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Climate and societal change in the western Mediterranean
area around 4.2 ka BP

Mara Weinelt, Christian Schwab, Jutta Kneisel, and Martin Hinz

Zusammenfassung

Klimawandel und soziale Umbruche im westlichen Mittel-

meerraum um 4.2 kaBP

Die llhcrcinslitriinunfj Lohdrt'nler Musli'r und die (Heichzei

li<jkeit ficwisser Lrcicjnissc iin dstlirhen Miltelnieerraum
wisen <nij cinen offensirhtlirhcn Zusnnimenluincj zwischen
kidtiirellen Uinhnirhen in urhnnen Ciesellscluiften und Klinni-

cflcklcn hin. Ini tohjcndcn win! ein Diirreereiqnis urn
q.zkulW mil einer Reihe von nusl>leihenden tMonsunrecjen
/(dlcn in ZusnnuneniuuH] (ichnuiil. Ausldser fur lief (jreifende
wirtsduiftiichc Verdndenuujcn sowie sozi(den Aufruhr. Auf
die zcntnden und wcsllirhen Keqinnen des Mitlelmeerniums

on dcr Schiultslellc zwischen nordotlontisrhen (-j. Bond-
Lrcifpus) und Monsun i>eeinl!usslen Kliniato trifft dies jedoch
nicht zu. Die polenzielle Ausi)reitun(j einer iiherreqioiuden
Diirrefieriode um q.zkoBP in den westlichen Miltelmeer

rnum hinein und his nach Sudmitteieuropn hedarf noch wei-
terer Ahkldrunqen. I'rolzdem woreti prdurlxine, durch zuneh-

mende Komplesildl qeprdqie Ciemeinschaflen zwischen dem
spill en Neolilhikum und der jriihen Branzezeil in einem lief
qreifenden IJmhruch heqrifjen. Eine Vieizohl von abruplen
(jesellschofllichen und kullurellen Veriinderunqen. die gennu
in die Zeil um 4,2 ko BP dalieren - z. B. weilverhreilele »Krisen-
siluolionen« in medilerronen Glockenbecherqesellschaflen,
der (Jberqonq von der Vorpuloslzeil zur Palnslzeil auf den
(jriechischen Insein und, vielleichi besonders hemerkenswert,
der Uberqanq zwischen der chalkalilhischen Los Millnres Kul-
lur und der friihbronzezeillichen El Arqnr Kullur im Siidoslen

der Iberischen Halbinsel - sind bisher nur sellen vor dem

Hinlerqrund mdqhcher Reaklionen und Widerslandsslrate-
qien im Falle eines abruplen Klimawandels und wechselnder

IJmwellbedinqunqen belrachlel warden.
In unserem Beilraq werden Untersuchunqen bereils exis-

lierender archnoioqischer und klimnlischer Dntenbesldnde
(lus dem westlichen Millelmeergebiel vorgeslelll. Ziel ist es,
millels enlsprechender Proxydalen zur Landnulzung. zur
Bevdlkerumjsdichle und zu den Subsislenz- und Siedlungs^
muslern EUnweise auf eine sozialdkologische Krise im Mitteb
meerraum auszumachen.

Summary

In the eastern Mediterranean area, coherent patterns and

synchronous events around 4.2 ka BP suggest an obvious link
between cultural upheaval in urban societies and climate
forcing. Here, the 4.2 ka BP aridijication event, attributed to a
series of monsoon failures, is thought to have been the cause
of severe economic consequences and social unrest. The pic
ture for the central and western Mediterranean regions, at
the interface oj North Atlantic (Bond event g) and monsoon-
influenced climates, is different. It remains unclear whether
supra-regional drought around 4.2 kaBP extended into the
western Mediterranean and southern Central Europe. Yet at

the same period, pre-urban societies, already marked by
emerging complexity, were in profound upheaval during their
transition from Late Neolithic to Early Bronze Age ideologies.
An array of abrupt societal and cultural transitions, precisely
dating to 4.2 kaBP, include widespread "crises" of Mediter
ranean Bell Beaker populations, the transitions from Pre-
palace to Palace cultures on the Greek Islands, and - perhaps
particularly outstanding - the transition from the Chalco-
lithic Los Millares Culture to the Early Bronze Age El Argar
Culture in the south-eastern Iberian Peninsula. The possibil
ity that these transitions may have been responses/resilience
strategies triggered by abrupt climate and environmental
change has so far hardly been considered.

Here vt'e present a survey of existing archaeological and
climate archives for the western Mediterranean area, aiming
to trace patterns of socio-environmental crisis in the Mediter
ranean using pertinent proxy records, including proxies of
population density, subsistence, and settlement patterns.

Introduction ological retrospective on past supra-regional socio-environ-
mentai crises, particularly the 4.2 kaBP event, and the ap-

A f)ai tit ular threat trom the ( 111 rently projected global warm proaches ot contemporary societies to overcoming them,
ing are the related sot io environmental challenges. These may improve our understanding ot their complex patterns
are firedit ted to exacerbate existing problems poverty, and help us to identity successtul resilience strategies,
t tmllit t . tlaiigm s to health, escalating tood, age and water The 4.2 ka BP event, at the transition trom the Middle to
s 1101 1ages into t rises (1 PCiC 201 p IPCXi 2014). The archae the Late Holocetie, ailected the climatic stability ot the entire

I N1 1 f N IM 'N : A N (1F s MI i s t 1 1 t ; H 1F iiAi 1 t • HANP 1 ; . JM 1
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northern hemisphere. Perhaps most severely affected was
the subtropical and tropical domain, making it a prime can
didate for exploring the traits and patterns of a supra-re
gional socio-environmental crisis (e.g. Dalfes etal. 1997:
Booth etal. 2005). By the late 3^'' millennium BC, popida-
tion and land use levels in the circum-Mediterranean area

had reached a first maximum of almost full coverage, as
projected by global model simulations (e.g. Lemmen/Wirtz
2012). Emerging complexity, enhanced mobility, and ex
change had certainly accelerated societal develoftments,
including ideological and economic change.

Mediterranean climates and landscapes are particularly
prone to desertihcation, their environments and economies

being highly dependent on the precipitation they receive,
predominantly in winter. Generally, Middle and Late Holo
cene climates in the Mediterranean area show a trend of grad
ual warming, more pronounced in South-Western than in
South-Eastern Europe (Davis et al. 2003), while an opijosing
trend prevails in the mid-latitude Atlantic region, including
the Iberian Margin. Long-term Holocene trends were punc
tuated by brief episodes of drought (Finne etal. 2011). Over
the course of the Holocene, these episodes changed in fre
quency and character (Fletcher etal. 2007). Arguably, the
most severe of these episodes, among them the 4.2 kaBP
event, are related to North Atlantic Bond cycles (e.g. Marino
etal. 2009) and thus considered to be driven and/or modu
lated by large-scale oceanic and atmospheric circidalion
changes. The 4.2 kaBP event, in particular, is considered to
have its strongest effect in the subtropical realm, dominated
by monsoonal climate constraints, where broad areas suf

fered from resulting monsoon failures. This view may be
skewed by the archaeological evidence itself, since the
sources for societal responses are most accessible in the most

