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Abstract
In this paper we use pollen data from a number of sites in southern Greece

and Macedonia to study long-term vegetation change in these regions from
1000 BCE to 600 CE. Based on insights from environmental history, we in-
terpret our estimated trends in the regional presence of cereal, olive, and vine
pollen as proxies for structural changes in agricultural production. We present
evidence that there was a market economy in ancient Greece and a major trade
expansion several centuries before the Roman conquest. Our results are con-
sistent with auxiliary data on settlement dynamics, shipwrecks, and ancient
oil and wine presses.
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1 Introduction

Recent debates on the economic history of the ancient world have focused on both the
structure and performance of Greco-Roman economies. While earlier scholarship argued
that markets had played a minor role in the largely agricultural economies of Greek and
Roman communities (see, e.g., Polanyi 1968; Finley 1973; Polanyi 1977), recent research
has highlighted the high volumes of trade and increasing market integration, particu-
larly for the Roman Mediterranean (see, e.g., Kessler and Temin 2008; Temin 2013). Al-
though archaeological evidence from these periods documents the movement of goods,
quantifiable data on market integration and structural changes in agricultural production
have generally been limited. For example, settlement patterns derived from archaeolog-
ical field surveys have previously been used to quantify changes in land use in several
Mediterranean regions, but survey data as such provide no evidence on changes in the
structure of regional agricultural output or the importance of different crops cultivated in
a given period. In this paper we demonstrate how palynology—the study of pollen re-
mains extracted from cored sediments—can be used to examine changes in the structure
of agricultural production and to link these changes to periods of increasing market inte-
gration in the context of ancient pre-industrial economies. In doing so, we follow—and
also extend—the methodology of Izdebski et al. (2016a), which allows us to combine ev-
idence from a number of sites in southern Greece and Macedonia to estimate regional
trends in the presence of pollen attributable to different plant taxa, including cereals,
olive, and vine. These cultivars are particularly important in our empirical context, as
wheat, olive oil, and wine formed the basis of ancient diets (see, e.g., Sallares 1991; Isager
and Skydsgaard 1992; Decker 2009). Consequently, our analysis of these data—which
have not been previously used to study the economic history of Greco-Roman antiquity—
provides novel evidence on structural changes in ancient Greek agriculture.

In fact, the need for new sources of quantifiable data on ancient economies—however
elusive this might seem—has been highlighted in the recent literature. Temin (2006a)
argued that “[t]here is a lot of information [about ancient economies], but hardly any
of what economists call data.” Thus, out of necessity, some studies have been based on
unusually small samples. For example, Kessler and Temin (2008) studied the effects of
the distance from Rome on local wheat prices. While the authors found evidence of an
integrated grain market, their analysis involved only six observations. Bransbourg (2012)
approached the same question with an enlarged sample of twelve prices—which is still,
of course, remarkably small. Other papers have attempted to provide estimates of Roman
GDP and income inequality (see, e.g., Goldsmith 1984; Temin 2006b; Allen 2009; Scheidel
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and Friesen 2009; Milanovic et al. 2011), which again need to be derived from a very small
number of data points. As Temin (2013) stated it: “All of the GDP estimates . . . rest on
an exceedingly narrow evidentiary base. They are at best conjectural estimates based
on a few observations, some about the early Roman Empire and some about modern
economies.”

Given the extremely limited quantitative data from the core regions of the Greco-
Roman world, many scholars have analyzed much richer data from Babylon and Egypt.
Because of the arid climate of the Nile valley, a wealth of economic information has been
preserved in its papyri. See, for example, Manning (2003) and Bagnall (2005). In a recent
paper, Harper (2016) studied the time series of wheat prices, land prices, rents, and wages
in Roman Egypt. He concluded that the data provided clear evidence of both population
growth and intensive economic growth. In Babylon, agricultural prices were recorded by
diarists on clay tablets. See, for example, Slotsky (1997) and Grainger (1999). To evaluate
whether these prices provided evidence of market activity, Temin (2002) tested whether
they behaved like a random walk—and concluded that they did.

Many scholars have also studied the data on Mediterranean shipwrecks, originally
collected by Parker (1992) and recently expanded by Wilson (2011), McCormick (2012),
and Strauss (2013). These data have often been used as a proxy for seaborne trade or even
for the overall level of economic activity (see, e.g., Hopkins 1980; Geraghty 2007; Kessler
and Temin 2007; Terpstra 2019). Following this interpretation, the shipwreck data are
suggestive of an economic boom and a trade expansion in the early Roman Empire. Still,
shipwreck-based studies have certain inherent limitations, as discussed by Wilson (2011)
and McCormick (2012, 2016), among others.

Thus, in recent years, further sources of quantitative data have been introduced to an-
cient economic history. A number of studies, such as de Callataÿ (2005), Jongman (2007b),
McConnell et al. (2018), and Terpstra (2019), discussed the implications of lead pollu-
tion recorded in Greenland ice cores for our understanding of ancient economic history
over the long term. Brughmans and Poblome (2016) developed an agent-based model of
tableware trade in the Eastern Mediterranean to compare actual data on tableware distri-
butions with model predictions in different scenarios. They concluded that their model
provided the best fit to the data in a scenario consistent with a high degree of market
integration. Barjamovic et al. (2017) analyzed commercial records from the Old Assyrian
trade network in the 19th century BCE. They estimated a gravity model of trade and
used this model to predict locations of lost ancient cities. While the authors did not ex-
plicitly study the question of market integration, their data documented the importance
of long-distance trade in the Bronze Age. Finally, Bakker et al. (2018) contributed to our
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knowledge about the link between trade (or, in fact, trade potential) and development by
establishing a positive relationship between the connectedness of points on the Mediter-
ranean coast and the presence of archaeological sites.1

In this paper we explicitly focus on the area with the highest trade potential in the
Mediterranean, as measured by Bakker et al. (2018), namely the Aegean. We analyze
quantitative data from thirteen pollen sites in southern Greece and Macedonia. For each
site, we construct a separate panel data set with information about vegetation structure—
namely, proportions of pollen grains attributable to selected plant taxa—at different points
in time. Following Izdebski et al. (2016a), we then use these data to estimate regional
trends in the presence of our taxa of interest. In some cases—say, cereals, olive, and vine—
our focus on these components of vegetation is self-explanatory, given modern knowl-
edge of ancient diets (see, e.g., Sallares 1991; Isager and Skydsgaard 1992; Decker 2009).
In other cases—say, coniferous trees, deciduous trees, and grasses—our interpretation of
these trends will follow from important insights of environmental history. Methodologi-
cally, this paper extends the contribution of Izdebski et al. (2016a) in two main directions.
First, we present a new method of estimating our regional trends of interest, based on
simple panel data models and estimators. Second, unlike Izdebski et al. (2016a), we dis-
cuss inference on these trends and construct confidence intervals.

Using pollen data to study pre-modern economic history has a number of important
advantages. First, unlike previous studies, we have access to a relatively large number of
data points from southern Greece and Macedonia, two core regions of the Greco-Roman
world.2 Second, unlike many sources of data which offer a single snapshot from ancient
economic history, pollen data allow us to study long-term change in an essential eco-
nomic activity of ancient communities and to go further back in time than many previous
studies. Indeed, in this paper we discuss structural changes in ancient Greek agriculture
across sixteen centuries, from 1000 BCE to 600 CE. Third, the methodology of data collec-
tion in palynology is standardized; the procedures followed by palynologists are virtually
identical from site to site, which is not generally true for archaeological data or ancient
textual sources. As von Reden (2014) stated it in her review of Temin (2013): “One of the
reasons why historians favor qualitative methods over quantitative ones is the fact that

1Several papers have also studied the persistence of ancient economic prosperity and urban networks.
See, e.g., Chronopoulos et al. (2017), Wahl (2017), Dalgaard et al. (2018), and Michaels and Rauch (2018). The
problem of persistence was also discussed by Barjamovic et al. (2017) and Bakker et al. (2018).

2The one notable exception is Kaiser (2007) who analyzed individual data from Athens to identify de-
terminants of the probability that a citizen had attempted to avoid participation in the provision of a public
good. On the other hand, it is particularly suggestive of the scarcity of quantifiable data from ancient Greece
that when Takeshi Amemiya, one of the most prominent econometricians of his generation, wrote a book
about ancient Greek economic history (Amemiya 2007), the book did not contain a single regression table.
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the data involved are both sparse and complex. Nor do we always know the conditions
under which they were compiled and recorded, or even ultimately what they mean.” In
this paper we argue that our data allow us to overcome some of these problems. Finally,
in the case of pollen data, it is possible, in principle, to obtain more and more informa-
tion about regions and time periods that we wish to study. Palynological research is very
labor intensive and many potential pollen sites await exploration. When more data be-
come available, it will be possible to replicate existing studies—such as ours—and obtain
more efficient estimates. On the other hand, of course, each source of data also has its
limitations. In the case of pollen data, we cannot make inferences about the levels of eco-
nomic activity; instead, we focus on the structure of agricultural production, as we only
observe percentages of pollen attributable to different plant taxa. As we will see later,
these proportions, however, will often be informative about general economic and popu-
lation trends.

