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The intense archaeological researches within the town center of Grosseto and its surrounding territory raised many questions. An economic crisis, whose end is still far, make
the fund raising for new researches – i.e. diggings, archaeometric and bioarchaeological
investigations – very difficult. Therefore, it is necessary to adopt new tools to minimize
the areas to investigate. Hereafter we propose some spatial analysis we made on the
town and the territory, which provide interesting suggestions.
Keywords: spatial analysis, kriging, landscape archaeology, GIS, Grosseto

Le intense indagini archeologiche condotte a Grosseto e nel territorio circostante hanno suscitato molti interrogativi. Una crisi economica di cui non si vede la fine si ripercuote nella
difficoltà di accedere a finanziamenti adeguati per rispondere in modo esaustivo (scavi e analisi archeometriche e bioarcheologiche), perciò è necessario dotarsi di nuovi strumenti che
consentano di ridurre al minimo le aree da indagare. Di seguito proponiamo alcune analisi spaziali effettuate sulla città e il territorio, che costituiscono interessanti spunti di riflessione.
Parole chiave: analisi spaziali, kriging, archeologia del paesaggio, GIS, Grosseto

1. Preface1
The goal of this contribute is to describe the most recent updates of
a project focused on the birth and the development of Grosseto - a small
medieval town in Tuscany (central Italy) – and on the transformations
which occurred in the surrounding territory (fig. 1). The project began in
1997, being the main question to study the relationship between Rusellae and Grosseto. They are, respectively, the central place of the region
1 I wish to thank Antonia Arnoldus-Huyzendveld, Michelle Hobart and Giancarlo Macchi who read

the draft of this paper. The final version owes much to their suggestions and criticism.
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Fig. 1. Grosseto and Tuscany in the Italian
peninsula.

– i.e. the lower Ombrone valley –
from the Etruscans till the end of
the Roman Empire, and the late
medieval to contemporary bishop
site. They are also close to each
other: Rusellae lays some 7 Km NE
from Grosseto. Thanks to the necessity of public works within the
16th century city walls - new
pipelines, cables and pavements –
it was possible to excavate the
11% of the open areas of the very
centre of the town from 1998 to 2005. They gathered new data about
the origin and the development of this rather unusual city, which does
not have Roman origins (see Citter, Arnoldus-Huzendveld 2007; Citter
2007). The excavations produced no evidence of a permanent settlement
in the town centre before ca. AD 600. In the same time the last late
Roman villas (and in particular that of St. Martino which lies 2 Km eastwards) were going to be abandoned, though the lower Ombrone valley
still used to be settled by scattered farmsteads. However, as yet, the
only excavated Roman rural sites of the region have no phases dating
after AD 500. Therefore, this statement deserves further attention, in
order to understand what kind of sites they were. Grosseto’s excavations helped to understand the rapid and continuous growing of this
rather small village from – say – AD 800 up to AD 1200. They also gave
precious information about the townscape: a wooden features’ village
until ca. AD 1150, when a substantial rebuilding of the bishop’s town
substituted the wood with stones and bricks. The development and the
expansion took place from a small top flat area toward a gentle slope facing the river Ombrone. We have only a handful of quotations in the literary sources from the origins of the village up to the shifting of the bishop site (AD 1138). However, they do fit well with the results of the excavations. The material culture, mostly pottery, suggests that the town
had been under the influence of the Papacy until ca. AD 1050, when a
brand new scenario can be related to the rapidly growth of the Aldobrandeschi lordship (it is noteworthy that in the same time they promoted the
process of incastellamento). This family came from Lucca (the most powerful town of early medieval Tuscany) around the end of the 8th century.
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They became Earls of Rusellae under the Carolingians and had always
strong interests in Grosseto. As yet, we have no more than a rapid
sketch of the surrounding landscape in the crucial period of the town
making. The available data suggest that it was settled by few villages
(both on plain and on the hilltops) and some – as yet to be defined – sites
on the plain, that sometimes reoccupy former Roman ones. The shaping
of the bishop and communal town between AD 1150 and 1300 produced
the bases of the contemporary townscape by establishing some still
standing relevant public buildings, and, later, the curtain wall. The powerful town of Siena established a permanent rule upon Grosseto from ca.
AD 1340 to AD 1554, when most of Tuscany came under the control
of Florence. By that date the town had gone under a deep crisis, which
lasted only in the 20th century.
The geoarchaeological researches proved that the river Ombrone
changed its course many times, from a stream very close to the town to a
more distant one. They also sketched a draft of the lagoon from the Roman
period, when it had connections with the sea, up to the present little
marsh. They also gave a preliminary evaluation of the potential productivity
of the plain soils. However, as one can argue, both the excavations in Grosseto and the researches in the region arose new questions, which deserve
attention. In particular, it seems crucial to draw with more accuracy the
container – i.e. the landscape - where this small village grew and developed.
It is important to understand its potential, its features and how did the
town related to it. Did the relationship change from the Aldobrandeschi to
the Comune? And how did it change? Did the new rulers of the late Middle
Ages up to the 19th century - Siena and Florence – make new landscapes
or did they just left what they found? Which role the exploitation of special
resources like the salt works and the lagoon played over time?

