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Abstract

History tries to make sense of disparate data trying to create a discourse of a sequence of events with
crisp cause-effect relationships. This is specially difficult for the change of historical ages that signal an
epochal shift in a specific part of the world that concerns all aspects of life, from economy to politics
and religion. In this research it is fruitful to look at data and follow a well established methodology
to claim when something happened and how. This is what we are doing in this paper, where we use
historical coin hoard data, a proxy for economic activity and commerce, to establish when the shift
from Antiquity to the Middle Ages occurred in a peripheral part of the Roman Empire, the Iberian
Peninsula. We will apply different changepoint analysis methods to a time series created from that
data to establish when the economic collapse that produced that change occurred, and work back from
that result to actual historical events to find its proximal causes. This paper not only tries to settle that
boundary, but also proposes a methodology for applying it to other sequence of historical events.

Keywords: cliometrics; economic history; historiography; changepoint analysis; fall of the Roman
empire; Iberian Peninsula; late antiquity; early middle ages

1. Introduction

When did the world, as the ancient people knew it, come to an end? This is a question that, even
today, does not have a definitive answer by historians, as exemplified by recent papers like [32]. The
question is interesting not only for history books, but also for understanding the dynamics of abrupt
historical change. However, strictly from the point of view of historiography, a clear border between
Antiquity (the first period for which records exist) and the Middle Ages (which finished in the 15th
century yielding to the so-called Modern Age) needs to be established. And that boundary is generally
ascribed to the fall of the Western Roman Empire. Thus, one question, when did Antiquity change into
the Middle Ages, begs another, when did the Western Roman Empire fall?

Historiography have several answers to this question, although most history books will follow [9]
in saying that the day and hour the last Roman Emperor was substituted by a "Barbarian" king, the
Antiquity ended and the Middle Ages started. That approach takes an essentialist view of history that
creates its story and sequence exclusively from written sources, affirming as historical fact whatever is
the consensus among several surviving, more or less contemporary, accounts.

A different view was proposed in the 20th century by Henri Pirenne [26] who posited that
humanity followed more or less in the same way its daily life until around the 6th century, when the
expansion of the Islam disrupted societies and economies in the Southern Mediterranean and ended
centuries of trading practices, including trade itself. Pirenne had a different view of history with an
approach that can be called tout court, that is, taking into account all sources of information, including
material culture, as well as meteorological and geographical data.

This last approach connects well with the cliometrics [10] approach to economic history, which
went in parallel with the Annales school of historiography [8] looking for a more systematic and, if pos-
sible, statistically sound, approach to the establishment of historical fact and cause-effect relationships.
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However, despite this way of writing history having more or less originally for the study of
epochal changes, from Antiquity to the Middle Ages, there are relatively few articles that use this tout
court approach specifically to the fall of the (Western) Roman empire; specifically, although there are
articles that use sources such as lead pollution to explain some of the crisis that eventually led to the
fall, there are no papers that use statistical analysis to find a specific date when that change of regime
took place.

In a previous report [21] we found a changepoint for the whole dataset of coin hoards, which we
called the Danubian hypothesis: a change of trading regime bringing about abrupt changes all across
the empire, essentially caused by the loss of the Danube river and accompanying Roman roads as
a viable route due to the settling of non-Roman nations (called foederati) which no longer had the
capability, or will, of maintaining those ways in working order. That caused a collapse in inter-Roman
empires’ commerce, and eventually a change from Antiquity to the Middle Ages, acknowledged by
most historiographers a few decades later. To be sure, the battle of Adrianople, which dilapidated
several Roman legions and killed the emperor Vales, has been acknowledged for a long time as one
factor defining the shift from Antiquity to Middle Ages [4], although that view has received some
criticism lately [33]. We proved in [21] that the disruption in the trade patterns, as reflected in the
complex network before and after the changepoint, spanned the whole region covered by the dataset.
However, the same analysis revealed a link between Great Britain and Spain which vanished and was
at least as important as the link between Italy and Bulgaria/Turkey through the Danube that also
disappeared after the changepoint. The analysis is not able to reveal, however, if this was another
cause or rather an effect of the change in regime.