densely occupied region of the northern hemisphere of this
time. In the eastern Mediterranean and Near East, the
4.2 kaBP event manifests as a brief episode of barely 300
years' duration (22i><'century BC to 19'''century BC; e.g.
Weiss 2012), following a general, long-term shift from hu
mid to drier c<mditions (Rohling/Rijk 1999). Aegean records
show environmental change related to altered Mediterra
nean circulation. In Anatolia, drtjught evidence is reported
from lacustrine records; nevertheless Anatolian vegetation ap
pears to have responded only moderately to (limate forcing
(cf. Dbrfler in the jtresent volume). Interestingly, no evidence
for a climatit event matching the 4.2 ka BP event chronology
has heen reported so far from the Peloponnese, despite high
resolution humidity records ohtained from lagoonal envi
ronments there (f. IJnckel pers. comm. 2013). A (onifjilation
of c entral Mediterranean c limate records (Magny et al. 2013),
integrating lake level, pollen, and speleothem records from
Italy to North Africa, and tnarine records from adjacent
ocean basins, reveals a broader climate episode ol general
instability at the Middle tci Late Hciloc ene transition, lasting
for 400 years from 4ic)o BP to -(c^oo Bf-'. A steep latitudinal

gradient, situated at ap|)roximately 40 N, was found, sepa
rating sites marked by drcriight to the south Irom tiorthern
sites which coevally received enhanced [irec ipitation. fhis
bi ciaclei interval easily enc loses a [jotentially narrower

4.2 ka BP event , supporting the idea ol a widespread c l imate
dist n I banc e. alt hough with mvei teal sign m (,ent ral In rope.

A comparable comjrilation is still lacking lor the westerti
Mediterranean, which is under the immecli.ite inllueiico ol

Atlantic climate constraints. Such a compilation would
reveal potential east to west Mediterranc-an climate gracli

ents (EW gradients), such as those which CTin be observed
in modern and past Mediterranean climate patterns (e.g.

Kageyamtt etal. 2001; Martrat etal. 2004; Lionello etal.
2C)C)6). This giip needs to be lilled for a better understanding
of the patterns of the 4.2 kaBP event. Only then will it he
possible to assess the potential roles ol abrupt climate
change vs. social constraints in the 4.2 kaBP upheaval of
western Mediterranean soc ieties, from the pers[)ective of a
supra-regional crisis sc enario. A few high resolution archaeo
botanical records from the Iberian Peninsida, providing a
continuous record of the whole Middle Holocene, report a

sharp shift towards an increased lrec]uency ol lire events
from around 4.0-4.2 kaBP onward. This was accompanied
by profound forest change and is tentatively attributed to
the onset of drier and warmer conditions (tmcl/or enhanced
human land use activities) (Carric'tn etal. 2003; Pere/Obiol
etal. 2011). Marine climate records from the Alboran Sea

suggest drier yet cooler conditions (Cacho et al. 1999'
etal. 2001). In contrast, the western Iberian Peninsula
appears to have been affected by drought to a lesser degree
(Pckez-Obiol et al. 2011).

From the interval spanning the last two centuries ol the
3"'miliennillm BC, abunchint archaeological evidence ol
major cultural change is available from the western Mecli
terranean area, coinciding with the Co[)per/Bronze Age
transition. Mapping of cultural entities per chronological
phase (Buchvaldek etal. 2007), as well as numerous mote
detailed studies of individual sites, reveals a widesitread
discontinuity of settlement patterns, actonqtaiiied by a
widespread abandonment of entire districts and the occu
pation of new terrains. These studies .suggest a dramatic
shrinkage of territories occuiiied by Late Chalcolithic cul
tural entities in Southern Spain and Portugal, including the
large sites of long term occupation at Los Millares and Zam
bujal, m Andalusia and the Peninsula of Lisbon in the cen
tral Portuguese region respectively, as well as sites in the
Meseta Central. Indeed, only a few sites in Southmn Spain
display continuous occupation across the 4.2 kaBP event,
among them the site of fJbeda, province of )aen, with its
rich and well-dated record of economic and ecological
change (Nocete etal. 2010). Large changes in Copper Age
settlement patterns are also evident in the coastal zone ol
Mediterranean France, and in the Balearic Islands and
Corsica. Surprisingly little is known about the Copper to
Bronze Age transition in Mediterranean France, [iredom
mantly ( harai terised by the Bell Beaker phenomenon. Here
the iireviously ric h record of a rapidly evolving material < nl
tnre, m the eastern sector revc-aling a (lose relationship
with Italy, appears to fade out with the declining CopfH'r
Age (Lemerc icT el al. 2014). Tlic rapid spread ol Early Bronze
Age (iiltures (LI Argar, Motillas Cultures) in the south east
cm Iberian Peninsula appears to be a< comtianied hy a <lc
'""graphic boost (Lull et al. 201 t ; c 1. Lull et al. in the |)rc-c'"
vnliime) as projec ted Irom regional land use reconstruc

(hull c'tal. 20,,) and supported by < cneal pn'duc t ion
estimates (Delg.ul,, R.,,,, L/r,,,, r (,„ 1 |,( omiiig). Kec cut studies.

l„ s , ANI.F-.,MUSEUUS FUR VOFFGFS.
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Itascd oil iinprovcd and rtdiiu'd absolute ehronoiooies, have
I 111 tiler pill pointed a marked Ciopper Age/Bronze Age dis-
(ontinnity in tiie eastern Iberian Peninsula (e.g. Baisera
et ai. Z015). leased on a broad inter regional study, tracing
the dillerential trajectories ol western Metliterranean soci
eties by nieans oi detailed cbronologies ol stone architec
ture and ditched imclosures, the latter have lound converg
ing. diverging, and disrufitive patterns, and have pointed
out that the diverging patterns ol south eastern and south
western Iberia, where tho.s(> of the western region are less
disruptive, also need to he i-xplored Irom the perspective of
a ( liniate driven environmental change.

Hvidenci" for tHological and economic responses to in-
(Teased ( liniate induced stress, related to the 4.2 kaBP event,
still remain scarce. Substitutions of resources may indicate
strategic responses to environmental constraints. However,
these ( hanges are rarely unambiguous, since they may he
and in an haeological literature mostly are - as well ex

plained by resource shortages, resulting from overexploita
tion by a ra[)idly increasing population. At many sites, social
n[iheaval and resource shortages appear to precede the cli
matii event, (hther slightly or considerably (if more subtle
early indicators are considered). Thus climate change may
he rejec ted as a trigger (cf. Midler in the present volume),
hut may still, nevei theless, hav(" functioned as a modulator.
An iiu r(>asing t rend of Early Bronze Age economies towards
a bai ley inonot niture, on the Iberian Peninsula and else
when', has been (autiously attributed to drought (Stika
2001). An liaeozoologit ill ex ideiu e from the site ol long term
o( < npat ion ,il IJheda suggests changes in subsistence strate
gies (Not etc et al . 2010); the c auses, however, remain un

clear. Interestingly, in archaeobotanical records from Medi
terranean France, the Early Bronze Age is poorly represented,
or not represented at all, suggesting a gap in occupation
here. In general, a coincidence of unfavourably evolving
societal and environmental variables may well have caused
aggregation effects in socio-environmental pressure.

To highlight the patterns and roles of these variables, in
this study we compare climate and population patterns in
the western Mediterranean area on an inter-regional scale.

