules.

In Romania, urban morphology, in dialogue with risk sit-

uations, has also been addressed by Florescu (2009). In Flo-

rescu’s (2009) work, the city can be seen, in a systemic ap-

proach, as an organism, and its discontinuities put vulnera-

bility and context into connection. Florescu (2009) applied

systemic theory to risks. Systemic theory means seeing the

urban organism as a system. This system can be analysed us-

ing models. They concern the urban theories, structure and

image. Later on, the image of the city and its implications

for this research is discussed. According to systemic theory,

in a dialogue between contents (led by the urban or structural

forces) and container (urban or constructive structure) at the

building level, the space is related to structure, and at the

urban level, urban life is related to the urban image. In the

context of this study, also the systemic theory is included,

because the two dimensions (the procedural and the physi-

cal bases) correspond to the resilience (operational) and the

morphology (organisational) of a city, as mentioned at the

beginning of the article.

In the following, a review of several approaches will be

performed, showing the transition between systemic analysis

and strategic planning. These concepts have not been con-

nected so far; such a connection is part of the contribution in

this paper. Salewski’s (2011) work thus introduces the notion

of strategy in the case of disasters, which works as a basis

for strategic planning. It compares the works of Kahn (1962)

and Debord (1957). Kahn (1962) introduced and later devel-

oped the concept of scenario, analysing possible future sce-

narios, which would later move from the military into numer-

ous fields as the basis for so-called “strategies” (Salewski,

2011). For this work, the introduction in the 1990s of the con-

cept into urban planning, as strategic planning, is the most

important factor, and it will be explained how it is used in

this methodology. If Kahn (1962) thought about the unthink-

able, Debord (1957) relied on visualising an invisible reality

when developing a new concept of a map. The Naked City

map (Debord, 1957) is a way of applying the “derivé” con-

cept from Debord (1955) to deconstruct the map. “Derivé”

was a situationist way of visualising the invisible, namely a

technique describing the “irrational drifting through the city

that would help the protagonist to follow the ways of his or

her subconsciousness” (Salewski, 2011). Harley (1989) de-

bated about deconstructing the map, from the classical view

to representing systemic relationships. For this research, it is

important that the deconstructed map of Debord (1957) is a

way of reading the urban morphology, as Lynch (1960) ex-

plains.

Thus following the approach by Lynch (1960) of the im-

age of the city as mental map is also a way of visualising the

“heritage habitat”, the mental map which would help inhab-

itants to effectively connect in case of reconstruction. The

notion was introduced by Gociman in 2006, and mentioned

it in relation to Alexander’s (1977) phenomenological ap-

proach. The elements of the “heritage habitat” are items of

cultural heritage. Cultural heritage is a valuable asset in it-
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self, but also because of its contribution to the creation of

the identity of places. The study area in this paper is a pro-

tected zone in Bucharest, and hence heritage is important. In-

terventions have to be made to preserve cultural heritage in

all phases of the disaster cycle: from the preventive retrofit to

the reconstruction. This heritage contributes to form a men-

tal map that the inhabitants have, which would help them

to effectively connect in case of reconstruction. The paper

shows which items from the locals’ perception such as in

Lynch (1960) and Debord can be included in the prioriti-

sation. Even more, based on the proposed methods, a local

seismic culture can be created and recorded for the interwar

buildings in Bucharest.

If looked in detail at research about what can be the

strategic elements in disaster management that are dis-

cussed, they are landmarks, according to the seminal work

of Lynch (1960) on the image of the city. Bostenaru

Dan (2004a) detailed a retrofit decision according to the anal-

ysis of an urban quarter, following Lynch’s principles. In

Gociman (2006), landmarks of the mental map are defined

by architectural history, but also, green security nodes, a new

type of strategic element which can be connected to the lost

green spaces of the area. One example of how reconstruc-

tion after disasters has been wrongly done is the reconstruc-

tion after the 2009 earthquake in L’Aquila, Italy. Examples

of how this was well done are the villages of Kolontar and

Devecser in Hungary (after a chemical accident) in 2010 or

Corbeni in Romania (after a flood) in 1940, as previous re-

search of the first author shows (Bostenaru Dan, 2014). Also

the Lynch analysis (1960) can decide which landmarks to

keep in reconstruction efforts, as it happened in case of post-

1755 Lisbon (Bostenaru and Panagopoulos, 2014). Apart

from the above-mentioned aspects, focus is also on the link

between the perception studies of Lynch and the mapping

method of Guy Debord in psychogeography (Bassett, 2004;

Bridger, 2014; Darby, 2013; de Souza e Silva and Hjorth,

2009; Smith, 2013; Tesser, 2012; Travis, 2013, 2014; Wiley,

2010). In Bostenaru Dan and Dill (2014) the same study site

was explored by walking. Walking plays a role also in Rapid

Visual Screening for earthquake vulnerability (FEMA, 2015)

and also in digital representation (subject of this paper) as

the referred mobile apps show, and it has been recently con-

nected by the DESURBS project again to disaster security

research through some developed mobile apps (DESURBS,

2015). Lynch (1960) was never linked to Debord as far as

the authors know, but the above named papers connect the

method of derive (drift) to boundaries (an element at Lynch,

1960) and their identification, as well as to identity creation,

which is a key concept in the heritage habitat (Gociman,

2006).

