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Abstract
The Dead Sea is a terminal lake of one of the largest hydrological systems in the Levant and may thus be viewed as a large rain gauge
for the region. Variations of its level are indicative of the climate variations in the region. Here, we present the decadal- to centennialresolution Holocene lake-level curve of the Dead Sea. Then we determine the regional hydroclimatology that affected level variations. To
achieve this goal we compare modern natural lake-level variations and instrumental rainfall records and quantify the hydrology relative to
lake-level rise, fall, or stability. To quantify that relationship under natural conditions, rainfall data pre-dating the artificial Dead Sea level
drop since the 1960s are used. In this respect, Jerusalem station offers the longest uninterrupted pre-1960s rainfall record and Jerusalem rains
serve as an adequate proxy for the Dead Sea headwaters rainfall. Principal component analysis indicates that temporal variations of annual
precipitation in all stations in Israel north of the current 200 mm yr⫺1 average isohyet during 1940 –1990 are largely synchronous and in
phase (⬃70% of the total variance explained by PC1). This station also represents well northern Jordan and the area all the way to Beirut,
Lebanon, especially during extreme drought and wet spells. We (a) determine the modern, and propose the past regional hydrology and
Eastern Mediterranean (EM) climatology that affected the severity and length of droughts/wet spells associated with multiyear episodes of
Dead Sea level falls/rises and (b) determine that EM cyclone tracks were different in average number and latitude in wet and dry years in
Jerusalem. The mean composite sea level pressure and 500-mb height anomalies indicate that the potential causes for wet and dry episodes
span the entire EM and are rooted in the larger-scale northern hemisphere atmospheric circulation. We also identified remarkably close
association (within radiocarbon resolution) between climatic changes in the Levant, reflected by level changes, and culture shifts in this
region.
© 2003 University of Washington. Published by Elsevier Inc. All rights reserved.
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Introduction
The current water crisis in the arid to subhumid Near
East affects its inhabitants through its impact on the fragile
political and economic conditions there. As water consumption increases steadily, the region is becoming more vulnerable to climate shifts. It was hypothesized that climate shifts
* Corresponding author. Fax: ⫹972-2-5662581.
E-mail address: yenzel@vms.huji.ac.il (Y. Enzel).

have always had an impact on societies in this region and
even drove societies to total collapse (e.g., deMenocal,
2001; Issar and Tsoar, 1987; Issar et al., 1992; Neev and
Emery, 1967; Nuzhet et al., 1997; Weiss and Bradley, 2001;
Weiss et al., 1993). However, independent, age-constrained,
high-resolution records of Near East Holocene climates are
rare (Bar-Matthews et al., 1999) and hydroclimatic data
with which climate– culture correlations could be tested are
lacking. Here we contribute to this sparse database by first
comparing modern natural lake levels of the Dead Sea and
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the regional instrumental rainfall record. Then we use this
comparison to determine the regional paleohydrology that
modulated the observed Holocene record of the Dead Sea
(Fig. 1) manifested by a newly developed, well-dated, decadal- to centennial-resolution lake-level curve (Fig. 2). The
severity and length of droughts/wet spells associated with
multiyear episodes of lake level falls/rises of the Dead Sea
are thus quantified. Furthermore, the atmospheric circulation patterns and anomalies (sea-level pressure (SLP) and
500-mb height) of the modern wettest/driest winters are
presented here as a possible cause for the late Holocene
lake-level rises and falls. The implications of this record for
understanding past cultural responses to climatic changes
are discussed.