Our estimates enable us to establish a number of patterns in the economy of ancient
Greece across sixteen centuries. We begin our study with a demonstration that our results
are validated by auxiliary data on settlement dynamics (Weiberg et al. 2016). Based on
insights from environmental history, we know that population growth should coincide
with a decrease in the relative importance of forest trees and grasses. Clearly, growing
populations tend to cut down forests and transform uncultivated terrain into fields and
pastures. This is exactly what we observe in southern Greece in the Classical period.
While there is strong evidence of increased settlement dynamics at this time, we also
demonstrate a decrease in the importance of coniferous trees, deciduous trees, and grasses
in regional vegetation structure. In fact, the estimated trends in the relative presence of
these plant taxa are negatively correlated with the data on settlement dynamics from
Weiberg et al. (2016) throughout the time frame of our study.

Our results for the Classical period in southern Greece are also suggestive of a particu-
larly interesting development. Despite the population growth, we observe a clear decrease
in the presence of cereal pollen. We argue that it is not possible to explain this finding
without reference to trade, especially since we also observe a simultaneous increase in
the relative importance of olive and vine.3 Southern Greece had a comparative advan-
tage in the production of olive oil and wine as well as a comparative disadvantage in
grain. The growing demand for wheat could only have been satisfied by massive grain
imports, perhaps from the Black Sea region, which were offset by exports of olive oil and

3A similar argument was made by Kussmaul (1985) in the context of agricultural change in 17th-century
England. She suggested that the increasing specialization of regional economies must have resulted from
trade. At a given location, when grain was no longer produced, it had to be imported from elsewhere, as
grain consumption had to be sustained.
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wine. These commodities were in high demand in, for example, Greek colonies and other
neighboring areas—which needed them for cultural reasons but were not always able to
produce them locally.

This finding constitutes one of our main contributions to the recent literature on an-
cient economic history. We corroborate the conclusions of Kessler and Temin (2008),
Temin (2013), and many ancient historians, who have argued that markets were central
to economic activity in the Greco-Roman world and that these markets were intercon-
nected through trade. Most previous contributions, however, have focused on market
integration during the expansion of the Roman Empire. In this paper we argue that this
phenomenon can be predated to much earlier periods (cf. Bakker et al. 2018). At the same
time, we do not dispute the economic impact of the Roman conquest. On the contrary,
we demonstrate that the early Roman Empire can be associated with a dramatic increase
in the presence of cereal, olive, and vine pollen in southern Greece. In Macedonia, we
observe an increase in the relative importance of cereals and a decrease in the presence
of olive and vine, which we again interpret through the lens of comparative advantage.
However, this process seems to have started—in the case of Macedonia—over 150 years
before the Roman conquest, during the times of Philip II and Alexander the Great.

Finally, we demonstrate that our results are consistent with two further sets of auxil-
iary data. First, we use the data on ancient shipwrecks from Strauss (2013) to show that
the early Roman peak in the presence of cereal, olive, and vine pollen in southern Greece
coincides with the period to which the greatest number of shipwrecks can be attributed.
Second, the data on large-scale oil and wine presses in Gaul, Iberia, and the Black Sea
region, introduced by Marzano (2013) and recently discussed by Erdkamp (2016), also
reveal a peak that is consistent with our estimates.

The remainder of the paper is organized as follows. Section 2 discusses the historical
and historiographical background of our study. Section 3 describes our data and esti-
mation methods. Section 4 discusses our findings. Section 5 compares our results with
auxiliary data on shipwrecks and ancient oil and wine presses. Section 6 concludes.

2 Historical Background

The pollen data used in this paper are derived from cored sediments (archives) in the
southern Greek mainland, incorporating the Peloponnese and central Greece, and in var-
ious locations in the Macedonian region in northern Greece. Both of these regions can
be understood as politically significant “core” areas in various phases of the first millen-
nium BCE (Bintliff 1997). After the destruction of Bronze Age palace systems in the Greek
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mainland in the late 13th century BCE, major transformation occurred in terms of settle-
ment structures and economic systems. From the 11th century onward Greece seems to
have been organized through small-scale village systems engaged primarily in subsis-
tence farming. By the 8th century BCE we see evidence of expanding settlements and
more expansive land-use systems within large parts of southern mainland. In the eastern
part of central Greece and the northeastern Peloponnese, rapid urbanization and devel-
opment of autonomous and semi-autonomous city-states (poleis) occurs from the late 8th
century BCE and onward with particular landscape developments occurring between the
end of the Persian Wars in 480 BCE and the death of Alexander the Great in 323 BCE. By
the late 4th century BCE, the southern mainland was a densely populated region of the
Mediterranean dominated by urban communities comprised to a large extent of citizen
farmers. It is also in the second half of the 4th century BCE that we can observe the grow-
ing importance of the Macedonian kingdom in the northern mainland. By the death of
Alexander, Macedonia would control territories in all of the Greek mainland as well as re-
gions formerly incorporated in the Achaemenid Persian Empire. In the 3rd and early 2nd
century BCE, the Macedonian kingdom under the Antigonid dynasty would continue to
dominate parts of the Greek mainland, though large areas of southern Greece were also
controlled by Leagues of cities in Achaea and Aetolia, which incorporated agriculturally-
based urban communities into broader federal political units.

By the early 2nd century BCE, Rome became increasingly involved in political and
military affairs in the Greek mainland. In 168 BCE the Antigonid king Perseus was de-
feated at the battle of Pydna, with the subsequent establishment of the Roman province
of Macedonia in the northern mainland. In 146 BCE the Achaean League was dismantled
in the Peloponnese and the city of Corinth was destroyed by the Roman general Lucius
Mummius. Further Roman military incursions in southern Greece occurred in 88 BCE
following the war with Mithridates leading to the sacking of prominent Greek cities, such
as Athens, by the Roman general Sulla. A formal imperial province of Achaea was es-
tablished in southern Greece in 27 BCE but by then this part of Greece had already been
under strong Roman political and military influence for over a century. In the following
period, Greece was consolidated as part of imperial political and economic structures,
without a strong military presence (Alcock 1993). By late antiquity the area of Greece
started to become a more economically significant region, especially after seemingly de-
structive incursions of barbarian tribes in the 3rd century CE. In this context, rural devel-
opments in the Greek mainland seem to have taken place after the re-foundation of Con-
stantinople (former Byzantion) as the new capital of the Eastern Roman Empire in 330 CE.
The foundation of the city brought the landscapes and agricultural production systems
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of mainland Greece closer to the urban markets of the new imperial capital, prompting
transformation of rural settlement structures and landownership.

This outline of political dynamics and geopolitical transformations highlights a pro-
cess of shifting—but generally increasing—political integration with surrounding regions.
Thus, the two regions examined in this paper—southern Greece and Macedonia—provide
us with an opportunity to examine the possible environmental impact of market integra-
tion and its role in landscape change through transformation of the structure of agri-
cultural production. Market integration during these periods can be characterized by
regional markets that hitherto had no significant connection, but which become increas-
ingly dependent on each other. Such market interdependencies can result in regional
specialization in certain crops and other commodities.

The Ancient Economy as a Market Economy

Recent research has emphasized the degree to which ancient economies can be compared
with early modern market economies. Economists, historians, and archaeologists spe-
cializing in the ancient world have argued that both the standard of living and the level
of growth in the early Roman Empire were only surpassed by economic developments
in 18th- and 19th-century Europe (Temin 2001, 2006a,b, 2013; Kron 2014; Erdkamp 2016).
The interest in growth and performance as well as the broad characterization of the an-
cient economy as a market economy provide a break with the older trend in ancient eco-
nomic history, dominant in the second half of the 20th century, of examining primarily the
structure and social embedding of ancient economies. Early substantivist approaches,
represented above all by Finley (1973), maintained that research on the performance of
Greco-Roman economies was a dead end as the idea of economic performance was based
on modern concepts which could not be applied to the study of ancient production and
distribution systems. Such substantivist scholarship was further critical of the use of
quantitative evidence for examining the structure of ancient economic systems as well
as the performance of these systems, given the lack of available data. Finley argued that
while some aggregated growth had occurred in antiquity, this had primarily been the
result of demographic developments and had been very limited compared to recorded
growth in early modern Europe. According to this view, markets existed but were not
sufficiently integrated to be compared with those of later periods nor did they play a
major role within the ancient economy as a whole.

In recent decades, this view of the ancient economy has been challenged by both his-
torians and archaeologists, using both qualitative approaches and new quantitative data
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to explore aspects of both aggregate and per capita growth as well as the significant role
of markets. The recognition of the sheer volumes of goods moved along regional and
long-distance trade routes serves as evidence of the dynamic impact of market economies
within the ancient Mediterranean.4 Recent research has further stressed the link between
markets, economic growth, and the impact of institutional developments, following the
approaches of North (1990) and new institutional economics (see, e.g., Scheidel et al. 2007;
Bang 2009; Wilson and Bowman 2018). Indeed, in recent years, the Roman period has
been characterized as a globalized society and economy due to the high degree of con-
nectivity and integration suggested by both written and material sources (Hingley 2005;
Geraghty 2007; Pitts and Versluys 2015). New models have at the same time been used
to highlight general features of, for example, the Roman imperial economy as a pre-
industrial market economy (Temin 2013).