This is why, in this paper, we will focus on the Iberian Peninsula, by itself and also as a represen-
tative of the periphery of the empire and how it was affected by the larger issues, or conversely, how it
created challenges that eventually extended to the rest of the empire. There are several reasons for
this: first, the quality and quantity of the hoards found here and the precision with which mints can be
ascertained from these findings; second, as a peripheral part of the empire, it might have experimented
disruption before or after the main changepoint, and to find out which one is the case would contribute
to the understanding of the change from Antiquity to the Middle Ages. Finally, there is a very extensive
historiographical literature on the Iberian Peninsula (for instance, [17]), which might find easier to
connect epochal changes to trends or specific events.

Thus, there are two interrelated research questions that we will work with in this paper:

®  Research question 1 Is there a changepoint in the Iberian Peninsula trade links? Is it connected to
the Danubian hypothesis?

®  Research question 2 If that is the case, can we find a local cause for this changepoint that is
concomitant or caused by the Danubian hypothesis?

One of the issues with a statistical approach to the study of history is the nonexistence of a
methodology that goes back from the statistically established facts to the historical facts they are
supposed to prove. In this paper we adapt the methodology we used in [21] to the subset of data
referring to the Iberian Peninsula. The methodology consists of the following steps

1.  Validate the dataset by recurring to internal checks or checks against other existing dataset for
the same era.

2. Use changepoint detection methods to find a changepoint in the time series, validating it by using
different changepoint detection methods.

3. Use separate and joint changepoint detection methods for different time series referred to the
same events to establish sequence of these changepoints.

4. Analyze data before and after the changepoint to establish the factors that contributed to it. Use
again statistical analysis for doing it, from complex network analysis to other kind of methods.

5. Go back from this statistical analysis to the historical events that have caused them, trying to
establish historical facts.
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The rest of the paper is organized as follows: next we will present the current state of the art
in the application of change point detection methods in history, as well as any other analysis that
try to research the boundary between Antiquity and the Middle Ages. We will describe and show
an overview of the dataset in Section 3. The data will be analyzed, trying to respond to the research
questions in Section 4. Finally, we will discuss these results and present our conclusions in Section 5.

2. State of the Art

This paper was kicked off by the publication of a preprint by [2] which set out to analyze changes
in economic regime in the Mediterranean as reflected in coin hoards found during a millennium. This
change in economic regime was predicted by [27], claiming that the real Middle Ages did not start
until the onset of the Islamic invasion of the Middle East and North Africa disrupted the trade routes,
breaking it into smaller, regional ones, which had to fend for themselves.

The main point of this school of thought is that what traditional historiography has considered
break points, in this case the fall of the Roman Empire, need to be reconsidered in the light of all kind
of data available to us, including the one we are using in this paper, coin hoards as a proxy for trade,
and only reach a conclusion after this data has been analyzed and tested statistically. For instance,
[19] look at lead pollution and levels of lead in blood, leading to cognitive decline which explains that
fall; lead has been studied for some time as a disruptive factor in the Roman Empire, for instance in
[19], which use a different data source. However, this paper focused on economic growth and how it
changed along the centuries, focusing on the changes between the years 600 and 800. It certainly did
not set out to analyze if there was a precise breakpoint, and what the reasons for it could be.

We are going to focus in this paper on the Iberian Peninsula. As a peripheral part of the Roman
empire any disruption might have affected it, but in a different way or in a different time frame. This
is why we are especially interested in works that focus on this area, like [24] and [7].

The main take away from this paper is that we can use existing datasets that have a basis in trade,
like coin hoards, to find evidence of disruption in economic patterns, since trade is at the same time
one of the main drivers, as well as indicators, of economic activity. And the era under study was
not short on epochal events that could have caused such disruptions. Of course, the final fall of the
Western Roman Empire should have some kind of impact [17], since the Roman central administration
definitely vanishes by mid 5th century. However, modern historiographical analysis, following Pirenne,
tells us to look further than that into other kinds of factors. Two of the most important factors that
impacted the whole Roman empire were the Antonine and Cyprian plagues, which happened in the
2nd and 3rd centuries [19] and had lasting effects spanning at least five centuries.