The Dead Sea and its levels
The Dead Sea is a terminal lake in one of the largest
hydrological systems in the Levant and may thus be viewed
as a large rain gauge for the region. The lake surface
receives ⱕ75 mm yr⫺1; hence lake-level variations mainly
reflect precipitation changes in its much wetter headwaters
(400 –1000 mm yr⫺1, Fig. 1), which experience Mediterranean climate, characterized by wet winters and dry summers.
The Dead Sea’s northern subbasin (Fig. 1) is a deep
(⬃300 m), hypersaline lake, fed mainly by the Jordan River
and groundwater. When the northern subbasin rises above a
wide sill (402– 403 m below sea level (mbsl) (Fig. 1)), it
floods the shallow southern basin and increases the evaporative area (Bartov et al., 2002; Neev and Emery, 1967) by
⬎ 35%. This buffering of the level–area relationship of the
lake requires a large increase in inflow to raise the level to
⬎⫺402 m. Furthermore, drops in lake level to below ⫺402
m indicate a severe water shortage.
Following the artificial level drop of ⬎20 m since the
mid-1960s caused by a dramatic increase in water diversion
from the Jordan River basin (Fig. 3), tributary incisions
have exposed Holocene records in fan-deltas of the Dead
Sea (Enzel et al., 2000; Kadan, 1996). From these exposures
Bookman et al. (in press) developed a new late Holocene
lake-level curve for the Dead Sea (Fig. 2A), based on 70
radiocarbon ages of direct indicators of lake levels such as
buried shoreline and beach deposits. The lower resolution
4000 – 8000 C14yr B.P. lake-level curve (Fig. 2B) is less
complete but still is based on dated high- and low-lake stand
indicators (Frumkin et al., 1991, 2001; Kadan, 1996).
During the past 4000 years the lake has generally been,
lower than in the earlier Holocene, which is consistent with
observations from Soreq Cave near Jerusalem (Bar-Matthews et al., 1999). The lake level rose above the level of the
sill only four times since ⬃4000 C14yr B.P. (Fig. 2A),
reaching the anomalous level of ⬃390 mbsl in the late 19th
century (Klein, 1961, 1986) (Figs. 2A and 3). Corresponding drops in that interval were probably less abrupt than the

drop since the 1960s caused by an artificial inflow deficit of
⬎109 m3 yr⫺1 (Fig. 3).

Rainfall and hydrology during Dead Sea level rises/
falls
Transferring lake-level variations into more specific regional conditions requires the knowledge of many, usually
unavailable, meteorologic and hydrologic parameters and/or
the quantification of the hydrology relative to lake-level
rise, fall, or stable lake level. To quantify this latter relationship under natural conditions, only rainfall data predating the artificial drop of the Dead Sea level that began in
the 1960s can be used. It should be noted that water was
locally used in the basin prior to the 1960s, but quantities
were irrelevant to Dead Sea levels. Since the 1960s most of
the water in the Yarmuk and upper Jordan Rivers has been
diverted. In this respect, Jerusalem Station offers the longest, pre-1960s uninterrupted rainfall record (1847–present;
mean 554 mm) (Amiran, 1995; Rosenan, 1955) and therefore is probably the only useful station to our research. The
question is how far Jerusalem rains can serve as an adequate
proxy for precipitation in the Dead Sea drainage basin and
headwaters.
Over the past 50 years Jerusalem rainfall has been highly
correlated (R2 ⬎ 0.75, all at 99%) with rainfall in many
stations in the upper Jordan River (Dead Sea headwaters,
Fig. 1) as well as with many other stations in the region.
Moreover, a principal component analysis (PCA) conducted
by D. Sharon indicates that temporal variations of annual
precipitation in 40 stations (1940 –1990) included in his
study (from Beer Sheba (Fig. 1) to northern Israel) are
largely synchronous and in phase. This is reflected in the
⬃70% of the total variance explained by the first principal
component. This implies that the Jerusalem record adequately represents the annual rainfall variations in other
parts of Israel, including Dead Sea headwaters regardless of
the altitude of the individual stations. The adequacy of
Jerusalem Station to represent the regional rainfall is also
illustrated by time series (Fig. 4) that show considerable
similarities of the trends both in the smoothed series and in
individual years. These observations indicate that the
Jerusalem rainfall data capture most of the temporal variability over a much larger area, probably all the way to
Beirut, Lebanon (Fig. 4). The longest and most severe
droughts and wettest episodes are spatially the most coherent (Fig. 4). Touchan and Hughes (1999) demonstrated a
high correlation between annual rainfall in northern Israel
and annual rainfall in northern Jordan. Their results support
the extension of the representation of the Jerusalem data
also to northern Jordan.
Based on these findings and earlier observations (see
Klein and Flohn, 1987; Rosenan, 1959) (Fig. 5), we define
the quantitative relationship between changing Dead Sea
levels and Jerusalem rainfall. Considering hydrologic
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“memory” we avoided single-year level changes and focused on multiyear variations in the natural levels from the
1870s to the 1960s. Specifically, we extracted from the
modern level curve (Fig. 3) sections of level fall, rise, and
stable conditions if the given general trend persisted ⱖ4
years. Assuming that all past multiyear episodes of lake
rise/fall could have included individual years with opposing
trends, the analyzed sequences of years can include individual years with different trends.
Having categorized the sequences, we grouped respective annual rainfall totals in Jerusalem accordingly, and
then, using the resulting means and variances we derived the
normal distributions for each category (Fig. 6): Level rise
(648 mm yr⫺1,  ⫽ 122, n ⫽ 19), level fall (445 mm yr⫺1,
 ⫽ 117, n ⫽ 19), stable level (553 mm yr⫺1,  ⫽ 120,
n ⫽ 27). The quantities 648 and 445 mm yr⫺1 are ⫹0.8
and ⫺0.8, respectively, of the modern long-term average
annual rainfall in Jerusalem. Inspecting respective samples,
we find that the natural Dead Sea level falls were associated
with episodes in which ⬃50% of years received ⱕ450 mm
and ⬎70% of years received ⱕ550 mm. Historical reports
of individual drought years are always associated with
⬍500 mm in Jerusalem (Klein, 1986). Annual rainfall in
Jerusalem during level rises was frequently ⬎700 mm and
85% of years ⬎550 mm. Average rainfall during stable
episodes is essentially identical to the 1847–1995 annual
mean of 554 mm ( ⫽ 131 mm). The normal distribution of
the measured annual rainfall in Jerusalem indicates a significant difference of 1.6 between the respective averages
of the rainfall during level rise and level fall categories. This
significant difference implies sharp drops or rises in the
regional precipitation as all stations are in phase and highly
correlated (e.g., Har Kna’an station in Fig. 7).
As stream flow feeding the Sea of Galilee (Fig. 1), the
major reservoir in Israel, changes exponentially with rainfall in drainage basins (e.g., Nahal Meshushim in Fig. 7),
rainfall-shortage episodes are promptly transformed into
even worse hydrological droughts. Hence, the proposed
⫺0.8 deficit in average rainfall in northern Israel stations
causes an even larger reduction in the inflow to the Sea of
Galilee. In terms of modern water resources, such regional
meteorological droughts are manifested in the dramatic reduction in available water for use stored in the Sea of
Galilee (Fig. 7; available water volume for use in averaged