Market Economies and Market Integration

An aspect which has been intensively debated in recent work is the degree of market
integration and its effects on price fluctuations, agricultural production, and growth. In
this context, Kessler and Temin argued that in the early Roman Empire the price of grain
had been affected by the distance from Rome (Kessler and Temin 2008) and the integration
of markets had been facilitated by imperial institutions (Kessler and Temin 2007). These
studies highlight both a high degree of monetization and regularities in the price setting
of grain within markets connected through imperial boundaries and well-traveled sea
routes. At a basic level, market integration can be examined on the basis of trade in staple
and food commodities directed at significant urban centers outside the producer region.
In the early Imperial period, the capital at Rome would be a substantial consumption
center for grain and other foodstuffs produced throughout the Roman Empire. Although
some of these staples would be moved and distributed as part of government initiative,
such as the annona, much would also be sold and transferred through markets and market
sale (Temin 2001; Kessler and Temin 2007). Markets for agricultural products in the largest
urban centers would attract commodities such as grain and wine from wider regions and
would stimulate agricultural production throughout the empire.

While the scale of market exchange was larger in the early Imperial period, it can be
argued that a high degree of connectivity and market integration had existed well before

4For a recent discussion of trade and the movement of goods in the Roman Empire, see the introductory
chapter and various entries in Wilson and Bowman (2018). For earlier research on this topic through both
archaeological evidence and historical texts, see Tchernia (1986), Woolf (1992), Erdkamp (2005), Kessler and
Temin (2007), and Temin (2013).
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the expansion of Roman power in the Mediterranean, though the evidence is less direct.
The work of Horden and Purcell (2000) on ecology, environmental fragmentation, and
microregional production strategies in the ancient and medieval Mediterranean stressed
the role of connectivity as a way of countering risks in agricultural production. Although
the focus of Horden and Purcell was primarily on small-scale transfers and exchanges
through cabotage, the idea of fragmentation and connectivity emphasizes the degree to
which markets could be increasingly interlinked both by economic developments and
environmental impact. Environmental fragmentation could therefore have stimulated
market integration and market-oriented production strategies even in a non-imperial set-
ting. Both literary sources and inscriptions provide us with examples of grain transfers
occurring over significant distances to major urban centers, such as Athens, already in
the Classical period (Pounds 1973; Krotscheck 2006; Möller 2007; Moreno 2007; Bresson
2011, 2016). Bresson also argued for the increasing integration of markets facilitated by
city-state/polis economies in the 5th, 4th, and 3rd centuries BCE, affecting the fluctuations
of grain prices and occasional specialization of crop production (Bresson 2016).5 Archae-
ological evidence also points to trade in food commodities (not just olive oil and wine) at
quite long distances in the Classical period (Munn 2003), presenting a possible case for
market integration in a wide geographical context already in the 5th century BCE. Ear-
lier evidence, namely a positive relationship between the connectedness of points on the
Mediterranean coast and the settlement density from c. 750 BCE, was also presented by
Bakker et al. (2018).

In light of political developments in the Hellenistic period (3rd and 2nd centuries BCE)
we should perhaps expect it to be associated with increasing market integration affecting
production strategies, as both Greek city-states and former regions of the Persian em-
pire were incorporated into new successor kingdoms after the death of Alexander the
Great. During this period, we can also observe the growth of federal states (koina) con-
sisting of multiple city-states, which facilitated the pooling of physical and agricultural
resources in broader areas of the Greek mainland (Mackil 2013, 2015). We can therefore
assume a higher degree of market integration compared to the preceding Archaic and
Classical periods (c. 700–323 BCE), which were largely characterized by autonomous ur-
ban units populated by citizen farmers. This was also one of the conclusions reached by
Rostovtzeff (1941), who emphasized the degree to which the Hellenistic economy was
structured through increasingly integrated market systems in the Eastern Mediterranean
and the Near East. Archaeological evidence further demonstrates the presence of large

5For a discussion of the significant role of markets in the Archaic, Classical, and Hellenistic Greek world,
see also various entries in the recent volume edited by Harris et al. (2016).
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agricultural estates in the Hellenistic period that clearly seem to have produced cash crops
(e.g., oil and wine) at high volumes intended for market sale (Margaritis 2016). The re-
search carried out by Reger (1994, 2002) on the price setting of commodities on the island
of Delos in the 3rd and 2nd centuries BCE nevertheless suggests a primarily local context
for distribution and shifts in prices, with no immediate effects of integration with areas
further east. Of course, this analysis of commodity prices in Delos is a very specific case
study, despite the function of Delos as a major trading hub in the Hellenistic Aegean.
This evidence cannot therefore be used to downplay market integration and its impact on
agricultural production during the Hellenistic period, but it nevertheless highlights the
complexities involved and the need for new data (Reger 2007, pp. 469–470), particularly
on market integration, agricultural production strategies, and landscape change.

Market Integration, Agricultural Production, and Landscape Dynamics

Agriculture was fundamental for the Greco-Roman society. It provided for the basic sub-
sistence strategies of urban and rural communities. At the same time, production could
also be directed at markets through cash crops and surplus food commodities. In this
paper we examine agricultural developments in the Greek mainland during a period of
significant urbanization (between c. 600 and 300 BCE) and in periods of economic re-
structuring influenced by Macedonian rulers and federal political units (between c. 300
and 146 BCE) as well as the subsequent Roman conquest (in 146 BCE). Utilizing this
long-term perspective on agricultural dynamics, we focus on two key regions: the south-
ern Greek mainland—including the Peloponnese, Attica, and central Greece—and Mace-
donia. These areas are very rich in pollen data and provide us with an opportunity to
explore socioeconomic transformation and dynamics in agricultural production. From
the Classical period onward, the region provides us with a substantial wealth in textual
sources which can provide evidence on modes and aspects of production, consumption,
and distribution.

But there are limits to what the historical texts can provide. Only occasionally do
the texts provide quantitative information and—generally for the Greek mainland—such
data are anyway very scarce. Archaeology can in these instances supply us with further
evidence on agricultural dynamics. For more than a century, mainland Greece has been
subject to significant archaeological fieldwork and research, including excavation of both
large settlement sites and smaller localities in a wide range of landscape settings. Ad-
vances in the methods of systematic archaeological survey over the past forty years have
allowed for accumulation of further evidence on settlement dynamics and use of the ru-
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ral landscapes (see, e.g., Bintliff and Snodgrass 1985, 1988; Jameson et al. 1994; Wells 1996;
Alcock et al. 2005; Caraher et al. 2006; Bintliff et al. 2007).

The late Hellenistic and Roman periods in mainland Greece provide a very interest-
ing case study on landscape dynamics and economic shifts, as we can infer from several
different sources. The increasing volume of archaeological research on Roman Greece
has highlighted the changes occurring in landownership and economic organization of
the Greek countryside. In her seminal study of the landscapes in the Roman province
of Achaea, Alcock (1993) argued that dominant landlords had established larger estates
focused on cash crop production in the Greek countryside, at the expense of smaller land-
holdings common in the Archaic to early Hellenistic periods. Written sources suggest
that such changes in landownership and economic structures would in particular have
accelerated with the establishment of Roman colonies and the provincial organization of
Augustus in the late 1st century BCE (Rizakis 2014, pp. 243–245).

This model has to a certain extent also been highlighted by more recent investiga-
tions. Bintliff (2008, 2012b, 2013, 2014) emphasized that these changes had started to
occur in the later Hellenistic period, due both to geopolitical shifts and increasing inte-
gration with non-local markets, followed by more rapid reorganization of the country-
side in the Roman period. Bintliff also argued that the Roman period had seen an influx
of “proto-capitalist” agents (such as negotiatores and freedmen) residing in the cities of
the Greek mainland, facilitating trade in cash crops and other commodities produced on
elite estates (Bintliff 2013, 2014). The significance of new elite landowners and market
production can in particular be demonstrated in regions connected to urban centers, such
as the colonies established at Corinth and Patras, while other areas of Roman Achaea
seem to have suffered from population decline and land abandonment in the early Im-
perial period, a picture which is more or less corroborated by available archaeological
survey data (Rizakis 2013, 2014). Investment in larger estates and villae rusticae aimed
at market-oriented agricultural production would constitute a significant economic strat-
egy of urban elites residing in the province. The new political structures enforced by the
Roman rule would further open up the possibilities of landownership beyond the local
community, thus making land investments attractive for groups such as merchants and
wealthy freedmen (Rizakis 2013, p. 25; Kay 2014, pp. 139–140).

An established hypothesis is thus that market integration accelerated during the late
Hellenistic and Roman periods due to the new imperial framework, resulting in signif-
icant landscape change through new landownership and economic structures. These
changes led to increasing specialization and cash crop production at a scale not observed
in previous periods, particularly from the late 1st century BCE and onward through land
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restructuring implemented by imperial authorities. Most scholars would therefore em-
phasize a large degree of market integration during the later Hellenistic and Roman pe-
riods, with more local distribution patterns, market integration, and a lower level of cash
cropping and market-oriented agricultural production for the Archaic to early Hellenistic
periods. To test this hypothesis, we need to examine changes in agricultural production
throughout these periods. Although the archaeological record helps to outline rural and
urban dynamics and shifts in settlements, it offers little data on changes in agricultural
output and the importance of different crops over time. In this paper we argue that pollen
records can provide us with exactly this: quantitative data that can be used to test our
hypothesis and to identify significant shifts in agricultural production strategies visible
through changes in vegetation cover in two regions of mainland Greece.