Mediterranean climate variability across the 4.2 ka BP
event

Modern Mediterranean climate and reconstruction of the
4.2 ka BP event climate patterns

Today, the regions bordering the Mediterranean Sea are
characterised by an arid to semi-arid climate, with some
regions receiving less than 200mm of precipitation per
year (Lionello etal. 2006). The borderlands of the Mediter
ranean Sea, including the southern Iberian Peninsula, are
therefore prone to desertification and droughts, and climate
exerts a strong influence on local societies and economies
(Lionello et al. 2006). In general, the Mediterranean climate
exhibits a strong seasonality, with dry and hot summers
and mild and rainy winters. However, the general climate
pattern is complex, due to the interrelation, strength, and
extent of various climate processes such as the monsoon. El
Nino system, the Siberian High, and the North Atlantic
Oscillation (NAG). Inifirints of these processes can be traced
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Nr. in Name, Location Latitude Longitude Variables Resolution References

(years)

Soreq, Israel 31.45-N 35.03°E 5180,5i3C

Poleva, Romania 44.71444'N 21.74119°E 5180,6i3C

Spannagel, Austria 47.116667''N 11.66657°E S'SQ

35.03° E 518O. 513c Bar-Matthews etal. 2003

Constantm etal. 2007

Fohlmeister etal. 2013

Drysdale etal. 2006Buca della Renella, 44.4'N

Italy

518O, 513C, Mg/Ca

Fluorescence

Ascunsa, Flungary 45'N 22.6° E 518O, 513C Dragusin etal. 2014

Ursilor. Romania 46.55388''N 22.569166° E 518O Onac etal. 2002

Eski Acigol, Turkey 38.55082° N 34.544722° E 5180 Roberts etal. 2011

Pergusa, Italy 37.5= N 14.TE 518O, Pollen Zanchetta etal. 2007

Sadori etal. 2011

9  Tigalmamine

Marocco

32.73763°N 5.45272°W 518O, Pollen Cheddai etal. 1998

Roberts etal. 2008

10 Canada del Gitano. 37.2333° N 2.7° W Pollen, Micro

charcoal

Carrion etal. 2007

Spam

11 Accesa, Italy 42.98333°N 10.88333° E Pollen, Lithology Magny etal. 2009;

Peyron etal. 2011

Gorgo Basso, Italy 37.61666° N 12.65°E Pollen Tinner etal. 2009

(Sicily)

Lago Alimini

Piccolo, Italy

Mezzano, Italy

40.18333° N 18.4333°E Pollen Di Rita etal. 2009

11.9333°E Sadori etal. 201142.61666°N Pollen

Limni Voulkaria

Greece

38.86566°N 20.83333°E Pollen Sadori etal. 2011

Tecer, Turkey

Van, Turkey

39.43133°N 37.08355° E Lithology

Pollen, Lithology

Kuzucuoglu etal. 2011

Wick etal. 2003; Lemcke/

Sturm 1997

38.6333°N 42.81666° E

Faiyum, Egypt

Mozan, Syria

29.6° N 31° E Lithology

37.056944° N 40.997222° E 5i3C plant remains

31.4833° N 35.48333° E Isotopes tree,

Lithology, Pollen

31.4833°N

Hassan 1986

Riehl etal. 2008

Dead Sea, Israel/

Palestine/Jordan

Frumkin eta . 2009

Migowski etal. 2006;

Litt etal. 2012

Jableh, Syria 32.3716472°N 35.9368333°E Pollen

Preluca Tiganului, 47.81333° N 23.5472168° E Pollen

Romania

Kaniewski etal. 2008

Feurdean etal. 2008

Basa de la Mora, 42.5333°N 0.316666°E Pollen, XRF

France

Perez-Sanz etal. 2013

Jimenez-Moreno/

Anderson 2012

Borreguilles de la 37.0541666°N 3.3777°W Pollen

Virgen, Spain

Penido Velio, Spain 43.5333° N 7.5666° W Trace metals (Hg) Martinez-Cortizas etal

1999

Sagistalsee

Switzerland

46.679722° N 7.976388° E Chrionomid Heiri and Letter 2005

Landschitzsee, 47.256111° N 13.83833'E

Austria

Po en Schmidt eta . 2002

Compilation

Ukraine

47.6 N 32.2° E Kremenetski 1995Pollen

Ohrid. Macedonia 40.5 N 20.71666 E Pollen, Diatoms

TOO. etc.

Wagner etal. 2008

Vrana, Croatia 44.8 N 14.5' E Pollen Schmidt etal. 2000

GeoTu SL112,

Levantine Basin

32.742 N 34.65033' E Gram size, EM

forams

Hamann etal. 2008

Kuhnt etal. 2008
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Resolution References

(years)

150 Triantaphyllou etal. 2000

Nr. in Name. Location Latitude Longitude variables

NS-14, Agean Sea 36.648611- N 27.00777-~E CCC, FCC, Pollen

AMC99-1. Adriatic

Sea

42.86333 N 14.761166=E Piva etal. 2008

SA03-9, Adriatic

Sea

41.361666 N 17.317^ E Piva etal. 2008

OOP 963, Strait of

Sicily

BS79-38.

Tyrrhenian Sea

37.0358 N 13.1781-E FCC, CCC Incarbona eta . 2008

38.412-'N 13.577-'E Alkenone, FCC, 5180 100 Cacho etal. 2001;

Sbaffi etal. 2004

35.4133 N 2.55366-'W XRFGeoB 13731-1,

Western Mediter

ranean and Alboran

Sea (WM/AS)

Fink etal. 2013

2.62166°W Alkenone, FCC, 150

Diatoms. IOC

Cacho etal. 2001; Perez

Folgado etal. 2003;

Moreno etal. 2004

MD95-2043

WM/AS

36.1433-N

40.49733-NMD99-2343,

WM/AS

4.02816-E 5180, XRF, Litho-

logy, FCC, Coccos

Lithology

Alkenone, LDI

Frigola etal. 2008

PB06, WM/AS 43.50833-N 3.8733-E Sabatier etal. 2012

TTR17-434G,

WM/AS

36.205216-N 4.31225-W Rodrigo-Gamiz etal. 2013

2.74566-W Lithology, XRF

Alkenone. LDI

TTR12-293G

WM/AS

36.17356-N Rodrigo-Gamiz etal.

2011; Rodrigo-Gamiz

etal. 2013

43 GeoB 7625-2

Black Sea

41.445-N 31.0666°E Dmo, Lithology 50 Lamy etal. 2006; Verleye

etal. 2009

44 GeoB 7622-2,

Black Sea

Lamy etal. 200641.535-N 31.166667-E Lithology

45 MD04-2788 41.527833-N 30.88333-E XRF Kwiecien etal. 2008

Black Sea

46 GeoB 5804-4

Red Sea

34.9567° E 5180, clay Arz etal. 2003; Lamy

etal. 2006

29.5017-N

47 SMP02-3,

Iberian Margin

9.0393833°W C/N Bernardez etal. 200842.036783-N

48 GeoTuKL71

Marmara Sea

40.841833-N 27.763166° E IOC, FCC Sperling etal. 2003

49 MD 90-917

Adriatic Sea

41.297833-N 17.613° E Po en Magny etal. 2013

50 MD04-2797, Strait 36.95°N

of Sicily

51 MNB 3, Aegean 39.25°N

Sea

11,6666°E Pollen Magny etal. 2013

Geraga etal. 2010

52 EUGC-3B, Iberian 42,75175°N

Margin

53 Ledro, Italy 45.866° N

9.037183°W Biomarker Pena etal. 2010

10.75°E Vanniere etal. 2013

fab. 1 I ist t>f linicilu (ores ((f. F ig. i)

lah. I I i-^lc f>(il<i(>kliiu<tlis( her Krrnc l\'(il. Ahh. il

in d\\ sub basins of ihv Mediterranean Sea, yet they have (e.g. Ziv et al. 2004), while the NAO is one of the main intlu
various iiitcnsiti(\s Ironi the east to tiie west. The Afro -- encing (ac tors lor rainfall patterns and amounts in Western

south western Asian monsoonal rainlall regimes exert a Europe. The Iherian Peninsula is especially sensitive to
St rong inllnence over the eastern part ot the Mediterranean changes in NAO (e.g. Trigo et al. 2004). During a positive
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NAO mode, the westerly wind belt, bringing moisture from
the Atlantic Ocean, is strengthened and diverted to the
north, bringing moisture to Northern Europe and dryness
to the south-western Mediterranean region (e.g. Hurrel

