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ABSTRACT

KEYWORDS

Instances of resilience and persistence in ancient societies during periods of
climate stress are necessary as counter weights to simpliﬁed collapse archaeology. The authors oﬀer an evaluation of societal trajectories during the Late
Bronze Age (LBA) in the Peloponnese against the backdrop of recently available local climate data. By considering climate volatility as well as climate
change, the long-term perspective suggests that the end of the LBA should
be viewed in light of the socio-environmental mismatches that developed
during its earlier phases. Varying socio-political complexity and population
densities are preconditioning components for inherent resilience under climate stress and climate impacts cannot be determined by climate conditions
alone. While arid climate does not equal negative societal change, beneﬁcial
climate conditions may be favourable in the relative short term while at the
same time supporting an ultimately unsustainable economy that proved
detrimental in the long term.
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Introduction
Understanding how humans perceive and react to climate change at diﬀerent time scales was
recently singled out as one of 25 grand challenges for archaeology in a crowd-sourcing enterprise
(Kintigh et al. 2014). Such issues are intimately linked to questions of the resilience and persistence
of societies through time (Kok et al. 2016), making up another set of grand challenges established
as results of the same enterprise. To understand such important and highly complex questions, it
stands clear that focus on the potentially negative eﬀects of climate change or of short-term
‘climate events’ alone will never produce entirely satisfactory insights. Yet, the archaeology of
collapse remains the most visible research ﬁeld dealing with such questions in a variety of
geographical areas (Tainter 1988; McAnany and Yoﬀee 2010; Faulseit 2016; Middleton 2017;
Weiss 2017a). Aegean archaeological studies have followed suit and often tie ﬁndings from the
Aegean sphere into societal transformation on an Eastern Mediterranean scale (Middleton 2010;
Cline 2014; Knapp and Manning 2016). The Late Bronze Age (LBA) in the Eastern Mediterranean
was an expansive period with palatial economies and highly complex societies developing in
several regions, all interconnected through wide-reaching contact networks. Many of these societies, including the Mycenaean societies on the Greek mainland, went through comprehensive
changes towards the end of the LBA, resulting in the deconstruction of palatial economies, a
down-scaling of hierarchies and socio-political-economic disintegration. The idea that climate may
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have had a role in the changes seen at the end of the LBA has been suggested for a long time (cf.
Knapp and Manning [2016], with references). This idea, however, has recently gained in strength,
and aridity is now seen by some researchers as the primary driver behind these processes of
societal change (Drake 2012; Kaniewski, Guiot, and Van Campo 2015; Kaniewski and Van Campo
2017; Weiss 2017b). More rarely is climate raised in relation to the 500 years preceding this change,
during which, for instance, the societies on the Greek mainland went through comprehensive
socio-political changes that in many ways set the scene for the changes recorded towards the end
of this period.
In the present study, therefore, we follow recent researchers who highlight the beneﬁts of longterm perspectives on coupled human-environment dynamics (Redman and Kinzig 2003; Schoon et al.
2011; Nelson et al. 2016; Armstrong et al. 2017). We revisit the LBA – or Late Helladic (LH) –
archaeological record from the Peloponnese against the backdrop of recent advances in paleoclimatology from the area (Finné et al. 2017). By incorporating the full span of the LBA from the Middle
Helladic (MH) III to the LH IIIC (i.e. ~1800 to ~1050 BC), the view is expanded from the one-sided
perspective on ‘collapse’ to a more wholesale evaluation of the sustainability of Peloponnesian
societies over the course of 750 years (Table 1). Our ‘long-term’ perspective, however, stands short
in comparison to millennial-scale studies addressing issues of socio-environmental dynamics (e.g.
Lawrence et al. [2016]; Allcock [2017]), highlighting the need to adjust the temporal scope in relation to
research questions, data availability and research disciplines involved (Lane 2015). By moving beyond
‘events’ in favour of more long-term human-environmental processes we also acknowledge the dating
uncertainties attached to both archaeological and climatological chronologies, making very highresolution correlations problematic (Finné and Weiberg 2018; cf. Knapp and Manning [2016]). Here, we
follow established chronologies for Greek mainland LBA (Manning 2010), but these are not unchallenged. Speciﬁcally, the debate in the Aegean area concerns inconsistencies between historical ‘low’
dating and radiocarbon based ‘high’ chronologies and mainly aﬀects the ﬁrst half of the LBA and
especially the LH I period, before the alternatives converge around 1500 BC (Bietak 2003; Manning
et al. 2006; Manning 2007).
The temporal scope of any study will also inﬂuence the level of contextual detail that can be
encompassed in article form. The present study is conducted primarily on a socio-political level,
aiming to outline general socio-political trends alongside those of climate variability and change.