Focusing on the Iberian Peninsula, the Visigoth invasion did produce some discontinuity, but
trade continued diminishing during the 5th and 6th centuries, although most changes were relatively
slow [7].

These multitude of factors can produce abrupt changes in time series, but you need to apply
rigorous statistical methods to be able to find the precise change point and then work back and try to
explain the change in historical trends through the other data, historiographical, environmental and
archaeological, that is available. This approach is called, in general, change point analysis, and it has
been repeatedly applied to historical data including battle deaths [6], use of force by US presidents
[12], analysis of the actual life terms served by Venetian doges [20] and how shifts in marriage patterns
explain the different shift points in the Republic of Venice [22]; the technique was initially created for
climate variations [1] but since then, different algorithms, including Bayesian ones, have been applied
to the analysis of historical time series [30].

A recent report [21] analyzed the whole dataset of coin hoards and found a change point in the
early 5th century. An additional social network analysis discovered that the center of the network,
previously based in the Danubian area, had collapsed after the changepoint, hypothesizing that the loss
of the Danube and adjoining Roman-maintained and -guarded roads after the defeat of Adrianople
and the inclusion of foederati homelands South of the river provoked a general disruption of trade
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patterns, and thus, by definition, the actual Fall of the Roman Empire and the beginning of the Middle
Ages.

By focusing on the analysis of the trade patterns that coin hoards reveal, and using change point
detection methods and focusing on a specific area, we should be able to find more precisely what
group of trends produced those changes and if there were some specific events that produced those
trends or their change. The variation in the dates of the changepoint might also reveal cause-effect
chains in one direction of the other or locate with higher precision chain of events that led to change of
a global scale.

How we processed the dataset used and the methodology applied to it in this paper will be
explained next.

3. Materials and Methods

We have used the FLAME (Framing the Late Antique and early Medieval Economy ) database as
the main base for this paper, in its September 2024 version, which is available from https://coinage.
princeton.edu/flame-database-last-version. This project has published a series of datasets that contain
information on coin hoards found all over the world, and spans from the 4th to the 8th century. This
dataset formed the basis for [2], although it was enhanced with more data that has not been published
so far.

We will focus on the Iberian Peninsula and the two countries with hoards and mints, Spain and
Portugal'. We simply included in our datasets hoards or mints that had been geolocated to these two
countries.

We might wonder about the validity of this dataset as an, if not complete, at least unbiased
representative of the activity we want to study. Any archaeological dataset is a sample of all possible
data, and will probably have some biases, as revealed by [29]. Certainly, those countries that are more
urbanized will have found more coin hoards than those that are sparsely populated. In that paper,
Spain has 36% of sites with a numismatic rating of "Good" or better, over 461 hoards that have been
found; it is among the 4 countries that have been described in the paper as good data quality ([29],
caption to Table 1); in the conclusion, it affirms that

in Portugal and Spain urban hoards more often have a high data quality.

So, this gives the subset of the original dataset we are using enough validity to be able to draw
some conclusions from its statistical analysis. In what follows, we will describe which specific files
we have used from that dataset, and the processing they have undergone (Subsection 3.1), show an
general overview of coin hoard data and its distribution in Subsection 3.2 and finally indicate how the
dataset is validated in Subsection 3.3.

3.1. Dataset Processing
The FLAME datasets include many different files. We have used three of them

e  Coin groups, which contains individual information on the group of coins found in every hoard
and the mint where they were minted; it includes also information on the range of time those
coins were minted cross referenced to the two files below.

e  Hoards, which contains information on the hoard itself, including the date it was found, the
number of coins, and the place where it was found.

e  Mints, that contains location information on said establishments.