3 Data and Method

Environmental historians were the first to observe the direct connection between eco-
nomic phenomena and landscape change. Environmental history as a field is based on
the observation that nature is part of human history and thus it is transformed in parallel
to the ways in which societies themselves evolve (Worster 1990; Merchant 1997). In their
studies of the 19th- and early 20th-century American economic growth, Worster (1979)
and Cronon (1991) showed that the development of capitalism had led to large-scale land-
scape change in many parts of central North America, and on the Central Plains in par-
ticular. The same holds true for earlier periods and places in US history, such as colonial
New England. In this case, the emergence of commodified agriculture, integrated with
markets in other European colonies around the Atlantic and in Europe itself, resulted in a
complete destruction of the old landscape and the creation of new European-style ecosys-
tems dominated by intensive agriculture (Cronon 1983; Merchant 1989). In fact, similar
processes were occurring at the same time in other parts of the world, as demonstrated
by Richards (2003) in his study of the global environmental history of the early modern
world.6 In the case of Europe, there is no doubt that such phenomena were occurring al-
ready much earlier, when Europe’s economic system was developing in the Middle Ages,
as argued by Hoffmann (2014) in his recent survey of medieval environmental history.

The ideas that environmental historians started developing almost half a century ago
have recently gained popularity among evolutionary biologists and environmental ar-
chaeologists. The ecological niche construction theory, one of the cornerstones of the

6See also Crosby (1986) for a discussion of the consequences that new ecological connections between
hitherto isolated regions—also through market integration—had for the local landscapes.
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modern theory of evolution, places special emphasis on the capability of the human
species to develop its own ecological niches in almost any conditions (Kendal et al. 2011).
Contrary to other animals, humans are uniquely capable not only of transforming parts of
the ecosystems in which they live but also of transforming and creating entire landscapes
that consist of multiple ecosystems. The construction and maintenance of these complex
ecological niches is part of human culture, and as such is related to the human productive
behavior and exchange patterns (Laland and O’Brien 2010; Boivin et al. 2016).

The same phenomenon—the direct connection between economic activity and land-
scape change—has also been explored within the field of landscape studies. Among
the different drivers of landscape change, socioeconomic forces have been singled out
as the key factor, along with technological change (Bürgi et al. 2005). As demonstrated by
Lieskovský and Bürgi (2018), crops and grasslands are the least resistant elements in any
European landscape, as they are highly responsive to social and economic change. Sev-
eral regional studies, such as a recent paper by Munteanu et al. (2014) on the landscapes
of the Carpathians, have demonstrated that agricultural expansion and forest transfor-
mation are always related to changes that occur in local and regional economic systems.

In other words, several different disciplines of both the social and natural sciences
have concluded that changes in economic systems, in particular the integration of iso-
lated regions with new distant markets, lead to a number of transformations in the local
landscapes. These include:

• changes in the composition of the cultivated species and in the relative importance
of the associated ecosystems within the general regional landscape;

• the conquest of new land or abandonment of the existing fields and pastures, i.e. in-
creases or decreases in anthropogenic pressure (the scale of the human exploitation
of the landscape);

• increases in the focus on specific crops, usually those most adapted to local condi-
tions and hence guaranteeing the highest yields, going as far as mono-cropping in
modern economic systems;

• the introduction of new or even exotic species as a result of agricultural experimen-
tation that responds to the demand observed in distant markets.

Importantly, it is generally possible to reconstruct these transformations in the local land-
scapes using pollen data, which we will now discuss.
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Data

The study of pollen in lake and peat sediments, known as palynology, is one of the most
detailed and reliable ways of studying landscape change in the past. Palynologists study
pollen found in sediment cores taken from lakes, lagoons, peat bogs, and other anaerobic
environments, where the organic material can be preserved for thousands of years. In
each core, researchers take samples at regular intervals, ranging from a few millimeters
to a dozen centimeters, depending on the core length and the desired temporal resolution
of the final reconstruction. These samples are then processed in a laboratory in a way
that allows the counting of pollen grains within each sample. In this way, a researcher
gets snapshots of the vegetation structure surrounding a given site at a certain moment
in time.7 The sequence of such snapshots, or, more precisely, pollen assemblages, builds a
pollen profile, which provides a detailed image of the landscape change in a given locality
over time. For a more detailed discussion of palynology and its use for historians and
economic historians, see Eastwood (2006), Izdebski (2013b), and Izdebski et al. (2016a).8

This relative pollen-based reconstruction of landscape change needs to be tied to his-
torical time, and this is typically achieved by the means of radiocarbon (14C) dating.
Usually, despite the fact that a pollen profile consists of at least one sample per a hun-
dred years, only a few of these samples are actually radiocarbon dated. The number of
radiocarbon dates is limited by their cost—much higher in the past than today—and the
availability of organic matter—necessary for dating—in the cored sediments themselves.
Moreover, as is the case with any laboratory measurement, the radiocarbon dating in-
volves an error, expressed in confidence intervals. This error is further modified by the
process of calibration. In this process, researchers recalculate raw radiocarbon dates into
calendar years that take account of the annual and secular differences in solar activity.9

In the end, using the radiocarbon dates obtained for a few core samples, researchers esti-
mate the age of all the remaining samples with the use of formal models that approximate
the process of sediment formation over time (Blaauw 2010).

Most of the palynological data for Europe are available online in the European Pollen

7The exact spatial representativeness of pollen data from a single site depends on the type of the site
and the type of pollen. For example, pine and olive pollen can travel up to fifty kilometers, while cereal
and vine pollen travels only a few kilometers.

8There is a long tradition in economic history of using knowledge from various scientific disciplines
to answer historical questions. For example, Carlos and Lewis (1993) used a model of biological resource
extraction to simulate the stock of beaver in the hinterlands of three Hudson’s Bay Company posts. Then,
they compared the simulated time series with the (known) time series of fur prices.

9The energy from the sun is the physical force behind the process of the 14C creation in the upper layers
of the atmosphere. Thus, it determines the changing amounts of the 14C in the atmosphere and in the living
organisms which take the 14C with breathing and whose remains provide the material for the dating.
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Figure 1: Pollen sites in southern Greece and Macedonia

Notes: The map has been created using the ASTER GDEM, a product of METI and
NASA.

Database (EPD; Fyfe et al. 2009).10 For the purpose of this paper, we select sites from
Greece whose pollen profiles cover our period of study (1000 BCE–600 CE). Apart from
using the data available in the EPD, we have also made efforts to contact all investiga-
tors whose data are not published in the EPD, and as a result our analysis is based on all
the relevant palynological data available for Greece as of January 2018. As is visible in
Figure 1, our sites cluster in two different regions, namely in mainland southern Greece—
primarily composed of regions bordering the Gulf of Corinth—and historical Macedonia

10See http://www.europeanpollendatabase.net/, as of January 2018.
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Table 1: Pollen sites in southern Greece and Macedonia

ID Site name Latitude Longitude Original publication Age-depth model
Southern Greece

1 Vravron 37.92 24 Kouli (2012) Triantaphyllou et al. (2010), Weiberg et al. (2016)
2 Elefsina 37.99361 21.30639 Kyrikou (2016) Kouli et al. (2016)
3 Lerna 37.5 22.58333 Jahns (1993) Izdebski et al. (2015)
4 Kotychi 38.01389 23.46333 Lazarova et al. (2012) Weiberg et al. (2016)
5 Voulkaria 38.86667 20.83333 Jahns (2005) Izdebski et al. (2015)
6 Halos 39.16667 22.83333 Bottema (1974) Izdebski et al. (2015)

Macedonia
7 Litochoro 40.138 22.546 Athanasiadis (1975) EPD cal BP model by S. Panajiotidis
8 Flambouro 40.259 22.171 Gerasimidis and Athanasiadis (1995) Gerasimidis and Panajiotidis (2010)
9 Orestias 40.5 21.25 Kouli and Dermitzakis (2010) Kouli and Dermitzakis (2010)

10 Khimaditis Ib 40.616 21.583 Bottema (1974) Izdebski et al. (2015)
11 Mount Voras 41.02 21.91 Gerasimidis and Athanasiadis (1995) Gerasimidis et al. (2009)
12 Mount Paiko 41.052 22.275 Gerasimidis and Athanasiadis (1995) Gerasimidis et al. (2008)
13 Lailias 41.266 23.6 Gerasimidis and Athanasiadis (1995) Gerasimidis and Athanasiadis (1995)

Notes: Site identifiers correspond to those in Figure 1.

(modern northern Greece). In the case of this latter region, our sites are located in high-
lands surrounding the plain of Thessaloniki in the west and the lower Strymon Valley in
the east. It is worth emphasizing that both clusters are relatively homogeneous in terms
of the type of sites, including their height a.s.l.: the southern cluster consists of more or
less lowland sites, while the northern cluster is dominated by highland locations.

Moreover, for a pollen core to be included in our data set, it is not enough that it con-
tains information about our period of interest. It also needs to be of satisfactory chrono-
logical reliability, so that the inferences we make about specific periods or centuries are
not biased by errors of age estimation within a single core. Consequently, our data set
includes only those pollen cores which are provided with at least one radiocarbon date
for the last three and a half millennia. Fortunately, the majority of our sites have at least
one radiocarbon date for the period we are interested in, which significantly increases the
credibility of our results. Since several of our sites were originally analyzed more than
two decades ago, we use new age-depth models that were recently developed in a study
of the medieval economic history of these and neighboring regions (Izdebski et al. 2015).
In Table 1, we present the location and bibliographical information about each site we
use, including the source of each of the age-depth models we rely on for individual sites.
The total number of samples in our data set is 160, with an average of 3.5 per century in
Macedonia and 6.5 per century in southern Greece. Each sample documents the whole
structure of vegetation around a given site at a particular point in time.