2. The GIS: base questions – analyses – new questions
All the data from this project have been stored in a GIS platform (ArcGis 9.3) at two different scale levels: town and landscape. In the following, after a brief summary of the work that has been done, we shall
try to answer to some of the above questions working with available data
and GIS-based spatial analyses. To ease the reading, each step will be
explained in details. However, one can find useful help in ArchGis help
(http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm).
New questions and a wider scale need to focus a detailed strategy. It
is unlikely that a new long lasting project which involves some 33,000
hectares of mostly reclaimed land could be financed. So it is highly im-
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probable that new public works involving the archaeological sediment of
the town centre will occur in the next decades and private enterprises
could only give the opportunity for a rescue sample. We can hope to dig
some of the known rural settlements, though most of them could be very
badly preserved. Therefore, the remote sensing techniques and the field
walking seem to be the only strategy to get data, at least in the eastern
portion of the plain, where the geological terrace is covered by no more
than 70-100 cm of arable soil.
In order to prevent a waste of resources and time, we started with
a first evaluation of the available data (archaeological finds, ancient maps
and cadastres, literary sources) within a GIS platform (a first detailed
report in Citter, Arnoldus-Huyzendveld 2011). This paper is a step forward in a single direction. Can GIS-based spatial analyses help to answer
to some of these new questions? Do they produce new suggestions for
old issues? Do they help to reduce a vast plain to smaller areas where
to make trenches and samples in order to uncover information about the
changing field systems, the water management (channels, ditches and
streams) and the salt works from the Romans up to the Modern age
(good rules in Verhagen, Borsboom 2009)? Do they help to improve the
interpretation of the development’s rhythm of the town?

2.1. The town
The contract we made with the county’s administrators focused only
on open – i.e. public – areas within the town walls. We had the opportunity to dig inside the 12th century church of St. Peter, whose sequence,
spanning from AD 600 to AD 1600, played a great role in creating a
general picture of the town’s development. However, it was an exception
to have access to such a site. Typically, we had to follow the public works
project and excavate only contemporary streets and squares, where former pipelines had already removed a portion of the stratigraphy. Therefore, we hardly found a fully preserved sequence or building in either timber or masonry. However, this did not prevent us from sketching the
main phases of Grosseto’s history and to answer to some basic questions as shown briefly in the preface. The possibility to have 14C dating
for 13 crucial layers allowed to calibrate the chronology of the early and
high medieval coarse and fine wares found in the town and in the surroundings, where we had collected potsherds from many sites during
field-walking campaigns in the ‘80s.
Based on this research, new questions soon came to the fore. How
fast did the village grow? Did it develop from a single point or from a
sparse settlement? Did it grow without any break? How did it relate to
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the countryside? Did this crucial relationship change from, say, AD 800
to AD 1200?
2.1.1. From the village to the town: overlaying and questioning the archaeological and the geoarchaeological data with interpolation
methods
The first urgent question was to gain more data about the early village,
whose beginning, around AD 600, is only known from very scant evidence.
On the contrary, one can hardly make a shovel test within the town walls
without finding a sequence dating from the 10th to 12th century AD.
Therefore, it is quite easy to say that the village grew up between AD 600
and AD 1000. However, this is a very unspecific assertion, which one
could make without digging. The seven charts preserved in the archives
from AD 803 and 1138 lead to the same conclusion with less work.
In order to search for new paths, we asked whether spatial analyses
could be helpful. In 2007 we only made a first attempt by drawing provisional maps from the available data with the Kriging tool, which is one of
the most used interpolation methods. Hereafter, we shall start from this
point in order to challenge the potential of these tool for archaeology.
The topic of predictive modelling is not brand new (a beautiful, detailed
fresco of this fascinating topic is in Verhagen, Witley 2011, see also van
Leusen 2002, chapters 5, 6) and it is somehow related to the debate
between processualists and post-processualists, or, rather, to the possibility to forecast unknown data from available ones. In particular, the
kriging interpolation calculates the presumed value of a given variable in
a given spatial location, starting from its known value in other nearby locations. The result is usually visualised as a contour map where each
contour line encloses all the points that have, or are presumed to have,
the same value. Therefore, the kriging, as all the interpolation methods,
evaluates data in relationship with their environment (for the general theory see Haining 2003, pp. 167-173, 327-333; also useful Bohling
2005). Usually, the geostatistical methods are very common in other
fields than archaeology. However, we can find some references about
the kriging in archaeology too (as Lloyd, Atkinson 2004, p. 152 pointed
out; see also Wheatley, Gillings 2002, pp. 174-176). The kriging has
been used to produce a DEM (Digital Terrain Model; Wescott, Brandon
2000) or to chart the distribution of a given pottery (Herzog 2007).
More common its use to evaluate chemical analyses like the phosphate
concentrations (Cavanagh, Hirst, Litton 1988). Finally we find it in the
3D modelling of stratigraphical sequence (Robinson 2010). Therefore,
kriging is not unknown to archaeologists, though it has never been used
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in a urban context, and, in particular, to investigate the rhythm of the expansion of a settlement.
The main critique to the use of interpolation methods in archaeology
is that we cannot forecast a specific behaviour of a given variable. This
statement is true only if we think that interpolations should produce the
truth. On the contrary, they only evaluate real data by adding a percentage of impreciseness. Once we are fully aware of what interpolations do
not do, we can use them properly, also in archaeology. To make a simple
example, it is obvious that the pollution of a lake has a more determined
cause than the choices of a community to expand a village over time.
However, there is a percentage of unreliable factors in a pollution
process too. And pre-industrial societies behave with a more determined
outlook than contemporary archaeologists are willing to accept. No
water means no settlement (excepting some Roman sites). No cultivable
land means no permanent settlement either. Finally, ease of movement
through a landscape raises of which path is suitable for travel on foot or
with a donkey or a chariot. This is true at least from the Neolithic up to
the 20th century.
Another critique, as said, is that we are going to add an unknown percentage of uncertainty to a data set, which has solid archaeological
bases. This is true and that’s way it is highly recommendable to avoid any
further interpolation. To rest upon the result of a kriging, or any other
similar method, as if it was the original data set would take far away.
Each interpolation must have its own dataset, coming from fresh and
controlled data. In 2007, at the very end of the edition of the urban excavations, we paid little attention to calibrate all the steps of the process
and the final result was a simple overlay of three different layers of
knowledge: the town centre land units map (elaborated by Antonia
Arnoldus-Huyzendveld), the historical buildings (both existing and known
by literary sources) and the archaeological record (fig. 2).
The interpolation we shall make hereafter starts from this first evaluation, in order to ask whether these techniques can help archaeologists
involved in studying a town and its development. Therefore, we shall pay
more attention to each step, its significance and its role in the whole
process.
The first step is to ask how can we map the rhythm of the expansion
of a town. In 2007 we chose to think at the excavation areas as points
in a space, each of them having a fix value, i.e. a number indicating the
presence-absence of stratigraphy of a given period. This is a very simple
calculation, it does not manipulate the original dataset, and it allows the
use of the kriging by reducing the sample areas to points. In ArcGis one
can easily get the centroids of the polygons (i.e. the excavations area)
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Fig. 2. The land units map of the town centre overlying the churches and buildings which are
attested to or presumably already existed before AD 1200. The blue mask is the
forecast expansion trend between AD 900-1050 (the red line marks the more intensive areas). The kriging’s values indicates the prediction of the presence of a stratigraphy of this specific period (values around 2) or its absence (values around 0).