We have made a series of processing steps to use them

e We have geolocated the mints to a specific current country, using the GeoApify service.
e We have processed hoards and mints to keep only those that are placed in the two countries in
the Iberian Peninsula, Spain and Portugal.

There are no hoards found in Andorra or in the UK colony of Gibraltar.
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e  We were interested in the trade links and its number, that is, the number of coin groups from one
country found in another country, so we processed all files above to obtain that information. We
generated two files with this procedure:

—  Iberian-only trade links, which contain only the trade links where the mint and the coin
finding (hoard) are in the Iberian Peninsula.
—  All trade links of hoards found in the Iberian Peninsula or that contain coins minted in it.

*  We processed the resulting files per decade starting in 0, so that the granularity of the resulting
time series of trade links is 10 years. The main reason for doing so was the fact that many years
had zero links, so grouping them by decade seemed a good way to smooth differences that could
have happened fron a single year to the next.

e We filled with Os all those decades with no links.

¢  Finally, we shortened the time series so that they start and end in the same year.

As a result, we have two synchronous datasets with 46 decades that start in the decade 310 and

end in the decade 760

¢  Time series of trade links per decade within the Iberian Peninsula.

¢  Time series of trade links per decade between the Iberian Peninsula and elsewhere.

These processed datasets are available in R data format in the repository for this paper, https:

/ /github.com/]JJ /medieval-trade.

Figure 1 is a representation of the two time series mentioned, that is, interior and exterior links.

The pattern in the time series is very similar among them, and also similar to the one in [21]; however,

there are interesting dissimilarities which might make the analysis totally different.

Trade links in the Iberian Peninsula

N
o
o
o

Interior links

1000

Number of trade links

300 400 500 600 700
Decade

Figure 1. Time series of interior and exterior trade links for the Iberian Peninsula.

3.2. Overview of Coin Hoard Data

The connectivity of the dataset is represented in Figure 2; where, as shown above, the vertices are
current-day regions, and edges have a weight equivalent to the overall number of links.>

2 Please note that we are showing only connections from Spain and Portugal to other places, thus the network is centered in
Spain with a secondary center in Portugal; it should be understood only for visualization and not for network analysis, since
all connections between nodes that are not Spain and Portugal have been dropped.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Graph plot of the regional network using (current) regions as nodes. Edge size is proportional to weight,
that is, number of links.

The top edges of that network are shown in Table 1. At the top is the connection between Spain
and the United Kingdom that was already pointed out in the introduction. Obviously, connections
between the two parts of the Iberian Peninsula and Italy are important, as well as the connection
between Spain and Turkey, where Constantinople, the capital of the Eastern Roman Empire, was
placed. Connection between the two countries in the region, Spain and Portugal, are not as important
as the connections between Spain and France. Connections further away than France, to Germany,
and to the Palestinian Territory, are also at the top. This indicates a trade network that was maritime
in a big part and which extended through the Mediterranean to the middle east; also that internal
commerce, although important, was not the main source of imports or exports for any of the countries,
which had better relationship with the capital of the empire (represented here by Italy and Turkey)
than with each other.

Table 1. Top edge weights in the regional network.

Origin | Destination Weight
Spain | United Kingdom 4144
Italy Spain 1336
Spain | France 1185
Spain | Turkey 1148
Turkey | Portugal 632
Spain | Portugal 592
Spain | Netherlands 507
Italy Portugal 504
Spain | Palestinian Territory 502
Spain | Germany 499

The importance of trade with the United Kingdom might be, to a certain point, the evidence of a
certain bias in the dataset, since the abundance of hoards in the UK is higher than in other places due
to its population density and other sources of bias; this is mentioned explicitly by [16], which mentions
a series of legislative measures that have made coin hoards found there more likely to end up in the
database. On the other hand, it has been clearly established by scholars that Spain and the UK shared

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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material culture [7] and that the trade in raw materials, luxury items, as well as transshipment through
Spain of goods produced elsewhere, mainly in Africa, was intense [31] and long-lasting.