As mentioned, this study also zooms between scales. At

different scales, maps contain different information. At the

building level, this information is detailed, and it goes into

three dimensions. To be able to visualise and analyse this

kind of information, a morphogenesis of the building has

to be done. The research is based, apart from the concept

of morphogenesis at this scale, on the concept of macro-

elements (Lagomarsino, 1998), which will be detailed in re-

lation to morphology. If morphology is the study of the form,

morphogenesis is the way in which this form is generated.

If the city, in the aforementioned biological view, is seen

as an organism, then urban activities represent the contents

and build the basis for urban life. Morphogenesis can be

applied in this sense also to building structures, as in case

of computational morphology (Ohmori et al., 2005). In this

case, morphogenesis comprises the elimination of the parts

from a geometrical solid which does not serve the load of

forces, and thereby, the shape is defined. This “shape” is

related to what Alexander (1997) proposed at the building

level. At the urban level, this is defined by the shaping of

the public space of the streets in organic cities, which are

not pre-planned, and are developing in a fractal way (see

Chirvasie, 1995). Fractal analysis is a matter of future re-

search, because it establishes the link between the part and

the whole, between the building and the urban area, for ex-

ample. If this is a structural way of looking at morphogenesis

to define the structural morphology, there is also a building

morphology, which refers to the architectural characteristics.

A macro-element is a complex of building elements which

present a unitary behaviour in the case of an earthquake. The

failure modes of macro-elements can be seen separately, and

they describe the performance level of the building. Lago-

marsino’s (1998) macro-elements are, however, not based on

the organic shape, but on the geometric shape that can be

seen through the morphogenesis proposed by Ioan (2012).

The building is divided into complexes of structural parts

(such as the roof, the tower, etc.) which can collapse during

an event. The method of macro-elements is a detailed method

for structural analysis which cannot be applied for large ur-

ban areas but just for selected buildings. To prioritise the

choice, it is proposed to apply it for the landmarks, according

to Lynch, or the nodes of the complex network, so that the lat-

ter will be used in the digital map. The macro-elements have

also been employed in the aforementioned RISK UE project

for monumental buildings such as churches. The strategic el-

ements of the city/urban zones, which are defined according

to the RISK UE project approach for different stages of plan-

ning, are to be modelled in a more detailed way: morphogen-

esis. In morphogenetic modelling, the 3-D representation of

the shape of the building considers the whole cycle of struc-

tural resistance and structural collapse as a macro-element.

Bostenaru Dan and Panagopoulos (2014) elaborated on the

morphogenesis of landmarks for the digital representation

of the impact of the 1755 Lisbon earthquake, by extending

the silhouette 2-D model into a 3-D model. In the current

study, which extends this previous research, it was aimed to

develop complex networks of strategic elements, instead of

the urban route of Bostenaru Dan and Dill (2014), without

fully abandoning the landscape design configuration of alter-

native pedestrian routes in the area around the N–S Magheru
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Boulevard in Bucharest. The study in this paper introduces

the connection of the morphogenesis, which is seen as archi-

tectural language development, to the representation of earth-

quake resilient or earthquake vulnerable building parts in the

macro-elements. The classification in earthquake resilient or

earthquake vulnerable building parts comes from how build-

ing elements are classified in the World Housing Encyclo-

pedia (WHE, 2015). Retrofit elements are considered from

the stage of building survey/archive research, through struc-

tural simulation (pushover or dynamic analysis) up to devices

computation of repair/replacement costs. The building sur-

vey part is relevant for this paper, as data were collected that

way for the N–S Magheru Boulevard in Bucharest.

Depending on the scale and the analysis goals, the mor-

phogenesis is determined either by urban forces or by physi-

cal forces (gravity, earthquake) acting on the structure. In the

mapping in this study, such forces are represented in a graph.

