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Abstract

Climate change is often cited as a major factor in social change. The so-called 8.2 ka event
was one of the most pronounced and abrupt Holocene cold and arid events. The 9.2 ka
event was similar, albeit of a smaller magnitude. Both events affected the Northern
Hemisphere climate and caused cooling and aridification in Southwest Asia. Yet, the impacts
of the 8.2 and 9.2 ka events on early farming communities in this region are not well
understood. Current hypotheses for an effect of the 8.2 ka event vary from large-scale site
abandonment and migration (including the Neolithisation of Europe) to continuation of

occupation and local adaptation, while impacts of the 9.2 ka have not previously been




systematically studied. In this paper, we present a thorough assessment of available, quality-
checked radiocarbon (**C) dates for sites from Southwest Asia covering the time interval
between 9500 and 7500 cal BP, which we interpret in combination with archaeological
evidence. In this way, the synchronicity between changes observed in the archaeological
record and the rapid climate events is tested. It is shown that there is no evidence for a
simultaneous and widespread collapse, large-scale site abandonment, or migration at the
time of the events. However, there are indications for local adaptation. We conclude that
early farming communities were resilient to the abrupt, severe climate changes at 9250 and

8200 cal BP.
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Highlights
o We assess the impacts of the 9.2 and 8.2 ka BP climate events on Southwest Asian
farming communities
e We use over 3000 quality-checked **C-dates in combination with archaeological
evidence

¢ No large-scale collapse/decline or migration took place at around 9250 or 8200 cal

BP
o There is some evidence for local adaptation, but not at all sites

o Early farming communities in Southwest Asia were resilient to rapid climate change



Main text’

1 Introduction

Climate is frequently cited as a main factor in socio-economic change, migration, and even
collapse of past societies (e.g. deMenocal, 2001). This is relevant globally, but especially so
in semi-arid regions like Southwest Asia (Kelley et al., 2015), where water is one of the key-
resources for cultural activity. In this region, for example the introduction of agriculture has
been linked to the cold and arid Younger Dryas and the onset of the more favourable
Holocene (Abbo et al., 2010; Bar-Yosef and Belfer-Cohen, 2002; Belfer-Cohen and Goring-
Morris, 2011). Increased aridity has also been argued to have contributed to the ‘collapse’ of
the Akkadian empire at around 4200 cal BP' (Weiss et al., 1993) and the end of the Late
Bronze Age around 3200 cal BP (Kaniewski et al., 2013). Furthermore, a series of droughts
has been claimed to be one of the factors in inciting the ongoing conflict in Syria (Gleick,
2014; Kelley et al.,, 2015), providing additional evidence that studying past societal
adaptations to abrupt climate events can provide important clues on the factors and
dynamics leading to societal changes.

One of the most pronounced and abrupt climatic events of the Holocene occurred
around 8200 years ago (the ‘8.2 ka event’, Alley et al., 1997). Numerous proxy data as well
as climate models indicate colder and more arid conditions throughout the Northern
Hemisphere (Alley and Agustsdéttir, 2005). A similar event, albeit of a smaller magnitude,
occurred at around 9250 cal BP (Fleitmann et al., 2008). As in both cases climatic change
occurred within less than a decade, such events are expected to have had a large impact on
contemporaneous societies. In contradiction to gradual climate change, it would be much

harder to adapt to such rapid events.

" PPNB: Pre-Pottery Neolithic B period; PPNC: Pre-Pottery Neolithic C period; FPPNB: final PPNB; PN: Pottery
Neolithic, equivalent of Late Neolithic; SPP: summed probability plot.

" All dates in this manuscript are in calibrated BP (calendar years), in which BP refers to Before Present, with
the ‘present’ at 1950. We specifically use “cal BP” and not “BP” to avoid confusion between calibrated
(calendar year) dates and uncalibrated ¢ dates, which are in the literature often indicated by BP or bp. U-
series dates, for example used in speleothem dating, are calculated from a different ‘present’ point, but in this
paper we present all dates so that they count back from 1950.



The effects of the 8.2 ka event on societies in Southwest Asia are under discussion,
and interpretations vary from collapse and abandonment of sites (Staubwasser and Weiss,
2006; Weninger et al., 2006), large-scale migration (Weninger et al., 2006), to continuation
of occupation (van der Plicht et al., 2011) (see section 1.1). However, these current
interpretations are either based on rather loose correlations, the use of **C-dates without
rigorous quality-check, or studies of single sites. Clearly, a more critical approach is needed,
and while detailed studies of single sites (e.g. van der Plicht et al., 2011) are a key resource,
a holistic interpretation is now required. Moreover, effects of the 9.2 ka event have not yet
been systematically assessed. This research therefore aims at assessing the impact of the
9.2 ka and 8.2 ka climate events on societies in Southwest Asia by evaluating dating
evidence in combination with archaeological data. As precise dating is key, the focus is on
absolute dating evidence. Therefore this research, while building on earlier studies
(Weninger et al., 2006, 2014), aims to significantly improve on these by (1) taking into
account all Southwest Asian '*C-dated sites contemporaneous with the 9.2 and 8.2 ka
events, but also including sites from directly preceding and post-dating periods; (2)
rigorously quality-checking **C-dates; and (3) evaluating archaeological evidence (e.g. is
there evidence for continuity or change based on stratigraphy, material culture, or
environmental remains?). The combination of taking into account dating evidence and
archaeological evidence is essential, as neither can give a full answer on its own. This paper
is the first to systematically investigate any impacts of the 9.2 ka event on Southwest Asian
society, and expands on previous studies by including eastern regions of Southwest Asia,

such as Iran.

1.1 Potential effects of the 9.2 and 8.2 ka events

Several studies have investigated the cultural effects of the 8.2 ka event. In western
Scotland, a decrease in ‘activity events’ around 8200 cal BP may indicate a significant drop
in population (Wicks and Mithen, 2014). In Northeastern Spain, the most arid part of the

Ebro Basin was potentially abandoned around this time (Gonzalez-Samperiz et al., 2009).



Other studies indicate an effect on Late Mesolithic settlement distribution and subsistence on
the Iberian Peninsula (Fernandez Lopez de Pablo and Gomez Puche, 2009; Fernandez
Lopez de Pablo and Jochim, 2010), social, technological, and settlement changes in various
places in Europe (Gehlen and Schén, 2005), and occupation hiatuses at sites in the Danube
Iron Gates region (Bonsall et al., 2002).

In Southwest Asia, the 8.2 ka event has been linked to the apparent decrease in
numbers of (large) sites after the Pre-Pottery Neolithic B (PPNB) period in the Southern
Levant area, including the abandonment of sites like Jericho and the first phase of
settlement at ‘Ain Ghazal (Berger and Guilaine, 2009; Migowski et al., 2006; Staubwasser
and Weiss, 2006; Weiss and Bradley, 2001; Weninger et al., 2009). It has also been
postulated that in Northern Mesopotamia ‘Hassuna’ style villages with rain-fed farming
‘collapsed’ and that the first occupation of Southern Mesopotamian villages practicing
irrigation occurred at this time (Staubwasser and Weiss, 2006). Hiatuses in occupation at
sites like Yumuktepe in Southern Turkey and Sabi Abyad in northern Syria and
abandonment of sites at Cyprus have also been associated with the 8.2 ka event (Weninger
et al., 2006, 2009, 2014).

