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Abstract 

Medieval and modern fiscal documents provide valuable information about the spatial 
organization of the countryside. They usually describe each plot, indicating the owner's name, 
the surface area, the land use, the neighbours, and the location. These lists, which contain 
hundreds of plots with their relative location, have great potential for analyzing the spatial 
pattern of village territories and the evolution of the landscape, especially when there is a 
series of successive documents for the same territory, as is often the case. Nevertheless, they 
have been dramatically under-exploited because it is difficult to reconstruct the landscape 
from fieldbooks without maps – and field-maps in France only appeared in the 17th-18th 
centuries. To overcome this difficulty, we propose a model of plots described in fiscal 
documents based on the use of graph theory. 

The main idea is to take spatial information from registers and former plot plans and 
transform it into graphs. The translation of spatial data into graphs should allow a bridge to 
be created between mapped and unmapped historical documents. On these graphs, each plot 
corresponds to a vertex and each neighbourhood relationship (adjacency) - visible on a plan 
or described in the documents as a neighbour - to an edge. The work is carried out using two 
complementary approaches: the first focuses on establishing a database dealing with records 
without maps. The second extracts the graph from former plot plans in a Geographic 
Information System. The goal is to match the graphs produced by these two approaches in 
order to analyze spatial changes by comparing the graphs, which is not possible from plans 
or registers alone. 

First, the protocol to transform plot plans into graphs in the GIS will be developed. 
Secondly, we will consider the possibilities of comparing two graphs corresponding to two 
successive states in the GIS. 

Keywords 
Fieldbook, cadaster, Geographic Information Systems (GIS), Graph theory, Medieval Ages, 
Modern period 



 Among all the documents available to historians and archaeologists to reconstruct the 
dynamics of land use during mediaeval and modern times (13th-18th centuries), there is a 
category of sources that is particularly rich in spatial organization data, namely land registers 
including terriers (fieldbooks) and cadastres, commonly called “compoix” in the south of 
France. For France alone, there are several tens of thousands of fiscal registers prior to the 
19th century, the oldest going back to the 13th century. These documents, drawn up for the 
purpose of levying taxes on land ownership (private for the terriers, public for the cadastres), 
are generally in the form of registers, the most recent documents sometimes including plans, 
and they can be considered as the forerunners of present-day cadastres. This type of source, 
found in France and throughout Europe, provides a wealth of high quality information, its 
main interest lying in the form of the register, namely the list of names and lands, together 
with a large number of details, notably the amount of dues to be paid (“allivrement” in the 
cadastre or “compoix”). The standardized registration of these long series (often more than 
several thousand items) makes the use of analysis tools, particularly statistics, particularly apt. 
Above all, the documents give not only the name and profession of the landowner, but also 
sometimes the name of the farmer and often the surface area, land use (arable land, vineyard, 
meadow, game preserve, woodland, house, etc.), location through microtoponyms, the names 
of the owners of adjacent plots (known as “confronts”), etc., making it possible to situate the 
plots in relation to each other within a territory, with the help of a terrier if there is one, or of 
the Napoleonic cadastre. Various historical issues regarding land organization (landscape 
structures, distribution of land use, property and farm organization, etc.) can thus be 
addressed.  