Pollen data are never interpreted as raw counts. Rather, one follows the change in
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percentage values for individual plant taxa from one sample to another, or studies the
change in the overall composition of the sample. A plant taxon can be a species, a family,
or a genus, depending on how precise a palynologist’s attribution for a given pollen grain
can be; some plants are identifiable to the level of a species (e.g., olive), while others are
grouped in more general categories (e.g., grasses). For each sample, different amounts
of pollen grains are counted, and this depends in particular on the preservation of the
pollen itself. These percentage values are therefore calculated against the total sum of all
pollen grains identified in a given sample. In this paper the pollen sum includes trees,
shrubs, and herbs, unless the original investigator of a given site recommended exclusion
of some taxa from the total sum (e.g., local marsh vegetation); this sum also excludes
unidentifiable pollen grains and non-pollen material. Although the pollen sum includes
all the standard taxa, our analyses are focused on the anthropogenic indicators, as well as
on the most important arboreal taxa.11

Method

Since palynological research typically focuses on local phenomena—a single site or a
small number of neighboring sites—our interest in regional vegetation change requires
the use of methods from outside the standard palynological tool kit. In this paper we use
two methods of analyzing our pollen data. The first method (“weighting”), which was
proposed and discussed in detail by Izdebski et al. (2016a), consists of three steps. In the
first step, we use linear spline functions to interpolate missing observations for each site
and each plant taxon. This step is necessary because there is limited overlap across sites
in calendar years for which some measurements are available. In the second step, we
smooth each time series with a low-pass filter or, specifically, with the Hodrick–Prescott
filter; if necessary, we also impute the missing observations at the beginning and at the
end of each time series.12 We use yit to denote the (transformed) percentage of pollen
grains for a given plant taxon at site i in year t on a scale from 0 to 100. In the third step,
we reweight observations from all sites within a given region to obtain a single estimate

11In some rare instances, such as olives in Macedonia, information about some plant taxa is missing from
some sites in a given region.

12Izdebski et al. (2016a) suggested smoothing site-specific trends to erase high-frequency fluctuations
from the time series, as they might potentially be attributed to measurement error. In practice, most pollen
sites do not have sufficient frequency for this adjustment to make a difference. In this paper all site-specific
trends are practically identical before and after smoothing.
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of the regional trend. In other words, we postulate that

yjt = ∑
i∈ωj

yit · wit (1)

where yjt is the regional trend for a given plant taxon in region j and year t, ωj is the set
of all pollen sites in region j, and our weights, wit, are allowed to differ across i and t.
In fact, the weights that we use are decreasing in both the spatial distance, ρij, and the
time distance, ψit. While the spatial distance is simply the Euclidean distance between a
given site and the centroid of the corresponding region, the time distance is defined as the
number of years between a given date and the nearest date for which pollen data were
originally available at a given site (i.e., before interpolation).13 In this way, we decrease
the relative importance of interpolated measurements. Formally, we postulate that

wit ∝ (1− θ) · ρ−α
ij + θ · ψ−β

it (2)

where α ≥ 0, β ≥ 0, and θ ∈ [0, 1] are free parameters. We use leave-one-out cross
validation to choose the optimal values of α, β, and θ.14

One disadvantage of this method is that it is not straightforward to determine how
to perform statistical inference on our regional trends. Hence, in this paper we also use
an alternative method (“regression”), which was not discussed by Izdebski et al. (2016a).
Namely, we estimate panel data models which have a simple form:

log (yit + 1) =
K

∑
k=1

τktk + ci + uit (3)

where ci is the individual effect of a given site and uit is the error term. In this way, we ap-
proximate our regional trends of interest using flexible polynomials in time. We estimate
our models using ordinary least squares—treating the individual effects as parameters to
be estimated—and we choose K, the degree of our polynomial, using the Akaike informa-
tion criterion (AIC). Inference in such models is straightforward; we calculate standard

13As centroids, we use the arbitrary locations of (38.09◦N, 22.46◦E) for southern Greece and (41.05◦N,
23.00◦E) for Macedonia.

14We use a grid search and consider the following values for the respective three parameters: α =
0, 0.1, 0.2, . . . , 3.9, 4; β = 0, 0.1, 0.2, . . . , 0.9, 1; and θ = 0, 0.1, 0.2, . . . , 0.9, 1. For southern Greece, this pro-
cedure has resulted in the following values of the parameters: α = 1.4; β = 0; and θ = 0.3. For Macedonia,
the values are: α = 2.8; β = 0; and θ = 0.5. Following Izdebski et al. (2016a), we also control for the chrono-
logical quality of each site. We use the values of the quality indexes from Izdebski et al. (2015). Unlike
Izdebski et al. (2016a), we do not attempt to correct our estimates using the pollen productivity of different
plants, as we do not compare the relative importance of different cultivars. None of our results in this paper
could be in any way affected by this correction.
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errors using the Newey–West estimator with a maximum lag of 50 years. Finally, it is
important to note that in this framework all sites within a region share a common trend
and differ only by an additive constant, ci. To make regression estimates roughly com-
parable to weighting estimates, we estimate regional trends as convex combinations of
site-specific estimated trends, with weights inversely proportional to ρij. Clearly, this
only amounts to shifting our regional trends up or down in the intercept—but does not
in any way affect their overall shape and our interpretation.

4 Empirical Results

Prior to discussing our results in the context of our hypotheses (presented in Section 2),
we comment on their overall robustness and reliability. Unlike Izdebski et al. (2016a),
we use two different methods—weighting and regression—for estimating our trends in
the presence of all plant taxa of interest (see Section 3). While we focus on regression-
based estimates in the body of the paper, we present the results of both approaches in the
Appendix, where we provide figures with both trend estimates and the confidence inter-
vals for every taxon discussed in this paper.15 A comparison of the results obtained with
weighting and regression leaves no doubt about the interpretation of our trend estimates.
There are only minimal differences in the timing and the scale of change in specific plant
taxa, and no meaningful differences if the overall structural change in the landscape, in-
volving a number of different plant groups, is considered.

As a more general check on the reliability of our results we also consider comparisons
of these estimates with auxiliary sources of data. In this section we compare our trend es-
timates for selected plant taxa with data from independent archaeological investigations
which allow us to approximate demographic change and anthropogenic pressure in the
Peloponnese. We return to such comparisons in Section 5, where we compare our main
results with data on Mediterranean shipwrecks and ancient oil and wine presses.

Validating the Methodology

Figure 2 presents a comparison of two different sources of data—environmental and
archaeological—that make it possible to approximate the scale of human impact on the
landscape of southern Greece. The environmental data are represented by our pollen-
based trends. For the purpose of this comparison, we select the summary indicators for

15Because interpolation leads to an artificial increase in the sample size, it is likely that the actual cover-
age rates of these confidence intervals are lower than the nominal coverage rate of 95%. Thus, we recom-
mend that our confidence intervals are interpreted with caution.
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Figure 2: Pollen data vs demography in southern Greece
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Notes: The upper left panel displays the total number of sites from archaeological survey projects in the
Peloponnese (based on Weiberg et al. 2016). The remaining panels compare these data with pollen-based
regional trends in the presence of deciduous trees, coniferous trees, and grasses in southern Greece.

the two types of forest dominant in southern Greece—coniferous, consisting of pine and
fir, and deciduous, consisting of alder, hazel, hornbeam, and deciduous oak—as well as
the grasses.16 Together, these variables reflect the proportion of land that remained un-

16There is a slight difference between weighting and regression in how we construct our composite
variables for coniferous and deciduous trees. In the case of weighting, we estimate regional trends for
each of the underlying plant taxa and sum these estimates. In the case of regression, we construct both of
the summary indicators at the level of each site—if some values are missing, we still sum the non-missing
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cultivated and did not receive direct inputs of human labor. The archaeological data are
represented by the total number of sites from all archaeological survey projects that have
been conducted in the Peloponnese since the 1960s (based on Weiberg et al. 2016).17 This
variable approximates the overall trend in site density over the major part of southern
Greece. Both indicators—our three pollen estimates and the total site count—should be
negatively correlated, as an increase in the number and the density of settlements should
lead to an increase in human exploitation of the land, and hence reduce the amount of
land that is not cultivated (for a discussion of the relationships between surveys and pa-
lynology, see Izdebski 2013b and Weiberg et al. 2016).

In the case of our study, the expected correlation is evident for all historical periods:
whenever we observe an increase in settlement numbers, there is a parallel decrease in
uncultivated landscape, and vice versa. The only component of pollen-based trends that
is inconsistent with archaeological data is the trend in the relative presence of coniferous
trees in the period of c. 200–400 CE. At that time, the entire Roman Empire was expe-
riencing a profound political crisis, and Greece was among the provinces that suffered
from the barbarian raiding and political instability (Pettegrew 2007; Ziolkowski 2011).
The increase in the presence of conifers, which quickly encroach on abandoned fields and
pastures in the process of secondary ecological succession, would point to some decrease
in the anthropogenic pressure, which, however, did not lead to a major episode of land-
scape change. Altogether, this comparison of two independent sources of data confirms
the validity of our approach in the ancient Greek context: pollen data allow for a very
good approximation of human activity and human impact on the landscape.