with the extension Xtools. The computer will generate a point shapefile.
The centroid represents both an abstraction and a reduction of the significance of a surface. However, at a wider scale an excavation area can
be represented by a point without loosing much.
The second step is to create a field within the attribute table of the
type short integer to allow the kriging evaluation, which needs dots and
numeric values. In particular, we need a numeric field for each period we
wish to investigate. In 2007, we decided to create four fields, one for
each phase of the period V – i.e. AD 550-680, 680-900 and 900-1150.
The latter was divided in two more phases – AD 900-1050 and 10501150. This allows to see, whether changes occurred in the archaeological record by the time the ruling family of Aldobrandeschi started a more
aggressive struggle against the former powerful institutions of the region.
The third step is to chose the range of values. Because the threshold is “yes” or “no”, values like “0” and “1” could fit well. In addition, we
put a third value, in order to maintain a certain percentage of uncertainty of the archaeological record, which is never yes or no, true or false.
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Therefore, a value 0 means no stratigraphy in the given phase, a value 1
means that there is a questionable stratigraphy (it could fluctuate between two phases), and a value 2 means that there was a precisely
dated stratigraphy (usually 14C dating or well preserved pottery contexts). The result is shown in fig. 3.
Based on these data, which do not cover the whole town centre with
the same density, the interpolation produced by the kriging method provides a coloured contour map for each phase as shown in fig. 2. The peculiarity of this map is that the dark blue area enclosed by the red line is
signed as that with the highest possibility to find a well datable sequence
of that particular time span, or, according to our values, the area where
it is more likely to find a sequence with the value 2.
There is a large range of choices among the krigings and, obviously,
each of them produces a rather different map. The first group is constituted by the simple, ordinary, universal and indicator kriging, the second
by probability, disjunctive and cokriging. Because the latter introduces a
higher degree of uncertainty, for this case, the former seems more suitable. Among them, the ordinary kriging is better than the simple kriging,
because we can assume that the situation of the stratigraphical sequence is similar in the proximity of each measured point instead of the
whole town centre (we should remember that the point are centroids of
excavations areas. Therefore, this does fit in well). To interpolate with

Fig. 3. The centroids of the excavations areas within the town walls of Grosseto. On the
left the table of contents with the values for each period.
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Fig. 4. The trend analysis of the dot matrix reveals a different behaviour from AD 9001050 and AD 1050-1150. The former shows a sharp E-W trend, the latter a
trend both E-W and N-S.

