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Introduction
Turkey is located in the eastern Mediterranean which experiences repeatedly extreme and
persistent drought and heat episodes. Water availability is an increasingly sensitive topic in the
region which faces growing human populations and limited water supplies at the same time
(Türkeş 1998). To comprehend the natural hydrological variability is of great importance as it will
help to find a sustainable management of regional water resources.
The study of pre-instrumental time periods allows the recognition of climate cycles and patterns on
long time scales that are not clearly observable over the limited length of time of available
instrumental records. However, understanding these long-term climatic variations is important if
future climate changes are to be accurately predicted (Jones et al. 2006).
A most suitable help to this dilemma are offered by natural archives such as tree rings which can
capture information about climate variability on longer time scales. Although several
dendroclimatological studies have been conducted (D’Arrigo & Cullen 2001, Touchan et al. 2003,
Akkemik & Aras 2005, Touchan et al. 2005, Touchan et al. 2007, Akkemik et al. 2008),
dendroisotopic studies in Turkey are still lacking. Here we present the latest results of an ongoing
project studying the long-term variations of carbon and oxygen stable isotopes derived from tree
rings of Juniperus excelsa M. Bieb. trees from a site near Antalya, Turkey.
Material and Methods
The study site Jsibeli, situated near Elmali in the Antalya district experiences Mediterranean
climate characterised by dry, hot summers and cool, rainy winters with a total annual rainfall of
approximately 750mm. The site (1853-2022m a.s.l.) is covered with snow from December to April
(Türkeş et al. 2002). From a sample pool of 54 cores and 14 stem disc samples seven trees (15
cores of five living trees and two cross-sections cut from stumps) were chosen for further isotope
analysis (Touchan et al. 2007). The selection criteria for the samples were a high correlation with
the ring-width site chronology, smallest possible numbers of missing rings, no tree-ring sequences
with ring widths below 0.1mm, no significant growth suppressions and releases and no scars,
reaction wood or other wound reactions. The individual tree rings were first separated with a
scalpel. Cellulose was then extracted following standard procedures (e.g., Helle & Schleser 2004)
and burned to CO2 or pyrolised to CO for mass spectrometer analysis of δ13C or δ18O, respectively.
δ13C values are expressed as deviations from the Vienna Pee Dee Belemnite (VPDB) standard
and δ18O values as deviations from the Vienna Standard Mean Ocean Water (VSMOW) standard
(Mook 2001). Carbon isotope records were corrected for the decrease of atmospheric δ13C values
due to fossil fuel burning since the beginning of industrialisation AD 1850 (Friedli et al. 1986,
Francey et al. 1999, Leuenberger 2007).
The δ13C and δ18O site chronologies were then correlated with monthly, seasonal and annual
climate data, i.e., precipitation, temperature and the self-calibrating Palmer Drought Severity Index
(scPDSI) from the meteorological station Elmali (data available fort he time period 2000 to 1960),
located near the study site, using Pearson’s simple correlation coefficient. The dominant climatic
forcing factors controlling tree growth were calibrated against the site tree-ring isotope
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chronologies. The climate record was split into two equally long periods. The first period is used for
calibration and the second for the independent verification of the data (see Heinrich et al. 2009 for
details). The ordinary least square method was applied to find the best regression model which
was then used as the transfer function (Fritts 1976). The Pearson's correlation coefficient between
instrumental and reconstructed values was computed to estimate the ability of the tree-ring data to
predict the selected climate factors. The verified simple linear regression model was then used to
reconstruct climate for the site. Spatial correlation analyses were conducted in the KNMI climate
explorer (van Oldenborgh 1999).
Results and Discussion

No.

The δ13CCorrA series corrected for the decrease of atmospheric δ13C values and the δ18O series
cover the period AD1025 to 2006. It needs to be made clear that the analysis of the samples for
δ13C and δ18O isotopes is still ongoing and therefore the mean series are preliminary. The mean
δ13CCorrA chronology exhibits relatively low values in the period AD1025 to the mid 16th century
followed by relatively higher values until the 20th century. The δ18O series does not contain such a
long-term trend as the δ13CCorrA series but shows more high-frequency variability (Fig. 1).
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Figure 1: Current sample depth (black graph) and planned sample depth (grey graph) (top), corrected δ13C
series (mid), δ18O series (bottom), grey graphs = series means.

