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The alluvial deposits of a small spring valley near Jableh, in north-western coastal Syria, provides a unique
record of environmental history covering the last 1000 years. The pollen-derived climatic proxy inferred from
a 315 cm deep core of alluvial deposits suggests that a shift towards wetter climatic conditions occurred from
circa (ca.) 1000 to 1250 calibrated (cal) yr AD. This period is situated within the time frame of the Medieval
Climate Anomaly. The reconstructed temperature trends show that the warming during this medieval episode
was not as high as the modern scores, except for short intervals during the early 12th century AD. The core
also recorded a shift towards drier conditions starting during the late 12th century AD, which represents the
medieval climate anomaly Eastern Mediterranean expression of the European “Great Famine” climatic event. The main dry and cool
Little Ice Age interval recorded in coastal Syria occurred from ca. 1520 to 1870 cal yr AD, a time frame encompassing the
Syria Little Ice Age. In Mediterranean Syria, the Little Ice Age is not only cooler, but also much drier than the
Medieval Climate Anomaly and the present-day climate. Despite a strong human presence in coastal Syria
throughout the last millennia, climate rather than anthropogenic activity seems to be the driving force behind
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the natural vegetation dynamics in this region.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The variability of the Northern Hemispheric climate during the last
millennium is commonly characterized by multi-century episodes with
distinct temperature and humidity anomalies: the “Medieval Climatic
Anomaly/Warming” (MCA, 900-1300 AD), the “Little Ice Age” (LIA,
1300-1850 AD), and the “Modern Warming” (MW) beginning in the
nineteenth century (Briffa, 2000; Verschuren et al., 2000; Briffa and
Osborn, 2002; Bradley et al., 2003; Grove, 2004; Keller, 2004; Martin-
Puertas et al,, 2008; Helama et al, 2009; Biintgen et al,, 2011. The
concept of aMedieval Warm Epoch, centred on the AD 1100-1200 “High
Medieval”, was first articulated by Lamb (1965) for Western Europe and
only concerned the positive temperature anomalies within this time
frame. Since then, individual or compilation records of climate
variability for the MCA in different areas over the world show both
evidences for widespread temperature and hydrological anomalies from
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AD 900 to 1300 (Hughes and Diaz, 1994; Stine, 1994; Crowley and
Lowery, 2000; Verschuren et al., 2000; Broecker, 2001; Jones et al., 2001;
Bradley et al, 2003; Hunt, 2006; Osborn and Briffa, 2006; Martin-
Puertas et al., 2008; Jones et al., 2009; Trouet et al., 2009). The LIA (AD
1580 to 1850) is a period of widespread temperature decline identified
by synchronous negative deviations across a number of temperature-
sensitive proxy records from the Northern Hemisphere (Briffa, 2000;
Jacobeit et al., 2001; Jones et al., 2001; Luterbacher et al., 2004; Meyers
and Pagani, 2006; Osborn and Briffa, 2006; Kuhlemann et al., 2008;
Richter et al.,, 2009). A cold period also occurred at several locations in
the Southern Hemisphere in the time frame of the LIA (Thompson et al.,
1986; Pollack et al., 2006; Araneda et al., 2007).

According to model-based projections, the northern Arabian Penin-
sula, a crossroad between Mediterranean, continental and subtropical
climates will be extremely sensitive to greenhouse warming (Alpertetal.,
2008). Insights into past climate variability during historical periods in
such climate hotspots are of major interest to estimate if recent climate
trends are atypical or not over the last millennium. However, few
palaeoenvironmental records span the MCA and LIA in the Middle East.