1995)- On the other hand, a negative NAO mode results in a
weakened and more southerly track for the westerly winds,
bringing moisture to the south-western Mediterranean Sea.

Additionally, the precipitation pattern in the (western)
Mediterranean region is controlled by cyclogenesis, which
is related to cold katabatic winds originating from the Sibe
rian High during winter (e. g. Rogers 1997).

To assess the impact of a potentially climate-driven
4.2 kaBP event on western Mediterranean societies, an ex

tensive dataset of terrestrial and marine palaeoclimate
records was compiled from existing literature. This dataset
initially comprised more than 150 individual proxy records
from 110 sites located in the Mediterranean Sea and adja
cent areas. These records encompass qualitative and quan
titative proxy estimations ot temperature and moisture

availability based on geochemical, micro- and nannopalae-
ontological, botanical, and sedimentological analysis. Un
fortunately, most records exhibited a temporal resolution
too low to allow rapid climate changes, relating to an event
of an expected duration of only two to three centuries, to be
properly traced, or compared with detailed archaeological
records. Taking into account the expected 300 year dura
tion of the 4.2 ka BP event (Weiss 2012), only records with a
temporal resolution of at least 125 years were retained in
our compilation. This left approximately 80 records from
53 sites (Fig. 1; Tab. 1; Appendix), still sufhcient for a com

prehensive spatial picture. The age models of the different

records were adopted from the literature. Dating density
may still be poor in some records and the age models of
some marine records require to be revised in the light of
more recent findings concerning Mediterranean marine
reservoir ages (Siani 2001). Furthermore, the proxy records
were interpreted without regard to their potential seasonal
bias, and this needs to be assessed in future studies. Never

theless, this compilation provides an overview of the gene

ral climatic state at 4.2 ka BP in the Mediterranean region.
Climate changes within the timeframe 4.4 ka BP to

3.8 kaBP were examined in the individual records. Since
the climate event probably occurred between 4.2 ka BP and
3.9 kaBP, this allowed for full capture of the range of the
event, as well as previous and subsequent levels. This time
window has also been proposed by M. Magny et al. (2013) as
the interval where the climate osc illation related to the

4.2 ka BP event oe c iirs in palaeoc limate rec ords. In addition,
the wide span ac counts for the general dating inaccuracy of
tiooyears normally assoc iated with '"^C dated palaeocii
mate rec crrds, due, for example, to unc ertaint ies in reservoir
ages. So far, the conifhlat ic)n allows drier or more humid

and warmer or colder conditions to be distinguished, ac cord
ing to the common interpretation of the cfiflereni proxies
and/or according tci the interpretation cif the respec t ive
authors of ihe records. If both prec i|)it at ion and tempera
ture estimates were available at a site, the [)rec ipitation
record was used for the c cimpilat ion map. The observed
changes between 4.4 ka Bi^ and ka BP were c lassified
into "C'venls" (rapid c lianges) <mcl "transitions" (»long term«

changes). The following criteria were used to define eccnts:
a) single excursions (minima/maxima) of the proxy rc-cords
within the 4.4 kaBP to 3.8 kaBP timeframe; b) ra|)icl transi
ticjns occurring between two data points in the invc"stigatecl
timeframe which are less than 125 years .iirart; c ) graclmd
changes that culminate in a minimum/maximum between
4.4 ka BP and 3.8 ka BP; d) c hanges explicitly deliiied iis
events by the relevant authors. The following c riterion was
used to define transitions: a) »long ternv graclmd c hanges
that started within or before the investigated time period
(4.4 kaBP to 3.8 kaBP), and b) that lasted longcu' than the
investigated timeframe.

The clrcum-Metjlterranean climate arountd 4.2 ka BP

Warm conditions are not necessarily associated with dry
ness, as in the case of the Aegean, where cold and dry concli
tions prevailed during the 4.2 kaBP event (Kotlhoff etal.
2008; Schmiecll etal. 2010). Neverthc-less, a strikingly co
herent picture emerges from our com|)ilation, showing dry
or warm conditions in the circum Meditc-rranean region

between 4.4 kaBP and 3.8 kaBP and more humid or colder
conditions further north (cf. Fig. 1), sindlar to conditions
found during a modern positive NAO mode. These results
accord well with other recent regional c limate compilations
from the Mediterranean region for this period. Although
not fully unambiguous, a warm and dry episode around
4-2 kaBP can be inferred from the eastern Mediterranean
compilation by M.Finnc' etal. (2011). A similar picture has
been drawn by Magny etal. (2013) for the central Mc-cliter
ranean area. Based on their compilation, a warm and dry
episode prevailed in the southern central Mediterranean
region at 4.2 kaBP, while more humid conditions were
found in Northern Italy.

Further evidence for a strengthening of the westerly
wind belt (associated with a positive NAO) around 4.2 ka BP
comes from a core from near the Azores islands in the mid
ocean subtropical North Atlantic (Fig. 2a; Repschlager et al.
2015). There, the 4.2 kaBP event is marked by a sharp tran
sition, within 130 years (from 4.21 ka BP to 4.08 kaBP), char
acterised by a 13'X, drop in the abundance of the subtropi
cal foraminiferal species Globigerinoidcs riiher, an indicator
for subtropical gyre water. According to the authors, its re
treat from the site hints at a southward displacement of the
Azores front and a contracted subtropical North Atlantic-
Gyre. As the latitudinal position of the front is controlled by
the strength of the westerly wind (Volkov/Fu 2010), the
observed change indicates an abrupt shift towards stronger
westerlies.