Pre-Roman Market Integration: Olives and Cereals

As discussed in Section 2, studies of market integration in antiquity have generally been
focused on the Roman period. In this paper we are able to extend the study of agricultural
production and market integration well into earlier periods, as our data permit the study
of vegetation change throughout antiquity. Figures 3 and 4 demonstrate that it is possible
to observe very interesting patterns in the structure of the southern Greek and Macedo-
nian agriculture already in the Archaic and Classical periods.18 For southern Greece, our

ones—and estimate regional trends in their presence. This approach allows us to easily construct confidence
intervals for these trends. Figure 2 presents our regression estimates and confidence intervals.

17Survey projects do not involve excavations but instead focus on examining the land surface for visible
remains of ancient rural sites and settlements from different periods.

18In Figure 4, and also in some figures that follow, one of the vertical scales includes negative values,
even though the presence of plant taxa of interest is measured on a percentage scale. This is because our data
include a number of zeros and therefore we cannot use the standard log transformation for our dependent
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estimated trends demonstrate that, despite the probable demographic growth visible in
Figure 2, cereals played an increasingly smaller role in the southern Greek agriculture
and were becoming less and less visible in the landscape (Figure 3). At the same time, the
importance of olive cultivation was steadily increasing, leading to the question of why
local producers chose to plant olives instead of sowing grains, when the demand for this
basic foodstuff must have been mounting.

There are at least two possible explanations of this phenomenon and they do not ex-
clude each other. First, the southern mainland of Greece was developing an export econ-
omy based on cash cropping in the later Archaic period, primarily through olive cultiva-
tion, which would be consistent with the exploitation of the comparative advantage of
this region (for a discussion of ancient olive cultivation and agricultural investment, see
Foxhall 2007). Following the Athenian model, cereals were obtained from the Black Sea
area (see, e.g., Moreno 2007; Bresson 2016), while olive products were traded on both a
local and interregional scale. Beyond the evidence of grain imports from the Black Sea
region, we can also find further indications of grain being moved to mainland Greece
from other areas of the Mediterranean under various circumstances (Bresson 2011; Bon-
nier 2016). Local cultivation of grain in the southern Greek mainland would naturally
have occurred as part of local subsistence strategies but cash cropping and market pro-
duction seem to have developed in these regions as well, as is indicated by our estimates.
Changes from a basic subsistence economy primarily based on grain cultivation into a
system based around more expansive investment in cash crops for export seem to oc-
cur already in the early Archaic period, and can potentially be linked with early urban
developments taking place from the late 8th and early 7th century BCE onward.

In this context, the high degree of market production in southern Greece is particularly
interesting. While much previous emphasis has been given to subsistence farming in the
Archaic and Classical Greek world (Finley 1973; Garnsey and Morris 1989; Gallant 1991;
Sallares 1991; Isager and Skydsgaard 1992), regional studies have also discussed olive cul-
tivation in the context of broader market production and its effects on landscape develop-
ments in the Classical and early Hellenistic periods.19 Previous arguments for increasing
market production have usually been based on evidence from survey data as well as ev-
idence from written sources. Thus, the palynological evidence used in the current study

variables; instead, as can be seen in equation (3), we use log (yit + 1), whose inverse, explog(yit+1)−1, can
be negative. Such problems with the range of values taken by our estimates only appear in cases where
we have many true zeros and/or low overall values of the dependent variable. Moreover, this is of little
practical consequence for our empirical results, as we focus on the change in percentage values and not on
percentage values themselves.

19For the southern Argolid, see van Andel et al. (1986). For a critique of the “economic explanation,” see
Acheson (1997).
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Figure 3: Cereals and olive in southern Greece
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Figure 4: Cereals and olive in Macedonia
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adds important new data to our understanding of cash cropping, while highlighting pos-
sible pre-Roman market integration in the southern Greek mainland. Investments in cash
crops should not, of course, be understood as the sole driver behind landscape change
in regions such as the southern Argolid. The palynological data nevertheless suggest a
growing importance of olive cultivation which, in turn, suggests that cash cropping may
have played a more considerable role in agricultural strategies of southern Greece in the
Classical and early Hellenistic periods than was previously suggested.20

Second, the relative importance of olive cultivation in the Archaic and Classical peri-
ods may also have resulted from an increase in local demand, as the elites of the Greek
city-states were increasing its consumption for both dietary and cultural reasons, includ-
ing sports in the gymnasia. However, even if this were to be a major factor, the paral-
lel decline in cereal cultivation, negatively correlated with the demographic expansion,
would require an explanation. The most probable one is that there occurred large-scale
imports of grain from other parts of the Mediterranean and the Black Sea littoral (as is
suggested by the written evidence), particularly during the Classical period, allowing us
to argue for some degree of interregional market integration.

In Macedonia, on the contrary, the trends in the relative presence of cereals and olives
do not oppose each other (Figure 4). Rather, one observes a notable increase in olive
pollen, which occurred in several phases before the Roman conquest in the 2nd century
BCE. In fact, there is archaeological evidence for the introduction of olive cultivation
to Macedonia in the middle of the first millennium BCE, and this phenomenon can be
linked to the Greek colonization on the northern Aegean coast (Valamoti et al. 2018). Our
estimates are consistent with these findings, while also showing that the local agriculture
responded to the demand for olives and olive oil on the part of the local Greek colonists
and perhaps also participated in the emerging Aegean olive oil market. Nevertheless, the
abundance of olive pollen in Macedonia is much lower than in southern Greece as a result
of the differences in bioclimatic conditions between the two regions (Weiberg et al. 2018).

In other words, our results suggest that the landscape change that was occurring in
southern Greece and, to a lesser extent, in Macedonia went contrary to what we would ex-
pect of a regional subsistence economy and an isolated market. Rather, it is possible that
there occurred first signs of interregional market integration with the grain-producing
regions of the Mediterranean and the Black Sea area, which allowed for increasing invest-
ment and specialization in olive cultivation in Greece itself during the Classical period.

20Interestingly, the expansion of olive cultivation in southern Greece was most likely encouraged by
climatic factors, as this region was becoming increasingly drier over the course of the first half of the first
millennium BCE. Such climate conditions made olive cultivation a much more adaptive choice than the
cultivation of cereals (Weiberg et al. 2016).
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The Roman Conquest and Market Integration

A further aim of this paper is to examine the extent to which Greece became integrated
into the Roman market economy after it had fallen under imperial rule in the middle
of the 2nd century BCE. Our interest in this particular turning point in Greek history
is motivated by the emergent consensus in the recent literature that ancient market in-
tegration was related to the development of the Roman imperial economy (Temin 2001;
Geraghty 2007; Erdkamp 2016). Thus, when discussing our results, we examine whether
major changes in the southern Greek and Macedonian landscapes co-occurred with or
simply postdated the Roman conquest—and whether in this way they confirm the key
role of the Roman imperial expansion for the emergence of integrated markets across the
Mediterranean.

Of course, the implementation of new economic structures under the Roman rule was
a long process. Thus, any possible correlation of the sociopolitical developments with the
environmental dynamics needs to be understood in this respect. The impact of imperial
authority on land-use patterns seems to have varied in the different stages of the Roman
conquest, as can be inferred from textual sources. According to this model, we can ob-
serve an active engagement in the redistribution of land between 146 and 88 BCE, which
was followed by more considerable land confiscation—e.g., in regions bordering on the
Corinthian Gulf—in the 1st century BCE and 1st century CE (Rizakis 2013, p. 23). Based
on this chronological outline, we can expect significant landscape changes after 150 BCE
with increasing restructuring of agricultural production from the late 1st century BCE on-
ward. Looking beyond the area of Roman Greece, this period also saw the first climax in
seaborne trade and exchange of goods in the Mediterranean, as is visible in the data on
ancient shipwrecks (Parker 1992; see also Section 5).

Figures 5 to 8 present our main results for the key cultivated and synanthropic plant
taxa.21 In our interpretations, we focus in particular on the changes that occurred in both
southern Greece and Macedonia after 146 BCE, which is the approximate time of the Ro-
man conquest. In southern Greece, 146 BCE seems indeed to be the turning point for the
relative importance of the three key Mediterranean cultivars: cereals, olive, and vine (Fig-
ure 5). The presence of vine in the southern Greek landscape started to increase around
the time of the Roman conquest, in the 2nd century BCE. Olives and cereals started to
be grown on a larger scale later on, within 50 to 150 years after the Roman conquest. All
three cultivars are estimated to have achieved their highest relative importance within

21Synanthropic plant taxa, or secondary anthropogenic indicators, are those plants that thrive in ecosys-
tems created by human agriculture, such as weeds of cereal fields and pastures (Behre 1981; Bottema and
Woldring 1990).
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the southern Greek landscape in the 1st to 2nd century CE, the high moment of the early
Roman imperial economy. Interestingly, the presence of chestnut, while relatively stable
since the later Classical age, declined in the 2nd century CE, as the Mediterranean triad
of cultivars reached the climactic point of their dominance in the agricultural landscape
of southern Greece. It is also important to note that, in the Roman period, both olive and
cereals shared a similar trend, in contrast to their negative correlation in the Archaic and
Classical periods. This would suggest that southern Greek communities were increas-
ingly specialized in the production of agricultural products for export, such as olive oil,
wine, and grain (which became the key cash and tax crop). The focus on all three culti-
vars instead of just olive and vine, whose relative presence was particularly great in the
Classical period, could in fact be related to the impact of imperial taxation and tribute
extraction. The state activity created both the infrastructural and political framework for
market integration, while also exerting additional pressure on the production of grain.
For discussions of the importance of grain and the role of tribute extraction in the Roman
imperial economy, see Wickham (2005), Bang (2007, 2008, 2009), and Haldon (2016). In
this respect, imperial institutions and infrastructures would have helped to both stim-
ulate and facilitate production and transfer of grain for markets, throughout the Greek
mainland as well as in other imperial provinces (Hopkins 1980, 2002; Wilson and Bow-
man 2018, p. 8).