more attention to the measured value reduces the percentage of uncertainty. We can choose ordinary kriging among the choices in ArcGis-Geostatistical analyst-geostatistical wizard-kriging and choosing the input
dataset (the point shapefile of the excavation areas’ centroids). In this
particular case study we do not need to evaluate the distribution of the
values themselves. They only depend on where we could excavate. However, other case studies could need this step too.
The fourth step is to choose whether to work with an isotropic or
anisotropic ordinary kriging. The former assumes that the data are distributed without any trend, and the latter assumes that there is a trend.
This is a very simple choice for a toxicologist. But it can be a hard one
for an archaeologist. Sometimes our data suggest a direction – for instance the slope of a hill, or a river – sometimes they do not. Therefore,
we had better to make both the isotropic and the anisotropic kriging, and
then to compare the results. However, we also analysed the values to
see whether there is a trend or not.
To evaluate whether there is a trend in the Grosseto dataset (fifth
step), one can use geostatistical analyst-explore data-trend analysis.
There is an E-W trend in the preserved stratigraphy of the period AD
900-1050 (fig. 4, blue line), while in the following period AD 1050-1150
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the trend seems to be uniform in any direction (fig. 4, the blue and the
green line almost coincide). The location of the diggings was random, but
the stratigraphy we recorded is always well datable. Therefore, this
graph suggests that, despite the location of the samples, there is a real
trend. In addition, the U shape of both blue lines in the last two charts
suggests that it is a second level polynomial trend.
This is a very important assessment and we shall take it into account. Usually, we remove the trend when we run the kriging. On the
contrary, in this case we should leave it, because it mirrors real data.
Is there a link between this datum and the elevation’s trend of the
subsoil surface? Figure 5a and b show, respectively, the slopes map and
a 3D modelling of the elevations contour map with an emphasized z value.
It is noteworthy that the elevation trend of the plain where Grosseto
was found and the town centre have roughly the same NE-SW direction.
According to the map, it should be easier to develop the village along
a N-S route, instead of an E-W one. Moreover, the land units map shows
clearly that the most ancient churches of S. Pietro and S. Giorgio, both
existing by AD 800, lay on a comfortable terrace, and that the most ancient features of the small village – say from AD 600 to AD 800 – lay on
the top or on the terrace. On the other hand, one can notice that the
plebs of S. Maria (later the cathedral) and the salt revenue storage (later
the Aldobrandeschi palace) lay in worse morphological conditions (fig. 2).
The main question that these evaluations generate is whether a
rather compulsory phase of urban development after the end of the Carolingians (roughly speaking the 10th century) could have been undertaken, regardless of the morphological conditions, because of the need for
space. In fact, after AD 1050, when the Aldobrandeschi family had established a stronger and more efficient ruling structure, the development
seems to fill in the space left by the previous phase in almost every direction. Thus, this first analysis suggests that the threshold we put
around AD 1050 in 2007 was a good starting point. According to these
hypotheses, we worked with an ordinary kriging, without removing the
trend and choosing a simple predictive map. The other two choices can
be applied to special datasets. The last one, prediction standard error,
is very useful for us and we shall talk of it later.
The sixth step is to choose which kind of semivariogramm is more indicated for this case study. The semivariogram is a crucial feature of the
kriging, because it represents the spatial self-correlation among the values. In fact, the final contour map depends both on the values and on their
spatial location. There are several available choices. In general, one can assume that closer data can behave more similarly than distant ones. However, archaeologists know very well that this is not true on excavations:
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a

b
Fig. 5. a) The slope of the subsoil visualized as percentage; b) The elevation contour map
with the emphasized z value show a NE-SW direction.

closer diggings can produce different sequences. That’s why the kriging
cannot be the final solution. On the contrary, it produces a forecast that
must be related with other original datasets in order to help the interpretation. For this case study an exponential semivariogram, which produces
a more similar curve to the ideal one, seems more efficient than other ones
and prevent us to exceed the threshold of the mathematical formalism,
which, for our case study, would take us too far away. Our dataset do not
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need a very smooth surface. Therefore, it is better to avoid the K-Bessel
model, which is one of the available choices among the semivariograms. On
the contrary, it is very useful when working with LIDAR datasets.
In the semivariogram box one can also profit of some other tools. In
particular the lag size and the number of lags, which influence the final
result, because they diminish or increase the spatial correlation among
the values. The theory suggests that
Ls * nL = Dmax/2
where Ls = lag size, nL= number of lags and Dmax is the maximum
distance between two among the observed values. Therefore, in the case
study we could chose, respectively, 20 and 12. However, to increment
the correlation we applied a lag size of 30 and a number of lags of 15.
We tried the both and the difference is irrelevant. According to the good
practice to avoid excess of formalism, we did not change the default values of the range (the distance to the point where the semivariogram becomes horizontal), the sill (the value that it has in that point) and the
nugget (the difference between 0 and a point close to it where the semivariogram has no more value 0, though very close to it).
The result of the ordinary isotropic kriging is shown in fig. 6, along with
the shapefile of the main buildings (fig. 6a) and that of the land units (fig.
6b). A first look at the picture we produced in 2007 shows some differences. However, the two maps seem to be relative to each other. If we
want to evaluate the map’s confidence, we can have a look at the values in
the final report. In this case the mean is 0.1, very close to the expected
value 0; the standardized root mean square is 1.048, which is very close
to the expected 1. Finally, the root mean square and the average standard
error are, respectively, 0.77 and 0.70 (approximations at the last decimal). We expected that they should be very similar.
The map predicting error is a helpful tool, which deserves further
elaboration. It does not show where the forecast is true or false; it
shows where the given dataset is good for that kind of evaluation and
where it is not. It is more common to have a major error at the border
of the mask, where it is hard to calibrate and spatially relate the values
to each other, than at the core of it. In fact, if we compare the error
map with the expansion predictive map, we notice that the major error
seems to occur in the most western portion of the town centre, where
we had the opportunity to dig less than everywhere else (fig. 7). Therefore, it is an area with less data. The same thing occurs in the small
south-western and south-eastern parts. The north-eastern corner was
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a