Although [irofound and rapid climatic c hanges at 4.2 ka BP
aie found globally (Booth etal. 2005), the climate dynamics
and heiue their regional manifestations are conifilex, due to
the interplay of high and low latitude and long and short
term protcsses. Oti milletmial titiiesi ales, the 4.2 kaBP event
( 01 relates with the well known tiiillemiial s( ale Bond cy( k's
(Bond Event p Bond etal. 2001), which are related to fresh
water anomalies m the North Atlantic that alter the oceanic
and at mospheric c i rc u lat ion pat terns. On longer t i nu"s( al< s
the 4.2 ka BP event oc c urs during the transition from the
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Abundance G. ruber |°ol Aboreal pollen [%]
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Levantine
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G rubcr Giobigennoides ruber

U mediterranea Uvigenna mecliterranea

U peregrina Uvigenna peregrina
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> Nile
discharge

Fig. .ju - I Wcsl ̂ ■,l^l 1T.iiiM'c t .!(r(is> the NU'ditci raiu'.in Sea. shmving sclecteil palaeoclimatic records, a Abundance ot foraminiferal species Globigerino-
iilcs ruber. Ii \ i ,i\ lliioi e-.( I'lu e ( \ K1 ) based rerun si rurtion ot river runof I Ironi soutbern Iberia; c X ray tbiorescence (XRF) record from a sediment core
111 im I he Halea r K B.isin; d pollen i ei ord I mm l ake (iorgo Basso in Sicily, e carbon isotope recortl trom bentbic foraminitera trom a sediment core trom
I be Aege.iri Se.i; t abund.ini e nl U\'i<ierin(i peregrinu t mm the Les antine Basin. Blue vertical bar indicates the time window 4.4 ka BP to 3.8 ka BP.

Ahh. 211 I U'es/ Ost Irunsekl dureh lius Miltclnwer mil ausgewdlilteii palnoLliinatischen Diilen. n Reichliches Vorkommen der Foraminiferenart Globigeri-
noides I rdiet .■ h A'ontr/en//nore.sri'nz Rekonslruklion der Wassprahlhissmengen in Siidiherien: c Rontgenfhioreszenz-Dnten eines Sedimentkerns aus dem
Huleuren Herken: d Vollenduten cms dem (icmin liassn .See in Sizilien: e Kohlenstoflisolopendnlen von benthisclwn Fornminiferen aus einem Sedimentkern
cms den .Agcds: / t'orkcnnincnc vein ll\ igerina (leregrina ini Levantisc hen Hecken. Der hnrizontale blaue Bereich markiert das Zeitfenster zwischen g.4 kaBP
und p.S kcc Hit

Midciif to tilf Late Holoceiiiy as ciiaracteriseci by a general,
global cliniate reorganisation cine to insolation changes (e.g.
Steig 19964). In the Mediterranean realm, this transition is
( haracterised by the gradual change from a humid Middle
Holocene Cdimate Optimum to a dryer Late Holocene (e.g.
Rohling/Rijk 1999).

During the time window of interest (cf. Fig. 1; 2a), climate
changes ol a transitional yet often abrupt and very rapid
chiirat ter are especially observed in the western Mediter
ranean and adjacent regions. In general, this shift is charac
terised by a pen inanent transition towards a drier climate,
as observed, lor example, in an abi iipt increase ot natural
fire ac tivity in southern Iberia (Carric'tn etal. 2007), or in a
dec reased river ninoll from sonthcnai Iberia (Fig. 2b). The
aiiparently contradictory temfierature pattern in the west
ern Mediterranean Alboran Sea during the 4.2 ka BP event,
where studies show eithcu no significant change or a cli
nnite cooling (c i. F ig. i), may be explained by the seasonal
bias ol the proxies. Fiere the alkenone based temperature
I e< oiisi rue I ion |c I. F ig. 1 . site pS) may report annual aver

age or warm season temperatures, whereas the laser desorp-
tion ionisation (LDI)-based reconstructions may show cold
season temperatures (Fig. 1, sites 41 and 42; Rodrigo-Gamiz
et al. 2013). Furthermore, an increased winter storm activity
has been reconstructed in the western Mediterranean,
based on storm layer frequencies in a lagoonal sediment
core (Fig. 1, site 40; Sabatier etal. 2012). As well as reduced
rainfall, therefore, cold winters and, increased storm activ
ity during the cold season may increased the difficulties
faced by local societies around 4.2 kaBF in the western
Mediterranean.

In contrast to the western Mediterranean pattern, the
4.2 kaBP event in the central Mediterranean region (Italy,
Sicily, Adriatic Sea) manifests as a pronounced single excur
sion in the palaeoclimatic reconstructions (see e.g. Fig. 2d).
A pronounced cfry spell from 4.1 ka BP to 3.8 ka FfP in North-
Western Italy has been reconstructed from a calcite flow-
stone, based on stable isotope, trace element, and fluores
cence data (Fig. 1, site 4; Drysdale etal. 2006). Similarly,
reduced winter precipitation between 4.2 ka BP and 3.8 ka BP
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2  V-v*
I* ^ V

All '''C dates 4.2 ka BP window ,

n=2165

4.2 ka BP window

n=717

Location of
dates

4.2 ka BP window

years BC

3  4.2 ka BP window

n = 692

n=121

years BC

4.2 ka BP window n = 176 n = 357
4.2 ka BP

window

4.2 ka BP

windown = 102
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Fig. 3a-h Compiled arrhaeojogica! nc data, a Map showing spatial distribution of all rompiled data. Note tliat some lor ations r imlain more than
one age. Different regions where individual sum calibrations were performed are indicated and nurnlrered. ti Sum < alibration of all '>(; data (nuin
ber = 2165); c sum ( alibration of '•♦C data from South Eastern Spain and South Western Franc e (region numfrer i on map; numlrer = 7 17); d sum c alilir.i
tion of '^C data from South Eastern France (region number 2 on map; numlrer = 692); e sum ( afibration of '■•(; efata from Soutfiern Spain (region num
ber 3 on map; number= 121); f sum cafibration of '^C data from Corsica (region number 4 on ma[); number= 102); g sum ( alibration of '^C data from
Mincjrc a (regicjn number 3 on map; number = 176); h sum cafibration of '■'C (frita f rom Major( a (region numfrer b on ma[); number = 337). Bfue verticalf
bar indie ates the time window 4.4 ka Bf^ to 3.8 ka BP, the same time window, wliic li was investigatecf in lite pafaeoc fimatit records.

Abb. ja-h Zuiammemlpllunrj (irrhaDlnr/isrher "C Duten. (t Krirle mil der Vi'rhreiluntj tiltcr '^L Diilen. Man hp/ichlr, diiss viin piiii(/pii Ortpu nichrprp
i-'C Datpn vorlipgen. In vprschipdpnpn Rpqionpn wurdpn pinzplnp .'lummpnktdihmlionpn dur< hgpjuhn: dipiip sind pinrjpkrpist und niimmpriprl. h .Snmme/i
kalibralion alipr "C Dalpn (Anzahl = zi6^j: c hummpnkidibmtion dpr "C Dolpn oiis Sudostspnnipn und Sudwpstjriinkrpii h iRpgion 1 cm/ drr Kiirip:
Anzohl = 71/1: d Summpnk/dihrnlion dpr '-"C Dutpn aus Siidoslfrankrpirb (Rpgion 2 uuf dpr Kiirlp; Anznhl = bgz): p Suminpnkidibriilion dpr "C Diilpn cms
Siidspanipn IRpgion j iiuj dpr Karlp: Anznhl = 121): f .Suinnipnkalibration dpr '-"C Datpn von Korttika (Rpgion 4 cm/ dpr Kartp; Anznhl = 102): g Sununp
kalibrntion dpr '■'C Dalpn von Mpnorcn (Rpgion 3 cm/ dpr Kartp; Anznhl = i/h): h humnipnkidibrnlion dpr Dnipn von Mnllorpo (Rpgion 6 mil dpr KnrtP:
Anznhl = 3373 Dpr spnkrpi htp hiaup Rprpd h grenzt dns Zpitfpnslpr zwischpn 4.4 kn HI' und j,R kn HI' pin. Dassplbp Zpitjpnstpr wurdp mithUjp dpr paliio
klimnlischpn Dalpn unlprsui hi.