Innovatively presented in Debord (1957), today, the graph

is present as a vector in the representation of complex net-

works. In this study, photographs of disasters are mapped and

analysed as a complex network. The street network is also

mapped as a graph to visualise the urban routes which are

their correspondents in the physical space. Eisenman (1999)

worked with a simplified version of a graph which did not in-

clude vectors, but only the geometrical dimensions of these

flows. Thus, Eisenman (1999) approaches the space looking

at how space is connected to structure. The rules for defin-

ing this space can be derived by creating a dialogue between

2-D elements, which play the role of partitions. An approach

that is similar to the application of Eisenman’s (1999) princi-

ples to a building designed by the Italian architect Giuseppe

Terragni has been conducted by Ioan (2012) for the Roma-

nian architect Marcel Iancu, as well as by Bostenaru Dan

and Dill (2014). Bostenaru Dan and Dill (2014) looked for

different methods of highlighting selected elements and their

connections in an urban area, from visualising georeferenced

photos and models to the configuration of the pedestrian

routes among them according to landscape design. In the

framework of this study, work has also been done on trans-

posing this digital approach into the physical space in an

exercise to determine visions and scenarios for new pedes-

trian streets along the N–S Magheru Boulevard. Summing

up all of these approaches, the geometric approach of the di-

agram by Eisenman (1999) can be the basis for the geometri-

cal modelling of language elements, such as those identified

by Ioan (2012). At the urban scale, complex networks can

be superposed to maps, thus having the mathematical vector

dimension over the cartographical representation.

Because it is aimed at a multidisciplinary approach,

an economic view is added to the way urban and struc-

tural/architectural building elements are mapped. In doing

this, loss models were reviewed as an alternative to the

statistical ones based on GIS analysis, namely, the struc-

tural mechanics models by Glaister and Pinho (2003) and

Borzi et al. (2008); their models require the building scale

to communicate with the urban scale based on the typolo-

gies in a method called displacement-based earthquake loss

assessment (DBELA), in which the probability of failure

is based on the resonance between vibrations, which de-

pends on building height and structural element character-

istics. From these studies, probabilistic analysis can extend

the method up to urban loss estimation. These typologies

build the landmarks/strategic elements in this study. The ty-

pological analysis of the landmark buildings is the basis for

modelling modifiers, or macro-elements, taking into account

the aforementioned morphogenesis. The macro-elements can

thus approach the current or future changes in the structure

of the building.

3 Working principle and methodology

The working principle in this paper is related to the goals

of strategic planning. In urban planning, strategic planning

means that the urban areas are not subjected to uniform treat-

ment when urban regulations and the studies underlying them

are made, as has been the practice, but rather, a hierarchy is

established. Within strategic planning, the master plan is a

vision which encompasses different planning levels and in-

volved actors. The strategy does not become a regulation.

The means to reach the planning goals are applied through

measures packages at different planning levels and time hori-

zons. At these levels (which correspond to different scales in

GIS), action plans, which can be model plans, demonstra-

tions and pilot plans are performed. These plans can assume

different forms: a partial urban plan, a regulation for a lim-

ited area, an architecture project, a spatial structural concept,

and/or a development scenario. The way they are performed

can also vary (alternate projects, competitions, workshops),

as can the means of participation (project team, leading

group, private public partnership – PPP, in case of earthquake

the Global Earthquake Model – round table, citizen and spe-

cialist forums) (Fassbinder, 1993). However, most important

for the concept developed in this paper is that, instead of giv-

ing the same importance to all zones of the city – and editing

them correspondingly – the planning strategy connects the

intervention levels, one with another, and displays those in-

tensive zones for which detailed solutions are determined,

while other zones are described globally (Bostenaru Dan,

2004b). In order to apply the Lynch (1960) analysis at the

vulnerable area of Bucharest, historic maps/plans are used

as a basis, such as those in Lynch (1960), Sitte (1889) and

Nolli (1748), which identify landmarks/strategic elements.

Lynch’s (1960) method identifies landmarks, paths, zones,

boundaries, and nodes, as perceived by pedestrians who reg-

ularly walk in a specific city, i.e. according to the heritage

habitat.

The RISK UE project (Mouroux and Le Brun, 2006)

also identified strategic elements according to the disaster

cycle phase. Such strategic elements support the decision
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system between actors at different levels. A grid is super-

posed on a map, as is done in planned cities or in com-

puter games. This makes it easier to choose a typology which

is common among other studied areas. As is the case in

this study, these typological examples highlight landmarks

in homogeneous urban areas. The landmarks are detailed us-

ing the macro-elements and the morphogenesis method. Re-

viewing the literature in the field, Romano (2014) for ex-

ample has defined modifiers from a simplified structure for

buildings in Italy that are contemporary with those on the

Magheru (N–S) boulevard in Bucharest. In fact, Giovinazzi

and Lagomarsino’s (2004) method was derived from monu-

mental structures (Lagomarsino, 1998), which can also build

landmarks, and it has been employed in the RISK UE project.

