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Abstract

The requirements for understanding the dynamics of urban fabric over long time spans are to be able to analyze
situations at different times as well as ffrecess of transformation between these states. To meet this dual objective,
the historical data thus needs to be modeled by deconstructing theirtepgtioral properties.

The modeling proposed in this article takes a systemic approach and is basedloal thotion of simple objects and
complex objects. On this principle, implementing this model in a GIS provides an original means of processing the
information: the results of the different analy$espatial and/or tempordl lead to a true interpretan of the urban
dynamics. However, the specificity of the spagmporal framework requires appropriate representation, i.e. not only
spatial but also covering the temporal dimension. But while cartography can represent the spatial context of geo
historic a | phenomena, no tempor al equi val ent exi sts. The
architecture of time, has been formulated to fill this gap.
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Introduction

These questions were central to a doctoral study in
The study of towns over long time spans usually archaeology on how the urban fabric in the City of
consists in producing a series of maps giving Tours developed from the site of a Roman
details of different states of the historical @mphitheater to a canonical district (8tith
topography. This type of representation raises two Centuries). — Through  research into  the
main problems for therchaeologist or historian ~ ransformation o Roman building into mediaeval
working on urban dynamics. First, time is always urban fabric ¢ee ig.1), the aim of this thesis was
broken down a priori, either in an abstract manner {0 provide a new approach to interpreting
and by century, or on the basis of specific periods {raditional historical topography, looking at both
in the political history of the town. This breakdown the situations and the functional, spatial and
prevents any specifi@search into the temporality ~ t€mporal transformations of geof the town over
of the town and its own rhythm of functioning. 0ng time spans.
Secondly, these maps only represent a series of
snapshots and not processes, i.e. long phenomena
which last over time. Urban dynamics can only be
seen in a biased and partial manrtérough
empirical comparison of these maps.

The analysis of urban dynamics requires specific
research into the processes underlying the town
transformation. This raises the questions of how to * Bastien LefebvreiLa f or mati on doéun ti ss.t

model these dynamics and represent these spatioCi t ® de Tours : du site de I|odam
temporal preesses canonial (5-18° s.0 (PhD, University of Tours, 2008).

online: http://tel.archivesouvertes.fr/tel00349580/fr/
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Figure 1. Aerial view of the current urban fabric covering the site of the Roman amphitheater in Tours. On
the right, the overlay of the reconstituted plan of the Roman building.

This article describes the main methodological changes were however needed to adapt the model
background of the thesis in terms of analysis of the to the specific issue of the transforioat of the
dynamics of te urban fabric. The first section amphitheater into urban fabric, and on a different
tackles the questions underlying knowledge scale of analysis centered on the organization of
building: this involved defining first the historical two particular blocks, rather than the whole urban
objects and their relationships, and then the space. However, as in the OH_FET model, a
principle on which they could be modeled and how systemic approach was used to understand the
this model could be implementelLeading on from dynamts, based on the notion of complex objects
that, the second section proposes a new way of and simple objects.

representing the dynamics of urban fabric through

a spatial (or cartographic) and then temporal (or 1.1  The historical objects of the urban
chronographic) prism. fabric: the Constituent Elements (EC)

1 Modeling the dynamics of the The first modeling step consisted in identifying
urban fabric and defining precisely the nature of the object

studied in r&tion to the research topic. In order to
understand the dynamics of the urban fabric over
long time spans, this object must have a connection
with all the present and known changes which have
occurred in the space and chronological period
examined. Followg a principle laid down by GIS
specialistd in an essay about the town, Henri

The methodologicalprinciple chosen to model
historical information was largely inspired by the
OH_FET model created to analyze the topography
of the city of Tours (ToToPi) Considerable

2 Bastien Lefebvre, Xavier Rodier and Laure Saligny
fiunderstanding Urban Fabric with the OH_FET model based

on So?lal Use, Spa_ce .and TionArcheologia e Calcolatarl9 2 Donna J. Peuquell t 6s about time: A conc
(2008: 195214.0nline: for th ot f 1 | d o hi
http://soi.cnr.it/archcalc/indice/PDF19/16_Lefebvre.pdf or the representation of temporal dynamics In geographic

information systems Annals of the Association of the
American Geographer3(1994): 441-461.
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Galinié suggests that, to be valid, each of these unit. Each ES forms a pavh of space with unique
historical objects must meet three fundamental geometric properties (position and shape) defined

criterig" by a specific time course; ES are semantically
1 a location (where is it?) neutral objects, and only through their association
1 a date (when did it exist?) with others can the importance of a historical
1 aninterpretation (what is it?) object (EC) at a given time be retituted. The

spatial dynamics can then be understood by
By combining these t hr eiavespgatiog the telatosships tbatweenii Spatiale 0
each historical object can be defined, i.e. a fixed Features (ES) and Constituent Elements (EC).
state. In this way, any modification, i.e. any change
in one of these properties, leads inevitably to its 1.2.2 Modeling time
disappearance anthe creation of a new object.
The way the historical objects as a whole have Modeling time is based on a similar principle to
been transformed can thus be perceived, and from deconstruction into simpl®bjects. In the same
there the dynamics of the urban fabric can be way that historical objects are divided up
analyzed. geometrically into Spatial
these ECs is divided up into Temporal features
In the study of how the Roman amphitheater site (ET), each corresponding to a portion of time
was transformed into uam fabric, the historical defined by a unique date and duration. These
object selected as being relevant on the district feaures thus form an uneven division of time
scale is called the Constituent Element (EC). It reflecting the transformation of historical objects
concerns a particular type of occupation of space as a whole, i.e. the time pattern of the urban fabric.
such as a dwelling place, a courtyard, a garden, etc. Moreover, analyzing the relationships between ETs
(for the complete list ofaxial uses, see §1.4.1). and ECs provides details of many aspects
(thematic and/ochronological) of the structure of
1.2 Modeling space and time: Spatial time.
features (ES) and Temporal features (ET)
1.3 The conceptual model of the process of
1.2.1 Modeling space urban fabric formation