b
Fig. 6. The ordinary kriging of the stratigraphic evidence for the period AD 900-1050 and
the main buildings and churches attested before AD 1200 (a). The ordinary kriging and the land units map (b).
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settled around the 13th century by Franciscans monks, who, besides the
previously abandoned Benedictine monastery of S. Fortunato, usually
built their cloisters in the periphery of the late medieval Italian towns.
Moreover, we think that all these parts of the town played only marginal role until the building of the 16th century curtain wall. What this map
does show is that in the centre of the town the error is low. Moreover,
the error is calculated on the dots’ values, which is independent of the
type of kriging applied.
We repeated the process, choosing an anisotropic ordinary kriging,
leaving the rest without any change (fig. 8). According to a preferred direction E-W, it seems that the most relevant development of the village
between AD 900-1050 occurred in the very core of the early medieval
one. It is close to the important church of S. Leonardo, which was built
along a W-E route from the salt works to the inland. A little lower intensity is recorded in the central portion of the town centre. The two krigings produce rather different maps.
However, they both demonstrate a higher probability to find a well
datable sequence to the period AD 900-1050 in the centre of the early
medieval village, where the estimated error is lower. In other words
these two maps also show the areas of the town centre where a more
intense development in that period could be more likely to have occurred.
The main differences are related to the direction of this process. If we
do not follow the dots’ values E-W trend, it seems that the kriging darker areas is more uniformly distributed. If we assume that the trend
means something, we must look at the anisotropic kriging.
Is there any way to chose which of the two could be the most likely
picture of the making of the town in the crucial period AD 900-1050? If
we compare the two maps with the land units (as shown in fig. 6b for
the isotropic ordinary kriging), and we intersect the two evaluated surfaces, we notice that the 67% of the best geomorphological background
seems to be affected by the developing village from AD 900-1050,
against the 33% of the less favourable background. Therefore, in the
first phase of expansion, people did not seem to care much where to
build. Actually, a flat terrace is really more favourable than a gentle slope
or a small valley, which is touched by seasonal streams.
We repeated the process for the anisotropic ordinary kriging map (fig.
9). Despite a different geographical disposition of the presumed most intense expansion, these evaluations show that it is likely that it occurred
both on better and on worse geomorphological conditions, for at least a
third of the whole town centre. Therefore, we can be more confident
about the result we gained, although the question as to whether it had
a privileged direction or not is still unanswered.
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Fig. 7. The ordinary kriging of the presumed expansion intensity AD 900-1050 (left) and
of the related error (right).

Fig. 8. The isotropic (left) and anisotropic (right) ordinary kriging compared.

We can try to get more data by analysing the expansion predictive
map in relationship with the known churches and buildings; we only take
into account those existing before AD 1150 (fig. 10). The pictures suggest that the most intense development has been focused on the
churches.
In fact, there is an evident match between the most intense development areas and the closer ring buffer, which is of just 50 meters, that
we don’t need any chart to prove this relationship.
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Fig 9. The absolute values and the percentages of the presumed most and least intense
expansion of the village between AD 900-1050 in relationship with the more and
less favourable geomorphological conditions, according with the land units map evaluated by Antonia Arnoldus-Huyzendveld (a). The same data visualized as charts: left
– isotropic ordinary kriging, right – anisotropic ordinary kriging (b). The most intense presumed expansion AD 900-1050 overlaying the land units map according
to, respectively, the isotropic (c) and anisotropic (d) ordinary kriging.
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Actually, we can test the isotropic ordinary kriging for the second
phase of the urban development (AD 1050-1150). From the results it is
clear that there is a less intense expansion and that it is scattered,
rather than being centred on the main buildings (fig. 11). In the conclusion I shall briefly discuss the potential historical significance of these
analyses.

2.2. The landscape
Let’s make a jump, both in space and time, to the countryside surrounding the well- established town of Grosseto around AD 1200.
2.2.1. Why Grosseto did not become a major town? Analysing the
site catchment
Despite the rapid growth of the new townscape, which took place
around AD 1150-1200, with masonry buildings (both public and private)
arising almost everywhere, and the translation of the bishop site from
Rusellae, Grosseto did not become a major town in Tuscany.
This fact has always fascinated local scholars. Analysing the geographical context can help to search for new answers (Citter, Arnoldus-Huyzendveld 2011). At first, we turned the land units map of the countryside into
an agricultural potential map. Then we draw the presumed district of Grosseto at the end of 13th century, according to the literary sources. Finally,
we overlaid the two maps and we evaluated how much land really could
have been cultivated by the community in the period of its maximum power.
We decided not to work with calories consumption, which seems to produce better outputs in the cost weighted analysis (Gietl, Doneus, Fera
2008; Verhagen, Whitley 2011, p. 26). The result (fig. 12) clearly shows
that this territory could feed at best no more than 8.000 people.
This number presumes that each single field with a high potential for
crops was always cultivated and produced a very good harvest each
year. Of course, this is unlikely. We concluded that the number of people living in the town district at the end of the 13th century was probably closer to 4.000, as derived from the literary sources. What does
this mean for the history of Grosseto? The main conclusion is that this
town had grown enough to be a central place in southern Tuscany, even
though it was not large enough to compete with more populated and developed towns of the region like Siena and Pisa, which had more than
four times the population of Grosseto in the same period. Around the
middle of the following 14th century the town had already gone under
the rule of Siena. It is noteworthy that the potential site catchment of
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Fig. 10. The presumed most intense development AD 900-1050 according to the isotropic kriging map and the multiple buffer ring centred on the existing buildings by AD
1150 (a). The presumed most intense development AD 900-1050 according to
the anisotropic kriging map and the multiple buffer ring centred on the existing
buildings by AD 1150 (b).
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Fig. 11. Isotropic ordinary kriging of the presumed most intense expansion AD 10501150, overlaying the multiple buffer ring centred on the main buildings and
churches attested before AD 1150.