The spread of the Neolithic into Western Turkey and into Europe has been linked to
the 8.2 ka event as well (Weninger et al., 2006, 2009). While it has since been shown that
settlements occurred before 8200 cal BP in Western Anatolia, Greece and the Balkans
(Brami, 2014; Budja, 2007; Diring, 2013; Weninger et al., 2014), researchers still link the 8.2
ka event to some aspects or some regions of the Neolithisation of Europe (Berger and
Guilaine, 2009; Gronenborn, 2009; Ozdogan, 2011; Pross et al., 2009). Budja (2007), for
example, argues that the spread of the Neolithic in Southeast Europe was hampered by the
deteriorating climate and floods (see also Bonsall et al., 2002). Also the eastward expansion
of the Neolithic, into Central and Eastern Iran, and especially in the Southern Zagros
province of Fars, may be contemporaneous with the 8.2 ka event (Weeks et al., 2006;

Weeks, 2013).



At archaeological sites where occupation continued throughout the 8.2 ka event,
socio-economic changes have been observed. At Catalhdyik in Central Turkey, the shift of
occupation from the east to the west mound along with social and economic changes, such
as a looser settlement lay-out, were observed around this time (Biehl, 2012; Weninger et al.,
2006; but see During, 2013, and below). At Tell Sabi Abyad in Northern Syria, changes in
settlement location within the site, architecture, animal husbandry practices, pottery styles,
forms and decoration, and the introduction of stamp seals were contemporaneous with the
climatic change (Akkermans et al., 2006, 2010; van der Plicht et al., 2011). In the Southern
Zagros, cultural changes (the more mobile ‘Mushki’ during the event, and ‘Jari’ farming

villages after) may also be associated with the 8.2 ka event (Nishiaki, 2010).

In contrast to the 8.2 ka event, the rapid climate change around 9250 cal BP has only
infrequently been linked to social change. The end of Early Mesolithic in Belgium was noted
to be “perfectly synchronic” with the event (Robinson et al., 2013). In Southwest Asia, Borrell
(2007) has noted that a change in chipped stone industries at Akarcay Tepe in Southeast
Turkey was contemporaneous with the event. He also notes that at nearby Tell Halula
around the same time hunting was replaced by animal husbandry, and changes in
settlement organization and size, building plans, and agriculture took place (Borrell, 2007).
However, as the dating and stratigraphy of these sites have not yet been fully published, it is
difficult to assess the relationship with the climatic event. In addition, Kuijt and Goring-Morris
(2002) place the MPPNB-LPPNB shift in the Southern Levant with associated changes,
among many other things in settlement locations and lay-out, at 9250 cal BP, although they
do not link this to climatic change. However, the majority of authors place this transition

earlier, around 9500 cal BP (e.g. Benz, n.d.; Rollefson, 2008).



2 Climate evidence
2.1 8.2 ka event
The 8.2 ka event is apparent in many records, especially from the Northern Hemisphere
(Abrantes et al., 2012; Alley and Agustsdéttir, 2005; Alley et al., 1997; Wiersma and
Renssen, 2006). The event itself was most likely caused by meltwater escaping from Lake
Agassiz-Ojibway into the Atlantic Ocean via the Hudson Bay, altering termohaline circulation
(Barber et al., 1999; Clarke et al., 2003, 2004; Teller et al., 2002).

The existence of a climate anomaly around 8200 cal BP is clearly visible in ice cores
from Greenland (Fig. 1) (Alley et al., 1997; Johnsen et al., 2001; Thomas et al., 2007), where
air temperatures dropped by 3 to 6 +2 °C (Alley et al.,, 1997; Kobashi et al. 2007;
Leuenberger et al., 1999). Sharp decreases in air temperature of up to 4°C are also evident
in many other high-resolution proxy records from the circum-Atlantic and Mediterranean
basin (Alley and Agustsdéttir, 2005; Klitgaard-Kristensen et al., 1998; Morrill et al., 2013;
Pross et al., 2009; Veski et al., 2004; von Grafenstein et al., 1998; Wiersma and Renssen,
2006). While temperatures decreased hemisphere-wide, the effects on precipitation are less
clear. It appears that wetness increased north of 42° latitude, while aridity increased south of
this (Abrantes et al., 2012; Berger and Guilaine, 2009). For the Eastern Mediterranean, a
reduction in precipitation of around 17% has been calculated (Pross et al., 2009).

The event is well-dated to have taken place between 8250 and 8000 cal BP and to
have lasted around 160 years (van der Plicht et al., 2011). Cheng et al. (2009) give 8210-
8090 cal BP based on various precisely dated speleothem records. Dating based on ice
cores gives 817530 to 8025 cal BP (Kobashi et al., 2007), 8247-8086 cal BP with a central
event at 8212-8141 cal BP (Thomas et al., 2007), or, revised most recently, 8250 +10/-40 to
8090 +50/-10 cal BP (Rasmussen et al., 2014, maximum counting error 49 years). This is in
agreement with tree rings from Germany (8220-7950 BP, Spurk et al., 2002), and lake cores
from Norway (8220-8000 cal BP, Hormes et al., 2009). Some research dates the event
slightly earlier (ca 8290 cal BP), but this may be due to marine dating uncertainties (Ellison

et al., 2006; Klitgaard-Kristensen et al., 1998).
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Figure 1 — Selected climate proxies showing the 9.2 and/or 8.2 ka events. Greenland ice core
(NGRIP) 5'°0, compared to high-resolution, well-dated proxies from in and nearby Southwest Asia.
From top to bottom: NGRIP 5'°0 (Johnsen et al., 2001), precipitation and temperature calculated from
percentage pollen from Tenaghi Philippon in Greece (Pross et al., 2009), percentage of deciduous
tree pollen in the SL152 marine core from the Aegean Sea (Kothoff et al., 2008), 5'%0 and 5"°C from
Soreq Cave in Israel (Bar-Matthews et al., 1999, 2003), and 5'0 from Qunf Cave in Oman

(Fleitmann et al., 2003). Locations are indicated in Fig. 3.



High resolution, well-dated records from the Southwest Asia region indicate an
impact of the climate event in this region (Fig. 1). Soreq Cave, located in the Southern
Levant, shows a slight, 1%o, increase in 5'®0 and a reversal of Early Holocene deluge effects
with a sharp, 7%., decrease in 5"C between 8200 and 8000 cal BP (Bar-Matthews et al.,
1999, 2003). Sofular speleothem &°C and #**U/**U increase, while growing rates are low,
all indicating a decrease in effective moisture/water availability, albeit over a longer time
span, from around 8600 cal BP onwards (G6ktiirk et al., 2011). In Lake Nar, 50 increased,
which was interpreted as increasing aridity, although as a peak of a longer, 800-year, drying
trend (Dean, 2014). Dead Sea levels are clearly low around this time (Migowski et al., 2006),
but the decline appears to start several hundreds of years earlier already.

In contrast, no clear evidence is available in the Lake Golhisar or Lake Van records
(Eastwood et al., 2007). In the latter there is a decline in Poaceae pollen followed by a
Pistachio decrease, but at the same time oak pollen% increases, indicating continued
humidity (Wick et al., 2003). There is also no large anomaly in the Jeita Cave record
(Verheyden et al., 2008).