Alluvial deposits in Mediterranean Syria (Fig. 1) appear highly sen-
sitive to climate shifts during the Middle-to-Late Holocene (Kaniewski
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Fig. 1. Middle Ages Near Eastern Mediterranean map (12th century AD) (adapted from Muir, 1962) with overviews of the harbour town Jableh, the Saladin Castle, the Al-Margab
Castle and the borders of the Crusader states. The 1960-1990 climatograms of Aleppo, Latakia, Tartous, Beirut and Tel Aviv are depicted with the mean annual temperature (T°C) and
annual precipitation amount (Ppyp).
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etal,, 2008).In a first order spring valley near Jableh, thick and very recent
alluvial deposits were selected to investigate the signature of climate
change and human impact during the last millennium, with emphasis on
the MCA and LIA. Coastal Syria is delimited towards the east by the Jabal
an Nusayriyah, a 140 km long north-south mountain range parallel with
the coast and featuring peaks above 1200 m a.s.l. During winter time, the
Jabal an Nusayriyah range positively affects precipitation amounts in the
coastal area (annual rainfall amount: 811.4 mm at Latakia; 884.3 mm at
Tartous) and negatively inland (annual rainfall amount: 352.7 mm at
Hama; 329.4 mm at Aleppo). Winter precipitation mainly originates
from eastward propagating, mid-latitude cyclones generated in the
North Atlantic and in the eastern Mediterranean Sea. During summer, the
subtropical high pressure system almost completely inhibits rainfall,
except during thunderstorms.

The paleoenvironmental history of coastal Syria is also of major
interest due to its long human occupation. The town Jableh is situated
at 28 km southwest from the 10th century AD Saladin Castle (Salah
Ed-Din citadel, Soane Castle) and 25 km north from the 11th century
AD Al-Marqab Castle (Kaniewski et al., 2011). Jableh was also part of
the Principality of Antioch, one of the Crusader states in the Middle
East (Fig. 1).

Here, we present a numerical-derived climatic proxy based on a
detailed pollen record retrieved from the alluvial deposits within a
50 m broad floodplain of a spring-fed valley with a basin of about
1 km?2. The core TW-2 is situated just downstream of the confluence of
the recently defunct major springs at the entrance of Tell Tweini and
the Ain Fawar spring complex. This record provides the first
reconstruction of the landscape dynamics in coastal Mediterranean
Syria from the late 9th to the 19th centuries AD, and allows inference
of climate variability within the MCA-LIA time frame.

2. Present-day vegetation

The coastal Syrian lowland, with an estimated surface of about
500 km?, belongs to the Eu-Mediterranean biogeographical zone and
is nowadays mainly under arbori-, horti- and agriculture (Fig. 2).
About 25% is irrigated with waters stored in artificial lakes built in
different catchments. The present-day main cultivated species are
Citrus limonum, Citrus sinensis, Nicotiana rustica, Prunus dulcis,
Solanum lycopersicum, Zea mays and Olea europaea (abandoned
trees). In the study area (Fig. 2), a xeric steppe with desert scrubs
and thorny-shrubs (Artemisia herba-alba, Ephedra fragilis, Juniperus
oxycedrus, Noaea mucronata, Prosopis stephaniana, Sarcopoterium
spinosum, Zizyphus lotus) grows in the drier rain-fed spots. Other
woods/shrubs (Tamarix, Pistacia atlantica, Crataegus azarolus, Styrax
officinalis and Ceratonia siliqua) are concentrated in the wet valley
bottoms. The 650 km? forest area on the Jabal an Nusayriyah consists
of oak-Juniper woodlands (Quercus calliprinos, Quercus aegilops,
Quercus infectoria, Juniperus excelsa) with rare cedars (Cedrus libani),
and degraded pine forest (Pinus brutia and rare Pinus halepensis). Vitis
vinifera is lacking.

3. Materials and methods
3.1. Lithology and core chronology

The 315 cm core TW-2 (35°22/13.16"N, 35°56’11.36"E; 16.06 m a.s.l.)
was retrieved from the recent alluvial deposits of a first order small
spring-fed valley, at 1.70 km from the coast. It is an affluent valley of the
River Rumailiah where Middle-to-Late Holocene alluvial deposits from
this location (core TW-1) (Fig. 2) have been studied previously
(Kaniewski et al., 2008).