At any rate, we would need to discuss the validity of the dataset, which we will do in the next
subsection.

3.3. Dataset Validation

There are many inherent biases in any archaeological dataset, something we have already ac-
knowledged in subsection 3.2. The biases, as indicated in [16], mainly concern regional representation
and their relative importance; the authors assert that

... FLAME is not a representative sample of the ancient monetary circulation.

The FLAME database stands at the rear end of a funnel that receives all coins but drops those that
did not survive, were not excavated or were excavated but not studied, or those that were studied but
not published. The bias that every one of those filters introduce is unknown. However, the authors
also affirm that those known unknowns, as well as the unknown unknowns, do not render the dataset
totally useless, and in fact it has been used repeatedly, more notably in [2], where it is only part of the
database, and in [21], where it is the main source of data.

Besides, regional distribution is not the main focus of this paper, as we are mainly concerned with
the detection of change point in a time series; in this sense, temporal biases would greatly affect results,
in the sense that if a change in the number of links is indicative simply of absence of evidence for that
particular period and not absence of links, the result would be compromised. [16] mentions that the
early medieval period has only very recently been a source of interest, and that in many cases sites
linked to that period will not be excavated and even, in some cases, bulldozed. As a matter of fact,
there is a notable absence of links in some specific decades, as shown in Figure 1. On the other hand,
we should take into account that while there is bias in choosing the places to excavate, the year where
coins where minted or used is an output which cannot be filtered beforehand. This means that unless
some specific region was the only source of coins or hoards for a specific period, or coins from some
period were simply dropped or results not published, we should expect an (unquantified) smaller bias
in the time series of links we are using in this paper.

An additional source of validation for this dataset is using a different, independently gathered,
time series related to economic activity. [18] in their paper that follows up a previous one [19], the
authors establish a connection between the economic activity (and other events that are bound to
impact it, like war and plagues) and lead pollution measured in ice cores; since lead is released into
the atmosphere as a result of mining and minting activities, there could be a correlation between hoard
and lead data. By using the dataset they have released, we have analyzed cross-correlation between
the two time series shown in Figure 3. The two time series are significantly correlated in the interval
for -30, -60 and -70 years of lag, as shown by ACF values surpassing the dashed blue line, that is, a
change in lead pollution would lead to changes in links 3, 6 or 7 decades later (equivalent to one or
two generations).? This would be an additional validation for the time series, which, despite the bias
in the original data, would be representative enough of this economic activity to support the validity
of our responses to the research questions.

3 By itself, this result would open an interesting avenue to explore, but will use it here only for the purpose of validating our

dataset.
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Figure 3. Cross-correlation between per-decade trade links and lead pollution.

Additionally, we will try to connect our results to other sources of information, be it written or
from material culture, so that they can be validated in an independent way. At any rate, any data
used in this paper will be published with a free license from the repository at https://github.com/]J/
medieval-trade, so that it can be validated independently.

4. Results

After we have established the validity of the dataset, we will go ahead and try and answer the
first research question, namely the existence of a changepoint in this subset of the data analyzed in [21].
As we did in that case, we have used the cpt.meanvar function of the changepoint package [13], which
includes several functions for this kind of thing. The function chosen, cpt.meanvar, looks for a point
of maximum change in the mean and the variance; since variability in the time series is extreme, this
option looked like the most reasonable for this kind of study. Default values have been used for all the
other function parameters except for the method, which has been set to AMOC ("at most one change")
to ensure that we get a single changepoint *; if we want this kind of quantitative methods introduced
into Digital Humanities and specifically into the study of history, the simplest possible method is the
best way to make adoption easier. The result, with averages before and after the changepoint, is shown
in Figure 4.

4 This was the default in one of the versions of the package we used but was changed when we upgraded; adding this
(currently) non-default value helped reproducibility across package versions, if sacrificing a bit usability for non-technical
users.
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Figure 4. Changepoint in the Iberian trade links time series, with mean before and after the changepoint in red.