The socio-political history of the Peloponnese is marked by pulses of consolidation and fragmentation, surges of intensiﬁcation (i.e. a greater investment of labour) followed by politico-economic
simpliﬁcation (Butzer 2005; Weiberg et al. 2016). Such patterns and their cyclicity are commonly
recognized in many contexts around the world, with or without a speciﬁc climate concern (Marcus
1998; Yoﬀee 2010; Gronenborn et al. 2014; Kennett and Marwan 2015; Allcock 2017). Long-term
perspectives are vital for a complete view of such processes and are an important contribution
Table 1. Relative chronology of the LBA in the Peloponnese together with suggested dates for an absolute
chronology – in years BC and years before present (BP) where the present is AD 1950 (Manning 2010; Voutsaki,
Dietz, and Nijboer 2009).
Relative chronology
MH III
LH I
LH II
LH IIIA
LH IIIB
LH IIIC

BP
3750–3650
3650–3585
3585–3370
3370–3280
3280–3150
3150–3025

BC
1800–1700
1700–1635
1635–1420
1420–1330
1330–1200
1200–1075

Duration in years
100
65
215
90
130
125
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from history to our present day of similar concerns, albeit with unprecedented global scope
(Costanza et al. 2012). Archaeological indicators of socio-political cyclicity in the Peloponnese
are temporal variations in population density (number and distribution of settlements), investments in infrastructure (settlements, roads and landscaping eﬀorts) and textual sources, primarily,
supply evidence for administrative control functions (socio-political hierarchies and tax systems).
The sum of these indicators will give an estimate of the pressure on resources, their use and the
control thereof, and by extension, the vulnerability of the socio-political structures in each phase
to unforeseen or unpredictable external, or internal, threats (cf. Kok et al. [2016]).
The eﬀects of diﬀerent socio-political structures on the eﬀectiveness and decision-making
abilities of ancient societies have been discussed in several contexts over recent years (Tainter
2000; Gunderson and Holling 2002; Parkinson and Galaty 2007; Blanton 2010; Marston 2015). There
seems to be some consensus that societal connectedness – the interdependence between
diﬀerent actors and between aspects of society – increases in parallel with growing societal
complexity. Following the perspective of resilience thinking (Holling 2001; Redman and Kinzig
2003), such interdependencies may in the long run lead to overconnectedness and a growing
rigidity within the system that increase the likelihood that a ‘stability threshold’ will be transgressed, moving the system into a vulnerable state (Blanton 2010; Marston 2015). Before such a
transgression occurs, however, these societies will be highly eﬃcient, with connectedness safeguarding the availability of alternatives to amend situations that threaten the sustainability of set
ways of life. Increased vulnerability can develop when resource management becomes too ﬁxed to
hinder adaptation, creating a form of path dependency and lock-in eﬀects (Schoon et al. 2011), in
the end leading to mismatches when emphasis is put on the ‘eﬃciency of function rather than
long-term existence of function’ (Marston 2015, 596). This model has a bearing on evaluations of
agricultural strategies as well as socio-political structures, with the latter often inﬂuencing the
former.

Climate setting
Paleoclimate information from the Peloponnese comes from a variety of proxies preserved in
mainly two types of natural archives: sediments and speleothems. In recent years a number of new
paleoclimate records have been made available from the Peninsula (e.g. Heymann et al. [2013];
Finné et al. [2014, 2017]; Unkel et al. [2014]; Katrantsiotis et al. [2016]). With the addition of these
records, uncertainties relating to dating have been reduced and the temporal resolution of the
paleoclimate data has improved (Finné and Weiberg 2018). This in turn means that better
comparisons between paleoclimate data and the rich archaeological record from the
Peloponnese can be undertaken. In this paper we make use of a stable oxygen isotope (δ18O)
record from a stalagmite from Mavri Trypa Cave located on Schiza Island just oﬀ the SW coast of
the Peloponnese (Figures 1 and 2). This record has been interpreted as documenting a sequence
of wetter and drier conditions. Currently, it is the most precisely dated and best resolved
paleoclimate record for the LBA from the Peninsula. During the LBA the dating uncertainties
range from 16 to 60 years (2σ corrected) and the temporal resolution varies between 1 and
25 years with a mean of 6 years per sample (Finné et al. 2017). Although there are clear diﬀerences
in the climate between the western and the eastern Peloponnese at present, the climate is
generally controlled by the same larger-scale processes linked to atmospheric circulation and
prevailing moisture transport (Xoplaki et al. 2000; Maheras and Anagnostopoulou 2003). Therefore,
the information from Mavri Trypa, in the western part, gives important information about the
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Figure 1. (a) Stable oxygen isotope data from Mavri Trypa Cave interpreted to reﬂect variability in rainfall; (b) Standard
deviation in stable oxygen values in 100-year blocks with a new block starting every 10 years; (c) Summary of climate
interpretations. Blue and brown bar shows wetter (blue) and drier (brown) climate conditions. Green and red bar shows
more stable (green) and less stable (red) climate conditions. Yellow to orange segment indicates period of less stable
conditions but the interpretation is less secure (see text for details); (d) Summary of the archaeological interpretations
made in this paper, presented as keywords. Please note that these interpretations are based on the socio-political level
of scale that is the focus of this paper – for more details see main text; (e) Number of archaeological sites identiﬁed in
selected intensive surveys on the Peloponnese in the designated transect (Wells and Runnels 1996: Berbati-Limnes; Mee
and Forbes 1997: Methana; Jameson et al. 1994: Southern Argolid Exploration Project [SARG]; Davis et al. 1996: Pylos
Regional Archaeological Project [PRAP]).1 Black bold line provides the aggregated total of sites.