has been inferred from pollen cotints from Lake Atcessa in
Central Italy (Fig. 1, site n; Peyron etal. 2011). Althotigh
the low winter [tret ipitation is act ttmpanied hy an inc rease
in sttrniTier precipitation (Peyron etal. 2011), the 4.2 ka BP
event at Lake Accessa has been identihecl as a non season
spec ific short term lake level lowstand (see Magny etal.
2009). 1 herefore the net prec ipitation change seems to be
negative. Fiirf herrnore, lor file dry farming comnuinif ies ol
I he Mediferranean realm, c hanges in winter conditions
(tfie season with fhe most prec ipitation) are potentially the
most influential . Pronounced ciryness alcing with strengfli
enecl sonfheiiy (Alrican) winds belween 4.4 ka BP and

3.8 ka BP have been reconstruc ted for Sic ily, based on gener
ally low arboreal pollen c oncentrations and the occurrence
of North African pollen, respec tively (Fig. i, site 12; Tinner
et al. 2009). Contrasting patterns of increased moisture avail
ability, marking the alfiine region in Northern Italy, have
been reconstruc ted li-om various records (cf. Fig. 2), cnbi
c icliiig with inc reasecl pile construe tion ac tivity on the [tat t
of resident lake dwelling communities.

Fviclenc e for ciryness in the Aegean region (c I. Fig. 1) l""
based on low rl^ T. values of bentbic forarninifers from the
Aegean Sea between 4.4 ka BP and 4.()kaBP, indical iug a
dec reasecl runoff Irom ibe bordering lauclmasses in le
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^|)()nst• to (let rc.ix'd precipitation (Fig. 2e: Kiiliiit et al. 2007),

,111(1 on the ̂ harp (let rease ol (ieciduoii.s tree [rolien in the
hot (let i.lnd^ ol tite Aegean Sea (Kotlhol 1 et al. 2008). In the

Hl,i( k Sea K'gion, too ((1. Fig. i). a reduced frequency of clay
l.is'ers between 4.25 ka BP atid 4.90 ka BP in Black Sea sedi

ment (oic ("ieoB7622 2 (Fig. 1, .site 44) indicates a reduced
I i\ci i imof l and hetitc reduced precipitation, at least in the
soiithei 11 horderlands of the fllat k Sea (Lamy et al. 2006).

CoiiLcntion.dly. the 4.2 ka BP event hypothesis has been

proposed <is .111 e.xpkm.ition lor the potential collaitse of Near
l  .tstei II .111(1 e.istern Mediterranean soc ieties (e.g. Weiss etal.

l.\(T siiKc, ,1 growing body of evidence for e.xtended

(hoiight in the region has emerged and an iiureasingly

sh.114) and (let.tiled pic ture of its magnitude and timing has
been icL'c.iled by .in .may of independent proxy reconstruc

tions. Oui (ompil.ition once more underlines that the region
bee .line un.itiibiguously drier at 4.2 kaBP (cf. Fig. 1). Under
lying evidence iiic hides quantitiitive estimates of precipita
tioii c h.iiige that show th.it the level of the Dead Sea drop[)ed
betweeti 4.^ k.i BP .ind 4.C) k.i BP (Migowski etal. 2006) iti
response to .1 s<'"" rediKtion in r.iinfall (from too mm to
40111111 per ye.ir: I riimkin 2001;). Reduced precipitation,
rel.ited to .1 dec line in monsoon activity, is also supported

by reduced .ibuncl.itices of the henthic loratninifer Uvige-
rinci pcrcijriiKi between 4.2kafd' and 4.8 kaBP in the
Lev.iiitiiie Basin, indicating reduced Nile runoff (Fig. 2f;
Sc hniiecll et.il. 2010). Also, e\'iclence for dry winds lilowing

from North Afric.i is found in the eastern basin (e.g. Box

c-t al. 2008).

In summary, b.isecl on the compilation of circum-Medi-
terraiie.iii c liniate records, it can lie inferred that the thor

oughly investigated dry conditions at 4.2 ka BP found in the
e.istern Mecliterr.inean', wliich are related to the collapse of

eastern Mediterranean and Near Eastern societies (e.g. Bell

IL471 ; Weiss cMal. 199 p, Weiss 2012), extetid well into the
western b.isin. However, although all the investigated cli

mate records from the western Mediterratieati and adjacent
regions show considerable climate lluctitatiotis that cati be
rel.ited to the 4.2 kaBP event, the low dating densities,

dating inaccuracies, and/or uncertainties in the reservoir
ages ol the respective age models still hamper a conclusion
concerning the exact timing and duration of the observed

climate changes in this area.
E|)i.sc)cles of drought subsumed under the label >>4.2 ka BP

event" seem to have prevailed in the entire Mediterranean
region, and could [lotentially have impacted on the econom
ic stability ol loc al societies owing to their inevitable influ
ence on dryland larming (e.g. Lionello etal. 2006). The
similar context of the so called 8.2 kaBP event produced a

well known drought in the eastern Mediterranean (Wenin-
ger etal. 2006). The climatic pattern observed in the (west
ern) Mecliterr.me.m region, with humid conditions to the

north and dry conditions to the south resembles, in various
aspects, conditions found today during a positive NAO
mode (strengthened westerly wind belt), as already noted
by Magny etal. (2013) for the central Mediterranean area.
Yet in oitr compilation, the boundary between dry and
humid conditions is located at 45 N in the central Mediter
ranean rather than at the 40 N boundary proposed by

Magny etal. (2013). In contrast to a well-defined 4.2 kaBP
climatic »event« in the eastern and central Mediterranean,

we observe a (rapid) climatic "transition" towards generally
drier conditions in the western basin.

Severe winters with an increase in storm activity in the
western Mediterranean around 4.2 kaBP may have posed
an additional challenge to local societies. So far, scenarios
of severe cooling in the western .Mediterranean have been
reconstructed and modelled for the Last Glacial Maximum

and the millennial-scale Fleinrich Events (e.g. Kageyama
et al. 2001; Martrat et al. 2004; MARCO 2009). The question
as to whether a similar bipartite pattern (warmer eastern
and colder western Mediterranean) also prevailed drtring
millennial-scale Holocene events (Bond events; Bond etal.
2001) and, in particular, the Bond event 3 that is linked to

the 4.2 kaBP event cannot be solved here, but this should

be considered as a potential scenario. Further research is
needed to constrain the exact timing, duration, and magni-

O' ' O

tude of the 4.2 kaBP event in the western Mediterranean,

and, in particular, to deduce seasonal changes that may
have impacted on local ancient societies.

Population dynamics

Approach

Sum-calibrated '-^C ages of archaeological contexts have
recently become a powerful proxy, which is increasingly
employed to deduce changes in population density atrd/or
human activities in a broader sense. So far, this approach
has been applied to an array of European Neolithic to
Bronze and Iron Age settings-^. Arguably, a variety of short
comings is inherent to this approach, including its failure to
allow for the frequent ambiguity of the archaeological con
texts of dated materials, for possible differences between
natural vs. man-made signal carriers, for the uneven distri
bution of sampling in space and time, for possible differ
ences between grave contexts vs. settlement and household

contexts and for the nonlinearity of chronologies; its sensi
tivity to differential preservation and selective loss of mate
rials; and, perhaps most important, its dependence on re
gional and temporal research intensity. A desirable randotn
distribution is per se unachievable and, accordingly, the
underlying data base is inevitably biased. These uncertain-

1  ( uilt'M et ell. 2()()(); .SteltllfN ft <»l. 200 y.