The tree-ring statistics of the δ13CCorrA (rbar=0.48 / EPS=0.86) and δ18O series (rbar=0.44 /
EPS=0.85) statistics imply a good quality of the mean chronologies and suggest that they are
suitable for further dendroclimatic research.
The climate response plots presented in Heinrich et al. (2009) indicated highly significant negative
correlations between δ13CCorrA and January to May temperature and between δ18O and
precipitation of April to July, respectively. This lead us to the assumptions of a distinct winter to
spring temperature signal and a summer precipitation signal, recorded in the isotope records.
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J-M Temp °C

Furthermore, the distinct summer precipitation signal was also reflected in the significant
correlation between scPDSI and the δ18O series, in particular, for the period May to July. Overall,
the strong hydrological signals in the isotope chronologies corroborate results by Touchan et al.
(2007). Based on the established climate growth relationship we here present preliminary
reconstructions of Jan-May temperature (Fig. 2) and summer scPDSI (Fig. 3).
The temperature reconstruction (Fig. 2) exhibits long-term trends. The most obvious trend is the
difference between the periods before and after the 16th century. Before the 16th century the
temperature is mostly above the long-term average while after the 16th century it stays mainly
below this average. However, it needs to kept in mind that the reconstruction is still of preliminary
character, and therefore it cannot be ruled out that the sample depth, changing in time, might have
an impact on the long-term trend. Artificial trends may be produced when new trees are entering
the chronology, as is the case in the 16th and 17th centuries. Therefore, concluding statements
about long-term climate trends can only be drawn from the final chronologies. The medieval warm
period (MWP) is reflected by temperatures staying constantly above the average between the early
12th and mid 14th century. The little ice age (LIA) heralds itself with a first plummet of the
reconstructed temperatures in the outgoing 16th century and the LIA is in full swing during the 17th
and 18th centuries, as indicted by the low values of the reconstruction. Between the 17th and 19th
century three extreme temperature lows are discernible, that is, the first during the late 17th
century, the second in the mid 18th century and the third in the mid 19th century. These minima are
generally agreed on and have been found elsewhere (Grove 1988).
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Figure 2: Preliminary reconstruction of Jan-May Temp based on δ13CCorrA, arrows indicate two minima of the
LIA

The preliminary reconstruction of the summer scPDSI (Fig. 3) contains less long-term oscillations
than the temperature reconstruction. The impacts of the MWP and LIA seem to be less obvious in
figure 3, however, a trend to more dry conditions during the MWP, indicated by frequent belowaverage values of the scPDSI during the period mid-12th century to early 14th century, is discernible
nevertheless. In comparison to the reconstructed May to June precipitation record from Elmali
which is based on tree-ring widths series (Touchan et al. 2007), our reconstruction of the summer
drought index shows some similar trends. For example, the record by Touchan et al (2007)
identifies the later part of the 16th century as the wettest period of the last 900 years which is
confirmed by our reconstruction. However, ultimate conclusions should only be drawn from our
final chronology.
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Figure 3: Preliminary reconstruction of summer scPDSI based on δ18O, arrow indicates the wetter period in
the 20th century

Another remarkable trend in figure 3 is visible towards the end of the series. After a last substantial
swing below the line of the long-term average in the late 19th century the reconstructed scPDSI
stays near or above this line during the entire 20th century. From this pattern it can be derived that
the 20th century was one of the wettest centuries in the last 1000 years at the study site.
Such trends to more humid conditions have been found in other tree-ring proxy-reconstructions
(China: Sheppard et al. 2004, Karakorum: Treydte et al. 2006, SW-Asia: Anderson et al. 2002, SGermany: Wilson et al. 2005) as well. It is an interesting fact that, despite global warming, all these
sites seem to indicate wetter conditions during the last century. The results urge for more long
chronologies sensitive to precipitation to confirm this trend elsewhere as well, especially from the
more arid zones of the planet because here water is crucial and thus a politically sensitive resource
(Jones et al. 2006).