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Figure 2. Location of Mavri Trypa Cave (yellow square) and distribution of archaeological sites identiﬁed in
selected intensive surveys on the Peloponnese in designated transect (black line) (see Figure 1(e)). Selection of
surveys is based on chronological resolution of the intensive surveys and excludes surveys that provide too
coarse a resolution for the LBA interval. Grey lines mark the outline of the intensive survey universes but note
that not all areas within these survey universes were surveyed. In the LH IIIA-B map, purple stars mark the
location of Mycenaean palaces within the transect area: M for Mycenae; T for Tiryns; and P for Nestor’s Palace of
Pylos.

climate further east by providing a local baseline from which micro-regional variations within the
Peloponnese may be understood. The information from Mavri Trypa nuances the understanding of
the climate situation during the LBA and it now seems clear that this period experienced both
wetter and drier conditions (cf. Weiberg et al. [2016]).
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The stalagmite from Mavri Trypa formed discontinuously during the last 4600 years and growth
hiatuses have been linked to sustained periods of arid conditions. During the LBA, however,
conditions evidently remained moist enough to sustain continuous growth. Following an
extended growth hiatus, the stalagmite starts growing again around 1860 BC (Figure 1(a)). At
this time, the δ18O record shows clear evidence for wetter conditions. Two periods of drier
conditions follow during LH II, between ca. 1600 to 1550 BC and ca. 1510 to 1440 BC. Wetter
climate conditions then return during LH IIIA and the ﬁrst half of LH IIIB. An abrupt period of drier
conditions of around two decades, centred on 1250 BC, disrupts the wetter conditions in the
middle of LH IIIB. Following this abrupt and short period, there was a return to wetter conditions,
followed by a clear general trend towards more arid conditions after ca. 1225 BC. The stable
oxygen isotope record shows that conditions became very dry around 1130 BC, i.e. from mid-LH
IIIC. The stalagmite from Mavri Trypa Cave stopped growing at ca. 1000 BC probably in response to
the dry conditions.
The paleoclimate record from Mavri Trypa does not only provide important insights into periods
of wetter and drier climate conditions, it also allows us to investigate climate stability during the
LBA. For this analysis we follow a similar approach to Akers et al. (2016) and calculate the standard
deviations for the stable oxygen isotopes in 100-year blocks, with a new 100-year block every
10 years for the growth period between ca. 1860 and 1000 BC (Figure 1(b)). It has been suggested
that trends in the standard deviation of the stable oxygen isotope values reﬂect trends and
changes in climate stability (Akers et al. 2016). The result of this analysis indicates that the stability
of the climate varied during the LBA and we suggest that three periods can be discerned (Figure 1
(c)). A ﬁrst period from 1760 to 1540 BC is one of less climate stability. Within this period, however,
between 1640 and 1550 BC the results are strongly inﬂuenced by large and rapid isotopic changes
that may not be directly related to hydro-climatic variability, and thus this period should be
interpreted with caution. A second period from 1540 to 1330 BC, i.e. the second half of LH II and
LH IIIA, is one of relatively stable climate conditions, i.e. reduced inter-annual and inter-decadal
variability. A third period begins at 1330 BC; this is also one of less stability and it lasts until growth
terminates at ca. 1000 BC.

Contextualization: climate and society
If we are content with the suggestion that the noted changes in climate were of the magnitude and
scale to have had an impact on human lives and economies, we can move on to discuss the
implications of climate variability and change during the LBA in the Peloponnese. The present
reconstruction as outlined in Figure 1(c) includes both dry and wet periods and we will structure the
discussions accordingly. Before we go ahead, however, we need to give some thought to the way
climate change and climate variability are likely to have impacted human societies. Above all, people
in the past would not have acted on long-term climate change but on short-term weather variability
impacting their set ways of life (Halstead and O’Shea 1989; Roberts 2011; Middleton 2017, 137). What
additional value can the above evaluation of climate stability bring to the overall view of climate and
society during the LBA?

Long-term change or short-term variability
A major risk in any agrarian society located in arid or semi-arid settings, such as the Peloponnese,
is insuﬃcient rainfall, where too little rain (or too much if at the wrong time of year) could severely
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impact agricultural yields, potentially leading to food shortages. Variability in food supply would
have occurred at diﬀerent spatial and temporal scales, and with varying relative intensity (Halstead
1989). The eﬀect of rainfall variability is further aggravated in regions like the Peloponnese, where
the topography thwarts extensive irrigation schemes and rainfed farming has been the rule
(Foxhall 1995), until the highly unsustainable water management of modern times (Green and
Lemon 1996).