.A I / el cil 2( H )fi, St hmicill ft ct 1 2010.

2 Slif iin.ni ft cil 201 y. .'\i init ft dl 2014,
( dpu //{jft ,1 1 2014; B.ilsf I d f t dl. 2ms

1  Il ls Is not l lif jitdt f to tli^t iiss ihf nu'thoil ii
II I I t (If t d 1 1 I It i\\ f s f I t lif I f Is d w h( »lf t 01 pus

< >1 1 itf I dl 1 1 1 f 1 )11 t lif suhn't 1 , MT AI nut ft dl.
2014 Kill lid I Id 11 ft d I 2(M )cS. ( nll.i I il f t dl

2010; (idinhlf ft al. 20(15; C'ikiasta et al. 2004;
f iin/ ft al. 2012; Hottniann ft al. 2008; )tihn
stone ft al. 200(); Kellv ft al. 201 y Mulroonfv

201 y Rit k 1987; Riftif 2009; Riftli el al,

2011 , SluMinan l-tlinlmrough 2007; Shfnnan
2009; Shf niian 2012 , ralldvaai a et a I, 2010;

l impson (M dl, 2014; VVhitfhouse ft <i\. 2014
in ld\(Hu ol the inethoti, while Balletigfi

Mabry 2011; Banihirth/Giunil, 2012; Bayliss
etal. 2007: Rleicher 201 y. Chivfirell etal.
2011; Contreras'Meadows 2014: Cionihe,'

Robinson 2014; Culieton 2008: Prates et al.
2014; Steele 2010; Williams 2012 take a

(ritii al approai h.
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ties require careful examination and filtering of the data
sets, including pooling the data per site (i.e. each site will
contribute then with the weight of i to the final sum cali
bration, irrespective of the number of '■♦C samples taken) as
well as crosschecking with independent quantitative popu
lation data. The main advantage of the approach clearly lies
in the ever-increasing availability and quality of archaeo
logical '-^C data and the statistical robustness of large data
sets, the resulting absolute chronologies and the continuous
nature of the records, where each single sample represents
a two-dimensional record of a variable and time. Moreover
the inherent independence of this proxy from regional
archaeological settings allows the comparison of regional
patterns for different cultural entities over wide distances,
as well as the synchronisation of these patterns with pat
terns of environmental change. It is thus particularly well
suited for exploring transitions in archaeology and past
socio-environmental developments on a regional to supra-
regional scale. For the south-eastern Ifterian Peninsula,
here represented by a relatively small data set (namely a
subset limited to geo-referenced and published data), it cer
tainly holds true that a strong focus on El Argar Culture has
regionally biased the data base. In France, too, a strong
research focus on the Neolithic period, including the Late
Neolithic Bell Beaker phenomenon, may relatively under
estimate the regional Early Bronze Age developments in
Mediterranean France. Yet considering the multi-centen
nial scale of this study, such a bias must be of secondary
significance and may even be advantageous, since at this
scale even a highly restrictive research focus on a selected
cultural unit will inevitably also reveal the lower and upper
limits of its occupation, thus sharply depicting transitions
to preceding and subsequent developments.

So far the RADON and RADON B data bases (Hinz etal.
2012; Kneisel etal, 2013) contain a total of >17000 '■'C
records. Spatially they cover Europe, and temporally they
cover the Neolithic to Iron Age, but the spatio-temporal dis
tribution of data is highly uneven, although steadily improv
ing. For this reason, although only data displaying geo-refer-
ences, and from safe archaeological contexts were included,
the data set used in this study should be considered as a
fi rst approximation, since time-consuming fi ltering pro
cesses and definition of criteria are still under way.

A total of 2165 '"+C records, from the south eastern and
north-eastern Iberian Peninsula, Mediterranean France, the
Balearic Islands and Corsica, met our criteria for use. The
data set benefits in partic ular from data from existing data
bases, including the Catalan data '^C Catalunya Data Base'
and the French data base, EUBAR.

Results

Sum calibrated '•*(. data, based on a total of 2163 '"'C data
records covering the south east and north east of the Ibe
rian Peninsula, Mediterranean France, the Balearic Islands
ol Majorca and Menorca, and the Island of (.orsica, disjilay

distinct patterns which may be tentatively inter[)reted in
terms of changes in population density. On a regional sc ale,
the single sequences show marked similarities as well as
distinct differences. For the Late Copjrer Age, o\'eridl clatii
(Fig. 3b) reveal a plateau ol about 500 years' duration (q.iS
4.3kaBP), ending with a relative but subtle minimum
around 4.2 ka BP, which marks the transition 1 rom the Cop
per to the Bronze Age and coincides with the c limate event
sensii slrictu. Subsecjuently, in the second hall ol the broader
interval where the climate transition is most likely to have
occurred, a sharp increase is observed, suggesting a ])opula
tion boost which almost doubled the [jrevious level ol
within less than 300 years. This peak is lollowed in turn
by a rapid decline. Not surprisingly, a similar [lattern is
observed for north eastern Iberia (Fig. 3c ), which is repre
sentecl by the largest random sample in the overall set
(717 data, accounting lor approx. one third of the total
assemblage). A noteworthy difference in the north c-astern
Iberian group (here also including the borderland ol the
French Pyrenees), as compared to the total assemblage, is,
hcjwever, the Chalcolithic secjuence, where a first popula
tion/activity maximum evolves between 4.(S ka BP and
4.4 ka BP. Subsequently values sharply dec line ;md reach a
minimum at q.zkaBP, prior to the general Early Bronze
Age rise. Fins early peak is not observed in the other Ibe
rian records, but is a dominant feature in the record of
Mediterranean France (Fig. 3d). In southeastern Iberia
(Fig. 3e), after an initial rise, values remain stable and then
rapidly almost triple immediately af ter 4.2 ka BP. A contem
prrrary boost is also recorded on the Island ol Corsica
(Fig. 3f) and, though on very modest scale, on the Islands of
Menorca and Majorca (Fig. 3g-h). In contrast, the record
from Mediterranean France (Fig. 3CI) reveals a very differ
ent and [tartially inverse course, with an earlier two step
boost occurring during the Chalcolithic, culminating as
early as at 4.3 ka BP, and from then on steadily dec lining to
reach its minimum by 3.8 ka BP.

Discussion

An Early Brcrnze Age population boost is thus jointly re
ported in all the regions considered, except for Mecliterra
nean France, making it a very rofnist supra regional feature.
However, its magnitude varies greatly from region to region
and evolves from different starting positions. Arguably, the
patterns outlined af)ove must be considered as preliminary,
refjresenting a working hypothesis while a proper fi ltering
of the underlying dataliase is pending, and should therefore
be interpreted with caution. Yet the validity ol a regional
Early Bronze Age pc)[rulation boost is further supported by
recent studies using the same proxy and based on a par
l ially overbqjping ^C data base, as well as by independent
evidences Independent estimates ol arable land and produc
tion evolution in south eastern Iberia c losely mate h the"
pattern (Fig. 4), su|)porting interpretations in terms ol a
boost in population. Accepted at face value, and within the
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a) Southern Spain
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Cow & pig /
/
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b) Ubeda,
prov. Jaen,

Southern Spain
(Nocete et al.