Fig. 12. Redrawn from Citter,
Arnoldus-Huyzendveld
2011, pp. 83-85,112.
The town is the hexagon in the middle.
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the village was much smaller than the town district (a good example of
calibrating Voronoi maps is in Arthur, Gravili 2006). I shall discuss in
the conclusions a possible explanation of this stop, which was as rapid
as its previous growth.
2.2.2. The making of a new landscape? Hypotheses about a communal field system
The excavation in the town centre generated many questions, one of
which is more puzzling than the others.
Can we see in the district of Grosseto the same process we recorded within the walls between ca. AD 1150-1300?
We assumed that the field system recorded in the cadastre of 1823
in a scale of 1:5.000 was a palimpsest of a long lasting process of
adding new traces and erasing some of the former. Comparing this map
with more ancient ones, it is clear that there are some features that do
not seem to change at all: the main roads and the channels. This net had
already been drawn on the landscape by the end of the 16th century.
Therefore, it is likely that it could preserve something of the period we
wish to examine. Fig. 13 shows the main roads that seem to draw two
crosses, intersecting each other and rotated ca. 45°.
According to this hypotheses, we digitized a portion of the cadastre as
polylines, each segment being a single feature. We measured them and discarded those shorter than 30 m, which we assume reduces a potential
distortion factor. Then we calculated the orientation of each segment and
tried to solve the puzzle by looking at possible similarities among them. In
other words: if there occurred a planning before AD 1823, whenever it
happened, it must have left a coherent set of traces in the picture.
We started with the segments aligned with the two groups of perpendicular roads, which already existed in AD 1594. We only left ± 1° of tolerance to prevent a distortion of the sample, thus calibrating the error
within the digitizing process and the georeferencing of the maps2 (fig. 14).
Then we can examine how many segments could be related to both,
the distance from Grosseto and the cultivating potential of the soils. One
can chose to work with linear and kernel density, instead of simple numbers, because the density is a more accurate value. In fact, it produces
a relationship between a population and a surface. It is obvious that 4 is
more than 3. It is less obvious that if 4 people live in a 4 square meters
room, and 3 people live in a 3 square meters room, they have the same
2 A good example of this kind of analysis is in POIRIER 2007 and VERMUELEN, ANTROP 2001, though
they both did not evaluate further these data with other ones.
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Fig. 13. The two couples
of roads crossing each
other in the 1823’s
cadastre (redrawn from
Citter, Arnoldus-Huyzendveld 2011, p. 117).

density. The tool density is in ArcGis-arctoolbox-spatial analyst tools.
Measuring the surfaces, both of the most productive land units and of
the buffer rings centred on Grosseto, provided comparable numbers
(figs. 15-16). This shows that the field boundaries aligned NW-SE have
a closer relationship, in terms of density, with the more productive soils
and with the proximity to Grosseto. On the contrary, those aligned with
NE-SW behave in a different manner. If they both reflect planning, then
they were different projects. The first was centred on the best land and
on the proximity to Grosseto, the second on less favourable land and indifferent to proximity. In fact, the density of segments within the buffers
is almost the half in this second set.
This does not mean that each single segment of the NW-SE set was
drawn on the ground in the same period. On the contrary, it is likely that
this situation mirrors a long lasting process of sedimentation on the landscape, whose beginning cannot be dated after AD 1594, when the roads
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Fig. 14. The two couples of
perpendicular roads extracted from the 1823’s
cadastre and related to
the field boundaries oriented in the same way.

already existed. However, the spread between the two density values is
so great that one can hardly explain it other than to say that they had
different origins. It is also clear that the roads cross at Grosseto. Therefore, they cannot be dated before AD 900 or 1000, when the relatively small village started growing. One possible answer to the question is
that this palimpsest could hide a part of a project run by the community
of Grosseto between AD 1150 and 1300. At the same time they constructed a new town, with stone and brick buildings, streets and
squares, the community could have taken the opportunity (a necessary
one) to project its status in the rural district, by planning two crossing
roads and a coherent field system. On the other hand, the second set,
oriented NE-SW, could be earlier or even later. One can suppose an intervention by Siena as a clear sign of its rule over Grosseto, after its
conquest in AD 1341.
We must always take into account Chouquer’s warning about the
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a

b

Fig. 15. The field boundaries aligned
with Rusellae (NE-SW) and with Vetulonia (NW-SE) in relationship with
the distance from the town centre
(a), the same data as a chart of the
densities (15b - top left) (b) and the
soils’ potential related to the segments aligned NW-SE (c). Both are
overlain by the linear density map of
the latter.
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Fig. 16. The model used
to build the watershed
and the streams of the
Grosseto’s plain. The
input dataset is the blue
oval on the left. The
green ovals are the results of each working
process (yellow rectangle). The blank ovals are
optional processes that
we decided not to activate in this model.
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It is noteworthy to mention that the new Siena’s land system based
on the so called dogana dei paschi, a sort of revenue from the breeding
of sheep and goats. A new political system could deserve a new visible
field system, oriented toward the new centre: Siena. There is no need to
think at the Romans, because we have indications that also during the
Middle Ages there occurred regular plannings. Fig. 15a in particular
shows the changing relationship between the multiple ring buffer centred
on Grosseto and the density of the segments within each of them.
It is noteworthy that the linear density of the segments aligned NWSE indicates a precise direction: the road from Grosseto to the salt
works, which we know were the main resource of the region, exploited
until ca. AD 1350 (fig. 15c).
2.2.3. Managing the water in an alluvial plain: working with the
hydrology tools 3
Managing the water in an alluvial plain that is frequently affected by
flooding and potentially full of small marches is a matter of survival. We
can study the environment thanks to the ArcGis extension spatial analyst – hydrology tools. The first step is to get a DEM of the selected
area, which is now a very simple process. We used the point shapefile of
the plain elevations, which we elaborated in 2007 to draw the lagoon in
the Roman period. The shape comes from the elevations of the Regional
1976 vector cartography of the province of Grosseto. We took off all the
points that lay upon a roof of a building, a ditch’s ridge and the likes, in
order to avoid any distortion. After this, we subtracted an elevation of
3,5 m. in the area of the lagoon close to the Ombrone river and 2,5 m
farther away from it, i.e. out of the geological terrace. Finally, we set in
the view all the points with an elevation higher than 30 meters above the
sea level to 30 (fig. 16). This produces a more detailed map of the lower
elevations, though they are still preserved for further calculations. ArcGis allows to build a model, which is a very helpful tool when the goal is
to create a standardized process that differs from the input dataset.
The process starts with ArcGis toolbox-spatial analyst tools-interpolation-topo to raster, which creates the DEM. This process usually has
some weak points that are sinks in the raster. Therefore, it is better to
fill the sinks. Then the flow direction and the flow accumulation may be
evaluated. After this, the process follows two different paths: one produces the watersheds; the other the streams. To get the watershed