At the building scale, structural morphology methods fol-

low the rules of how forces are employed and tracked. Ar-

chitects like Santiago Calatrava and Antoni Gaudi design

their buildings to include a minimum of materials, following

this (structural) morphological rule, while common build-

ings having rectangular shapes which hide the morphological

shape. Ohmori et al. (2005) translated this approach to mak-

ing retrofits by eliminating parts of structural walls until the

edifice assumes an organic shape.

What plays a load bearing role at the building scale (like

columns and beams seen as retrofit elements for the build-

ing typology in this study, corresponds to a strategic role at

the urban scale. Strategic buildings, at the urban scale, are

those which are used for emergency intervention and recon-

struction, and hence, require a higher level of performance.

Switching the load bearing – non-load bearing role corre-

sponds to switching the function of a certain building. The

paths connecting the buildings describe urban forces: the

paths to be followed by agents in emergency interventions

(Fiedrich, 2004) and also by citizens who are changing their

residential or work locations according to the perceived dis-

aster risk (Grinberger et al., 2014). An agent following move-

ment is just a further development, which was intuitively well

visualised by Debord (1957) in graphs: the representation of

urban spaces either as fractals or as complex networks.

Between the two levels (building and urban), which are

the pillars of the multiscale approach presented, lessons are

learned through regression. By regression, in this context, it

is meant that for data sets obtained from case studies, the

hypothesis for the decision tree is induced. From these indi-

vidual hypotheses, a single hypothesis is obtained, to be in-

tegrated into the guidance. The hypotheses for the individual

elements are then derived, and finally, statements about them

are deduced. These statements are used as feedback to com-

pare with the induced hypothesis in order to regressively re-

formulate the latter. The flow of forces at the urban level be-

comes the flow of agents in an intervention at different stages

in the disaster cycle (ex. crisis or reconstruction). While such

agents can also be simulated in GIS or in computer games, at

this stage of the research, a software like Adobe Director was

used for visualisation, which is also the basis for representa-

tion software that include zooms, such as Prezi software. The

software allows the movement of images, and the inclusion

of real time 3-D, as well as the creation of the superposition

of elements from different time spans.

In Fig. 1 there is the general workflow of the methodology.

The first two tasks of the methodological steps are directly

derived from the Lynch (1960) approach (Fig. 1). Task 3 is a

consequence of applying the concept of the grid in planning,

while Task 4 builds on 3 and 2 and will be the subject of

further research papers. The component of digital humanities

(digital methods for cultural heritage) is especially strong in

the first two tasks.

4 Applications

4.1 The zoom level of the building

At the building level, the study area is a central protected

zone in Bucharest, located north of the historic centre: the

Magheru Boulevard. Typologically, it has the highest fre-

quency of buildings which are classified, according to earth-

quake engineering expertise, in risk category I, but at the

same time, constitutes a unique cityscape in Europe. The

uniqueness consists in having such a high number of build-

ings from the 1930s as the building fronts, instead of just

having empty plots throughout the city, as in other locations.

The 1977 earthquake damaged numerous buildings, some of

which collapsed, and were altered or replaced; hence, the

original unity is no longer present. In Fig. 2 is the location

of Magheru Boulevard in the city.

A first step in the workflow was to create a database to be

used in further investigation. At the building level, archival

images of plans were examined to establish a typical floor

plan which can be considered as characteristic of the zone,

and at the same time, has the unique characteristics of the

landmarks that will be used in morphogenesis. The source of

the archival data in this study is the records in Bucharest City

Hall. Magheru Boulevard was built around the 3rd decade of

the 20th century, and thus, the building plans have been con-

served. The building plans, however, rarely contain details re-

garding structure. Archival images can be placed in dialogue

with building surveys, as alternatives to gather the existent

structure – the different methods lead to different classifica-

tions. For example, building survey photographs can provide

details regarding the uncovered structural elements.

After consulting the relevant archival images, the next step

was the determination of the respective risk class (Fig. 3)

or the ones displaying high architectural value. According

to a study of the URBASRISK (2015) project, in prioritis-

ing decisions in interventions to mitigate seismic hazard, two

contradictory factors are important: seismic vulnerability and

cultural values. The extent of an intervention is greater for the

first and less for the second of these factors. The architectural

value was not mapped in the GIS database to which access
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Figure 1. Methodology workflow with emphasis on those detailed in this paper.

Figure 2. Position of the Magheru Boulevard, which is located in the northern part of the historic centre of Bucharest.
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Figure 3. The N–S (Magheru) boulevard area, highlighting the risk class I buildings.

was granted, so the plans for the protected zones of Bucharest

and the monument records were consulted. In this area, sev-

eral levels for the protection of buildings were identified:

individual monuments, collective monuments, protected as-

semblies, and protected zones. Urban routes between such

elements can be identified, as shown in Bostenaru Dan and

Dill (2014).