Present-day meteorological data from the Peloponnese is characterized by strong interannual
variability in rainfall amounts (Maheras and Anagnostopoulou 2003). There are few reasons to
believe the situation was diﬀerent during the LBA. Interannual variability in rainfall in this type of
environment means that the output from a mainly rainfed agricultural system will vary both in and
between years (Halstead 1989). Some years will produce bountiful harvests while other years will
have reduced harvests that need to be supplemented by surpluses from preceding ‘good’ years or
by exchange to avoid food shortages, following a regular pattern. Overall, this system may be fully
sustainable over the centuries. Interannual variability in rainfall in combination with an overall
reduction in average rainfall, however, has been hypothesized to mean that the frequency of ‘bad’
years increases and yields during good years decline, making it more diﬃcult to ﬁll up the stores to
use in case of harvest failure (Roberts 2011, ﬁg. 1.2c).
Interannual variability in rainfall poses a risk, the risk of failed harvests and subsequent food
shortage. It is clear that ancient societies developed buﬀering mechanisms to counter the
potential negative eﬀects of both short-term and long-term variability (Halstead 1989; Marston
2011, 2015; Kennett and Marwan 2015). The temporal scale and magnitude of climate volatility,
however, had important implications for the predictability and the success rate of any such
societal strategies to deal with variability (Halstead 1989; Roberts 2011; Kennett and Marwan
2015). Reduced interannual variability means less risk and likely increased predictability. During
arid periods with more stable conditions, it may be suggested that yields probably go down but
stability would allow people to develop risk management strategies to secure reasonable outputs
(Halstead 1989; Marston 2011). One can also imagine that one measure would be to adjust
expenditure to decreased returns. Stable conditions then would enhance predictability and the
possibility to temporarily adjust economic activities/take ameliorating measures. However, actual
changes to human life styles, not just ameliorating strategies when the need arises, require that
the weather variability is recognized as a long-term or permanent shift in climate (Roberts 2011).
In view of the above considerations of climate change and variability during the LBA, it is
possible to identify two periods characterized by seemingly more favourable climate conditions
(wet and primarily stable), and two periods of less benign climate circumstances (dry and stable,
and dry and variable) (Figure 1). In the following, we will survey these periods in more detail,
sampling the archaeological records in order to give an overview of the societal processes during
these periods and investigate the potential inﬂuence of climate, if any, on these processes.

Wetter climate conditions
The beginning of our sequence, the Middle Bronze Age (MBA) and the beginning of the LBA (MH
III‒LH I), was a period marked by the appearance of material culture that suggests a growing
accumulation of wealth (Wright 2004; Voutsaki 2010, 2016; Fitzsimons 2011). The MH III‒LH I
period is one of expanded possibilities at all levels of society: an opening up towards external
partners and a likely increase in the links between diﬀerent players, socially, economically and
politically. These processes develop in parallel with the Neopalatial period on Crete, and the
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Peloponnesian communities were very likely positively inﬂuenced by these developments, as
suggested by the presence of Minoanizing pottery and iconography, and Minoan imports present
in MH III‒LH I graves (Wright 2008; Rutter 2010). The period can be characterized by the increasing
size and architectural deﬁnition of settlements, some of which were fortiﬁed (Loader 1995).
Reserved burial areas outside the settlement became the rule but the mortuary sphere was still
marked by high diversity of burial types (shaft graves, chamber tombs, tumuli and tholoi)
(Cavanagh and Mee 1998; Fitzsimons 2011). There is an increase in settlement numbers, variable
between regions (Figure 1(e)), but perhaps more noteworthy is the resettlement of many locations
in the inland, abandoned since the end of the EBA (300‒400 years earlier) (Rutter 2001, 131).
More studies are needed to understand what caused these changes but it seems likely that the
centralization of wealth was brought on in part by the desire of the mainlanders to adhere to a
new value system centred on gift exchange, most probably introduced by the Minoan palaces as a
strategy to secure allies (Parkinson and Galaty 2007; Wright 2008; Maran 2011; Voutsaki 2016). But
where did this wealth come from? Voutsaki dismisses local agricultural resources in favour of
diplomatic exchanges to explain the unprecedented wealth displayed in some MH III‒LH I graves
(Voutsaki 2016, 75). Yet, even if the impetus to break with the conscious austerity of the previous
periods may have come from abroad, the means to do it will need to have come from within the
mainland communities. Following Voutsaki’s reasoning, the means came from a reversal of a
previous under-production and under-exploitation of resources, and hence a realization of the
untapped potential of the established agricultural regime. Based on present knowledge of
Peloponnesian climate it is of interest that these developments now can be seen against a
backdrop of wetter climate conditions. Wetter conditions are likely to assist expansion and
intensiﬁcation of agricultural practices, which in turn can enable the production of a surplus and
by extension an increased economic potential to be channelled towards expansion in other
sections of the society. Any such economic leeway could in eﬀect help foster innovation, opportunism and the level of specialization and diversiﬁcation that the archaeological material of the
period indicates.
There are similarities between the MH III‒LH I period and the LH IIIA some 200 years later in that
they were both periods of intensiﬁed activities and external contacts. The 100 years that corresponds to the LH IIIA period also unfolded against a backdrop of generally wet conditions. In
contrast to MH III-LH I, however, these conditions seem to have been quite stable and deﬁnitely
followed upon a period of pronounced arid conditions (with a breaking point around 1440 BC).