3 I wish to thank Antonia Arnoldus-Huyzendveld for her help to produce this paragraph.
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Fig. 17. The watersheds of Grosseto’s plain in the Roman period and the presumed coast
line and Ombrone flow. The watersheds starts with the higher levels, i.e. brown
colour, and go on with yellow and green, which are the intermediate levels.

map, Arcgis needs the flow direction raster, which comes from the DEM
without sinks and the pour points shapefile, which is a matter of choice.
The result is shown in fig. 17.
To get a better map, it is suggested (http://istgeo.ist.supsi.ch/site
/node/13) to emphasize the preferred water flow direction assuming with
mapalgebra that flowacc > 100, 1. One can also obtain this with raster
calculator. In other words: we force ArcGis to evaluate only two potential classes: the first one is composed by all cells that have more than
100 cells flowing into them, being the rest set to null. This calculation
forces the stream network to come out of the map. This is very useful
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in this case, because we need to draw the potential water flow during a
particularly severe rainy season in a plain. This situation would have
greatly affected the choice to build a farm, a villa, a salt-work or a road.
The model ends with the creation of the stream link and, finally, the
stream order. The last step is to transform this raster to a shapefile
with the tool stream to feature. This is the potential map of all the
streams of the plain, both seasonal and permanent (fig. 18).
This process did not consider the presence of the Ombrone river. We
are going to improve this part of the evaluation by adding the weight of
a major permanent river and run the model again (more details in Citter
fc). However, it does not change much the map in the crucial area of the
ancient lagoon NW of Grosseto.

Fig. 18. The potential stream network of the plain during the Roman period. The elevations used for the DEM cover an area larger than that of the Roman presumed
coastline. Therefore, to ease the understanding of the picture, the stream network has been overlain by the extension of the lagoon and the sea (blue area).
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Fig. 19. The streams around the town centre of Grosseto evaluated in 2007 (red) according to elevations recorded during the excavations and those evaluated with
the hydrology tools according to the presumed elevations of the plain in the
Roman period (light blue).

If we visualize all together, it is crystal clear that Grosseto was founded on a very special area, which was surrounded but not affected by
water (fig. 19). In particular, it is noteworthy that this network almost
perfect overlays with the streams network evaluated by Antonia
Arnoldus-Huyzendveld in 2007 for the town centre, according to the elevations recorded during the excavations. Thus, the area where Grosseto was found appears to have been a small height surrounded by seasonal streams, though we cannot exclude that some of them would be permanent. They brought the water away from the plateau in at least two
directions: the first one leads to the Ombrone, the second to the lowland SW of the village, where in 2007 we guessed that the most ancient
salt works were positioned.
The Roman period salt works position is a potential weak point and a
puzzling question. However, we can summarize our evaluations by isolating a rather small area in the plain (fig. 20) to investigate with geophysics,
trenches and, possibly, larger excavations, in order to answer to a specific question: was this the area of the salt works before those recorded
in the 13th century on the opposite side of the geological terrace? Is this
the potentially most likely position of the salt works from the Etruscans
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(or earlier) to the early Middle Ages? We went on with the model by
choosing a pour point (a point where all the water flows into the system)
at the rivers crossing closest to the presumed Roman age coastline. The
choice was not that easy, but, the salt works did not need a deep basin,
as it was presumably positioned nearly at the sea level. The chosen pour
point is at -0,89 cm. After, we assumed an artificial dam of about 75 cm
above the pour point (this is what they found in Maccarese near Rome,
see Arnoldus-Huyzendveld et alii 2009) and we evaluated the potential
basin (fig. 20, red line). Finally, we assumed a normal 40 cm deep basin
for salt working at the bottom of the larger one (fig. 20, cross-hatched).
Both of these calculations are easy within the model with map algebra.
The dam should be no longer than 230 meters (very small compared to
the nearly 1000 meters line of amphorae found in Maccarese).
The result is a potential basin of ca. 7,8 hectares of which just ca.
3,2 hectares is the lower portion. If we evaluate the potential salt production for the whole basin according to a standard formula area (in
hectares) * 10,000 (area in square metres) * 1,200 (mean salt grams
per square metre) * / 1,000,000 (grams in a ton) = 94 tons. Otherwise,
the marginal area could produce some 55 tons and the inner area 39
tons. We tried the same process for other areas, closer to Grosseto,
but the elevations do not allow to get a basin, excepting one hundreds of

Fig. 20. The most interesting area to investigate according to the above evaluations.
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hectares in dimension, which seems unlikely. It is noteworthy to say that
this location is close to two Iron Age tombs, well known in the literature,
which could give some indications about the chronology.
The calculation based upon a 10 m cell size DEM is even too fine for
the given elevations dataset. In fact, the nearest neighbour mean is 108
m. Therefore, we run the model changing the cell size from 10 m to 50.
However, the result quite perfectly overlaps the previous one.