These geometric elements can form a catalogue for digi-

tal modelling (GDL), for a library of elements in CAD, and

thus, for a more rapid modelling of prototypes for 3-D mod-

elling of urban areas. In this research, it has been attempted

to identify these kinds of modifiers between the structural

dimension and the architectural dimension of morphology.

In this way, the relationship between space and structure is

highlighted. The structural dimension of morphology deter-

mines the structure as a load bearing scaffold on which the

architectural space, both as an atmosphere and as a container

for a function, is shaped. The way in which it is shaped is

defined by the architectural dimension of morphology. For

computational morphogenesis, a grid is considered as a ba-

sis on which both morphologies are pinned. This will also

be helpful in the later loss computations, for which building

elements (like those composing the macro-elements) are con-

sidered from the level of a survey on which the architectural

morphology is based.

Once the plans of the characteristic buildings from the

archive were obtained, a typological study was performed

in order to establish the model for computational mechanics-

based studies of vulnerability (Borzi et al., 2008; Glaister and

Pinho, 2003). The possible structure of the buildings as rein-

forced concrete skeleton buildings was simulated (Fig. 4).

A model resulting from these studies can be more detailed

in terms of complexity, as was the one that was included in

the World Housing Encyclopedia description (Fig. 5). Such

a model can be used for finite element model simulations,

as is necessary for the macro-element method of Giovinazzi

and Lagomarsino (2004). Pursuant to this method, which is

fully coherent with the approach in this paper, landmarks

are chosen for detailed modelling, in order to draw con-

clusions regarding urban zones. The model in Fig. 5 is de-

tailed enough to allow the identification of modifiers, as in

the macro-elements method, i.e. the removal of some details

through simplification, resulting in a simple model, such as

that shown in Fig. 4.

4.2 The zoom level of the urban area

At the urban scale, the typology leads to simplified mod-

els, as considered in the economic and decisional approach

(Bostenaru Dan, 2004a). A prioritisation of different inter-

ventions for buildings of the same typology, and not a pri-

oritisation among heterogeneous buildings in the same ur-

ban area, could be done. For a prioritisation of buildings,

Glaister and Pinho’s (2003) method can be employed. At

its basis, the simplified methods from the typology are nec-

essary, because the method computes building failure based

on the characteristics of columns, spans between successive

columns, heights, and the expected earthquake. After run-
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Figure 4. Typological studies.

Figure 5. Model of Romanian interwar building in the World Housing Encyclopedia.
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ning this computation, it was obtained that building class

over 4 stories proves to be the most vulnerable in Vrancea

earthquakes. This modelling is suitable for the area, but not

for the landmark.

4.3 The zoom level of the urban zone

At the urban level, the archival image is that of 19th–

20th century photography, in combination with various urban

3-D representation methods (GIS, Google Earth, SELENA,

fractals, the urban routes game proposed by the authors,

SemCity, Second Life). The latter are investigated based on

a questionnaire developed in TU0801 COST Action, as de-

picted by Bostenaru Dan and Panagopoulos (2014). This ap-

proach builds on a Lynch (1960) analysis of the Magheru

Boulevard in Bucharest, which encompasses the design of

the pedestrian routes. On the other hand, Popa (2014) per-

formed for the same area an analysis of landscape pho-

tography for the agricultural landscape in accordance with

Lynch’s (1960) principles. Tension lines or other characteris-

tics of the landscape are identified by Lynch (1960) as some

of the elements in the definition of perception: node, land-

mark, zone, boundary, and path (names given by Lynch to

the elements of the image of the city).

Tension lines are lines which order landscape elements in

visual perception. They may be roads, or the boundary of a

forest, or a mountain line. In a city they may be the flow of

cornices, or tree alignments. Unlike tension lines, the denom-

inations by Lynch (1960) refer to identification of elements

on a map and not in a photographic or drawn image. Hence,

they are more important for the scope of the paper, which

relates to mapping. However, a number of images from the

Canadian Centre for Architecture depicting ruins after dis-

asters are available. These images are photographs, mostly

from 19th century disasters, including also earthquakes such

as San Francisco 1906. Lynch’s (1960) elements can be rec-

ognized on these images for example using tension lines to

recognize a node or a boundary. Again, more tension lines

delineate a zone. At the intersection of tension lines are

nodes. Tension lines are at the same time geographic ele-

ments which can be used in geocoding. For Bucharest, his-

toric images are available for the central area, as well.