The chronology of core TW-2 (Fig. 3) is based on three accelerator
mass spectrometry (AMS) 4 C ages on charcoals (Table 1) at 315 cm
(1170 +£35' Cyr BP), 127 cm (875+ 30" Cyr BP), and 94 cm (290 +
40'* C yr BP). The 2 sigma confidences (Reimer et al., 2009) give a range

of, respectively, 770-980 cal yr AD (intercept: 885 cal yr AD), 1040-
1230 cal yr AD (intercept: 1168 cal yr AD), and 1480-1660 cal yr AD
(intercept: 1640 cal yr AD; computed by Beta Analytic). Although any
single value, neither the intercept nor any other calculation, adequately
describes the complex shape of a radiocarbon probability density
function (Telford et al.,, 2004), a single value has to be used to calculate
the time-scale for numerical analyses. No gaps or unconformities were
observed in the core logs and laboratory data. Compaction corrected
deposition rates have been computed between the intercepts of
adjacent ' C ages. The values are from bottom to top: 6.65 mm yr !
during 280 yr (885-1168 cal yr AD), 0.75 mm yr ! during 470 yr (1168
and 1640 cal yr AD), and 2.90 mm yr ! during 360 yr (1640 cal yr AD-
AD 2000) (Fig. 3). Because samples have been taken at regular distances
on the 315cm sediment column, the time resolution is directly
dependent on the sedimentation rate. The calculated time resolution
between 2 samples is less than 10yr (32 samples) from 885 to
1168 cal yr AD, about 70 yr (7 samples) from 1168 to 1640 cal yr AD,
and about 20yr (12 samples) from 1640 to 1870 cal yr AD. Plant
remains are scarce in the core, limiting an extended chronology.

3.2. Pollen

A total of 51 samples were prepared for pollen analysis using the
standard palynological procedure for clay samples described by Faegri
and Iversen (1989). The prepared residues were mounted unstained
in bi-distilled glycerine. Pollen grains were counted under x400 and
x 1000 magnification using an Olympus microscope. Pollen frequen-
cies are based on the terrestrial pollen sum (average: 545 pollen
grains) excluding local hygrophytes and spores of non-vascular
cryptogams. Aquatic taxa frequencies are calculated by adding the
local hygrophytes-hydrophytes to the terrestrial pollen sum. The
aquatic taxa scores were calculated by summing the local hygro-
phytes-hydrophytes. The Eastern Mediterranean primary anthropo-
genic indicators scores (Fraxinus ornus, Juglans regia, Vitis vinifera,
Poaceae cerealia) were calculated by summing the corresponding taxa
and termed as cultivated species.

Modern pollen spectra on terrestrial surfaces are usually studied
by pollen trapped by bryophytes or from soil surfaces. Due to the
absence of bryophytes, superficial soil sediments were used and
numbered from 1 to 12 (Fig. 2). Descriptive vegetation data were
noticed for each sample location.

3.3. Numerical analyses

Pollen data have been converted into Plant Functional Types
(PFTs) and a pollen-derived biomization of the PFTs has been
elaborated following the appropriate methods (Prentice et al., 1996;
Tarasov et al., 1998). The pollen-derived Biomes (PdBs) are similar to
the regional studies in the Mediterranean and Kazakhstan (Tarasov
et al., 1998), featuring Desert (DESE), Steppe (STEP), Xerophytic
woods/shrubs (XERO) and Warm mixed forest (WAMX). The
cultivated species are not included in the PdBs. Olea pollen-type has
been included in the XERO PdB (Tarasov et al., 1998). The results of
the numerical process used to disentangle the wild or cultivated
varieties of olive tree (Kaniewski et al, 2009) suggest that Olea
europaea is not cultivated during the Middle Ages and the Modern Era.
Olea may result from the wild varieties (Olea europaea var. sylvestris)
mixed with abandoned cultivated varieties (Olea europaea var.
europaea) resulting from the Roman and Byzantine arboriculture.
Olive cultivation may have been abandoned in the Jableh alluvial plain
during the Muslim Era (AD 640-1095) and olive trees may have
developed in coastal maquis or arborescent mattoral since then. Olea
pollen-type in the modern samples originates from the cultivated
varieties located on Tell Tweini (Fig. 2) and is only included in the
cultivated species.
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Fig. 2. Modern pollen spectra diagram and aerial photograph showing the locations of the surface samples in the alluvial plain near Jableh. The location of cores TW-1 and TW-2 is
indicated.