Some more information is available from areas directly surrounding Southwest Asia.
Speleothem 520 from Qunf Cave in Oman increase at around 8200 cal BP (Fleitmann et al.,
2003, 2007). At the same time, deciduous tree pollen decline in and near the Aegean, while
steppe pollen increase (Bordon et al., 2009; Dormoy et al., 2009; Kotthoff et al., 2008;
Peyron et al., 2011; Pross et al., 2009). Marine records from the Aegean (LC21) and Adriatic
(LC25) indicate that the Early Holocene sapropel, indicating humid conditions, was
interrupted around 8200 cal BP (Mercone et al., 2000, 2001). This coincided with changes in
foraminifera and geochemistry, indicating increased salinity in those cores as well as in core
967 from the Eastern Mediterranean (Emeis et al., 2000; Mercone et al., 2000, 2001). In a
core from Marmara, low sea surface temperatures (SST) and a Neogloboquadrina incompta
peak occurred also around 8200 cal BP, although before the sapropel interruption (Sperling
et al., 2003). In the Red Sea core GeoB 5844-2, UK’37 derived SST reconstruction shows a

drop contemporaneous with an increase in G. ruber 5'°0 and A5'0 (Arz et al., 2003).



2.2 9.2 ka event

Around 9250 cal BP, meltwater also escaped from Lake Agassiz, although on a much
smaller scale than a millennium later (1600 km*® compared to 163000 km?®) (Teller et al.,
2002). An anomaly is clearly visible in Greenland ice core 50 (Fig. 1) (Rasmussen et al.,
2007). Notwithstanding the relatively low influx of meltwater, the event evidently had an
impact on a nearly global climate, as summarized by Fleitmann et al. (2008), who show an
anomaly in ten records from various climate zones including Greenland, Alaska, Europe, the
Arabian Peninsula, and China. In addition, there is a meltwater spike in Norway lake records
(Hormes et al., 2009).

The event was dated to 9210 +80 cal BP in Oman and China speleothems, and
centres on 9250 cal BP based on ice cores and the Bamberg (Germany) tree ring record
(Fleitmann et al., 2008 and references therein). The Norway lake record gives a slightly
earlier, but still overlapping date of 9390-9145 cal BP (Hormes et al., 2009). Rasmussen et
al. (2007, 2014) dated the event from 9300 +10/-20 to 9190 +30/-10 cal BP in the Greenland
ice cores (9350-9240 b2k, estimated maximum counting error of 70 years), with a duration
between 40 and over 100 years.

The 9.2 ka event is not very prevalent in most Southwest Asian records, but is clearly
present in Qunf Cave (Fig. 1). There is also some evidence for a dry signal around 9200 cal
BP in Lake Nar, based on an increase in 5'%0 (Dean, 2014). In core SL21 from the Aegean,
S. elongatus peaks that were associated with the arid 8.2 ka event also occurred around
9500 and 9030 cal BP (Marino et al., 2009). Pollen records from the Aegean indicate a
(slight) decline in precipitation around 9250 cal BP (Fig. 1, Pross et al., 2009). Because of

the short duration of the event, records have to have a very high resolution to pick it up.

2.3 Actual impact
In summary, there is clear evidence for rapid climate change events in the northern
hemisphere around 9250 cal BP and especially around 8200 cal BP. This evidently impacted

vegetation, at least for the 8.2 ka event. In the Aegean region, decreases in deciduous tree



species and increases in steppe species indicate a temperature decrease of 1 to 4 °C
around 8200 cal BP (Dormoy et al., 2009; Peyron et al., 2011; Pross et al., 2009), probably
due to reduction in winter precipitation (Marino et al., 2009), and a precipitation decrease of
17% (Pross et al., 2009).

In addition, two important issues should be kept in mind. Firstly, the 8.2 ka event was
superimposed on a more general aridification/cooling from 8600 to 7800 cal BP (Rohling and
Palike, 2005). This is also visible in several of the Southwest Asian records. For example,
the pollen perturbation in the Aegean takes place between 8400 and 8100 cal BP, while the
Sofular "C anomaly already starts around 8600 cal BP (Fig. 1). Recently, some changes,
like migration into Western Anatolia, were connected to this longer-term aridification
(Weninger et al., 2014). Nonetheless, the current paper focuses on the more rapid 8.2 ka
event, as the speed of onset as well as the size of the rapid event would have been most
severe, and the event is thus most likely to have impacted societies (see Clare and
Weninger, 2010; Meze-Hausken, 2000). Secondly, both the 9.2 ka and 8.2 ka events were
superimposed on a wetter Early Holocene period (Robinson et al., 2006). Especially the 9.2

ka event took place in the middle of the Holocene Climatic Optimum.

3 The potential impacts of the 8.2 and 9.2 ka events on societies

What kind of societal impact do we expect to see at times of an abrupt and persistent
change to colder and drier climatic conditions? Based on archaeological, historical, and
modern examples (e.g. Black et al., 2011b; Clare and Weninger, 2010; Halstead and
O'Shea, 1989; Leppard, 2014; Meze-Hausken, 2000; Weiss and Bradley, 2001), we identify
four main ‘responses’: (1) Collapse/decline of societies, (2) Long distance migration, (3)
Adaptation and (4) No impact.

The ‘collapse’ of societies (Weiss and Bradley, 2001), or, as in the Neolithic the term
collapse is probably not applicable, large-scale decline, includes a sharp increase in site-
abandonment (temporary or long-term) because of starvation and migration (Weninger et al.,

2009).



Long-distance migration (Black et al., 2011b; Halstead and O'Shea, 1989; Leppard,
2014; Meze-Hausken, 2000) may be visible by sites being abandoned in certain regions and
new sites being established in other regions. Traditionally, material culture was expected to
change as a result, but it is now known that this may not be as clear-cut. Elemental and
isotope studies may help identify such issues in future.

Adaptation can be functional, such as diversification of subsistence strategies,
gathering of wild plants or keeping different animals, intensification or extensification of
agriculture, increased short-distance mobility, or searching for non-agricultural income (Block
and Webb, 2001; Leslie and McCabe, 2013; Meze-Hausken, 2000). We also include here
preventative strategies, like storage and exchange or social networks (Halstead and O'Shea,
1989). In addition, adaptation strategies include practices which may, at least in our view,
not be effective, such as intensification of ritual practices (Huffman, 2009; Sillitoe, 1993).
Establishing local adaptation practices in archaeology requires well-dated, thoroughly
studied archaeological sites spanning the time preceding and directly after the start of the
climatic change. In that way, changes in use of plants and animals (including isotope studies
to assert mobility), pottery (including, for example, lipids) and skeletal material can indicate
changes in subsistence, health, and diet; certain objects and materials can indicate long-
distance networks; and changes in for example figurines and treatment of the dead could
indicate ritual changes.