During this period, the ﬁrst Mycenaean palaces were constructed (Wright 2006) and Mycenaean
cultural ways spread across the Aegean and beyond, as exempliﬁed primarily by the appearance
and spread of pottery (Rutter 2010). The palaces were regional centres governing the surrounding
territory through a complex web of interdependencies (Galaty, Nakassis, and Parkinson 2011). A
population rise can be surmised from the increased size of settlements and particularly the
number of archaeological sites that peaked towards the end of the LH IIIA period (from around
1350 BC/3300 BP) (Figures 1(e) and 2). This expansive settlement pattern of the second half of the
LH IIIA, continuing into the LH IIIB period, contrasts with the more contracted settlement pattern in
MH III–LH I and LH II (even if there are notable regional variations), as well as in the subsequent
post-palatial LH IIIC and Early Iron Age (Figure 2). Palatial control – or the general expansion of
economies in LH IIIA – also developed in parallel with an extensiﬁcation and diversiﬁcation of
agricultural strategies. This is a hypothesis based on the introduction of new ﬁeld crops (millet and
spelt, and new emphasis on ﬂax and bread wheat) (Kroll 2000; Valamoti 2011, 2016) and an
increased emphasis on cattle, assumed to be in part at least put to use as draft animals enabling
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the cultivation of larger ﬁelds, potentially rendering an increase in the total output of agriculture
(Halstead 1999).
In a time of generally favourable climate conditions, such a strategy has good potential for
success and could supply the resources needed for a growing and increasingly complex palatial
economy. The spatial diversiﬁcation would also allow utilization of diﬀerent types of microenvironments and as such potentially function as a risk-management strategy (Marston 2011),
mitigating minor or short-term rainfall shortages in some areas. With the arrival of a less predictable climate, the situation must have become more diﬃcult. Under such circumstances, the
impact of socio-political structure and the resources of the leading sections of society become
important. By the beginning of the LH IIIB period the stable conditions gave way to greater rainfall
variability, although isotope values still signal overall relatively wet conditions. This change to a
more volatile climate situation is seen during a period when it appears that the available resources
were stretched to their limits. The archaeological record of the ﬁnal 100 years of the Mycenaean
palatial period seems to signal more of everything. The sheer scale of the resources put into the
enhancement of both the built and the natural landscape certainly suggests an intensiﬁcation of
palatial interventions. Among the large-scale enterprises were the palaces and their fortiﬁcations,
road networks and dams (Hope Simpson and Hagel 2006). The limited written Linear B records
give evidence of a strong control over some land and its resources and over part of the revenues
of others (Killen 1998; Halstead 2001). Even with the variable climate and including a 20-year-long
arid period that can be ﬁrmly placed in LH IIIB, and thus a generation or so before the palaces are
destroyed (Finné et al. 2017), it must be concluded that at face value the Mycenaean societies
appear to have sustained much of their resourcefulness. It might be that grand-scale accomplishments had a far higher price than the socio-political leaders perhaps realized (Maran 2009; Knapp
and Manning 2016), but the LH IIIB events signal what our next example will show even more
clearly: that aridity or less favourable climate conditions do not equal ‘collapse’.

Drier climate conditions
The transition from MH III–LH I to LH II can be placed in close chronological correspondence to a
decrease in climate stability, a decrease which, however, should be interpreted with caution. It
seems clear, however, that the stable and dry climate conditions during most of LH II (1600–1440
BC) were considerably diﬀerent than the wetter conditions during the preceding MH III–LH I period
or the stable and wet conditions during the LH IIIA period. LH II was a 200-year-long period
characterized by a drier climate. In all archaeological accounts, however, LH II was a period of slow
but steady societal expansion (Wright 2008). Increasingly during the LH II period, there are signs of
socio-political stabilization and a consolidation of the societal structure that would characterize
the Mycenaean palatial era in the following centuries. One indication to this eﬀect is the standardization of the ceramic repertoire throughout the Peloponnese (Rutter 2010, 2015). At this point
the stylistic diversity of MH III–LH I ceramics, building on old Middle Helladic traditions and with
many connections to Minoan Crete, is given up for a general adoption of the lustrous decorated
dark-on-light wares that would be one of the main identiﬁers of Mycenaean culture. At this time,
instead of being a recipient of external stimuli, the mainland communities begin to assert
themselves abroad (Wright 2008; Rutter 2010). Another indication is the construction of many
tholoi, a tomb type that spread from early examples in Messenia and would be the main elite
burial type in LH II–LH III throughout the mainland (Voutsaki 2010; Fitzsimons 2011). Although
Mycenae is renowned for a large number of these monumental graves, leaders in many
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burgeoning centres in the Argolid, the region around Mycenae, built tholoi at this point (Voutsaki
2010, 2016). During this period many of these settlements in the Argolid reached their acme in
terms of socio-political position. It has been argued that the consolidation of central settlements
(not all developing into palaces), beginning in MH III–LH I and amplifying in LH II can be connected
to the increasing size of the territory of these settlements and a ‘need to centralize authority and
the economy and to administer community activities’ (Wright 2008, 249, but see Foxhall [2014] for
the potential heterogeneity of the territory and territorial authority). This move from innovation
(MH III–LH I) to consolidation (LH II) can thus be seen as the likely continuation of the explorative
processes during the preceding period. Once the prevailing climate conditions are added into the
picture, this shift could also signify attempts to safeguard the state of aﬀairs in the face of drier
conditions and decreasing outputs. The fact that the LH II period was dry but also generally stable
is a circumstance that would beneﬁt predictability and perhaps the possibility to adjust ways of life
accordingly.