Each historical object is thus defined by location, In sum, in the global model, the Constituent

date and social use. To study the dynamics of the Element (complex historical object) is formed by

urban fabric, i.e. itsransformations, | took the the association of several Spatial Features (g&mpl

concept of spatial modeling proposed for ToToPI  spatial objects) with several Temporal Features

The principle consists in deconstructing space into (simple temporal objects) and a social use.

simple objects called Spatial features (ES), which

correspond to the smallest possible geographical This way of structuring information can be
summarized in a global schema -called the
Conceptual Data Model. Its formalization using the

Marius Thériault and Christophe Claramuntfi L a HBDS method (Hypergraph Ba Data Structur‘é)

représentation du temps et des processus dans lesuBks creates a link between }he study togic and the

n®cessitw® pour I a r e ®Rbvaer c h i nt.erdi scil L hail
internationale de Géomatiqe(1999: 67-99. 5eog_raph|c Inf%rmatlon Féystem (Gi83 in the ESRI
_ o B ArcGis 9.2 software.
Thierry SaintGérand, A Compr endr e pour mesurer . .. ou
mesurer pour comprendred™ Modélisations en géographie .
ed Y. Gugrmondp;is Hermes, 2005 261-298. geograp Figure 2 represents the Conceptual Data Model as

it was used for studying the formation of urban

* Henri Galinié, Ville, espace urbain et archéolog{@ours fabric on the site othe Roman amphitheater in

Collection sciences de la ville, Maison des sciencda dile,
de l'urbanisme et des paysages, Université FraiRatielais
de Tours, 2000

® Henri Galinié.,Xavier Rodier and LaureSaligny A Ent i t (@Eran(;oisePirot and Thierry SainGérandfiLa G®o dat aba:
fonctionnelles, entités spatiales et dynamique urbaine dans la sous ArcGIS, des fondements conceptiiels| 6 i mpl ®ment a
| ongu e, Hidtoire & Mesurd9, 3/4,(2004: 223-242. | ogi cGéenhatigaedExpert1/42(2009: 62-66.
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Tours. In this schema, the modeling of space is in the centre of the schema, linked to the spatial
shown by the thick horizontal arrow and that of and temporal dimensions andsaciated with a
time by the horizontal axis. The historical object is social use.
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Figure 2. The conceptual data model.
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1.4  The deconstruction of historical data for analysis to account for the dynamics of
relating to the Roman amphitheater site occupation.

Comparison of the different traditional sources 1.4.1 Identification of social uses

used in  historical studies (excavations,

architecture, textual, planimetric and iconographic  In contrast to time and space, social uses were
documentation) gave rise to a corpus of 463 broken down prior to modeling. Thirtyses were
Constituent Elements (EC). Next, the functional, identified to describe the urban fabric at the intra
spatial and temporalrpperties were characterized parcel level:

and then modeled and incorporated into the GIS

7 Basilica 20 Collegiate church 38 Dwelling place
9 Bastion 22 Courtyard 39 Oratory

10 Cathedral 23 Kitchen 42 Square

11 Cell 24 Servant s6 qua43t erDsor

13 Chapel 26 Stable 44 Postern

14 Road 27 Parish church 45 Well

15 Cemetery 28 Boundary wall 46 Street (portion)
16 Citadel 31 Ditch 47 Sacristy

18 Stone wall 36 Garden 49 Waste land

19 Cloister (portion) 37 Latrines 50 Tower

These functions are associated with the ECs by a making up the data base resulted in a division of
relationship of 1 to n. In this way, as an EC has a the continuous space into 541 Spatial Featuges (

single function, it follows that there are as many fig.3). The spatial dimension of the ECs, i.e. of the
relationships as there are historical objects. historical objects, was reconstituted by a
Analysis of the functional dimension is thus based combination of geographical objects (the ESSs),

on 463 relationships. namely a total of 1069 relationships. By applying
this principle of informational modeling, the ES do
1.4.2 The division of space not relate to any historical reality, unlike the links

which combinethem to form the ECs. Queries
On the principle of modeling based on the non relating to space concern precisely these
redundancy of space, the 463 Constituent Elements relationships.
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Figure 3. Map showing the division of the study zone into Spatial Features (ES).
Each color represents an ES.

1.4.3 Division of time

On the same modeling principle as for space, i.e.
based on a neredundancy of time, the 463
Constituent Elements in the data base resulted in a
division of time, between 350 and 1800, into 101
Temporal Featuresée fig.4.

Figure 4. The division of time into Temporal Features (ET).

These ETs have no real historical meaning: it is the (temporal, spatidemporal or temporefunctional)
association of several features which acquires a concern these relationships.

historical meaning when it reconstitutes the
temporal dimension of an EC. In this way, as for . :
space, the time of the historical objects (EC) is 2. Spatlotemporal representation
reconstitted by combining several ETs. There are Of the results

a total of 8107 relationships associating ECs with

ETs. It is these relationships which have a By dividing up space, time and social use, and then
historical meaning and which can be interpreted, combining these features, it is possible to
unlike the ETs: queries regarding time as a whole reconstruct the historical objects (the ECs) as a
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