However, we emphasize that any categorisation by its nature will be simplistic, and
combinations and fluidity between categories is probably always present. In addition the
relationship between changing climate and such responses is far from linear and simple as
different factors are at play. Furthermore, it should be kept in mind that even if such changes
occur at the same time as climatic events, this does not evidence causality (Roberts et al.,

2011; van der Plicht et al., 2011).
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4. Materials and Methods

The approach is shown in a schematic flowchart (Fig. 2). To examine potential cultural

impacts of the 9.2 and 8.2 ka events, we compiled quality-checked *C-dates to analyse

occupation histories at all 83 **C-dated (where n>2) Neolithic sites between 9500 and 7500

cal BP, shown as bar-charts (Fig. 3) and site distribution maps (Fig. 4). In addition, we

present summed probability plots (SPPs) for different regions in Southwest Asia for the

period between 10,000 and 6000 cal BP (Fig. 5).

4.1 Radiocarbon database

A database of 6778 radiocarbon dates for Southwest Asia was compiled, using dates from

existing databases (Benz, n.d.; Béhner and Schyle, 2002-2006; Weninger et al., 2013) and



checking these against, and adding additional information from, the original publications. In
addition, new dates were collected from radiocarbon datasets and archaeological
publications. The extensive new database includes 3397 dates for the periods between
11000 to 5000 uncalibrated *C-years from the present-day countries of Turkey, Syria,
Lebanon, Israel and the Palestinian territories, the Sinai region of Egypt, Irag, and Iran
(Table S1). The Arabian Peninsula, the Caucasus, and Cyprus were excluded for this paper.
The spatial distribution of **C-dated sites is uneven, with a scarcity of dated sites in Iraq and

Iran (Fig. 3-4), due to research biases and the political situation.

4.2 Quiality-checking of **C-dates

Before being used in analyses, the **C-dates were rigorously quality-checked, as unreliable
dates can lead to erroneous conclusions. This is one of the major advantages of our
research. The following criteria were used for the quality check:

1. Dating precision. Considering that the aim of this research is to compare cultural
events to rapid climate events (with their onset occurring in less than a decade), a
precise chronology is of utmost importance. Samples with a standard deviation (10)
larger than 150 or 100 *C years were therefore excluded. Age uncertainties of **C-
dates are caused by equipment resolution, measurement stability, and the random
nature of radioactive decay (Taylor 1987; van der Plicht and Bruins, 2005: 259).
Dates with standard deviations above 100 years are more likely to have had a
problematic laboratory treatment or concern a problematic sample (e.g. with a low
carbon content). Moreover, use of such C-dates would make events or site
occupation seem longer than they were likely in reality. For the SPPs, only dates with
a standard deviation of 100 or below were used; for site-specific analyses, dates with
standard deviations between 100 and 150 that met all other criteria were taken into
account with caution, as in some cases such large errors can be reduced using

Bayesian modelling (Bronk Ramsey, 2009a).



2. Material. Bulk samples were excluded, as the inclusion of sediment or roots may
cause contamination (Gillespie, 1984; van der Plicht and Bruins, 2001). *C-dates
obtained from shell were also excluded, as it can give erroneous dates due to
recrystallization and hard water effects, also in terrestrial species (Bowman, 1990;
Olsson, 2009). Other material that is excluded is burnt bone, and most bone apatite
and carbonate dates (Mook and Waterbolk, 1985). Bone collagen on the other hand
is accepted when analysed after the 1990s (see Olsson, 2009: 14). Unfortunately,
many **C-dates had to be rejected because the sample material was not published.
Charcoal, charred seeds, and recently analysed bone collagen were preferred and
formed the majority of samples used in the analyses. None of these is unproblematic
though. Charcoal dates may be too old for their context due to old wood effects
(Bowman, 1990; van der Plicht and Bruins, 2001, 2005). On the other hand, seeds
are more likely to be transported through sediment layers (Finlayson et al., 2011
132; van der Plicht and Bruins, 2001, 2005). Therefore, we make a distinction
between **C-dates derived from short-lived (seeds, twigs, and reliable bone samples)
and potentially long-lived (all other charcoal) samples, but do not exclude either
category.

3. Samples reported as problematic by the laboratory were excluded. Where available,
5"C and %C were checked (e.g. for charred C; plant remains these should be ca -
22%0 t0 -24%0 and >60%, respectively) (van der Plicht and Bruins, 2005).

4. Reliability of the laboratory. Samples from laboratories that did not take part in the
laboratory inter-comparison exercises (Scott et al., 2004) were used with caution in
site-specific analyses, but included in the SPPs. Samples without laboratory number
were rejected.

5. Year of analysis. Analyses conducted before the 1980s were accepted with caution
(when meeting the other criteria), but nonetheless included in the SPPs.

6. Context. Only dates clearly connected to an archaeological context were used.



4.3 Analyses

Quiality-checked **C-dates were grouped on regional and site-specific scales. The regional
compilations were summarized in SPPs with date ranges from 10000 to 6000 cal BP. The
dates per site were used to assess when sites were occupied, using Bayesian modelling
where possible (limited to sites occupied between 9500 and 7500 cal BP). This information
was then used to plot settlement distribution, as well as to assess when intra-site cultural
change took place. Each of these analyses is explained in more detail below. All dates were
calibrated using the IntCal 13 curve and calibration and model construction were conducted

in OxCal version 4.2 (Bronk Ramsey, 2009a, b; Reimer et al., 2013).

4.3.1 Settlement distribution maps and site occupation bar charts

Based on the site-by-site assessment of occupation, settlement distribution maps (200 year
time slots) were created and bar charts were compiled for each of the 83 sites between 9500
and 7500 cal BP for which at least two quality-checked '*C-dates were available. Although
the stratigraphical and archaeological context were taken into account, it remains possible
that occupation was longer than suggested by the dates, for example because of erosion
(Roberts et al., 2007), or because excavations have not yet reached virgin soil. As such, Fig.
3 and 4 indicate when occupation was likely present, but not necessarily when it was absent.
Detailed information for each site is available in Table S2.

The settlement distribution is compared to modern precipitation zones in Fig. 4. This
was compiled using the KNMI Climate Explorer (van Oldenborgh, 2015), and based on CRU
TS3.22 1901-2013 0.5 grid data (Climatic Research Unit, University of East Anglia). Though
modern mean annual precipitation is different from that in the Neolithic, precipitation
gradients are for a large part affected by topography and as such are expected to be similar

(Black et al., 2011a).

4.3.2 Summed probability plots (SPPs)



SPPs were created in OxCal (using boundaries) to summarize available *C-dates per
region. In this way, it is possible to assess when (Neolithic) occupation in a region is likely to
have started, assuming that if **C-dated archaeology is present, people were present. Such
assertions were subsequently checked against site-specific data. We do not use SPPs as a
direct demographic proxy (Shennan et al., 2013; Shennan and Edinborough, 2007; Timpson
et al., 2014) as this approach has several problems (Armit et al., 2013; Contreras and
Meadows, 2014; Williams, 2012) and the Southwest Asia dataset does not meet the basic
requirements to overcome these for several reasons. Firstly, many of the regions only have
a small number of **C-dates from a limited number of sites (Table S3). Secondly, there is a
heavy research bias towards certain periods, regions, and sites. Though such a bias can
partly be overcome by site-phase corrections (Shennan et al., 2013; Shennan and
Edinborough, 2007), the remaining number of **C-dates is only very small for the Southwest
Asian sample. Nonetheless, such corrections were added for comparative reasons (Fig. 5).
They were done by combining dates for the same phases within a site using the R_Combine
function in OxCal (Shennan and Edinborough, 2007). Where excavators did not indicate any,
or no detailed, phasing (for example only ‘Late Neolithic’), dates were separated in artificial

200-year bins.