In this research, images of disasters (such as those in

Kozák and Cermák, 2010 and Wieczorek et al., 2014) are

considered, to which this methodology can be applied. The

Lynch analysis gives the correspondence between the two

scales. The 19th century photography of Bucharest was ob-

tained from the archives of the library of the Academy

in Bucharest, while 19th century photography of disasters

worldwide is available in the 2010 research of the first au-

thor at the Canadian Centre for Architecture in Montreal.

The images are investigated according to the Popa (2014)

method, which is based on Lynch, and it is placed in the con-

text of complex networks with the images of other disasters.

The software ORA allows for typological, but not for spatial

connections (Fig. 6).

In this research, the quantitative aspects are essential. As

such, an ontology to organise the consulted database was

worked out, in dialogue with other databases. Parameters

connected to photography which could be used to organise

the information and lead to a computerised catalogue of new

elements were defined. The concept of the database has been

published in Bostenaru Dan (2011). The diagram in Fig. 6

shows the results as presented at the Future of Historical

Network Research conference (HNR, 2013). The data con-

nected to each photograph, as included in the ontology for

the database, are transformed in metadata and lead to a net-

work in which similar features are connected through the

ORA software. This software is not as connected to sequen-

tial connections as other softwares, but instead, it groups the

types of criteria which connect the different images.

The software proposed to be employed and the method of

Eisenman (1999) allow superposition on the map and zoom-

ing from the cartographic elements to the photographic ele-

ments. In a classical GIS environment, the link between the

geographic location and the images for the Magheru Boule-

vard has been established by the first author within the frame-

work of the SFB 461 project Strong Earthquakes (Sonder-

forschungsbereich 461, 2008) at the University of Karlsruhe.

The connection between the building level and the urban

level identified landmarks is specifically provided by the def-

inition of macro-elements. As Lagomarsino (1998) shows,

macro-elements define the level of damage according to how

much they suffer in earthquakes. This means that a certain

damage pattern is typical for a modifier that is identified in

the model. Such damage patterns can be taken from descrip-

tive archival records, as in the history (of art), but also from

reconnaissance photographs. Certain types of damage have

a certain 3-D display as well, as discussed by Schweier et

al. (2004). In a continuation of that previous work, Schweier

and Markus (2006) produced 3-D models of typical build-

ings in order to help assess the damages at the urban scale.

The CAD models are those of the landmark and of the ty-

pological model at the building scale, which can be iden-

tified in the urban scale images. For landmarks, the com-

parison between the aerial image and the eye level view is

important. An example of a modifier, according to Lago-

marsino’s (1998) macro-element model, for buildings from

the mid-20th century on the Magheru Boulevard, is the pan-

cake collapse of the Wilson block tower (Fig. 7). A pancake

collapse, and how it can be recognised in photographic im-

ages, is included in the Schweier et al. (2004) catalogue. The

towers of mid-20th century buildings have been discussed by

Romano (2014).

The analyses of satellite images and artistic images from

the aforementioned archives are complementary work.

Work with the images is done from multiple points of

view. The completed research includes the philosophical un-
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Figure 6. Historical network research of catastrophe photography. Above: the network method we propose applied for the locations on the

bottom using an ontology of data connected to the images.

derstanding of photography and representation quality, in-

cluding memories, as represented by ruins (De Meyer, 2011).

So far, the historic events from the Canadian Centre for

Architecture archive have been considered, which are mainly

historic events that occurred in the 19th century. An incidents

database could be built and mapped in a different way. More

traditional ways of mapping, which are less connected as a

database, but which have a stronger spatial dimension, were

employed by the DESURBS project (DSSP, 2015; CIMNE,

2015).These were used to map contemporary (past 20 years)

Nat. Hazards Earth Syst. Sci., 15, 2283–2297, 2015 www.nat-hazards-earth-syst-sci.net/15/2283/2015/
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Figure 7. Wilson block of flats after earthquake (1977). Source:

courtesy of Rezistenţa urbană (Urban resistance).

events. If they are mapped in a unitary way, both databases

can represent different slices of time. Apart from these two

databases, a number of other incident data could be mapped

this way. These include major historic incidents, many of

which preceded the era of photography. The book by Kozák

and Cermák (2010) on the illustrated history of natural dis-

asters is one source of data, while the book by Wiczorek

et al. (2014), which provides a catalogue emerging from a

project and exhibition on Images of Disasters, is another.

Finally, within the coursework supervised by the first au-

thor and Gociman, further data on historic, but more recent,

incidents were collected, and could be used to update the

DESURBS database. Unlike the DESURBS approach, which

looked for weak points to be avoided using the developed

tools, the focus in this paper is on the visual representation

of the impact, i.e. on the image.

Applying the same method from these lessons learned

for macro-elements, special ontologies for buildings (En-

glish heritage, 2015, architectural elements ontology from

the University of Geneva – presentation in frame of the Sem-

City project by Gilles Falquet, not accessible anymore; Getty,

2015) were consulted.