at 520 ⫻ 106m3yr⫺1 during the past four decades), defined
as all annual inputs minus annual evaporation.

Atmospheric circulation during wet/dry years
Eastern Mediterranean cyclones
Rainfall in the basin and the Levant in general originates
mostly from midlatitude cyclones (Cyprus Low) during
their eastward passage over the eastern Mediterranean. Considering the synoptic-scale dimensions of frontal systems,
which are larger than the area in focus, this explains the
regionally uniform rainfall variations mentioned earlier. In
addition, our analysis of the average cyclone tracks and their
frequency (1950 –2000) shows that on the average there
were 20% more cyclones over the Near East, and their track
was ⬃1.0 degree latitude further south (36.5° versus 37.5°)
during the five wettest winters (wettest: 1991/1992, 1973/
1974, 1982/1983, 1987/1988, 1951/1952) in the Jerusalem
area than the five driest winters (1959/1960, 1998/1999,
1962/1963, 1965/1966, 1950/1951) during 1950 –2000.
These cyclone features were determined based on NCEP
Reanalysis data (NOAA-CIRES (http://www.cdc.noaa.gov/)).
The mean frequency and tracks of these cyclones were determined by their geographic centers as derived from the 00 and
12UTC sea-level pressure charts analyzed. We stress that
storm precipitation associated with these tracks occurs away
and southeast of the centers.
Similarly, the average maps for these driest and wettest
winters (DJF) show substantial difference between each
other (Fig. 8) and from the long-term mean. The sea level
pressure for the driest winters indicates the existence of a
large cyclone covering the western Mediterranean with a
trough extending eastward down to northern Greece and
western Turkey. In the wettest years in Jerusalem, a large
cyclone covered the eastern Mediterranean, affecting the
area from Crete to the Levant, with a trough extending
toward its western part. The existence of low pressure over
the Mediterranean basin, a region which is not occupied by
a permanent cyclone, reflects (a) the relatively high occurrence of migrating cyclones and (b) the fact that during wet
years more intense cyclones frequently migrate over the
EM. Both patterns (dry and wet) reflect variants of the