What about the end of the Mycenaean palatial period? The transition from LH IIIB to LH IIIC in the
relative chronology marked the end of the reign of the Mycenaean palaces. The palaces themselves
were destroyed and the former palatial control of selected aspects of the economy disappeared
(Middleton 2010; Knapp and Manning 2016). The breakdown of palatial control meant the discontinuation of monumental construction, highly standardized pottery production and other enterprises
that called for high inputs of capital and (specialist) labour, and the end of Linear B as an administrative tool. The dry period around 1250 BC (3200 BP), which predates the destruction of the palaces
by at least a generation, may have helped destabilize the palatial authority and may thus have been
one of multiple factors behind the disappearance of the Mycenaean palatial economies (Finné et al.
2017). Following the breakdown of the Mycenaean palatial economies, however, climate became
progressively more arid (Figure 1(c)). In combination with less stable climate conditions, this period
resembles the worst scenario outlined by Roberts (2011), with overall reduced harvests that even
during good years were unable to make up for the increased frequency of dry years with insuﬃcient
yields. A variable dry climate combined with a clear trend towards increasingly more arid conditions
would have been a severe threat to a society already destabilized by the discontinuation of the
palatial administration. These circumstances likely also provide an explanation for why any attempts
to restore a palatial system remained unsuccessful (Finné et al. 2017). The continued building
activities at places like Tiryns in the Argolid (Maran 2009, 2015), however, are among the increasing
evidence suggesting that some Mycenaean ways of life were still upheld but also that the communities through resourcefulness and innovation actively shaped their ways of life to match new
societal circumstances (Maran 2015; Lantzas 2016).

Discussion: the abilities and vulnerabilities of LBA societies
Even with the correlations and suggestions made above, it is still quite possible to see the Late
Helladic societal developments addressed above as progressing as they did without giving climate,
and climate change, any explanatory value. Until very recently, due to the lack of situated climate
information, this was more or less the only way even though climate data from further aﬁeld has
been used at times for discussions of socio-environmental trajectories on the Greek mainland
speciﬁcally (Maran 1998; Fuchs 2007), as well as the Greek mainland within a more general Eastern
Mediterranean framework (Drake 2012; Knapp and Manning 2016; Kaniewski and Elise 2017). We
can thus establish that climate change had little or no impact, or, we can allow for the possibility
that it did have some impact and begin to look for features of the society that helped to utilize or
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to ameliorate the climate circumstances, outlining the abilities and vulnerabilities of LBA societies.
The vulnerability of ancient societies to climate change, especially, has been the focus of recent
research (Schoon et al. 2011; Nelson et al. 2016; Kok et al. 2016; Kennett and Marwan 2015). An
assessment of the vulnerabilities of LBA societies on the level of detail suggested by Kok et al.
(2016) will not be attempted, however, since ‘vulnerability is the outcome of multiple stressors and
multiple actors in multiple contexts that can occur at various spatial and time scales’ (Kok et al.
2016, 231). Any comprehensive considerations of these factors are beyond the scope of this paper
and calls for in-depth studies of each of the identiﬁed periods. Here, in view of the interpretational
level of the present article so far, we will limit ourselves to the reigning socio-political situation and
its potential as a mechanism for coping with and making use of the eﬀects of climate change. The
result is an estimation of the diﬀerent levels of resilience (deﬁned as a measure of the vulnerability
of that system to unexpected or unpredictable shocks [Holling and Gunderson 2002, 33]) within
these ancient societies.
The temporal oscillations on the scale of societal complexity through the Peloponnesian LBA
(Figure 1(d)), ﬁnd interesting parallels with the functions of the ‘adaptive cycle’ (Holling 2001;
Holling and Gunderson 2002; Redman and Kinzig 2003), within which connectedness and resilience are negatively correlated. Generally, there is a consensus for growing societal complexity
from MH III to LH IIIB, although the deﬁnitions and theories used diﬀer. Parkinson and Galaty
deﬁne the socio-political structures of MH mainland as possibly chiefdoms, developing into
incipient states in LH I–II, and very networked states in LH III (Parkinson and Galaty 2007,
Table 2). Voutsaki deﬁnes a shift from a kinship economy in MH I–II to more status-driven structure
in MH III–LH II, with a focus on the extended kin group and ‘expanding networks of exchanges and
alliances’ (Voutsaki 2016, 77), to the controlled palatial economy in LH IIIB (Voutsaki 2010). Wright
argues for the appearance of chiefdoms and the centralization of power and authority in MH III–LH
II, replacing unstable factional leaderships in MH I–II (Wright 2008, 244). On a general level, thus,
MH III–LHI was a formative period, a smorgasbord of innovation and diversity from which certain
aspects were favoured through a process of consolidation during LH II and early LH IIIA, resulting
in the socio-economically integrated system of uniformity and centralized control that characterize
the LH IIIA–B period. The LH IIIC period constitutes a disintegration of palatial control and
discontinuation of the process towards increasingly higher complexity during the preceding
centuries. The 750-year period covered by our study can thus be seen as a slow cycle from release
and reorganization in MH III–LH I, throughout the phases of exploitation (LH II–LH IIIA) and
conservation (LH IIIB) to release and reorganization again in LH IIIC–EIA.