For the city level, as a task to be developed in the future,

the relationship between the urban morphology and the con-

structive structure is considered. Depending on whether the

city was shaped by organic growth or planned, between tradi-

tion and innovation, the shape can be organic or superposed

to a grid. Although the approach described here is to un-

derpin a grid to the developments caused by the impact of

disasters to obtain better visualisation, sometimes this can

be seen in the development of the street network – along

Figure 8. Space Syntax analysis of the street network in an organic

(historic centre) and a pre-planned (Magheru Boulevard) area, fol-

lowing two modes of expression.

which the paths are constructed and along which the agents

move. It was investigated in particular the street network of

the Magheru Boulevard area in the centre of Bucharest. A

Space Syntax analysis was chosen as a complex network and

graph investigation means. Figure 8 displays the nodes from

a Lynch analysis considering the accessibility of landmarks.

Morphologic decomposition is followed by the classifica-

tion of the elements, which is based on the documentation

made in the previous task. In this Space Syntax analysis, the

graph of the network is cartographically superposed. A com-

bination of the two methods can lead to the mapping of the

images of disasters. Either artistic or technical images can

be mapped in a place which is adequate as a landmark or

node. The aim for this approach is the optimisation through

element reordering, based on the strategic role of the differ-

ent elements. Deleuze (1980) differentiates between smooth

and striated spaces. Deleuze (1980) uses several metaphors

to exemplify this: the nomad and the sedentary, the textile

metaphor (felt and woven) etc. A metaphor can be created

along these lines for reconstruction. Sometimes in recon-

struction a different pattern is used than before reconstruc-

tion. A well-known example is Lisbon 1755 when instead of

the Middle Ages street pattern, the Baixa was created, with

rectangular streets. This is a place where the non-fractal re-

placed the fractal structure of the urban tissue. A counter-

example is London after the 1666 fire, where the old street

pattern had been kept. Also other reconstructions consid-

ered smoothing and striation, such as Le Corbusier’s plan for

Paris. In case of Bucharest, articles in the journal Arhitectura

from the 1940s (Cerkez, 1940), after the major earthquake

struck, consider that the collapse of some buildings should

have been occasion for restructuration by creating, for exam-

ple, more green spaces. Also, the Bucharest historic centre

was reshaped following the 1847 fire, with a new street grid,

which is superposed on some of the old buildings (ancient

hotels). The foundation of it has been recovered in recent

restructuration efforts. Recovering the images of lost build-

ings and public spaces of the city on maps would be another
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level of the application of the Bostenaru Dan and Panagopou-

los (2014) method. The role of green has to be considered, as

well as the memory of the ruins, for example, the lost gar-

dens. The method described here is another level of the frac-

tal connection between the part and the whole, as the loss

models and the urban routes. Urban routes serve to transpose

the digital routes into physical space, as their implementation

requires scenarios and strategic planning.

5 Discussion and conclusions

In this research also the relationship between the informa-

tion from the archives, which were collected for this study,

as well as the information from the building survey in the

field (physical dimension) for the decision-making process

in earthquake risk mitigation were investigated. The informa-

tion from the archives includes the drawings of plans, which

can be used to generate ontologies, making it possible to de-

fine macro-elements and taking the interior of the building, in

its entire 3-D dimension, into consideration. The differences

between the two approaches are found in their attempts to

adapt methods for new buildings in the approach to historical

buildings. For several decades, different methods have been

concerned with this goal, but there has been no unanimously

accepted solution. Macro-elements do not have to be defined

as the changes in the simplified structure, as seen in Ro-

mano (2014); they also consider the earthquake damages, de-

pending on what stopped working and what can be identified

as patterns in the urban images of destruction (see the cata-

logue in Schweier and Markus, 2006). Such macro-elements

can be elements in the 3-D library (for ex. how does Archi-

CAD complete the library with elements, as there is such an

element for green walls) and can be used again at other sites,

as well as for structural software (ex. SeismoSoft). Archi-

CAD also has the advantage, for the developed concept, of

being able to make a plan part of another plan, for example,

part of the urban plan. These plans are defined through the

geometric modelling language. For this reason, also the ref-

erences of the diagram (Eisenman, 1999) were consulted to

see how the geometry is reflected. Ionescu (2011) saw the

diagram as being the expression of a catastrophe as a picto-

rial representation. However, the diagram can be also looked

at as an expression of temporality, as related to photographic

rendering. Geometry can also be combined with augmented

reality, as Markus and Schweier’s (2006) study showed. This

way, another link between the physical dimension and the

digital dimension is created, in addition to the field data col-

lection and the scenario development for pedestrian routes.