Linear detrended cross-correlations (P =0.05) were applied to test cross-correlation concerns the time alignment of two time series by
the relationships between human pressure and the introduction of a means of the correlation coefficient in a selected time-window
steppe landscape in the Syrian coastal area (Fig. 4). Linear detrended (Kaniewski et al., 2008, 2009). The correlation coefficient is plotted
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Table 1
Details of the '* C age determinations for the TW-2 core.
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Samples Depth Laboratory Material Conventional ' C age cal (20) age range rounded cal (10) age range rounded Intercept
(cm) codes (yr BP+10) (AD/BC) (AD/BC) (AD/BC)
TWEOS EP21 94 Beta-261720 charcoals 290 +40 BP 1480-1660 AD 1630-1650 AD 1640 AD
TWEO08 EP27 127 Poz-28164 charcoals 875430 BP 1040-1230 AD 1150-1220 AD 1168 AD
TWEO08 EP59 315 Poz-28589 charcoals 1170435 BP 770-980 AD 770-900 AD 885 AD

as a function of alignment position. This numerical approach is well-
adapted to detect and quantify potential links between PdBs and the
cultivated species which are direct indicators of human activities.
Positive correlation coefficients are considered, focussing on the Lag
0 value (with +.50 as significant threshold). Negative correlations are
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Fig. 4. TW-2 cross-correlograms: Cultivated species versus DESE, STEP, XERO, WAMX,
aquatic taxa, and WAST/COST ratio. Vertical axes show correlation coefficients while
horizontal axes show the lag (1 unit =1 sample). Significance level P =0.05.

also assessed to test the inverse or non-correlation between the two
time-series (with —.50 as significant threshold). Null values indicate a
complete lack of correlation. Human-induced changes of PdBs
classified as steppe and desert (Fig. 4) may be reflected by a
significant positive correlation coefficient at Lag0 (P =0.05).

Principal components analysis (PCA) was performed to test the
ordination of samples by assessing major changes in the PdB-scores
(Kaniewski et al., 2008). The main variance is loaded by the PCA-
Axis1. The PdBs and the PCA-Axis1 have been plotted on a linear age-
scale with cultivated species and aquatic taxa scores (Fig. 5). The ratio
of PdB warm steppe (WAST) divided by PdB cool steppe (COST)
(Tarasov et al., 1998), and the MCA-LIA time frames have been also
added (Fig. 5). A pollen-based quantification of changes in rainfall
amount or changes in temperatures was not possible. The few
available regional modern pollen spectra prevent any application of a
pollen-based transfer function for the time being. The modern score
lines drawn on the PCA-Axis1 and WAST/COST curves (Fig. 5)
correspond to the values of the modern samples (Fig. 2).

PCA was also chosen to provide a two-dimensional representation
of high-dimensional geometric distances between fossil and modern
samples. In this study, the second PCA (computed with all the
samples, not the PdBs) was based on a covariance matrix calculated
from data that have been centred to the origin of the coordinate
system. A biplot PCA graph was constructed to numerically link
modern and historical samples according to the pollen-derived
biomes, aquatic taxa and cultivated species (Fig. 6).

4. Results

Potential influence of anthropogenic activities on the PdBs and
aquatic taxa was investigated by applying linear detrended cross-
correlations (P =0.05) on all samples. The cross-correlograms (Fig. 4)
show that the cultivated species cluster is inversely correlated with
DESE (—.634) and STEP (—.579), non-significantly correlated with
XERO (+.304), and WAST/COST (+.376), and significantly correlated
with aquatic taxa (+.582), and WAMX (+.720). No correlations
between the steppe-desert PdBs and the pollen-derived signal of
human activities are evidenced.