2010)

c) Southern Spain
(Carrio et al. 2007;

Lull et al. 2011)

d) Alboran Sea
(Fink et al. 2013)

years BC

(lilting iuciinKy of the diniatic transition, they show that
the sontiieastern population, after a brief iialt or decline,
rose (luring a phase of obvious climate deterioration, char-
.icterised by dryness and probably more severe winter con
(litions (se(- above), demonstrating the ethciency of these
s()( ieties in handling environmental change. The Late Cop-
per Age serjueiu es. in contrast, show highly diverse patterns,
with individual regions peaking at dilferent times. In North-
hastern Spain, an early boost may have been disrupted, at
the onset ol th(> drier dimate conditions, for a 300 year
[leriod. ft is thus very possible that the onset ol a new di
mate regime, resulting in distiiut environmental condi
l ions, mav initially have decelerated or delayed develop
menis alKsidy undei way.

V. Balsera etal. (2015) have pointed out a similar phenom
enon, where regional differences in the progress ot develop
ments already initiated may be explained by differential
environmental developments (i.e. the development of stone
architecture settlements and ditched enclosures, which was
disrupted in the south-east and here displaying a short-lived
peak of c. 400 years throughout the middle of the 3"' milieu
Ilium BC, but not in and south-west Iberia).

A collapse of the Late Copper Age population at 4.2 ka BP,
which would he expected in a climate-deterministic view, is
only weakly expressed in the overall data, if at all. This
observation is again shared by Balsera etal. (2015). who
invoke a more regional sequential »collapse« of Copper Age
societies than hitherto assumed. We cannot tlecide whether
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the opposing trend in the Mediterranean French record,
which shows steadily declining values after a Late Copper
Age peak and lacks the Early Bronze Age peak, is due to a
bias caused by lack of research interest, or in fact reflects a
true population minimum during the Early Bronze Age and
broad depopulation of the coastal zone. The latter interpre
tation is at least supported by the poor Early Bronze Age
representation in the archaeobotanical subsistence record

(Stika 2001; Kneisel etal. forthcoming). Here environmen
tal conditions may have reached a threshold, but evidence
to support such a scenario is so far also lacking in the re
gional climate and environmental records.

In the end it is not the climate itself that leads to the col

lapse or prosperity of a society; it is the breadth and effi
ciency of the strategies that society applies for coping with
environmental change. Assuming that the proxy data for
population development give us a tool to estimate the
changes that those societies were subject to, then the next
step is to compare the strategies deducible from the archae
ological record to arrive at an explanation for the different
trajectories.

Conclusions

Comparing climate and population patterns allows some
tentative conclusions to be drawn, relating socio-environ-
mental change with the 4.2kaBP event in the western
Mediterranean area:

The climate compilation yields a coherent pattern of
drought, extending into the western Mediterranean and
reaching as far north as 45 N. The interval of rapid change

can be narrowed down to the pi-riod between 2200 BC .ind
2000 BC. The dating ac( urac y of western Mediterranean (li
mate records is insufficient to allow for the reconst rue t ion

of a detailed seciuence of events on a generational scale,
which would recpiire decadal time resolution.

Late Copper Age population growth w.is relatively slow,
displaying a complex pattern at region.d level. A disc rete
minimum marks the 4.2 ka BI^ event.
An Early Bronze Age pc)|)ulation boost in the eastern Ibe

rian Peninsula within dating accurac y of both |)opulation
and climate rc-corcis (starting f rom 2200 BC) coinc icic-cl with,
or was cicrsely followc-cl by, the ra[)icl onsc-t of a nc-w c liinatc-
regime, with gc-nc-rally drier conditions and probably cold
winters and inc reased winter storm ac tivity.

Inverse population patterns in Mc-ditc-rranean France,
displaying a popidation maximum in the- Late- Coppc-r Age
ancl gradually dwindling popidation data t hc-real tc-r, arc- a
so far unexplained.

The '-^C based jiatterns accord wc-11 with inde|)i-nclc-nt c-vi
clence of population c-volution, inc luding land use- estimatc-s
and resource- reconstructions, and Ic-ncl furthc-r i-ncouraging
support to the '■'C proxy as a basis on whic h to rc-coust rue t
population density.

This article summarises the c urrc-nt state- of an ongoing
project. Although the- clatasc-t prc-sc-ntc-d hc-rc- may be- re
garclc-cl as preliminary, a sc-ennngly robust |)attc-rn of arc hac-
crlogical and climatological patterns c-me-rgc-s from it. How
ever, further work is nec-decl, including c-xpansion of the
datasets, improvement of the chronologic-s, and statistical
treatments (e.g. Monte Carlo Random Simulation), to vali
date the ohserved c hangc-s, c-s|K-cially in the- wc-stc-rn Mc-cli
terranean region.
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Anhang 1 (udchste Seite) Ausgewdhlte paldokliniatische Dateii der in
Ahhildnng i knrtierten Fundstellen. Die Nimimerierimg entspricht jener in
Ahhildung i nnd Tahelle 1. Interpretierte Verdnderunqen sind durch Pfeile
gekennzeichnet. Senkrechte Pfeile entsprechen einein Ereignis (die Daucr
des Ereignisses ist niittels eines horizontcden Strei^ens ungezeigt). Schrdge
Pfeile weisen anfeinen Ubergang fun. Die Interpretation der Pro\ydaten
l)eziel\t sii h auf Niederscfilagsinenge und Teiuperatur. P+ P bezeii hnen
eine /u oder Afyiudirtie der Niederscfdagsnienqe. T+ T l)ezielien sicb auf
eine /u oder .Abiudune der Temperatur. Wahrend sich ini Datensatz 32 ein
Kaltereignis al)zeichnet. bewegen sicf} die fn'obacliteten \'erdndrrungen
i/n Inneicb der non}}(den .Mneeicluinq. soifass in Abbildung 1 keine M'esent
liclw \ erdnderung festgestellt werden kann
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Appendix

O O O O Tj- CO CM
CO (D CM

Aboreal pollen [%] Aboreal pollenflux Aboreal pollenflux Clay [%
[grains/year X10'"] [grains/year]

]  5-®0 [permill] Lake level [ml

CM o "^ooooooO Q Q O Q O tnO j^Q o o o o o

2  O) 00 CO CM CM

S-'O [permill Aboreal Pollen [%] Precipitation [mm] Charcoal Prec. winter [mm] Tree pollen [%]
abundance

CM CO kO CO 00 O)
CO ^ CD CO CT) lo tn

5 'C [permill] 5 'C Ipermil l ] 5 «0 [permill] 5 'C [permill] 5 'C [permi l l ] 5''O [permill]
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U. peregnna [%] Helicoshaera spp G. sacculifer Warm foraminifers Warm water Warm foraminifers

Dry events

based on pollenTemperature index Temperature [''C] SIRM T jan index CaC03 [7c

5' 'C Ipermill l Lake level [mbs] Humidity Temperature Pinus [%] Pinus 1%

index index
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Dry intervals Dry intervals G. ruber [%] n-alcohols

concentration
Lake level [mbsj

O) "rr

O)

o d d

to Ln cr3 (;Sj ^ Q Q) _

SST [ 'C] Clay ratio SST [ 01 Quartz [%]
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