The level of resilience is likely to have been high during most of the LBA sequence. MH III–LH I
was a formative period without rules (Wright 2006, 15; cf. Holling [2001]), and if the spread of
tholoi as well as the level of ceramic standardization (cf. Nelson et al. [2011]) are taken as proxies
for socio-political organization, LH II communities, although socially stratiﬁed, were still loosely
organized regionally. This starts to change in LH IIIA, but the period LH II–LH IIIA as a whole
displays many of the characteristics of the exploitation phase of the adaptive cycle; it is a period of
growth and the accumulation of resources, connectivity and potential increases, diversity is still
high and the system is open for external ideas (cf. Holling and Gunderson [2002]). In all, the
Peloponnese in LH II–LH IIIA could be argued to be made up from a system of largely selfsustainable local power entities. Patterns of life were certainly more loosely arranged than they
would be a century later during LH IIIB and the population density considerably lower in most
regions. The system as a whole was therefore more likely to ﬁnd workable alternatives or to
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balance supply and demand in the time of diminishing returns, such as during the stable but arid
climate conditions indicated by the Mavri Trypa record.
It is commonly argued that it was the growing needs of the regional centres and their need to
control their expanding territories that necessitated centralization and specialized management
(e.g. Wright [2008]). But, as argued by Voutsaki, ‘[c]entralization is not foremost a measure of
power, but also a symptom of the fragility of the system’ (Voutsaki 2010, 104). With the establishment of the palatial system in late LH IIIA–B, Mycenaean society developed from a largely
communal organization to a more exclusionary system (Parkinson and Galaty 2007), a process
that ﬁnds parallels in the transition from exploitation to conservation in the adaptive cycle.
Indications of exclusionary tendencies can, for example, be found in the diﬀerences between
the LH I and LH III architecture (Pantou 2014). Connectedness also increased (Parkinson and Galaty
2007; Voutsaki 2010). Even if the agricultural economy remained self-sustainable on a regional
scale, smaller communities in palatially controlled regions were now linked to the palace in a
network of interdependencies (Halstead 1999; Galaty, Nakassis, and Parkinson 2011). It is very likely
that the stable wet climate conditions during the start of this period, from the end of LH II and
throughout LH IIIA, aided this development. Most probably, however, it was the higher level of
centralization of the decision-making bodies in the LH IIIA–B that facilitated the control needed to
put the increased resources to large-scale use.
The more variable climate during LH IIIB may have made the function of the centralized decisionmaking bodies all the more important. Voices have been raised for the view that late LH IIIB palatial
society was no longer a well-functioning system, statements for which Maran has provided an overview and outlined a strong rebuttal (Maran 2009, with references). The leading sections of Mycenaean
society clearly retained their ability to mobilize human and natural resources. Such control mechanisms may have been vital for the upkeep of the established order, in particular in the face of the
generally less favourable climate situation around ca. 1250 BC. The large-scale building programmes
and landscape-engineering projects, as well as the administrative control suggested by the Linear B
records, however, can also be read as conservative measures to uphold the status and authority of the
Mycenaean elites (Whitelaw 2001; Maran 2009), a path-dependency that there was little potential to
break from (cf. Schoon et al. [2011]). It may be that it was the strong interconnectedness and an
increasing rigidity of its structures that in the end caused the demise of the palatial economies. As was
recently suggested by Maran (2009), the main ingredient in ‘the recipe of disaster’ may have been the
fact that the rulers of the Mycenaean kingdoms did not recognize the heavy toll their economic system
and the costly building projects took on society (cf. Butzer [2005, 1779, 1797]). When the destructions
happened, the system could not stand the strain and could not muster the needed resources to
rebuild at the same scale as before. Climate variability, coupled with the arid decades around 1250 BC,
is likely one of a concatenation of crises that eventually led to socio-political simpliﬁcation (Butzer
2005, 1797). In a more positive light, however, the physical destructions of the palaces may have been
the window of opportunity needed to ‘escape’ from an unsustainable socio-political structure (Holling
2001, 397). Such opportunities as well as the changes themselves would have been variably perceived
between diﬀerent groups of society, and may have been less sought by some, but could conceivably
have re-activated resourcefulness across scales. Even in Tiryns, where there is considerable rebuilding
soon after the destruction of the palatial structures, the ﬁnds suggest more discontinuity than
continuity, and a reinvention of Mycenaean culture rather than reconstruction of what constituted
Mycenaean cultural ways before the destructions (Maran 2015).