PCA ordination was applied to the TW-2 core samples (Fig. 5). The
first PCA-Axis explains 84.39% of total inertia. PCA-Axes 2 and 3
account respectively for 11.44% and 2.22% of total inertia. PCA-Axis 1
loadings are negative for the PdBs DESE (—.698) and STEP (—.387)
and positive for PdBs XERO (+.309) and WAMX (+.516). Two periods
of negative scores of the PCA-axis1 are recorded at ca. 895-1000 and
ca. 1520-1870 calyr AD, as well as an isolated peak at ca.
1315 cal yr AD (Fig. 5). These two deviations are loaded by increases
of DESE-STEP PdB-scores and are correlated with decreased values of
cultivated species and aquatic taxa (Fig. 5). A main positive deviation
at ca. 1000-1240 cal yr AD is loaded by PdBs classified as wood-forest.
They are well correlated with strong increases of cultivated species
and aquatic taxa values (Fig. 5). The WAST/COST ratio (Fig. 5)
oscillates until ca. 1200 cal yr AD with isolated peaks centred on ca.
1110-1170 cal yr AD. After ca. 1315 calyr AD, the ratio values
decrease and stay low until ca. 1870 cal yr AD. The present value at
AD 2000, computed according to the modern samples, is comparable
to the highest MCA values.
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A: DESE - Desert PdB

B: STEP - Steppe PdB

C: XERO - Xerophytic woods/shrubs PdB
D: WAMX - Warm mixed forest PdB

E: Aquatic taxa

F: Cultivated species
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Fig. 6. - PCA biplot including modern and historical samples. PCA axes 1 and 2 account for 90.8% of the cumulative variance.

The second PCA graph (Fig. 6) (not based on PdBs) shows the
ordinations of the modern and historical samples on the first and
second principal components. The PCA-Axes 1 and 2 explains
respectively 77.64% and 13.18% of total inertia. The 12 modern
samples (AD 2000) are numerically close to the historical samples
dated from ca. 1095 to 1170 cal yr AD.

5. Discussion
5.1. Pollen-derived climatic proxy

The lack of positive correlation between the steppe-desert PdBs,
which may include secondary anthropogenic indicators (Bottema and
Woldring, 1990), and the pollen-derived signal of human activities
(Fig. 4), suggests no direct relationships between human pressure and
the development of a steppe-landscape in the Syrian coastal area since
ca. 885 cal yr AD. The succession of vegetation assemblages revealed
by the PCA-Axis 1 ordination of the TW-2 PdB data was therefore
mainly controlled by variations in moisture availability (Fig. 5).
Moisture availability may come directly from rainwater in the coastal
area, but also from the springs. Temperature changes (Fig. 5) are
approached by the warm-cool WAST/COST ratio (Tarasov et al., 1998).

The cultivated species, the aquatic taxa (both not included in the
PdBs) and the WAMX wood-forest PdB show the same dynamics,
suggesting a similar response to positive shifts in humidity. Columelle

(2002), a writer of the first century AD, mentioned the need of making
plantations of wet trees (e.g. Alnus, Populus, and Ulmus) to support
vine ranks. Some fen trees included in the WAMX PdB, and correlated
with the cultivated species, may have been planted during wetter
phases for the use of wood in the vineyard. This hypothesis cannot be
excluded. Vitis vinifera is only strongly cultivated during the High
Middle Ages in coastal Syria. This tree disappeared from the pollen
sequence since ca. 1250 cal yr AD.