4.3.3 Intra-site cultural change

For sites with a sufficient number of **C-dates and accessible and sufficient stratigraphic
information, Bayesian models were constructed in OxCal (Bronk Ramsey, 2009a, b). Due to
often limited information provided by publications or limited knowledge of internal
stratigraphic relations, these mostly remain coarse, but nonetheless give improved
information on when phases of each site can be dated. When additional archaeological
information was provided in publications and reports, an assessment was made of whether
socio-economic changes occurred contemporaneously with either the 8.2 or 9.2 ka events

(sites are specified in section 5.3, see also Fig. S2).
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dated sites with at least two dates between 9500 and 7500 cal BP. The diagrams indicate the range
covered by the available **C-dates within 10 (box) and 20 (line). Where possible, the diagrams are
based on Bayesian modelling, but where detailed stratigraphic information was lacking, they are
based on individual *“C-dates (specified in Table S2). Grey bars indicate archaeological information,
when different from **C-evidence.

1. Asagi Pinar; 2. Hoca Cesme; 3. Ugurlu; 4. Yarimburgaz; 5. llipinar; 6. Mentese; 7. Barcin HOylk; 8. Ege
Gibre; 9. Ulucak; 10. Gukurigi; 11. Suberde; 12. Kurugay Hoylk; 13. Hoylcek; 14. Hacilar; 15. Erbaba; 16.
Bademagaci; 17. Tepecik-Ciftlik; 18. Pinarbasi B; 19. Musular; 20 Catalhdyik East; 21. Catalhdyik West; 22.
Yumuktepe; 23. Fistikli Hoyuk; 24. Akarcay Tepe; 25. Gritille; 26. Cayonu; 27. Girikihaciyan; 28. Chagar Bazar;
29. Tell Halaf; 30. Kashkashok; 31. Seker el-Aheimar; 32. Thalathat; 33. Umm Qseir; 34. Bougras; 35.
Damishliyya; 36. Tell Sabi Abyad I; 37. Tell Sabi Abyad Il; 38. Tell Sabi Abyad IlI; 39. Abu Hureyra; 40. Tell
Halula; 41. El-Kerkh sites; 42. Qdeir I; 43. Tell es-Sawwan I; 44. Tell Nebi Mend; 45. Ard Tlaili; 46. Byblos; 47.
Betzet 1; 48. Kfar Samir; 49. Ramad; 50. Tell Rakan; 51. Atlit-Yam; 52. Tel ‘Ali; 53. Tabaqat al-Buma; 54. Al-
Basatin; 55. Sha’ar Hagolan; 56. ‘Ain Ghazal; 57. Dhuweila; 58. Burqu’ 35; 59. Burqu’ 27; 60. Wisad Pools; 61.
Azraq 31; 62. Bawwab al-Ghazal; 63. Jilat 13; 64. Khirbet Hammam; 65. Nahal Hemar; 66. Ba’ja; 67. Basta; 68.
Issaron; 70. Hajji Firuz; 71. Tepe Ebrahim Abad; 72. Chahar Boneh; 73 Tepe Sialk; 74. Sarab; 75. Tepe Guran;
76. Ali Kosh; 77. Chogha Bonut; 78. Chogha Mish; 79. Tol-e Nurabad; 80. Tol-e Bashi; 81. Rahmatabad; 82. Tal-

e Jari B; 83. Mushki.

5. Results & Discussion

5.1 Did early farming societies collapse or decline at the time of the 9.2 or 8.2 ka
events?

Fig. 3 and 4 show that there is no clear evidence for a widespread or regional abandonment
at around 9250 cal BP or 8200 cal BP, or at any other point in time between 9500 and 7500
cal BP. There is no convincing **C-evidence for any site being abandoned at around 9250
cal BP. The only two sites where *C-dates are absent within 100 years from the 9.2 ka
event, Betzet 1 (Fig. 3 site 47) and Azraq 31 (site 61), only have two dates for the period. Of
83 sites, only four sites lack *C-dates between 8200 and 8100 cal BP and may have been
abandoned, while many others appear to have remained occupied (Fig. 3, Fig. S1). Six sites

show a short-term lack of **C-dates around 8200 cal BP in their 10 range and may have



been temporarily abandoned; however, this is not the case in their 20 range and
archaeological evidence frequently indicates continuity (see Fig. S1 and section 5.3).

Sites that were potentially abandoned around 9250 or 8200 cal BP were not
specifically located in marginal areas with generally drier or colder climatic conditions, as
would be expected (Fig. 4, Fig. S1). It is possible that Sarab (Fig. 3 site 74) was abandoned
because of colder conditions, as it is situated high in the Zagros mountains (ca 1400 m asl).
Similarly, it is possible that Bouqgras (Fig. 3 site 34), close to the Euphrates River but in a
very low rainfall zone (<200 mm of annual rainfall), was abandoned because of increased
aridification (nonetheless, the evidence is ambiguous, as the *C-dates indicate that the site
was probably abandoned already around 8300 cal BP and its main, PPNB, occupation had
already been abandoned centuries before, while its ‘Proto-Hassuna’ style pottery indicates a
longer occupation than based on the *C-dates (Fig. S2-A, Akkermans et al., 1981)).
However, Yumuktepe (Fig. 3 site 22), where an hiatus in **C-dates is present around 8200
BP, is located in a favourable climate zone, while sites that show continuous occupation
during the 8.2 ka event were present in current steppe areas (<250 mm), such as Tell Sabi
Abyad (Fig. 3 site 36) and Catalhdyik East (Fig. 3 site 20). Also sites in the extremely arid
(<100 mm) Jordanian Eastern Desert continued to be used during the 8.2 ka event (Fig. 3
sites 57 and 59).

An absence of a clear and widespread decline is also reflected in the SPPs (Fig. 5),
where no systematic changes in **C-dates are found to occur at the time of either of the
climate events. *C-probabilities are somewhat low around 8200 cal BP in the Southern
Levant (Fig. 5H), the Central Zagros (Fig. 51), and Central Anatolia (Fig. 5E). This could
partly reflect a slight effect of the 8.2 ka event. However, the low probabilities are already
observed at around 8700/8600 cal BP in the Southern Levant, and from ca 8500 cal BP in
the Central Zagros and Central Anatolia, and are therefore clearly not caused by the 8.2 ka
event. Moreover, the Central Anatolian SPPs are extremely biased, as they mostly consist of
the *C-dates from Catalhdyiik East (n=190 of a total of 293 quality-checked dates, Table

S3). It has been suggested that this site was abandoned at around 8200 cal BP (Roberts
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and Rosen, 2009; Weninger and Clare, 2011; Weninger et al., 2006, 2009), but new 4c-
dates show that occupation continued until at least 8000 cal BP (Marciniak et al., 2015;
Marciniak and Czerniak, 2007).