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Conclusions: the resilience and persistence of ancient societies
The aim of this paper has been to evaluate the impact of the long-term perspective on our
appreciation of the variable impact of climate change on human societies, an assessment further
facilitated by comparing the periods against the backdrop of recently available climate information. Our results conﬁrm the usefulness of this perspective as it highlights the potential for
alternate scenarios in the face of climate change (Butzer 2012; Figure 1). Varying socio-political
complexity, uniformity and population density come forth as preconditioning components and
indicators for the inherent resilience of these societies under climate stress. In parallel, the longterm perspective oﬀered in this paper shows that there is no unequivocal link between drier
climate conditions and societal decline. The outcome of climate stress cannot be determined from
the climate conditions alone. Long-term societal change should not be seen in isolation but needs
to be contextualized within the framework of societal structures in place at diﬀerent times.
Furthermore, information about short-term climate variability should be incorporated. Climate
volatility appears as a strong ampliﬁer of the eﬀects of climate change more generally, as recently
argued by Kennett and Marwan (2015) based on case-studies in the Mexican and Andean highlands. Their conclusion that ‘stable climate conditions favour the formation of agrarian states,
while persistently volatile climatic conditions can contribute to the episodic collapse of these
complex societies’ (Kennett and Marwan 2015, 1), ﬁnds good parallels in the present case study.
Aridity and high variability in rainfall are likely to have contributed to the combined pressure on
the Mycenaean palatial economies in LH IIIB and in the end possibly to the ﬁnal dissolution of
Mycenaean culture in LH IIIC. No such claim can be made in relation to the arid conditions during
much of LH II, which did not have any lasting eﬀect on societal expansion. The correspondence
between the return to wetter conditions just before the end of the LH II period (around 1440 BC)
and the period of renewed expansion in the generations thereafter may thus be purely coincidental, but it could also be part of the explanation for the renewed expansion in LH IIIA. In the
case of LH II, we argue that the lower levels of societal complexity made the society of this period
less sensitive to arid conditions. The aridity before 1440 BC, however, may have been less
favourable for additional expansion. We suggest that the stable and wet climate during LH IIIA
facilitated renewed and enhanced expansion. One the one hand, then, climate change provided in
extension some of the conditions for the establishment of the palatial system on the Peloponnese.
On the other, the realization of the potential for expansion supplied by a benign climate would
likely not have been accomplished without the control functions already present in the LH II
societies (cf. Kennett and Marwan [2015]).
A scenario of climate volatility can instead be applied to the LH IIIB period, but even more so to
the LH IIIC period during which the ﬁnal process towards the disintegration of the Mycenaean
culture and socio-political fragmentation took place. We would like to forward the idea that the LH
IIIC and Early Iron Age communities suﬀered from legacy eﬀects due to socio-environmental
mismatches that developed during earlier phases of the LBA (cf. Marston [2015, 597]). The same
can to some degree be argued also for LH IIIB in a sense that the processes during LH IIIA ushered
in an ultimately unsustainable economic system. The changing climate conditions towards the end
of LH II provided the necessary setting to enable the accumulation of resources required for the
more heterarchical socio-political situation in LH II to evolve into the full-scale palatial system. This
palatial system thrived over 200 years of diverse climate conditions and appears to have retained
decisiveness throughout this period, but it is likely that increasing costs and reductions in
resilience ultimately shaped the end.
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In summation, although actual causality between climate and societal change may very well be
impossible to ascertain (Kintigh and Ingram 2018), arguments can certainly be made for climate
variability as an ampliﬁer of processes born from internal societal circumstances. Our results, however,
stand as strong support for such environmental components as secondary to any socio-political
factors, and that ‘alternate pathways point to important qualities of resilience’ (Butzer 2012;
Figure 1). The next step will be to associate the climate information from Mavri Trypa with the detailed
archaeological data from various parts of the Peloponnese at much higher chronological resolution – a
ﬁrst example of this, based around SW Messenia, was presented in Finné et al. (2017). Going into more
chronological detail will mean that shorter time periods are investigated (with continued respect for
the chronological uncertainties involved) and that more factors and potential indicators of societal
resilience and vulnerability can be explored. Such perspectives would also allow a wider and more
inclusive view of society than the socio-political perspective adopted here, allowing for diﬀerent
workings of resilience between various groups in a society. Such in-depth studies will also provide
better opportunities to further explore leads and lags between climate and archaeological data, which
in turn will act as a ﬁrst step towards a richer understanding of correlation and causality. LH IIIA stands
out as a period of utmost interest, much less understood and rarely discussed in relation to climate and
may thus be an interesting point of departure.

Notes
1. Survey data was collated as part of the Domesticated Landscapes of the Peloponnese (DoLP) project and
follow the NE to SW transect utilized for that project. Among the published intensive surveys, only the
Laconia survey (Cavanagh et al. 1996) falls outside the transect. The surveys utilized represent those
projects presently published with enough detail within the stipulated transect.
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