5.2. Early and High Medieval (AD 885-1300)

The ca. 885-1000 cal yr AD period corresponds with the develop-
ment of relatively dry conditions in coastal Syria, peaking at ca.
945 cal yr AD (Fig. 5). This period coincides with the Muslim Era (AD
640-1095). The 6'80 records from Soreq Cave (Bar-Matthews et al.,
2003), Ashdod coast (Schilman et al., 2001, 2002), and Nar Goli
(Jones et al., 2006) show higher values, indicating a similar shift
toward drier conditions during this time frame as 6'80 high/low
values correspond to low/high amounts of rainfall (Bar-Matthews
et al., 2003). The northern Dead Sea basin level sharply drops to low
values since 600 cal yr AD, until ca. 950-1000 cal yr AD Bookman
(Ken-Tor) et al. (2004); Migowski et al., 2006). The Aral Sea pollen-
derived climatic proxy (Sorrel et al., 2007) shows a last peak of
humidity at ca. 750-775 cal yr AD before a dry period peaking at ca.
950 cal yr AD. Comparison of the hydroclimatic anomalies in Syria
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with southwest Asian or northeast African tropical records shows that
the fluvial inputs in the Arabian Sea off Pakistan (Von Rad et al., 1999;
Liickge et al., 2001), and the Nile runoffs (Jiang et al., 2002), both
correlated with precipitation amounts, decrease respectively since ca.
850 cal yr AD (lowest value at ca. 950 cal yr AD) and ca. 930 cal yr AD
(lowest value at ca. 1000 cal yr AD). A weak Indian monsoon phase is
also recorded before ca. 1000 cal yr AD (Gupta et al., 2005).

From ca. 1000 AD to 1250 cal yr AD, a period corresponding roughly
with the Crusader period (AD 1095-1291), humid conditions prevail,
whereas the WAST/COST temperature proxy does not change signifi-
cantly (Fig. 5). The increasing moisture coincides with a first major
increase of the cultivated species and aquatic taxa in the TW-2 core.
Humid conditions also develop in southern Levant as reported by the
680 records from Soreq Cave (Bar-Matthews et al,, 2003) and Ashdod
coast (Schilman et al., 2001, 2002), both showing minimal 6'80 values
between ca. 1050 and 1350 cal yr AD (termed Event II; Schilman et al,,
2002). Increases of winter precipitation amounts are suggested at Nar
Golii (Jones et al., 2006). The Red Sea 630 curve (Lamy et al., 2006)
shows low values suggesting wetter conditions whereas Central Asia
(Sorrel et al., 2007) remains dry until ca. 1175 cal yr AD. Enhanced Nile
floods (Hassan, 2007), higher fluvial inputs in the Arabian Sea off
Pakistan (Von Rad et al., 1999; Liickge et al., 2001), stronger Indian
monsoon (Gupta et al, 2005) and high water levels documented for
Saharan Lakes (Nicholson, 1980) confirm similar responses in the
nearby tropical zones. These evidences show that wetter climatic
conditions prevailed throughout the Middle East during the time period
coinciding with the known MCA (Hughes and Diaz, 1994; Stine, 1994;
Crowley and Lowery, 2000; Broecker, 2001; Jones et al., 2001; Bradley
etal.,2003; Hunt, 2006; Osborn and Briffa, 2006; Trouet et al., 2009). The
scores of the WAST/COST temperature proxy oscillate around the 1
value, with only three high positive peaks at ca. 1115, 1130, and
1170 cal yr AD and three main negative deviations at ca. 1085-1095, ca.
1145, and ca. 1240-1260 cal yr AD (Fig. 5). The ca. 1240-1260 cal yr AD
negative deviation may be correlated with a cold event that occurred in
AD 1232. This event was characterized by the freezing of the Bosphorus
(Yavuz, 2007).