Fig. 1. Location map including distribution of annual rainfall over the drainage basin area (⬃43,000 km2) of the Dead Sea.
Fig. 2. (A) A high-resolution level curve for the past 4000 years. Radiocarbon ages are presented in Ken-Tor et al. (2001a, 2001b) and Bookman et al. (in
press). Methodologies regarding level indicators and curve construction appear in Bookman et al. (in press), Kadan (1986), Enzel et al. (2000), Machlus et
al. (2000), and Bartov et al. (2002). Arrows mark major cultural shifts (from Issar and Tsoar, 1987; Issar et al., 1992; Weiss and Bradley, 2001; Weiss et
al., 1993). Temporal ranges of droughts associated with the two major cultural shifts are shaded in pink. (B) The low-resolution level chronology of the Dead
Sea 4000 – 8000 yr ago based on earlier published levels and ⬎50 radiocarbon analyses (Frumkin et al., 1991–2001; Kadan, 1996).
Fig. 3. Dead Sea levels (1800 –2000) (Klein, 1961, 1986) based on direct measurements since 1900 and historical documents (Klein, 1986). The reconstruction
is best since ⬃1870 when corroborated by several ground photographs; therefore in our comparison between rainfall and levels we used data only since that
year. Note the fast level rise of the late 19th century and the dramatic artificial level drop since the 1960s, respectively. The drop is caused by diversion by
Israel, Jordan, and Syria of ⬎90% of the historic ⬃1.2 ⫻ 109 m3 of water that would have reached the Dead Sea through the Jordan River. Pumping from
the northern to southern basins (Fig. 1) of the Dead Sea by the potash industry adds to the drop in level. At 402 mbsl the lake split into two basins (Fig. 1)
and under natural conditions the shallow southern basin probably dries out.
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Fig. 4. (A) Running means (yellow solid line) and weighted mean annual rainfall (bars) over Israel (Stanhill and Rapaport, 1988) and the standardized first
principal component (PC1) from the PC analysis (see below). Both bars and PC1 express the same regional precipitation variation, although derived
differently. The PCA was performed on the annual rainfall (1940 –1990) of 40 stations from Beer Sheba to the Jordan River headwaters (Fig. 1). PC1 explains
70% of the total variance. PC2–PC4 (not shown) explaining 11%, 6%, and 2%, respectively, are related to minor north–south, east–west, and local regional
patterns of the rainfall series (D. Sharon, written communication, 2000). (B) Running means of annual rainfall averaged over 4 –5 stations within two
homogenous regions determined by the PCA; one area is near Jerusalem and the other in northern Israel. (C) Annual rainfall in Jerusalem since 1900 and
running means. (D) Annual rainfall in American University (Data from UNESCO/FRIEND-AMMY, Long-time series project) and Ksara Observatory
(Plassard, 1973) stations, Beirut, Lebanon.
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Fig. 5. Area-averaged annual rainfall in the western part of the Dead Sea
basin (1938 –1954 mean is 610 mm) and total annual Dead Sea level
changes (1931–1963; i.e., prior to major regulation in the drainage basin)
recalculated from (Klein and Flohn, 1987). Our fitted polynomial equation
indicates natural level drop during extremely dry years by 40 –50 cm yr⫺1.
(during that period the lake also covered its southern basin).

long-term mean low pressure, which is centered over Italy
and extends over the entire Mediterranean (e.g., Air Ministry, 1962). These maps demonstrate the linkage between
cyclonic activity and rainfall over the study region.
500-millibar anomalies
The upper level (500 millibar (mb)) anomalies (deviation
from the long-term mean) for these extreme years not only
support the larger scale atmospheric control over precipitation in the Dead Sea basin, they point to global circulation
as affecting the Levant precipitation. Positive pressure
anomalies, which are consistent with reduced cyclonic activity near the surface, cover the EM during the driest years,
whereas the reverse holds for the wettest years. It is worth
noting that during each wet or dry group of years Western
Europe is subjected to a pronounced anomaly, though of the
opposite sign. The anomaly associated with the driest years
strongly resembles the SLP East Atlantic–Western Russia
(EA/WR) dipole pattern (e.g., Barnston and Livezey, 1987)
and its almost identical North Sea–Caspian 500 mb pattern
(NCP negative phase; Kutiel and Benaroch, 2002) that
causes reduced precipitation in the Middle East and in
northern Israel a reduction of 150 –200 per winter (Kutiel
and Benaroch, 2002) (Fig. 9).
Discussion
The increased number of lows during the winter enhanced the number of storms affecting central and northern
Israel, Lebanon, northwestern Jordan, and southwestern
Syria. This relation can probably be extended all the way to
the Euphrates headwaters in southern Turkey by (a) the
cyclones migrating further east (e.g., the CMED region of
Kutiel et al., 2001) and (b) the simultaneous precipitation in
the southeastern Mediterranean and in the mountain chain
in southeastern Turkey as the result of the cold and
warm fronts, both associated with these migrating cyclones
(Shay-El and Alpert, 1991).
If patterns similar to the modern ones of increased number of cyclone tracks directed to the Levant occurred in