The decrease in probability values in the Southern Levant probably reflects the
abandonment of larger LPPNB farming villages (‘mega-sites’), which has previously been
ascribed to the 8.2 ka event (Staubwasser and Weiss, 2006), but clearly occurs too early
(Fig. 5-6, see also Fig. S2-B; see also Maher et al., 2011). Clare (2010) argues that these
14C-dates could be too early due to old wood effects and that the decline could be related to
the general aridification starting at around 8600 cal BP. On the other hand, FPPNB/PPNC
site abandonment (Berger and Guilaine, 2009), which occurs closer to 8200 cal BP (but see
section 5.3), does not yield much evidence for abandonment of sites (Fig. 3-5). As such, the
abandonment of PPNB sites in the Levant clearly occurs too early to be caused by the 8.2
ka event.

The only region with a marked dip in **C-date probabilities at around 8200 cal BP, is
Northern Mesopotamia, but only if the (rather relevant) site of Sabi Abyad is not taken into
account (Fig. 5F and 6C). In any case, in this region the decline in **C-probabilities starts
between 8600 and 8400 cal BP already. Moreover, when ground-truthing the SPPs against
evidence from individual sites (Fig. 3), it is clear that while each individual sites yielded fewer
“C-dates, the total number of sites remained stable throughout the event. It is therefore
likely that the low probabilities are at least partly caused by a research bias, which has
tended to disfavour the Late Neolithic period until recently (Akkermans and Schwartz, 2003).
It is under discussion if the site of Sabi Abyad itself was continuously occupied throughout
the 8.2 ka event (van der Plicht et al., 2011) or if there was a short occupation hiatus
(Weninger et al., 2014). The latter hypothesis is, however, solely based on cemetery
evidence. Our own analyses in OxCal show that it is currently not possible to solve this
question by assessing only the **C-dates (the OxCal Interval function indicates a gap of 9-99
years (10) or 0-158 years (20) between phase Al and B8, indicating that there may (=1) or

may not (0) have been a hiatus, Table S4). Nonetheless, van der Plicht et al. (2011) note
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that there is an additional, undated phase B9 between Al and B8, making continuity the
more likely option. The latter is strongly supported by the excavators, who did not find
evidence for a significant hiatus (Akkermans et al., 2014), showing the importance of taking

into account both dating and archaeological evidence.

5.2 Is there evidence for migration?

The SPPs shown in Fig. 5 do not show evidence for widespread migration at either 9250 or
8200 cal BP. The large majority of areas do not show a sudden increase in **C-dates at or
just after the start of either of the climatic events. Fig. 6 shows that this is the case not only

on a regional scale, but also when taking different climate zones within regions into account,



indicating no widespread intra-regional movement due to climatic changes associated with
the 9.2 and 8.2 ka events.

There is no evidence of systematic movement during the 9.2 ka event (Fig. 4-5). The
widely accepted shift of sites from the western to the eastern part of the Southern Levant
(MPPNB-LPPNB transition) (Kuijt and Goring-Morris, 2002) is not apparent on the settlement
distribution maps (Fig. 4), because of a lack of reliable (after quality-check) **C-dates for
many of the relevant sites. In any case, from **C-dates that are available, this shift appears
to have taken place around 9500 cal BP already (Benz, n.d.; see also Fig. S2-B). A
migration into the desert has also been suggested to have occurred around this time (Gebel,
2002; Kuijt and Goring-Morris, 2002), and was potentially related to a climate shift, as it
would allow for resource diversification. However, occupation in the desert happened before
9200 cal BP, while the first evidence for pastoralism there does not occur until after the 9.2
ka event (Fig. 7).

Figure 5A-D clearly shows that the earliest spread of the Neolithic to Western and
Northwest Anatolia occurred several hundreds of years before the 8.2 ka event. This is in
agreement with recently published studies (Brami, 2014; During, 2013; Weninger et al.,
2014). Our new analysis shows that this holds up when looking at short-lived samples only,
revealing that the pattern cannot be a result of an old wood effect. In addition, we also show
that that this pattern remains clear when carefully checking *C-dates from individual sites
(section 5.3, Fig. S2). Also the second, main part of the Neolithic spread westwards, said to
be characterised by dark coloured burnished ceramics (Ozdogan, 2011), did not coincide
with the 8.2 ka event. Sites that are part of this so-called Archaic and Classic Fikirtepe
culture (Ozdogan, 2011), fall temporarily far apart (see Erdogu, 2001). The site of llipinar
(Fig. 3 site 5) is dated to start around 8000 cal BP (Roodenberg and Schier, 2001), thus
post-dating the 8.2 ka event, while Mentese (Fig. 3 site 6) and Barcin Hoyuk (Fig. 3 site 7)
were occupied already from around 8400 cal BP, clearly pre-dating the event (Fig. 3 and

S2).



The postulated contribution of general aridification from around 8600 cal BP to the
spread of the Neolithic (Weninger and Clare, 2011; Weninger et al., 2014) is in general
agreement with our set of quality-checked '*C-dates. The only exceptions are several
charcoal samples from the site of Ulucak in Western Anatolia (Fig. S2; Fig. 3 site 9).
Nonetheless, the appearance of Neolithic sites in Western and Northwestern Anatolia occurs
over several hundred years (Fig. 5) and is therefore most likely not only caused by climate
change.

In Iran, the first Neolithic occupations of the Northwest, the Plateau and the East
occur after 8000 cal BP, and are post-dating the 8.2 ka event (Fig. 5) (**C-dates for Eastern
Iran are not shown, as the currently available, quality-checked '*C-dates are all post-7500
cal BP, Table S1). It has been argued that the Early Holocene climate remained drier in Iran
compared to other parts of Southwest Asia until about 6300 cal BP, with humidity gradually
increasing during this period (Djamali et al., 2010; Stevens et al., 2001). Interestingly, the
start of the occupation on the Iranian Plateau occurred from ca 8000 cal BP (long-lived
samples) or 7500 cal BP (short-lived samples) (Fig. 5K) and may therefore be concurrent
with increasing precipitation and humidity (Schmidt et al., 2011). This is an intriguing
possibility, but more precisely dated local climate records and more archaeological **C-dates
on short-lived samples are needed to assess this.

In the Southern Zagros, *C-probabilities increased at around 8200 cal BP (Fig. 3-5),
although earlier occupation in the region has been attested at the site of Rahmatabad (Fig. 3
site 81; Fig. 5J) (Azizi Kharanaghi et al., 2013; Bernbeck et al., 2008). Nonetheless, it is
possible that the occupation in the region increased as a result of the 8.2 ka event, even
though it is, at least currently, not wetter than the regions where occupation was present

previously, the Central Zagros or Southwestern Iran (Fig. 4).
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OxCal, while the grey lines in the background indicate the plots without boundaries (where no grey

lines are visible, there was no difference).



5.3 Local adaptation?

A third coping strategy is to adapt to climate change, for example by diversification of
subsistence practices. To assess this, well-dated (>10 **C-dates) and intensively studied
archaeological sites that were occupied before and during the climate event of interest are
needed.