5.3. Late Medieval (AD 1300-1550)

The Late Medieval, which corresponds to the Mameluke Sultanate
(AD 1291-1517), appears as an unstable climatic phase characterized
by an overall decrease of both moisture and temperature indicators,
with a warm/dry peak at ca. 1315 cal yr AD. A drier phase is also
evidenced by a peak of §'80 values in the Ashdod coast record
(Schilman et al., 2001, 2002), slight drop of the northern Dead Sea
basin level Bookman (Ken-Tor) et al. (2004); Migowski et al., 2006),
increased 5180 values at Nir Gélii (Jones et al., 2006) and decrease of
precipitation in Central Asia (Sorrel et al., 2007). Decrease of Nile
floods (Hassan, 2007), and lower fluvial inputs in the Arabian Sea off
Pakistan (Von Rad et al., 1999; Liickge et al., 2001) are also recorded.
The ca. 1315 cal yr AD dry/warm peak chronologically coincides with
the Great Famine (AD 1315-1317/1322), one of the large-scale crises
that struck Europe during the early 14th century AD (Jordan, 1996). At
the same time, western European climate was undergoing a slight
change with cooler and wetter summers and earlier autumn storms
(Lamb, 1995). The ca. 1400-1520 cal yr AD cool and humid pulse
(Fig. 5) co-occurs with low 6'®0 values in Ashdod coast record,
peaking at ca. 1450 cal yr AD (Schilman et al., 2001, 2002). In Egypt,
the Nile floods strongly increase since ca. 1350 cal yr AD and remain
high until ca. 1500 cal yr AD (Hassan, 2007). The Red Sea 680 record
also suggests wetter conditions from ca. 1400 to 1550 cal yr AD (Lamy
et al., 2006). In Central Asia, the humid phase lasts until ca.
1450 cal yr AD (Sorrel et al., 2007). Extremely wet years are recorded
in the north Aegean between 1341 and 1503 cal yr AD (Griggs et al.,
2007). The WAST/COST minimum at ca. 1450-1530 cal yr AD (Fig. 5)

encompasses a period of harsh winters in Turkey, with the freezing of
the harbour of Istanbul in AD 1520 (Yavuz, 2007).

5.4. Little Ice Age and Modern Era (AD 1500-1870)

Dry conditions are registered after ca. 1500 cal yr AD until ca.
1870 cal yr AD, during the Ottoman Empire (AD 1517-1917), with
lowest values of the PCA-Axis1 scores at ca. 1640, and ca.
1765 cal yr AD. Lowest WAST/COST scores are also recorded, with
temperature minima at ca. 1640, ca. 1685, and ca. 1765 cal yr AD
(Fig. 5). This ca. 270 years cold/dry interval recorded in coastal Syria
coincides with the LIA climatic event (Briffa, 2000; Jones et al., 2001;
Osborn and Briffa, 2006; Richter et al., 2009), a well-defined cold
period, which witnessed 15 extremely harsh winters between AD
1768 an 1802 in Europe. In Crete, a mass of reports and letters
mentioning drought, cold winters, great heat and out-of-season
rainfall indicate severe climatic conditions between AD 1548 and
1648 (Grove, 2001). Harsh cold episodes were recorded in Crete and
Greece during the winters of AD 1682/1683 (Grove, 2001) and AD
1686-1687 with the freezing of the Lake loannina Xoplakli et al.
(2001). These events are correlated with one of the lowest points in
the WAST/COST score at ca. 1685 cal yr AD (Fig. 5). The Bosphorus
was frozen in AD 1669, 1823, 1849, 1857 and 1862 (Yavuz, 2007). A
dry LIA is also evidenced by strong increases of 5120 values at Ashdod
coast (Schilman et al., 2001, 2002), Soreq Cave (Bar-Matthews et al.,
2003), and Ndr Goli (Jones et al., 2006). Decreased precipitation in
Central Asia (Sorrel et al., 2007), weaker Indian monsoon (Gupta et al.,
2005), reduced Nile Floods (Hassan, 2007), and extreme dry events in
the north Aegean (Griggs et al., 2007) are also recorded.