Although these mediaeval and modern fiscal documents provide a wealth of spatial 
information, with whole areas described in detail, plot by plot, and at successive periods, 
historians are never able to correlate this spatial information over long periods of time, which 
would enable them to identify the dynamics of reorganization. This difficulty is increased by 
the absence of plot plans (with a few exceptions) prior to the 17th-18th centuries. The 
researcher thus has to put together the pieces of a puzzle using topographic and 
microtoponymic details, and particularly references to neighbouring plots (confronts). This 
work, which is long and fastidious, is difficult due to gaps in the information (e.g. 
neighbouring plots that are not described), ambiguities (e.g. the names of neighbours), and 
errors. It is however conceivable to reconstruct the land divisions of a restricted area, but in 
no case for the whole of a rural area. Historians de facto use essentially recent documents 
from the time that plans were available. The lack of any cartographic referent complicates the 
use and processing of the whole information, and particularly the possibility of observing 
changes in the plot plan from one state to another in order to gain a better understanding of 
spatial dynamics. Thus, processing the spatial information in the terriers and compoix 
generally remains limited to one-off initiatives, using “home-made” solutions with little 
emphasis on the dynamic character (Claveirole and Pélaquier 2001; Brunel et al. 2002). The 
1985 conference in Rome (Biget et al. 1989) provided a ground-breaking and essential way 
forward for research in this area. It raised issues that still exist today, highlighting the need to 
create a tool capable of managing the mass of spatial data in mediaeval urban cadastres. An 
article written at that time even considered the possibility of using a mathematical object, 
graphs, to speed up the process of reconstituting mediaeval urban plot divisions from 
“compoix” (Montpied and Rouault 1989). This project was first discussed in a short article in 
the journal Le médiéviste et l’ordinateur (Montpied and Rouault 1982). The proposed 
experiment was essentially limited to constructing the graph (the plots were reduced to a 
single dot, and two neighbouring plots were indicated by two adjacent peaks on the graph), 
and then to visually identifying “topological accidents” on the graph. As far as we know, no 
further progress has been made in terms of developing this type of method to “reconstruct” 



ancient plot divisions since this work in the mid-1980s, although the most recent studies have 
highlighted this technical shortfall (Leturcq 2007; Truel 2007; Conesa 2007; Poirier 2010). 

Picking up this idea of using the concept of mathematical graphs (Berge, 1958), a 
research programme was launched in 2010, supported for three years by the French National 
Research Agency (ANR), called MODELESPACE1. The aims of this programme are to go 
beyond the manual reconstruction of plot plans by generating a tool which would eventually 
make it possible to carry out ambitious projects to analyse the spatial dynamics of urban or 
rural areas for which several terriers, compoix and cadastres are available, constituting 
successive records of land organization. This tool for modelling spatial dynamics thus 
proposes a change of scale, as it should make it possible to incorporate the successive states 
of a single space into the same data base, to provide a graphic model of each of these states, 
and to measure spatial changes by comparing these different representations, overcoming the 
obstacle of using heterogeneous documents (notably plan vs. register). The aim is thus not to 
create an automatic tool to reconstruct a plot structure as close as possible to past reality; that 
would not only be unrealistic, but also based on a static concept of areas and landscapes. 

There has been extensive work on graph theory by mathematicians in the last 25 years, 
notably with regard to its application to social sciences. The use of graph theory to analyse 
large interaction networks (social networks, internet networks, protein interactions, transport, 
etc.) developed rapidly in the 2000s with the possibility of direct on-line access to vast 
quantities of data and the development of mathematical models of graphs (Watts and Strogatz 
1998; Barabási and Albert 1999). We propose combining these now classical network 
analysis tools with topology tools2 to study graphs in which each node represents a plot and 
two nodes are linked by an edge when the two plots are geographically adjacent to each other. 
Since the ground-breaking study by Atkin (Atkin 1977), recent studies have led to advances 
in the interactions between graph and topology (Babson et al. 2006; Chen et al. 2001; 
Dochterman 2009; Boulet et al. 2010). The present study applies this work to an actual data 
base.  
 To test this method, we chose the parish of Odars on the outskirts of Toulouse (figure 
1). The records of this parish contain a particularly large collection of compoix and terriers, 
with and without maps, making it possible to develop methods to measure spatial dynamics. 
There are three successive compoix for 1479, 1551 and 1598, a terrier with a map drawn up in 
1759, and a “Napoleonic” cadastre dated 1811.  

Based on this corpus, we look first at the general principles of the work to create the 
series of graphs. Secondly, we describe the difficulties encountered in comparing these 
graphs, and the possible courses of action to measure changes in the organization of land in 
Odars between the 15th and 19th centuries.  