As it can be observed, there is a statistically significant changepoint in the year 420. This is roughly
20 years after the year found in [21], but still half a century short of the Fall of the Roman Empire with
the ousting of the last emperor by Odoacre [32]. We will validate this approach using other methods,
to find a bracket of possible changepoints; this way we can have a better idea of the time period when
the change happened. We have used two non-parametric tests, Lanzante’s [14] and Pettit’s [25] as well
as Buishand’s range test, which applies to normal variables [3].

The results of the different changepoint methods are shown in Table 2. They are at both sides of
the changepoint detected by the first method, thus giving an interval of possible changepoint years
between 400 and 460. Please observe that all changepoints are statistically significant, the difference
in output being the different methods used to detect them; however, Buishand’s methods are for
normal variables, a fact that is not guaranteed in this case; although statistically significant, we should
probably lend more credibility to the non-parametric methods, which, besides, are consistent with
each other. We would then have a range of dates between 420 and 460.

Table 2. Changepoint detection statistics for the Iberian trade links time series.

Method p-value | Changepoint year
Lanzante 0.0e+00 460
Pettitt 7.5e-05 460
Bu 0.0e+00 400
Br 0.0e+00 400

Before looking for a possible cause, we should try and place the internal Iberian traffic changepoint,
this being an important component of all the trade links; any variation withing the range we have
would point out to important internal causes for the change of regime, that would contribute (or
detract) from any external cause.

The changepoint plot with averages before and after it is shown in Figure 5. The changepoint is in
the year 380, an earlier date than previously detected, but still in the same range. The interesting thing
is that intra-Iberian trade was disrupted very soon after the Battle of Adrianople [4], which might
indicate some signs of the decay in the periphery of the empire (the Iberian Peninsula was literally
finis terrae).
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Figure 5. Changepoint in the internal Iberian trade links time series, with mean before and after the changepoint

in red.

In this case, there are specific methods for finding changepoints in time series with multiple
columns, like this one. In order to apply the procedure, we first subtract the number of internal links
from the number of total links to have two different synchronous sequences, with trade links inside
and outside the Iberian Peninsula. On this two-column array, we apply the e.divisive function from
the ecp package in R [23] which implements a hierarchical divisive estimation procedure, finding
changepoints and applying again the same procedure to the resulting fragments. The result is shown
in Figure 6, with the vertical dashed line indicating the changepoint found”, which shows a vertical
dashed line for the changepoint found at 410.

5 It finds anothe in the second decade of the sequence, which we have dismissed as not significative.
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Figure 6. Multi-changepoint detection using ecp.
Table 3. Changepoints found in the Iberian trade links time series.

Method Changepoint year

All links, cpt.meanvar 420

All links, Lanzante/Pettitt 460

Internal links, cpt.meanvar 380

Multi-sequence, e.divisive 410

This would allow us to answer, at least partially, RQ1: yes, there is a statistically significant regime
change reflected in the time series of external, internal and aggregated trade links extracted from
connections between hoards and mints. Different methods will give us different change points with
the same statistical significance, but they all fall within the same 80 year period that starts in 380. This
period starts soon after the Danubian hypothesis, as a matter of fact so we might give a tentative positive
answer to the second part of the research question. But we will need to dig deeper into the data to give
a more definitive answer.

In order to do that, we will look at specific trade links, and how they evolved with time.

In Figure 7 we show the evolution in time of the top links (as indicated in Table 1); these, unless
noted otherwise, are connections with Spain. We see a crash in the number of links across the board,
but we note that the links with the United Kingdom (highlighted also with points at every value)
started to decline several decades before the changepoints indicated above. Several different links
took its place, notably Italy, Turkey (which hosted both capitals of the empire), but also France, the
Netherlands, and most notably, connections within the current territory of Spain (also marked with
points), which reach its peak here. Eventually, these also fall to a minimum level right around the time
of the found changepoint.
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Figure 7. Evolution through time of the number of links with the main trading partners of the Iberian Peninsula.