Only five sites spanning the 9.2 ka event have over 10 quality-checked '*C-dates:
Bougras (Fig. 3 site 34) and Abu Hureyra (site 39) in Syria, ‘Ain Ghazal (site 56) and Issaron
(site 68) in the Southern Levant, and Tepe Guran (site 75) in Iran (Table S2). The *C-dates
for Tepe Guran are problematic as they are not in agreement with the stratigraphy and
archaeology. The sites of Bougras and Issaron lack a final publication, but their main
(excavated) phases clearly continued without break throughout the 9.2 ka event (Fig. S2-A,
C). As archaeological phases are defined by clear breaks in stratigraphy, construction,
and/or material culture, the 9.2 ka event did apparently not coincide with major changes at
these sites. Also at ‘Ain Ghazal, the 9.2 ka event most likely falls in the middle of an
archaeological phase, the LPPNB phase (Fig. S2-B), which appears to start between 9530
and 9350 cal BP and not to end before 8900 cal BP (Table S5). While this is mostly based
on dates from charcoal samples, it is supported by *C-dates on seeds. Nonetheless, it
should be noted that based on current **C-dates, it is not impossible that the LPPNB at ‘Ain
Ghazal started around 9250 cal BP (Table S5). Overall, it can be concluded that there is
currently no evidence for local changes at the time of the 9.2 ka event, but more evidence is
needed.

To date, the following sites spanning the 8.2 ka event have been dated with >10
quality-checked **C-dates and have published archaeological information: Tell Sabi Abyad
(Fig. 3 site 36) in Syria, Yumuktepe (site 22), Catalhdylk East (site 20), Ulucak (site 9), and
Barcin Hoyuk (site 7) in Turkey, Sha’ar Hagolan (site 55) in Israel, and the Fars region (sites
79-83) in Iran.

Tell Sabi Abyad is very well dated and shows a multitude of changes at around 8200

cal BP, which coincide with the transition from level A1 to B8 (van der Plicht et al., 2011)



(Fig. S2-D-E). These include a change in settlement location within the site, an increased
importance of the drought-resistant species of sheep and goat, a decrease of pig, changes
in secondary product use shown by the use of older animals and a steep increase in spindle
whorl numbers, a change in ceramic styles, the increased use of painted pottery, and
potentially a shift from household- to communal-sized storage areas (Akkermans, 2013;
Nieuwenhuyse, 2013; Rooijakkers, 2012; Russell, 2010; van der Plicht et al., 2011). The
increased importance of secondary products could reflect a diversification strategy, while
changes in pottery styles and decoration could be indicative of changes in cooking practices
and social changes, respectively (Nieuwenhuyse, 2013).

Nonetheless, it is not clear if these changes were caused by climatic change.
Changes in animal bone, pottery, and spindle whorls already occurred in level A1l or even
the earlier A2, which were dated mostly (just) before the event (Al to 8280-8175 cal BP and
A2 to 8335-8275 cal BP, van der Plicht et al., 2011: Table 1). The changes have roots in
previous levels and continue gradually over a long time: For example, painted pottery only
occurs in small numbers in level A1 and B8, and gradually increases in importance
thereafter, while secondary products only became important from the later level B3 onwards
(Nieuwenhuyse, 2013; Russell, 2010). As such, it is difficult to relate these long-term trends
specifically to the 8.2 ka event. Also, some changes are difficult to link causally to an
increasingly arid climate, such as an increase in the use of cattle (Russell, 2010) or the use
of painted pottery. Moreover, the changes that were observed are not dramatic, e.g. the
absolute changes in animal species counts are only slight.

At Yumuktepe (Fig. 3 site 22) in Southeastern Anatolia, there is a clear hiatus in **C-
dates around 8200 cal BP (in the modelled 10 range, no dates fall between 8266 and 8170
cal BP, Table S6, see Weninger et al., 2006). This coincides with the transition from the
“Early” to “Middle Neolithic” phase at the site. It is possible that Yumuktepe was temporarily
abandoned. However, the stratigraphy and material culture indicate continuity and only
gradual cultural change from the Early to Middle phase, with a more profound change only

occurring during the transition from the Middle to the Late phase (Caneva, 2012; Caneva



and Sevin, 2004). This transition can be dated to 7900-7800 cal BP (modelled transition
based on “C-dates 95% certain not before 8000 cal BP, see Table S6), so clearly after the
8.2 ka event.

At Sha’ar Hagolan (Fig. 3 site 55), the PPNC-Pottery Neolithic (Yarmukian) tradition
is documented. The Pottery Neolithic, or Late Neolithic, is characterized not only by the
introduction of pottery and other material changes, but also by a continued decrease in large
sites in favour of more, more dispersed and smaller sites (Banning et al., 1994), although
Sha’ar Hagolan appears to be an exception in this respect. It is not impossible that this
transition occurred around 8200 cal BP (see Clare, 2010), but current **C-dates (albeit
mostly on charcoal) indicate that it had probably already taken place between 8340 and
8255 cal BP (10, Fig. S2-F). This puts it before the 8.2 ka event, but after the start of the
more general aridification. A pre-8200 cal BP end of the PPNC period is supported by *C-
dates from ‘Ain Ghazal (Fig. 3 site 56), which do not span beyond 8500 cal BP (Fig. S2-B).
In addition, recently published **C-dates from Sha’ar Hagolan show that the Yarmukian did
not end at the end of the 8.2 ka event, as previously argued (Clare, 2010), but continued into
the next millennium (Garfinkel and Ben-Shlomo 2009, Fig. S2-F).

Also at Catalhdyuk East (Fig. 3 site 20), most changes occurred either before or after
the 8.2 ka event. Levels V-| are clearly different from levels VI and before, with less densely
packed occupation with more open spaces, less continuity in building place, an increased
focus on the individual household in storage and production, and changes in lithics,
ceramics, and figurines (Diring and Marciniak, 2006; Marciniak and Czerniak, 2007).
However, these changes appear to occur already around 8400 cal BP (earliest beginning of
level V at 8390 cal BP at 20, Cessford, 2005: Table 4.2), so preceding the 8.2 ka event by
approximately 200 years, and post-dating the start of the general 8600 cal BP aridification by
200 years. The shift from the east to the west mound, on the other hand, clearly took place
after the event, with occupation on the west mound not starting before 8000 cal BP,

potentially overlapping with the last occupation on the east mound.



At Ulucak (Fig. 3 site 9) and Barcin Hoyuk (Fig. 3 site 7) no changes
contemporaneous with the 8.2 ka event appear to be present (Fig. S2-G-H). In both cases
the event occurs in the middle of archaeological phases. Weninger and Clare (2011: 19)
explain the lack of a break at Ulucak by the milder coastal climate of the site, which is also a
possibility for Barcin Hoyuk.

In the Fars region in Iran there is some evidence for a change in lifestyle between the
site dated during the event (Mushki, Fig. 3 site 83) and after (Jari, Fig. 3 site 82), with a more
settled lifestyle after 8000 cal BP potentially as a result of more humid conditions after the
climate event had ended (Niashiaki 2010). The **C-dates so far match up, but dates from
other sites are crucially needed to ascertain if the difference between these two sites is

generally applicable to the region.

5.4 Why is there no evidence for an impact of the rapid climate events?

Based on our comprehensive analyses of **C-dates and archaeological evidence, there is no
clear evidence for large-scale site abandonment, migration, or uniform regional and local
cultural changes. This is unexpected, especially for the 8.2 ka event, which is one of the
most pronounced rapid climate events of the Holocene. There are three potential reasons
why clear evidence for the impact of the 9.2 and 8.2 ka events is absent from the
archaeological record in Southwest Asia.