                                                
1ANR-09-BLAN-0322-02 « Modélisation des espaces préindustiels ». This 2010-2012 project is led by Florent 
Hautefeuille (FRAMESPA), Bertrand Jouve (ERIC) and Samuel Leturcq (CITERES-LAT). The internet site can 
be consulted at the following address: http://modele-espace.univ-tlse2.fr/ 
2 Topology, the science of spatial relations, is a branch of mathematics created by the French mathematician 
Poincaré at the end of the 19th century in order to formalize reasonings of a qualitative nature. Topology is 
concerned with the spatial relationships between objects, whether or not they are located geographically. It 
allows an approach, a qualitative description, to be formalized mathematically. The neighbourhood relationships 
between objects are expressed in terms of continuity, contiguity, proximity, adjacency and connectivity. 
Modifying the spatial relationships brings about a change in topology (Pirot, 2004, 426). 



 
Figure	  1	  :	  Maps	  locating	  the	  district	  of	  Odars	  (31,	  France)	  

 
 
 1 – The foundations of spatial analysis: spatial construction and adjustment of 
the graphs3 
  1.1 – Graph construction 

The procedure involves transforming spatial information from registers and ancient 
plot plans into graphs (called “dual graphs”) in which each plot corresponds to a peak and 
each neighbourhood relationship (visible adjacency on a map or described in documents by 
mention of “confronts”) corresponds to an edge. Depending on the type of source, with or 
without maps, two different procedures are followed (Figure 2). 

 

 
	  

Figure	  2:	  Stages	  of	  processing	  registers	  and	  plans.	  
                                                
3 For further details, see Le Couédic et al. 2012 (forthcoming). 



 
The first (Figure 3) involves extracting the dual graph (Berge 1958, 206-217) of the 

ancient plot plans in a Geographic Information System (GIS). The first step is to vectorize the 
original plan using a topological structure in order to obtain a planar graph of the plot 
system4. The peaks of this graph are the intersection points of the plot boundaries and the 
curves are the plot boundaries. From this graph, the dual graph is then extracted, in which 
each plot is represented by a peak, and two neighbouring plots are linked by an edge. In this 
dual graph, the attributes of the plots are assigned to the peaks that represent them in order to 
obtain what we call the plot adjacency graph.  

 

 
	  
Figure	  3:	  (left)	  Transition	  from	  original	  plans	  to	  adjacency	  graph	  of	  plots	  of	  land;	  (right)	  constrcution	  of	  the	  
different	  types	  of	  graphs	  from	  a	  plot	  plan	  (boundaries	  in	  grey);	  (top)	  topological	  planar	  graph;	  (middle)	  dual	  
graph;	  (bottom)	  adjacency	  graph.	  

 
The second process involves designing a tool to enter and analyze the spatial data of 

the fiscal registers in order to draw the graphs. The database is created in such a way as to 

                                                
4 A plot plan is a topological planar graph. Thus a graph G is planar if it can be represented on a plan in such a 
way that the peaks are at distinct points and simple edges only meet at their extreme points. A topological planar 
graph is a representation of a planar graph G on a plane" (Pirot 2004, 422-423; Berge 1970). 



incorporate the data of several registers and matrices into a single set in two steps5. In the first 
step, all the information contained in the registers is entered, not only taking into account the 
variety of editorial forms, but also using tools that can link words designating the same person 
or the same place with different spellings (disambiguation tools). The second step provides 
algorithms for pairing plots with neighbourhood links (figure 4). These algorithms allow pairs 
of plots with a common boundary to be extracted automatically. These features are recognized 
directly or are based on different workaround methods to remove ambiguities (place names, 
neighbour’s neighbour, etc.). This method makes it possible to generate a graphml file 
automatically, which can be read directly by a graph display programme such as YED or 
GEPHI (figure 4). A clear distinction is made between the confronts based on ownership 
(which may be linked to another plot described elsewhere in the register), and those which are 
“invariant”, corresponding to roads, rivers or demesnes not described elsewhere in the 
compoix. The latter category has the advantage of being relatively stable over time and thus 
can be used as a basis for constructing the graph. It should be stressed that while the Tercomp 
tools enable most of the plots to be located in spite of errors, gaps or ambiguities in the 
registers, some of the information remains disconnected from the graph (figure 4). When the 
registers do not include maps, the graphs are incomplete, with a few exceptions. The 
reproduction quality of the graph obviously depends on the accuracy of the data in the 
register. In its current version, Tercomp can be used to model fiscal registers whether or not 
they show the orientation of the confronts. However, the results are less good when they do 
not show the orientation. Currently, the database allows the reconstitution of 50 to 70% of 
confronts, enabling more than 90% of plots to be linked to the related graph, based on the 
invariants. 