consecutive years the region would have experienced less
intraseasonal soil moisture loss, which in turn would have
promoted more frequent effective flows and recharge into
the aquifers. As Streim (1974) identified a high negative
correlation between winter season precipitation and temperature in Jerusalem, during the dry years mean winter temperatures were significantly higher, storms rare, breaks between storms longer, soil dried out, and flows minimal.
Consequently, the discharge to the Sea of Galilee and the
lower Jordan River diminished, causing a Dead Sea level
fall. The change in storm track and frequency proposed
above as leading to the observed level changes is supported
by the distinctly lower (⫺1 mb) average winter SLP in
Jerusalem during the last decades of the 19th century
(Striem, 1977), indicating either the passage of more Cyprus
Lows or their extention to more southerly latitudes at the
time of Dead Sea level rise maximum.
During Holocene level falls, especially those below the
sill, annual rainfall must have frequently been considerably
below the modern mean rainfall and prolonged devastating
droughts must have prevailed in the basin and throughout
the Levant. The most probable cause for these droughts is
that the 500-hPa and SLP patterns discussed above were not
conducive for cyclones migrating all the way to the EM in
general and/or their tracks were farther to the north, impacting the Aegean Sea coasts of Turkey and Greece (Fig. 10).
Applying our results to the late Holocene lake-level
curve, new insights may be gained for historical perspectives for the Near East. At least two of the prominent lake
level falls and droughts could have been associated with
cultural transitions in the Near East. The first is documented
in the ⬃2200 B.C. transition from Early to Middle Bronze
in the Levant (Neev and Emery, 1995), which coincides
with the collapse of the Akkadian empire (Weiss and Bradley, 2002; Weiss et al., 1993). This cultural transition corresponds to the most dramatic (⬃45 m) Dead Sea level drop
(which began at 2300 –2200 B.C. and reached its minimum
at ⬃1400 B.C. (Fig. 2). However, the exact pattern of this
level drop is not well known. The second lake level fall
occurred between the late 5th and late 8th century A.D. and
coincided with the collapse of the agriculture, water-harvesting Byzantine society and the Arab expansion into the
Levant from the arid area of current Saudi Arabia. Therefore, it appears that our results conform to the proposed
synchronism between cultural changes and climate impact
in the Near East (deMenocal, 2001; Issar and Tsoar, 1987;
Issar et al., 1992; Nuzhet et al., 1997; Weiss and Bradley,
2001; Weiss et al., 1993).
Beyond the two occasions of climate change and culture
shift discussed above it seems that all other abrupt historical
cultural shifts occurred during prolonged droughts or during
lake level rise associated with wetter Levant and Middle
East in general (Fig. 2A). However, this comparison is yet
restricted by radiocarbon resolution and possibly minor
time-transgressive cultural changes throughout the Near
East.
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Fig. 6. Cumulative fitted normal distribution (lines) of Jerusalem annual rainfall during Dead Sea level rises, falls, and stability based on observed subsets
of Jerusalem annual rainfall (histogram) during multiyear episodes of level rises (blue), falls (red), and stability (green) of natural level fluctuations during
1870 –1963. t-test indicates that the distributions are significantly different at 0.001 level.
Fig. 7. Discharge of Nahal Meshushim into the Sea of Galilee and rainfall in its drainage basin (represented by the Nafach station, Fig. 1) in red. In black
is the annual available water for use in the Sea of Galilee in response to annual rainfall in north Israel (represented by the Har Kna’an station, Fig. 1). Note
that if annual rainfall in Har Kna’an during drought episodes falls to ⬃530 mm (⬃75% of the average of 714 mm) the average annual available water drops
from ⬃550 to 220 –240 ⫻ 106 m3.
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Fig. 8. (A) Mean sea level pressure in hectopascal (hPa⬃mb) for the five driest winters (DJF) in the Jerusalem area. (B) The same but for the wettest
winters.
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Fig. 9. (A) Mean geopotential height anomaly at 500-hPa level (⬃5.5 km
above sea level) for the five driest winters. (B) The same but for the wettest
winters.