Archaeological field surveys have suggested that many parts of the southern Greek
region experienced a substantial drop in the number of smaller rural sites in the Roman
period (Alcock 1993; Bintliff 1997, 2008, 2012b), although we can also observe exceptions
to this general trend which highlight the importance of local settlement trajectories, par-
ticularly in the western Peloponnese (Alcock et al. 2005; Stewart 2013). At the same time,
several archaeological studies have indicated the development of larger estates in rural
areas, which would be consistent with the presence of new elite landowners (Alcock 1993;
Bintliff 2008, 2012b; Rizakis 2013, 2014; Stewart 2013). The palynological evidence is there-
fore interesting. Despite the reduction in rural site numbers in several parts of southern
Greece, our estimates are consistent with an increase in agricultural output, particularly
of grains and wine.

The importance of grain cultivation is also visible in Figure 6, which shows that the
synanthropic plant taxa associated with cereal fields began to increase their presence in
southern Greek ecosystems right after the Roman conquest. Of equal interest is the rel-
ative decline of the Cichorieae, commonly considered to be a pastoral indicator (Floren-
zano et al. 2015), which suggests that the agriculture of the southern Greek mainland in
this period was increasingly focused on the cultivation of the Mediterranean triad. Our
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Figure 5: Cultivated plant taxa in southern Greece
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Figure 6: Synanthropic plant taxa in southern Greece
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estimates could thus be used to argue against the common hypothesis that husbandry
and pastoral production became increasingly important in Roman Greece (Alcock 1993,
pp. 87–88; Rizakis 2013, 2014, p. 257). According to this view, the breakdown of civic
boundaries, the creation of larger elite estates, and increasing integration with regional
and interregional markets provided an opportunity for landowners to invest more heav-
ily in animal husbandry, as is suggested by a number of written sources (for an overview,
see Alcock 1993). Of course, the chronological details are very important in this context.
The presence of the Cichorieae started to increase again in the 1st century CE and con-
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tinued to expand into late antiquity. Thus, the available data could possibly support a
hypothesis that investment in husbandry started to increase following the final phases of
landownership restructuring and land-use changes (including land abandonment) in the
late 1st century BCE and 1st century CE.

In Macedonia, the Roman period was also characterized by a steady agricultural ex-
pansion and an increasing focus on cereal cultivation. The 2nd century BCE seems to have
been a watershed in the landscape history of this part of the Balkans, as the entire compo-
sition of the regional agriculture changed dramatically (Figure 7). Instead of maintaining
the Mediterranean triad of cereals, olive, and vine, which had gained in importance with
the Greek colonization in the Archaic period (see above), local cultivators shifted their fo-
cus to grain as the main cultivar, revealing a drive for agricultural specialization. The de-
clining interest in the cultivation of olive and vine makes particular sense in a region that
constitutes the northern margin for the profitable cultivation of both plants, and for olive
in particular. It is notable that, at the same time, we observe an increase in the relative
importance of walnut, previously a hardly noticeable presence in the Macedonian land-
scape. This phenomenon might be related to possible agricultural experimentation in the
new, Roman context. Interestingly, contrary to southern Greece, the rise in the presence of
cereal pollen was accompanied by an increase in the relative importance of chestnut. This
tree produces fruits which were consumed locally in antiquity and the Middle Ages, and
which provided a source of calories for populations experiencing unstable political con-
ditions, limited access to calories from grain, or rapid population growth (Bottema 2000;
Mercuri et al. 2013; Squatriti 2013). This would also suggest that those who managed lo-
cal agriculture placed special emphasis on the production of grain for export, as the rise
in the importance of chestnut suggests that local populations might have had to resort
to this source of calories in their diets. An expansion is also visible in the synanthropic
indicators (Figure 8), all of which were increasing their relative importance throughout
the Roman period.

However, not only does the Macedonian case confirm that the Roman period was an
era of agricultural expansion in this part of the Mediterranean, but it also offers some
qualifications as to whether the Roman conquest was indeed a major turning point in
the landscape and agricultural history of this region. It is important to notice that the
trend of expanding cereal cultivation started already in the 4th century BCE, during the
times of Philip II and Alexander the Great, and the same is visible in all of the synan-
thropic indicators (sorrel in particular). This suggests that the process that was taking
place after the Roman conquest had commenced much earlier, already at the very be-
ginning of the Hellenistic period. What follows, the processes of market integration that
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Figure 7: Cultivated plant taxa in Macedonia
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Figure 8: Synanthropic plant taxa in Macedonia
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achieved their full potential in the Roman period—as visible in the vegetation structure
of Roman Macedonia—had already been underway for more than a century when the
Romans conquered this region in the middle of the 2nd century BCE. While initially sur-
prising, this result can be connected to the ongoing historical and archaeological research
on this period of Greek history, which has revealed a complex nature of the Hellenistic
economic systems, at least in some of its constituent regions (Archibald 2005). Our esti-
mates demonstrate that the Macedonian kingdom, largely neglected by modern research,
had been an expanding agricultural economy that had been integrating with the broader
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Mediterranean markets in a way that was later characteristic for the Roman period.
Broadly speaking, our results confirm that the Roman conquest in the middle of the

2nd century BCE constituted a watershed in the economic history of southern Greece.
After this date, the southern Greek landscape changed in agreement with the models de-
veloped by environmental historians, ecologists, and landscape specialists; its evolution
was consistent with what we would expect in a region that was responding to increasing
market integration. However, we also observe ample evidence of cash crop production
before the Roman period. Together with the evidence of grain imports to the Greek main-
land, these results are suggestive of pre-Roman market integration, which accelerated
and expanded after the Roman conquest. Similarly, in Macedonia, our estimates suggest
that the process of market integration began with the military expansion of Philip II and
Alexander the Great, 150 years prior to the Roman conquest of this region.

The Second Wave of Roman Market Integration?

Recent research on the economic history of late antiquity, or the later Roman period, has
been increasingly focused on the phenomenon of the late antique agricultural expansion.
As has been demonstrated in a number of studies on different parts of the Eastern Roman
Empire, the 4th to 6th centuries CE experienced a major growth in site numbers in the
countryside, while many of these settlements were founded on previously uncultivated,
marginal land.22 These developments have been connected to a number of factors, includ-
ing the foundation of the city of Constantinople, which became a major consumer market
for grain and other foodstuffs in the Eastern Mediterranean, a factor that was especially
relevant for Greece and the broader Aegean region. Climatic changes, not so well un-
derstood in the case of first-millennium Greece, have been demonstrated to be important
in the Anatolian and Levantine contexts (Izdebski et al. 2016b). Finally, a structural fac-
tor that played a key role in the entire Eastern Roman Empire was the development of a
new monetary system, based on gold, which allowed the late Roman elites to accumulate
capital and invest on an unprecedented scale (Banaji 2007, 2016).

In the context of the regional landscape change in Greece, these phenomena were al-
ready discussed by Izdebski et al. (2015) in a recent study of environmental and economic
developments in the Byzantine and Ottoman Empires (300–1800 CE). In this paper we
restrict our attention to those changes in the Greek landscape that are relevant for our
discussion of market integration in the Roman Empire. Notably, the late antique agri-

22For major overviews, see Pettegrew (2007, 2010) and Bintliff (2012a) on Greece; Izdebski (2013a,b) on
Anatolia; as well as Decker (2009) and Avni et al. (2013) on the Levant.
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cultural expansion was a phenomenon that did not occur in Macedonia. In this region,
the collapse of the northern Balkan provinces of the Roman Empire led to an agricultural
decline which started in the 4th century CE (see Poulter 2007 for a discussion of Balkan
history in this period). In southern Greece, however, an upward trend in all the indica-
tors of agricultural activity—except for walnut, but including chestnut and the “pastoral”
Cichorieae—is well visible by 400 CE. This leaves no doubt that southern Greece indeed
experienced a second wave of Roman market integration in the 4th and 5th centuries
CE. Interestingly, contrary to the early Roman period, the economy of this region was
not focused exclusively on the Mediterranean triad; instead, there are also signs of an
increase in pastoral activities and chestnut cultivation for local consumption. This phe-
nomenon might be related either to perceived insecurity—in particular among the local
populations in the northernmost parts of the Greek mainland, more exposed to “barbar-
ian” invasions—or to the limited access of local consumers to the grain that was destined
for the distant markets of Constantinople and other large Mediterranean cities.