3. Conclusions: rem tene, verba sequentur
Spatial analyses in archaeology do not always produce answers, but,
they do help to ask new questions. The starting point, which makes this
approach similar, though not identical, to that of a geographer, is the historical question (a detailed history of the debate in Verhagen, Whitley
2011). We had no chance of understanding the growing process of
Grosseto according to the archaeological record as a chronological sequence of walls, living spaces, dumps and pottery. In 2007, we could relate the making of a town to the transformations of the landscape. This
is not that common in Italian archaeology, whose site-centred approach
is a far cry of its idealistic root. As yet, for many Italian archaeologists,
landscape means settlements within an empty space, and the main goal
seems to find the most ancient or the most recent potsherd of a given
class to draw a point on a blank sheet with a fixed chronology. Thus, the
transformation of the landscape is just a series of blank maps, each of
them showing a certain number of dots.
Spatial analysis do not tell us the truth, but they give us suggestions
as to how to relate our data in different, sometimes unexpected, ways.
The use of these tools has allowed to sketch another, more detailed
story of Grosseto and its neighbouring territory, which I’m going to summarize hereafter4.
The transformations that occurred in Grosseto and its community
seem to have taken place in a crucial period of European and Italian history. After the end of the Carolingians, new rulers came to the fore.
Among them, a family (in the broadest sense) called Aldobrandeschi.
They appear in the sources at the beginning of the Carolingian period, as
private proprietors in the region of Grosseto. By the end of the same period they were already playing a public role. The spatial analyses made
within the town centre suggest that the growth was rapid, somehow
4 In CITTER, ARNOLDUS-HUYzENDVELD 2011 we provided a detailed and updated literature on the history of Grosseto and its territory, which I shall not mention to facilitate the reading.
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chaotic, starting from the core of the former small village. It seems to
have ended by AD 1050, when the Aldobrandeschi changed their behaviour, starting a more intensive struggle with the former Lombard and
Carolingian rulers (in this region the bishop of Rusellae). By the same
time they also developed a more structured method of ruling. The growth
of Grosseto may not have been so chaotic as it seems, as the close relationship of the kriging‘s map with the churches suggests. Whether they
were the foci of the developing community or its result, is still a puzzling
question. However, it seems that the altered approach of the Aldobrandeschi affected the growing town. It is noteworthy to mention a failed attempt to stop the increasing importance of the town’s community with
the foundation of a new Grosseto in a very unfavourable position in AD
1179 on the highest hill of the region, which has no water and not much
space to develop a town.
Moving from the town centre to the landscape new questions arise,
thanks to the spatial analyses. Did the growth stop by AD 1050 because the Aldobrandeschi put a halt on it, or because the territory had
already reached its maximum population? Were the Aldobrandeschi actors in the development of the town or did they simply stop its growth
by protecting the surrounding settlements? We know that at least two
sites were abandoned after the bishop came to Grosseto. Actually, the
only one we excavated – Poggio Cavolo - does not seem to have been a
major village in the 12th century. Poggio Cavolo is a very intriguing site.
Founded in AD 800 (possibly by the bishop of Rusellae in order to protect the weak southern portion of his bishopric) as a church with a surrounding enclosure, it was transformed into a small castle in the same
period in which Grosseto had finished its compulsory growth, as suggested by these analyses. Are the two events related to each other?
Were the Aldobrandeschi the promoter of the castle? Was it part of a
project to root their rule in this region?
The Aldobrandeschi failed to stop Grosseto, at least its economic development. The abandonment of Poggio Cavolo, Poggio Calvella,
Rachalete, the failed foundation on the hilltop of Moscona and the salt
revenues’ agreement seem more than coincidences. Moreover, they all
occur in a time span of ca. 50 years and they are all settlements surrounding Grosseto.
At the beginning of the 13th century Grosseto was a communal town
that started to behave as the more powerful and rooted towns of the region, but on a more local scale. The rulers produced written sources and
monuments, and they planned a new townscape which shifted the core
from the high flat area of the former village to a less favourable, though
larger, space in the SW portion of the later walled town. Somehow, be-
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tween the ancient village and the Aldobrandeschi’s palace, the new community of Grosseto developed and left us little more than a trace.
Did they plan to transform the district too? It is not unusual to find
medieval regular planning in both Italy and Europe. The spatial analyses
suggest that they started to shape a field system aligned to the major
roads, which had developed over time, but after Grosseto had become a
central place. How and, even, whether these roads echoed former
routes, is an open question. As it is another query: did they just begin a
planning, or did they continue until Siena had taken control of Grosseto?
An answer to these questions can only come out of a series of sample
excavations in crucial points, aimed to get stratigraphical sequences of
field boundaries, fences, channels, and so on.
It would be tempting to say that the planning project started, but was
stopped by Siena who planned a new landscape, rotating the main axes
of 45°, to align the fields to the new road, that lead from Siena to the
harbour of Talamone, via Paganico and Grosseto. The first system privileges the more productive soils and the proximity to the town. The second does the opposite.
The position and the production capacity of the salt works is another
intriguing issue. Did they place the salt works in the area that these
analyses indicate from the Iron Age until AD 1000, so as to shift to the
opposite part of the terrace until they had to make new efforts closer to
the new coastline in the late Middle Ages? New tools raise new questions and allow a new digging strategy to be deployed. It would hardly
have started if we were only equipped with the tools of the past generation’s historical archaeologists.
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