In Turkey, the most severe winter since the LIA occurred in AD
1928. The Golden Horn was partially frozen and ice masses from the
Black Sea accumulated in the Bosphorus (Yavuz, 2007). Since AD
1930, regional temperatures increased. The modern WAST/COST score
(Fig. 5), dated as AD 2000, is higher than the average MCA value
except for isolated peaks at ca. 1115, 1130, and 1170 cal yr AD. The
modern PCA-Axis1 score suggests that the ca. 1000-1250 cal yr AD
period was wetter than the present-day in coastal Syria. The
numerical distribution of samples (Fig. 6) also suggests that the
closest equivalent of the modern vegetation occurred during the ca.
1095-1170 cal yr AD interval, a period included in the High Medieval
and the MCA.

5.5. Climate

Our record indicates that temperature changes in coastal Syria are
coherent with the widely documented warming during the MCA, and
cooling during the LIA (Jones et al., 1998; Briffa and Osborn, 2002; Massé
et al., 2008; Trouet et al,, 2009). Comparison with the hydroclimatic
pattern shows warm/dry conditions between ca. 900 and 1000 cal yr AD
during the Early Middle Age, whereas High Middle Ages (AD 1000-
1200) appear as a warm but much wetter interval, propitious to
agricultural development. Cold/dry conditions are registered between
ca. 1575 and ca. 1850 cal yr AD, during the LIA. The modern warming
appears exceptional in the context of the past 1250 yr, since only three
warm peaks of similar amplitude are registered during the High Middle
Ages. Although further research will provide a better spatial assessment
of historical climate changes in the Eastern Mediterranean, the main
Syrian dry events are coherent with various other eastern Mediterra-
nean records. The main dry events are also in phase with low Nile floods
and dry episodes reported in southwest Asia, as was observed for the
widespread droughts around 5200 and 4200 cal yr BP (Staubwasser and
Weiss, 2006).

Several forcing mechanisms have been invoked to explain the
decadal to centennial climate variability of the Eastern Mediterranean,
including volcanic forcing (Stothers, 1999), solar irradiance (Versteegh,
2005) and internal climate dynamics such as North Atlantic Oscillation
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(NAO) phase shifts (Cullen et al., 2002). They are not mutually exclusive
and may interact to explain the complex spatial and temporal structure
of the MCA and LIA periods (Shindell et al., 2003; Swingedouw et al.,
2011). The control exerted by the NAO on the storm tracks affecting the
Mediterranean is stronger in the western and northern Mediterranean
regions (Trigo et al., 2004). A millennium-long tree-ring based drought
reconstruction in Morocco shows that Mediterranean dry/wet patterns
were clearly associated with positive/negative modes of the NAO (Esper
et al., 2007; Trouet et al,, 2009). Comparison of the Moroccan, Spanish
(Martin-Puertas et al., 2008), and Syrian records suggests that the MCA/
LIA century-scale changes in the hydroclimatic conditions varied
oppositely in the western and eastern parts of the basin. Potentially
regionalized Mediterranean rainfall patterns can be elucidated by
examining relationships between these patterns and large-scale
atmospheric dynamics on interdecadal timescales. They show that the
winter pattern accounting for the largest part of the rainfall variance
represents an west-east oscillating system with prevailing opposite
pressure (mainly at upper levels) and surface conditions, referred as the
Mediterranean Oscillation (MO) (Dunkeloh and Jacobeit, 2003). A
strong correlation between this winter pattern and the NAO (Dunkeloh
and Jacobeit, 2003) suggests a connection between the MO and the
hemispheric modes of the NAO. Dominating positive modes of this
circulation-precipitation winter pattern would have dominated during
the MCA, in contrast to more frequent negative modes during the LIA.

6. Conclusions

The pollen-derived climatic proxy inferred from the TW-2 core is
well correlated with independent proxies from the Eastern Mediter-
ranean, Central Asia and southwestern Asia, suggesting that pollen
data can be used to construct secure proxy for the palaeoclimate
reconstruction of the MCA and LIA. The TW-2 core also suggests that
the MCA is warmer and wetter than the LIA and slightly cooler but still
wetter than the present-day. Only three peaks centred on ca. 1115,
1130 and 1170 cal yr AD suggest similar or warmer temperatures
compared to AD 2000.
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