 

 
	  

Figure	  4:	  Dual	  graph	  aspatial	  from	  the	  cadastre	  (without	  plan)	  of	  Odars	  (1598),	  issued	  from	  the	  database	  
Tercomp	  

                                                
5 The Tercomp base can be consulted on line: http://modele-espace.univ-tlse2.fr/ 



 
 1.2 – The spatial adjustment of the graphs 
Each state of the documentation is translated into a graph. However, the graphs need 

to be spatially adjusted so that they can be compared in order to measure the spatial dynamics. 
The graphs based on the Napoleonic cadastral map (1811) and the terrier map of 1759 pose 
no adjustment problem, in that the cartographic information base allows very precise 
geolocation of each peak of the two graphs. This is not the case for the graphs based on 
information taken from registers which do not have maps (figure 4). In order to make these 
graphs spatially comparable to the former, we attempted to georeference them using invariant 
geolocation elements as landmarks for all or part of the period covered by the document. 
These landmarks include: 

- Point features (e.g. church, chapel, cemetery, castle, crossroad or remarkable 
house). This is a very mixed category and can only be used in conjunction with the 
two following categories.  

- Linear features (e.g. permanent stream or river, or significant road). This category, 
comprising essentially linear elements, has the advantage of covering the whole of 
the studied space evenly. However, it has two disadvantages. First, the linear 
features are modelled using a single point which generates concentrations of 
confronts in a spider map. Secondly, the same linear element can be designated in 
different ways in one register. This leads to doubles, requiring thorough sorting of 
these data. 

- Surface features: toponymic entity6 (e.g. communes, parishes, seigneuries, etc.); 
neighbourhood entity (e.g. communal, demesnes - in the case of compoix). This 
category is also homogeneous but has the disadvantage of the impermanence of 
place names. For example, in Odars, only 4% of the place names mentioned in 
1476 are found in the Napoleonic cadastre. Furthermore, in the large communes, it 
is not unusual to find several identical microtoponyms, or ones which have been 
further subdivided. 

The spatial adjustment of graphs based on registers without maps was simulated in an 
experiment on graphs based on the cadastre of 1811 and the terrier with map of 1759 (figure 
5). The adjacency matrices of these two graphs, which are perfectly fixed in space, were 
exported into a graph-editing programme (YED) to remove all spatial information, in other 
words a similar situation to the graphs drawn from registers with no maps. These “aspatial” 
graphs were then spatially adjusted using the available landmarks. This resulted in distorted 
graphs, as can be seen in Figure 5. The distortion can be measured by comparing the aspatial 
graph of the 1759 terrier, readjusted using landmarks. This distortion shows the extent of the 
difficulty of this spatial adjustment phase. The aspatial graphs have topological distortions 
which make comparison tricky. A comparable protocol was set up for the registers without 
maps. The matrix of neighbouring plots is taken directly from the Tercomp database. It is also 
possible to take into consideration the surface area of the plots when this is known, and to 
show the orientation of the links joining two plots using colour coding. Once these points 
have been fixed, the data can be adjusted by setting the Force-directed algorithm (Brandes 
2001; Di Battista et al. 1999) which controls the graph display. While technical improvements 
are still possible, particularly by improving the inclusion of the confront orientation in the 
graph display, they will not lead to a real spatialization of data; but this is not the aim. Our 
aim is first to match the dual graphs of plots generated from sources as different as registers 
                                                
6 “Toponymic entity” refers to a diffuse area within which a microtoponym is concentrated. For each step, it is 
possible to draw up a list of these toponymic entities, showing features that appeared or disappeared, changes in 
size or position, etc. (Vue 1997). These toponymic entities play an essential role during the construction of 
graphs from registers without maps when resolving ambiguities. 



and maps, and secondly to make them comparable, or at least to identify the patterns revealing 
characteristic spatial organizations.  
 