5 Comparisons with Other Sources of Data

We have previously demonstrated that our empirical results for southern Greece are con-
sistent with auxiliary data on settlement dynamics in the Peloponnese (see Section 4).
There are, however, further sources of data with which our estimates can be compared, in
particular on shipwrecks (Parker 1992; Wilson 2011; McCormick 2012; Strauss 2013) and
large-scale oil and wine presses (Marzano 2013; Erdkamp 2016).

Ancient Shipwrecks (Parker 1992; Strauss 2013)

The data on Mediterranean shipwrecks, introduced by Parker (1992) and recently up-
dated by Wilson (2011), McCormick (2012), and Strauss (2013), have routinely been used
in ancient history as a proxy for maritime trade and the overall level of economic activ-
ity (see, e.g., Hopkins 1980; Geraghty 2007; Kessler and Temin 2007; Terpstra 2019). In
general, these data are suggestive of an economic boom and a trade expansion in the
early Roman Empire. As Hopkins (1980) stated it: “The dated shipwrecks show that in
the period of Roman imperial expansion and in the High Empire . . . there was more sea-
borne trade in the Mediterranean than ever before, and more than there was for the next
thousand years.”

Figure 9 presents our pollen-based trends in the presence of cereals, olive, and vine in
southern Greece as well as a histogram for the shipwreck data (based on Strauss 2013). For
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Figure 9: Pollen data in southern Greece vs shipwrecks in “Greece”
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most shipwrecks, of course, it is not possible to determine the exact date of sinking, and
we use the midpoint of the interval from the earliest to the latest possible date. We restrict
our attention to those shipwrecks whose location is sufficiently close to our region of
interest. More precisely, Strauss (2013) coded the location of shipwrecks in three different
ways—based on sea area, country, and exact latitude and longitude—but there are many
missing values for each variable. We consider all shipwrecks whose location is coded as
(i) Aegean, Northern Aegean, or Southern Aegean, (ii) Greece, or (iii) in the latitude range
34◦ to 42◦N and longitude range 20◦ to 30◦E.

It is clear that our estimated trends are consistent with the shipwreck data in the Ro-
man period and onward; both sources of data are suggestive of an economic boom in the
1st and 2nd century CE, a decline in the 4th and 5th century CE, and a smaller boom in
the 6th century CE. On the other hand, these sources of data present conflicting pictures
of pre-Roman trade. While there is only one shipwreck in our region which is dated prior
to 500 BCE, our pollen-based trends are suggestive of a major trade expansion even be-
fore this date. Such a lack of consistency between both sources of data, however, is less
surprising than it might seem. According to Parker (1990), “the oared ships of the earliest
traders and explorers were lightly built, and so have not been preserved at all.” There
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Figure 10: Pollen data in southern Greece vs shipwrecks in “Greece” (prorated)
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may also be a number of other taphonomic and preservation issues that could have influ-
enced the recovery pattern. What follows, we conjecture that our pollen-based trends are
likely to present a more reliable picture of pre-Roman trade than the shipwreck data—
while both sources are clearly in agreement in later periods.

As an important robustness check, we also consider the recent criticism of shipwreck-
based studies by Wilson (2011) and McCormick (2012), who noted that many shipwrecks
had been dated very imprecisely—with differences of several centuries between the ear-
liest and the latest possible date of sinking—which might affect our conclusions from
analyzing these data. Thus, McCormick (2012) recommended that we restrict our atten-
tion to shipwrecks that could be dated down to three centuries or less; he also suggested,
as did Wilson (2011), that we prorate shipwrecks dated to multiple centuries.23 We imple-
ment both of these recommendations in Figure 10, which is a revised version of Figure 9.
The main difference between both figures is in the dating of the biggest economic boom.
Using prorated data, the greatest number of shipwrecks appears to be dated to the 1st
century BCE and—to a lesser extent—the 1st century CE. Consequently, there is a gap of

23For example, a shipwreck dating between 50 and 250 CE would be coded as 1/4 of a shipwreck in the
1st century, 1/2 of a shipwreck in the 2nd century, and 1/4 of a shipwreck in the 3rd century CE. See also
McCormick (2016) for a further discussion of methodological issues in shipwreck-based studies.
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c. 100–200 years between the estimated peak of the economic expansion according to the
pollen and shipwreck data. On the other hand, the remaining similarities between both
sources of data—a decline in the 4th and 5th century CE and a smaller boom in the 6th
century CE—are robust to prorating. As before, both sources of data suggest different
pictures of pre-Roman trade, and we are inclined to trust the pollen-based estimates.

Ancient Oil and Wine Presses (Marzano 2013)

Similarly, in Figure 11, we compare our regional trends in the presence of cereals, olive,
and vine with data on large-scale oil and wine presses in Gaul, the Iberian Peninsula,
and the Black Sea region. These data were introduced by Marzano (2013) and recently
discussed by Erdkamp (2016). As explained by Marzano (2013), large-scale oil and wine
presses can proxy for capital investment in agricultural crop processing. Because these
data do not, in fact, come from Greece, their role in our study is to indicate a pattern of
broad Mediterranean trends stimulated by the imperial economic structures and incen-
tives for the production of olive oil and wine. As before, our pollen-based estimates are
consistent with these auxiliary data throughout the Roman period.

There are of course limitations of using specific classes of archaeological data in this

Figure 11: Pollen data in southern Greece vs Mediterranean oil and wine presses
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capacity since the record is bound to be fragmentary depending to a large scale on where
archaeological excavations have been carried out. The comparisons presented here nev-
ertheless highlight trends that can be sufficiently matched with cash crop production in
Greece during the Roman period. Since Marzano (2013) did not consider pre-Roman
oil and wine presses, the lack of consistency between both sources of data before the
Roman conquest is not at all troubling. The geographical context of the presses would
further make such pre-Roman comparisons difficult since these different production sys-
tems would largely have operated within different political and cultural contexts before
the Roman conquest. The trends highlighted for the Roman period may nevertheless be
used to identify a stimulus towards production systems offered by the integration with
new imperial structures. Interestingly, and perhaps coincidentally, when we present sep-
arate histograms for oil and wine presses in the Appendix, it turns out that both sources
of data—palynological and archaeological—are suggestive of an earlier peak in the pro-
duction of wine (in the early 2nd century CE) as compared with olive oil (in the late 2nd
and early 3rd century CE).

6 Conclusions

The use of palynological data in the current study on market integration and landscape
change demonstrates how environmental evidence can be utilized to explore the eco-
nomic history of Greco-Roman antiquity. Our results highlight considerable dynamics in
cultivation strategies which can be linked to historical periods that have been associated
with increasing market integration in previous research. In particular, we conclude that
the Roman conquest of Greece prompted substantial changes in agricultural production
which were likely related to the integration of both southern Greece and Macedonia into
the imperial economic structures. At the same time, market integration seems to have
impacted agricultural production in both regions well before the Roman conquest. In
fact, the first signs of landscape change occurred already in the Archaic period, when we
observe an increasing focus on olive production, combined with a decreasing importance
of cereal cultivation in southern Greece and a substantial demographic expansion. In this
respect, increasing urbanization—in the 7th and 6th century BCE and onward—seems to
have stimulated the production of cash crops and agricultural specialization in different
parts of the Greek mainland.

Both the palynological evidence and the archaeological record are suggestive of appar-
ent disruptions—perhaps an economic crisis—in the late Hellenistic period, primarily in
southern Greece. These events, however, were followed by a major process of landscape
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change in the centuries that postdated the Roman conquest. Although the annexation of
Greece proved to be a major turning point in the agricultural history of both regions, the
processes that were characteristic for the Roman period—in the case of Macedonia—had
already started in the second half of the 4th century BCE, during the reigns of Philip II
and Alexander the Great. The patterns of change under the Roman rule indicate that both
regions were increasingly becoming export economies, oriented towards the global mar-
kets and imperial economic structures of the Roman Empire. A second wave of market
integration and associated landscape change occurred in the later Roman period, poten-
tially caused by the foundation of the new capital of Constantinople, the fiscal expansion
of the late Roman state, and the development of a new monetary economy, based on gold
coinage, in the Eastern Roman Empire.

Importantly, our estimated trends are consistent with other archaeological and histor-
ical sources, particularly on settlement dynamics in the Peloponnese, shipwrecks, and oil
and wine presses across the Mediterranean. By means of presenting such trends in the re-
gional presence of cereal, olive, and vine pollen across sixteen centuries, we contribute to
the emerging literature on ancient economic history over the very long term. See, for ex-
ample, de Callataÿ (2005), Jongman (2007a,b), McConnell et al. (2018), and Terpstra (2019).
Several of these previous studies have incorporated the data on lead pollution in Arctic
ice to improve our understanding of the Roman economy. In this paper we use an al-
ternative source of environmental data—pollen data—which allows us to shift attention
to ancient Greece and provide a more detailed and more localized study of an ancient
economy over the very long term.
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Appendix

Figure A1: Weighting vs regression in southern Greece
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Figure A2: Weighting vs regression in southern Greece (cont.)
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Figure A3: Weighting vs regression in Macedonia
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Figure A4: Weighting vs regression in Macedonia (cont.)
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Figure A5: Pollen data in southern Greece vs Mediterranean oil presses
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Figure A6: Pollen data in southern Greece vs Mediterranean wine presses
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