Figure 10 shows the present-day storm tracks during the
wettest and driest years. We stress that although we propose
the lower number of cyclones affecting the southern Levant
during the above Near East cultural shifts, we do not suggest
that the Aegean Sea coast of Turkey and northern Greece
were wetter at the same time. The possibility that all EM
cyclones were fewer should be considered too. Apparently
this did not happen during the past 150 years.
It was suggested that precipitation over the Euphrates
headwaters is correlated with the North Atlantic Oscillation
(NAO), and therefore, with a prolonged past episode of a
positive NAO that deprived that area of precipitation and is
a possible cause for the 2200 B.C. collapse of the Akkadian
empire (Cullen et al., 2000). As both the Levant and the
Euphrates headwaters receive precipitation from the same
cyclones and the Levant is weakly correlated with NAO
(www.ldeo.columbia.edu/NAO), we reevaluated data that
actually show NAO as not correlated with rainfall in either
region (see Fig. 2 in Cullen et al., 2002, and Eshel, Farrell,
and Farrell, 2000, who restricted their analysis to areas
north of the Levan). This is similar to the low correlation
presented at www.ldeo.columbia.edu/NAO and in contrast
with the relatively high correlation of Middle East temper-
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ature with NAO (e.g., Mann, 2002). Precipitation in southeastern Turkey is very weakly correlated with NAO (e.g.,
the Diyarbakir station r ⬍ 0.2), indicating that although
NAO explains ⬎25% of annual precipitation variability in
western Turkey and northern Greece it explains ⬍5% of the
variance in precipitation in southeastern Turkey, Crete, and
the Levant. More recently Cullen et al. (2002) presented a
high correlation between a NAO index (based on sea-surface temperature) and December–January average rainfall
over the Middle East. It should be noted, however, that the
area they used to produce this monthly regional average
precipitation included stations north of latitude 37.5°,
mainly stations from western Turkey, and not from the
Middle East. Although drastic changes in annual rainfall
quantities do and probably did control Middle Eastern societies, direct NAO impact on the Levant rainfall and in
turn, on human history remains questionable.
Our analysis bears important lessons also for future water resources. Nowadays, even with water supply buffered
by intensive groundwater use and storage management, 2–3
yr with mean annual rainfall of ⫺0.8 below the long-term
mean over the Levant (e.g., 450 mm yr⫺1 and 550 mm yr⫺1
in Jerusalem and Har Knaàn (Fig. 7), respectively) will
cause a severe meteorological drought. This drought will be
transformed quickly into hydrologic and socioeconomic
droughts. For example, it will reduce annual water available
for use from the Sea of Galilee to 2 ⫻ 108 m3 or less (Fig.
7); the longer it continues the more devastating its impact on
water resources.
If such droughts, longer than those expected from the
modern record and similar to those inferred from the Holocene record, were to recur today, water resources would be
depleted to alarming levels. This lesson from the late Holocene must be internalized by water resources managers in
modern Near East societies, in preparation for otherwise
unforeseen prolonged water crises. If only a fraction of the
severe Dead Sea basin droughts recur today, the water now
available in the region will simply not be there.

Fig. 10. Proposed modern storm tracks as concluded from the composite
synoptic maps in Figs. 8 and 9. During driest winters rainstorms are
directed at western Turkey and during wet winters rainstorms also impact
the southern Levant.
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Conclusions
The Dead Sea level curve of the late Holocene shows
dramatic level rises and falls that are associated with average annual precipitation ⫹0.8 and ⫺0.8 of modern annual rainfall in the southern Levant. Such episodes of multiyear increase/decrease in annual precipitation are
considered (in modern water resources terms) as excessively wet and extreme prolonged drought, respectively. It
seems that during the middle to late Holocene such episodes
could have caused the cultural shifts observed from historical and archeological records. If such events recur today,
given modern denser population, higher water demand, and
intensive agriculture, their impact on regional societies and
economies (especially for droughts) will be dramatic.
The distinctly different atmospheric circulation associated with modern wettest and driest years suggest that
episodes with increased frequency of Eastern Mediterranean
cyclones migrating at lower latitudes farther to the east
rather than being directed at western Turkey are the direct
cause of the observed level changes. These SLP featured are
supported by anomalous upper air patterns over the wider
area of the North Atlantic, northwestern Europe, and western Asia and especially over the Middle East.
In this research we connected between the geologic data
(the recorder), atmospheric circulation at synoptic and
global scales (the probable cause) through the analysis and
understanding of the hydrology and climatology (the “transformation function” between cause and record) of a specific
basin. We think that this research is therefore, evident of the
potential to reconstruct recent past climates based on identifying recording hydrologic system sensitive to specific
atmospheric causes; this can be achieved only when the
needed expertise from the various earth sciences are combined.
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