Study Site

Figure 4: Spatial field correlations (van Oldenborgh 1999) between mean Jan-May temperature and δ13CCorrA,
arrow indicates location of the study site

In a next step, the spatial field correlation (van Oldenborgh 1999) between the mean Jan-May
temperatures and δ13CCorrA were computed (Fig. 4). The map demonstrates that the correlation
between the δ13CCorrA chronology and the mean Jan-May temperature covers an area of most of
Turkey, Syria and northeast Africa. Intriguingly, most of the field correlation is oriented towards the
south and east of the study site but no spatial correlation with Europe is indicated.
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Most of the available proxydata are derived from sample locations in Central Europe (e.g., Jones et
al. 2009). In contrast, only a few records have been developed for the Middle East so far (Touchan
et al. 2005). Consequently, the east- and southward directed correlation patterns indicate an
important potential for additional palaeoclimate reconstructions in the Middle East.
In order to investigate whether this limited spatial association is because proxy data instead of
meteorological data were used, spatial field correlations were computed between the monthly
temperatures of Elmali Station (SW-Turkey) and the monthly temperatures of the rest of the old
world (Fig. 5). It is important to note that the colours indicate negative correlations in figure 4 and
mainly positive correlations in figure. 5. This is because in figure 4 the δ13CCorrA chronology with its
negative values is correlated with temperatures while in figure 5 temperatures from Elmali Station
(SW-Turkey) are correlated with temperatures of the rest of the old world. The separation into
monthly field correlations (Fig. 5) reveals temporal and spatial instabilities between temperatures
from Elmali and the rest of the old world. In most months the correlation patterns shown in figure. 4
can also be found in figure 5, but in some months, significant positive and negative correlations
between temperatures from Elmali and different regions in Western Europe appear temporarily.
Significant negative correlation fields can be found for Scandinavia in January, February, October
and December and for the Iberian Peninsula and parts of Central Europe in March, April, July and
October. Hence, the spatial correlation fields for the meteorological records of Elmali and the rest
of the Old World support the results of the previous analysis that there seems to be no common
stable variance between the Mediterranean climate of Turkey and that of other south European
countries such as Spain or Italy.

Figure 5: Spatial field correlations (van Oldenborgh 1999) between monthly temperatures of Elmali Station
(SW-Turkey) and the rest of the old world (top from left to right: January to April, middle from left to right: May
to August, bottom from left to right: September to December)

One possible explanation for this lack of spatial correlation with the western Mediterranean is the
existence of the Mediterranean Oscillation Index (MOI) (Conte et al. 1989). The MOI is defined as
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the normalised pressure difference between Algiers and Cairo. This means that favourable
circulations for high temperatures in the East are opposite to favourable circulations for high
temperatures in the West and vice versa, which results in a so-called seesaw effect. However, the
field correlations presented here indicate that the MOI influences the correlation between East and
West only in some months and therefore it may be concluded that the same holds true for the field
correlations between our δ13CCorrA proxydata and the Jan-May temperatures as shown in figure 4.
The results urge for further research which needs to produce a Mediterranean network of climatesensitive isotope proxies shedding more light on the temporal and spatial correlation instabilities
identified here.
Conclusions
In conclusion, it has been established that δ13C and δ18O in tree rings are useful proxies to
reconstruct climate in Turkey and that they have good potential for further palaeoclimatological
reconstructions. Different tree-ring parameters contain different climatic signals. The preliminary
reconstructions suggest that during the last 100 years Southwest-Turkey has experienced wetter
summers and also that there is a long-term trend towards lower spring temperatures. Furthermore,
the effects of the MWP and LIA can also be found in the δ13CCorrA based temperature
reconstruction. Finally, temporal and spatial correlation instabilities were identified in the proxy data
as well as the meteorological data sets. The nature of these instabilities deserves more attention
by producing more high quality proxy data sets from other sites throughout the Mediterranean
region which could then be used to model the long-term relationship between the different parts of
the Mediterranean region, e.g., East and West.
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