Furthermore, the search direction of the relationship between

the geographic scales, for which details with the macro-

elements are provided, is confirmed. The zoom generated by

the detailed treatment of some strategic zones makes the ap-

plications more economically feasible. The zoom can also be

adequate for different associated cultural values (protected

zones, assemblies with ambient value, historical buildings,

etc.), because the zone considered in this detailed study is

protected.

The developed ontology for photography can also be

applied to search for 3-D models that have already been

constructed for import into the developed application. The

macro-elements method is also useful for the 3-D modelling

of buildings as cultural heritage: modules like the modifiers

can be marked and identified for 3-D searches, or they can be

defined as templates for future 3-D reconstructions, through

the geometric modelling language. With this goal, the vir-

tual library EUROPEANA (2015) was approached (to see

the metadata, and models of Romanian buildings will be con-

tributed as a start. Figure 5 is just one of the models covering

the whole span of Romanian historical buildings modelled in

3-D which can contribute to EUROPEANA. The addition of

metadata will enhance the possibility that these buildings can

be mapped at other geographical scales and in different com-

plex networks. The parametrical study for these models does

not have to consider a mesh for their modelling, but rather,

macro-elements, based either on structure or on the architec-

tural style. These metadata can be compared with these study

parameters. This is an example of the lessons learned regard-

ing the two scales that are addressed in this paper.

Van Oosterom and Stoter (2010) developed the concept of

5-D modelling, which means 3-D + time + scale. The under-

lying idea is the same, namely to save resources from the de-

tailed modelling in 3-D of whole areas, so that certain areas

are presented in more detail (the scale dimension). In the ap-

proach in this paper, however, which depicts the urban stud-

ies dimension, instead of the computer science dimension,

with an emphasis on the humanities, it is also innovative that

the specific ingredients for modelling natural hazards have

been considered, with detailed areas being defined as strate-

gic elements for risk mitigation.

Another progressive idea is the so-called “time machine”.

A multimedia application for the city of Köln was developed,

in which there is a time slide; however, these transformations

have to be visible in a graphic way, on the map or in a 3-D

model. The macro-element modifiers can precisely mark this

change in time. The models obtained through morphogenesis

can be printed in 3-D. If going into the study of iconogra-

phy, this modification in time can be shown through graph-

ical codes (colour, transparency). In Schwäbisch Hall (Ger-

many), a project has been done (Schwäbisch Hall, 2015) in

which the archive plans have been considered for a lexicon

of houses. The city has to be seen as a network of the stories

of houses, which is strongly connected with social stories, as

in building archaeology. “Paths” from The Image of the City

by Lynch (1960) act as hyperlinks between these stories (be-

tween the house correspondent of these stories); the city is

a network in this sense, which can be represented digitally,

as a space syntax, or physically (see the AESOP, 2015). The

“path” becomes a story, and this way, the means of social

sciences and humanities (narratives) are imported into this
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research. The nodes can be a course in space and time. The

creation of such a path can occur in the virtual space (as for

the lost landmarks in Köln, Lisbon or Bucharest) or in real

space. To create such a route, new curators are needed. For

the investigation of such networks, complex networks can be

used (the graphs between images, ex. COMOB, see Amoroso

et al., 2013), but also, the proposed ORA grouping can be

used. In the ORA grouping, metadata are considered, but also

the object itself (the analysed image) and the narrative text.

How to superpose the complex network to the geographical

dimension, the map remains a further challenge.

6 Outlook

In the framework of the presented methodology, it is aimed to

integrate the findings of the study in a decision system based

on a regression between the two scales. From game theory, a

next step can be taken to drama theory (employing conflict

manager software) and to analytic hierarchy in decisions,

instead of a decision tree. This way, the qualitative aspect

precedes the quantitative. However, it is necessary to take

into account that, while GIS considers the qualitative aspects,

datascapes are built on quantitative aspects. Datascapes are

3-D models of GIS plotted into Google Earth, where the

height dimension is replaced by plotting data connected to

different characteristics of the building. In an attempt to con-

sider both, the qualitative aspects from GIS are translated for

datascapes, based on their agent-based modelling role – the

landmarks and strategic elements serve a certain area of a

residential zone, for example. From the measurement spaces

employed for the criteria at the building level, it is thus went

to the measurement spaces for the urban datascapes through

regression. In a first step at the urban level, weights were

assigned to the GIS, but this will be the subject of another ar-

ticle. These criteria can be connected through an ontology or

through a complex network for translation into an exploitable

foreground for a computer system. In this paper, focus was

on the necessity to zoom at the building level by not consid-

ering it only as a statistics item, as is usually with GIS-based

methods, but visualising it in both the structural assessment

(the macro-elements method) and in the images of disasters

(through perception). This is possible using the other tools

mentioned in the paper.
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