Firstly, climatic changes associated with the 9.2 and 8.2 ka events may not have
been severe enough, as they were superimposed on a generally wetter Early Holocene (Arz
et al.,, 2003; Gokturk et al., 2011; Robinson et al., 2006). While the 8.2 ka event was
certainly a very pronounced climatic anomaly, the mean climate during the event was still
more humid than the Late Holocene climate in Southwest Asia, as indicated by the Sofular
and Soreq records (Fig. 1). While records and models indicate precipitation and temperature
drops, its absolute effects may have not been sufficient to alter vegetation and harvests to

such an extent to form a large problem in food supply in the region.



Secondly, for the 8.2 ka (but not for the 9.2 ka) event, it is possible that people,
plants and animals had already adapted to more adverse climatic conditions. The climate
had increasingly become more arid from around 8600 cal BP onwards, so societies likely
had mechanisms in place to cope with this, such as diversification of resources and storage.
Storage facilities were used at least from the PPNA period onwards (Kuijt and Finlayson,
2009), but increasing formalisation of storage has been argued to have developed, with
household level storage during the Late Neolithic period (Bogaard et al., 2009), during which
the 8.6 ka aridification and finally the 8.2 ka event took place. Storage was clearly important
at the sites that continued throughout the 8.2 ka event: household level storage was present
at Catalhoyuk East (Bogaard et al., 2009), storage for extended families at Sha’ar Hagolan
(Garfinkel and Ben-Shlomo, 2009; Garfinkel and Miller, 2002), and communal storage
buildings came into existence after ca 8200 cal BP at Sabi Abyad (Akkermans, 2013;
Russell, 2010).

Finally, the resilience of early farming societies should not be underestimated. The
impact of a drought or climatic change depends on the strength of the hazard, but also the
vulnerability of the society it acts upon, which in turn depends on various demographic,
social, cultural, economic and political factors (Adger, 2006; Clare and Weninger, 2010;
Gaillard, 2007; Garcia and Escudero, 1982; Garcia and Spitz, 1986). Present-day small-
scale farming communities and pastoralists as well as ‘traditional’ societies are among the
groups deemed especially vulnerable to climate change, because of low levels of technology
and infrastructure (Bohle et al., 1994; Macchi et al., 2008; but see Gaillard, 2007). Probably
as a consequence, preindustrial societies are considered very vulnerable too (Ambar and
Scarasia-Mugnozza, 2012; Gonzalez-Samperiz et al., 2009). However, present-day small-
scale communities are not comparable to past Neolithic farmers (Clare and Weninger,
2010).

Neolithic societies in Southwest Asia were, with some exceptions, frequently only
small, consisting of perhaps a dozen households, and were dispersed in the landscape

(Akkermans and Schwartz, 2003). They settled close to perennial water sources, with easy



access to a variety of ecosystems. During the PPNB, a wide range of economic adaptations
was present, varying from foragers and pastoralists (mainly in arid regions), fishers and
farmers along the coasts, and farmers and herders and farmers and hunters in the
Mediterranean and steppe areas (Goring-Morris and Belfer-Cohen, 2011). Communities did
not solely rely on farming, but on diverse subsistence strategies, also making use of wild
resources (Asouti and Fuller, 2013). For example at Catalhdylk East, one of the sites that
continued throughout the 8.2 ka event, wild plant resources like tubers, nuts and fruits as
well as wild animals were an important addition to the diet throughout the site’s history
(Asouti and Fairbairn, 2002; Fairbairn et al., 2007; Fuller et al., 2014; Roberts and Rosen,
2009; Russell and Martin, 2005). At many other sites, wild plants and animals were also
used as an addition to the diet, although with their importance and the used species varying
between sites (Akkermans et al., 1983, 2006; Fairbairn et al., 2007; Kansa et al., 2009;
Russell and Buitenhuis, 2008; but see Cappers, 2014). While wild resources appear to have
been often only small additions to the diet, such small extras would have been important in
times of stress.

Storage and resource diversification are just two (very relevant) examples, but they
make clear that Southwest Asian Neolithic societies had the opportunity to be highly resilient
to climate change. In fact, these relatively small-scale societies, where not a lot of
specialisation had taken place, were potentially much less vulnerable to climate change than
more ‘complex’ societies. More ‘complex’, specialized, and hierarchical societies are more
interconnected and reliant on their social connections, which makes them less flexible to
change when needed (Coombes and Barber, 2005). In addition, it has been argued that the
more people have invested, the harder they will try not to change (Janssen et al., 2003),

adding to the inflexibility of ‘complex’ societies.

6 Conclusion
In conclusion, there is no absolutely dated archaeological evidence for large-scale collapse

or decline, or migration at the time of two of the most severe and rapid climatic changes of



the Holocene. No more sites were abandoned than in other periods, and the sites that were
potentially abandoned around the time of the rapid climate change events were not
specifically located in more arid or colder areas. There is some evidence for local adaptation
to the 8.2 ka event, such as at Tell Sabi Abyad in Northern Syria. Other sites that continue
throughout the event do not show evidence for this, but none have been as precisely dated
as Sabi Abyad. The lack of a large-scale, severe impact on Southwest Asian societies can
be explained by the events being superimposed on the climatically favourable Early
Holocene period, by already existing adaptation strategies due to long-term, gradual climate
change, and/or by the resilience of the these early farming communities.

Our results are in contrast to many earlier studies, cited in section 1.1. Nonetheless,
research is increasingly emerging that shows that prehistoric societies were resilient to
climatic changes in a range of environments, such as in Iron Age Ireland (Armit et al., 2014).
When ‘collapse’ is observed, this is rarely due to a single, climatic factor, but often involves a
complex interplay of different factors (Butzer, 2012; Butzer and Endfield, 2012), as for
example shown for the ‘Maya Collapse’ (Aimers, 2011; Dunning et al., 2012; Turner Il and
Sabloff, 2012). Similarly, in modern situations, we see that, for example, the decision to
migrate is dependent on many different factors, including personal and family characteristics
(Black et al., 2011b; Meze-Hausken, 2000).

The current data show clearly that there are no large-scale, regional-wide changes,
such as mass abandonment of settlement groups at the time of the 9.2 and 8.2 ka climate
events. However, our knowledge of the local impact of the climate events needs to be
improved to assess past adaptation strategies. Firstly, more information is needed on local
climate and environment. For example, the assertions that settlement on the Iranian Plateau
was delayed due to unfavourable conditions (Schmidt et al., 2011), while settlement in the
Fars region may have increased or changed during the 8.2 ka event (Nishiaki, 2010; Weeks,
2013), need to be checked against data from local climate records. Secondly, more site-
specific detailed studies focusing on the ecological bases and strategies, like conducted for

Sabi Abyad, are needed. As we have clearly shown in this paper that there were no large-



scale impacts of the Early Holocene rapid climate events, and that it is likely that the only
effects were varied, local adaptations, high-resolution dating of archaeological sites, in
combination with thorough studies of all environmental and material categories are essential.
This site-specific ‘bottom-up’ approach is now the best way to further the debate. Such
studies, in combination with existing publications, should be used to focus on certain
‘phenomena’: Taking all sites together, can we see changes in, for example, subsistence
(animal use, plant use), or storage practices? This approach will be time consuming, but

very worthwhile.
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