 
Figure	  5:	  Two	  spatial	  adjustment	  tests	  of	  the	  dual	  graphs	  taken	  from	  the	  adjacency	  matrix	  of	  the	  plot	  plan	  of	  
Odars	  (31,	  France)	  dated	  1759	  with	  a	  spring	  algorithm	  (on	  the	  left,	  adjustment	  based	  on	  place-‐name	  entities;	  

on	  the	  right,	  based	  on	  place-‐name	  entities	  and	  neighbouring	  villages).	  
 
 
 2 – Comparing graphs: some possible lines of action 
 
 The Modelespace team is currently working on methods for comparing the graphs. 
Our aim here is thus not to present a finished result but the various lines of action considered 
to achieve a valid method of measuring the dynamics of land use.  It is not possible to 
compare graphs at the plot scale from one period to another, even with the most complete and 
precise restitution from a register. Coherent sub-graphs between the invariant points need to 
be drawn. The aim is to characterize the spatial organizations of these sectors by finding 
patterns that represent the plot structure in the graphs.  
 
  2.1 – Creating a catalogue of plot patterns  
 In order to analyze land-use dynamics by comparing graphs of successive states of the 
same area, it is essential first to create a catalogue of spatial transformations and their graphic 
representation. This lexicon of transformations provides the first interpretation tool. 
 

In brief, the following cases can be found (figure 6): 
- Stability: no perceptible change between t1 and t2 
- Splitting: a plot at t1 is split into n fragments at t2 



- Merging: several plots at t1 have been combined to form a single plot at t2 
- A combination of splitting and merging, leading to a relative stability of the 

plot system: plots at t1 are reorganized, leading to a shift in the boundaries 
at t2 without any major change of the plot structure 

- A complex combination in which plots simultaneously split and merge: at 
t1, plots are reorganized, leading to a shift of boundaries at t2 whereby the 
plot system is completely transformed 

 

 
Figure	  6:	  Spatial	  transformation	  of	  plots.	  

 
  2.2 – The cumulative graph: general principle (figure 7) 
 One comparison method involves cumulating the data of the two graphs t1 and t2 to 
create a third graph that can help interpret the transformations between t1 and t2. This is based 
on the principle of breaking the space down into the number of entities that are produced 
when several states of plans are combined in a overall graph. This principle gives good results 
when analyzing spatial transformations from maps. By contrast, tests carried out from the 
dual graphs of plot plans indicate that identifying changes in the overall graph is too complex, 
and the method has thus been abandoned. 
 
  2.3 – The spatio and temporal graph 
 This approach, taken from work carried out by GIS specialists (Del Mondot et al. 
2010), is based on the principle of analyzing plot transformations over time. The relationships 
between the peaks of graphs t1 and t2 are used to create a temporal graph in which each edge 
is interpreted according to the transformation lexicon (stability, splitting, merging). It should 
be stressed that this technique is only applicable when the relationship between plots from one 
state to another can be established, which is rarely possible for documents prior to the 18th 
century. The experiment is currently being carried out from graphs drawn from the maps 
dated 1759 and 1811. In this case, the relationships have been established spatially by 
overlapping the two states.  
 



 
	  

Figure	  7:	  Spatial	  transformation	  in	  graph:	  spatial	  and	  temporal	  graphs.	  
 
 
Conclusion 
 
 The results achieved so far enable the creation of graphs, either from maps or from 
matrices in the registers. For maps, this involves simply a protocol of extraction from the dual 
graph. By contrast, for registers, reconstruction of the graph required developing the Tercomp 
database comprising disambiguation tools. For Odars, this enabled us to produce graphs that 
are more than 90% complete. 
 This initial phase having been completed, work now involves comparing graphs using 
several approaches that are currently being explored. It has already been shown that the 
relevant scale of comparison cannot be the plots, and that sectors delimited by invariant points 
need to be identified. 
 In the short term, analyses based on the graph structure will be completed by statistical 
exploration of the attributes attached to the peaks: surface area, type of crop, owner’s name, 
place name, etc. The aim is to identify significant indicators, alone or in combination, of 
spatial organizations for each state, in order to measure the dynamics of landscape change. 
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