None of these point directly to a direct impact of the Danubian hypothesis. The peak in links right
before the changepoint in "border" territories such as France and the Netherlands might be due to two
different reasons: in times of trouble, when different groups such as the Vandals or the Alans were
pressuring from the Rhine [11], people resorted to burying their treasures; but the second reason is
that since there were troops fighting in those areas which needed to be supplied, the trade with them
increased over other, relatively more peaceful, times.

However, what is clear is that the changepoint is a downstream event caused by the collapse in
trade with the United Kingdom. What happened there in the 380s was the first removal of Roman
troops due to the invasion of Gaul by the usurper Magnus Maximus [28].

In that sense, although both events occurred in a sequence, there is no evidence of a direct
relationship between them, that is, the defeat and consequent settlement of different peoples South
of the Danube did not provoke the intervention of troops in Britain and subsequent collapse of the
economy; we might establish some indirect cause-effect relationship, however: the loss of the via
militaris and the Danube [15], and the troops lost at the battle of Adrianople, impeded any help of
troops from those provinces (which included also Goths) to the Western emperor attacked by the
usurper; in that sense, they are both part of a larger pattern of resettlement of different human groups
displaced by climate change and other human groups, crossing the natural borders of the empire,
which made the extensive logistic and trade routes maintained by the empire go into disrepair, as well
as provoke a collapse of economic demand of goods traded across a long distance.

This will make the response of the second part of research question one partially negative: the
change in economic regime revealed by coin hoards in the Iberian Peninsula had as main factor the
loss of the territories in current United Kingdom as a trading partner; this had only a very indirect
relationship with the Danubian hypothesis, with a common, and further removed, cause for both a
more likely hypothesis. This common cause would explain the very approximate synchronicity of
changes of regime in the Iberian Peninsula and the Empire as a whole.
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As is notable, the economy mostly collapsed, but that also meant that different trade links started
to have more importance; we reproduce in Figure 8 the same sequence indicating percentages of
links, again with the "Other" category taking all links not in the top ten; what we see is that from the
approximately the year 410 most links occur with these other countries, except for brief periods where
France and the Eastern Roman empire have the most importance. By the end of the 5th and during the
6th century, there are very few interchanges, but whatever trade is taking place is merely internal; we
can refer again back to Figure 7 where we see a that in those dates internal date is essentially the only
one taking place; during all those years, links with Eastern Roman Empire (Turkey) are constant and
in most case more important than those with the Western Empire. As a matter of fact, the indicated
period matches the occupation by the Byzantine empire of parts of Southern Spain [31]. The (weak)
economic revival during those years would be a worthy field of study.
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Figure 8. Evolution through time of the number of links with the main trading partners of the Iberian Peninsula.

Although partially answered already, we can turn our attention to the second research question,
relative to the local causes for the change of regime revealed by the different statistical methods. And
looking at Figures 7 and 8 we can see that the economy of the Iberian Peninsula was heavily dependent
to the point of being almost one and the same with the Roman settlers and armies in the current United
Kingdom territory. When they left, they took the Iberian Peninsula economy with it; initially almost
literally, since commerce continued with other areas where these armies were battling others, France
and the Netherlands; eventually, not even these new sources of income, or the brief period of intense
trade connections with the Eastern Empire, were able to overcome the fall of demand; those were,
anyway, long-distance trade links that, without intermediate stages (like the Italian peninsula or Sicily)
could not substitute for trading partners situated at a shorter distance. Internal demand was never
intense enough, and also related to trade with the current UK territory, to pick up the slack, leading
eventually to the collapse we mention in the paper title.
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5. Discussion and Conclusions

In this paper we have followed a methodology for linking statistical results to historically estab-
lished facts, by analyzing historical data looking for changepoints and delving into data before and
after the changepoint looking for possible immediate causes of those epochal changes.

We were looking to establish the dates and causes of the collapse of the Western Roman Empire in
the Iberian Peninsula, a peripheral part of said empire, by looking at data from the FLAME coin hoard
database. We validated the dataset of trade links obtained from that database used via correlations to
the lead pollution time series, giving us a solid foundation for performing this analysis. We found
statistically significant changepoints for different time series obtained from that data in a range of
years that preceded the actual fall of the Roman Empire, but always after the Battle of Adrianople, an
event whose significance was found in our previous report [21].

With this analysis we have answered our research questions: there are indeed changepoints
also in this subset of the global trade links dataset used before; however, although the dates of said
changepoints are similar, an analysis of the trade links in the Iberian Peninsula point to causes that
do not have a cause-effect relationship with those causing the collapse of the Western empire at large:
mainly, the dependence of a mainly commercial economy with the supply of the Roman elite and
troops in the British Isles, with the first indications of problems after the bulk of the troops abandoned
them during the last quarter of the 4th century, and the total collapse of the economy after the isles were
left to their own devices, which resulted in a collapse of material culture in England and a collapse of
the economy in the Iberian Peninsula. This also coincided with the first sack of Rome by the Visigoths
[5]. At any rate, we have established that the causes for the economic collapse in the Iberian Peninsula
are mainly local and related to its economic dependence mainly the British Isles, and lack of a sufficient
internal demand to keep it going even after external demands falls essentially to zero.

The results of these two events, collapse of trade in the Mediterranean at large caused by the
demise of the Danube as a viable route, as well as collapse of the Atlantic trade due to the fall of
the British Isles as an economic node, point, interestingly enough, to network events that highlight
its importance in the visualization of system-wide collapses. The former was mainly due to the
elimination of an edge, which disconnected two important clusters of nodes; however, the latter can
be visualized as the elimination of a node, with the consequent elimination of all edges connecting to
it. Network science that looks at static networks can affirm that, for a small-world network (which
it mainly was), those events will only result in small changes in communities and overall closeness.
However, from an economic point of view, the decrease in demand and increment of shipping costs
will propagate through the network, causing the subsequent elimination of more edges and nodes
and the effective conversion of the network in single nodes or small networks with little power or
possibility of reconstructing the network back again, at least in the short- or mid-term.

Looking again at Figure 1, and the small surge in trade by the beginning of the 8th century, we
can interpret Pirenne’s hypothesis as a second changepoint that possibly eliminated the routes that
were already remaining, maritime routes that needed less maintenance than land routes and that could
be supported by trading and military navies, and harbors, produced and maintained locally. However,
it is relatively clear from the coin hoard data that the actual trade taking place by the beginning of the
Islamic expansion was orders of magnitude lower than that existing a few decades before the early 5th
century changepoint revealed in this paper (and [21]). That changepoint, by itself, might be sufficiently
significant to indicate a minor change of regime, but probably not the social, politic, religious and
economic chasm that opened itself between Antiquity and the Middle Ages, a chasm that we have
proved occurred in the first quarter of the 5th century.

We could discuss if these results contradict current historiography. We can argue that they,
in fact, do not. The relationship between the battle of Adrianople and the fall of the empire is
sufficiently accepted by historiographers, as well as the common material culture across the Atlantic
coast during the late empire. However, what we present in this paper is first a methodology to use
datasets to establish precise dates for changes of regime in historic time series, and then apply further
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analysis to the data from which the time series has been created, before and after the changepoint, to
establish rigorous cause-effect relationships. This methodology was initiated in [20] and extended and
systematized in [22]. In this paper we present it explicitly, and apply it in a more significant historical
change, the shift from Antiquity to Middle Ages.

By applying this methodology to the FLAME database, it would be interesting to research causes
and effects in other parts of the empire. Italy would be specially interesting, but also the United
Kingdom itself, as well as all North Africa, although in this case there is probably less data and we
would have to wait for a more complete database. Finally, using leas pollution databases not only for
validation, but as part of the changepoint analysis, as well as other climatological or food production
data would allow a more tout court research of the initial causes of this collapse, and how each of them
affected this collapse in different and unique ways.
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