PROXY EVIDENCE FOR THE
ROLE OF GLOBAL
TELECONNECTIONS IN MIDDLE
EAST HYDROCLIMATE
VARIABILITY

Yochanan Kushnir, Lamont Doherty Earth Observatory
Mordchai Stein, Geological Survey of Israel

Paper published in QSR (2010)

GSA ANNUAL MEETING, OCTOBER 2013



Elevation (mbsl)

1000 km

=

s [Z85 R
30° ﬂi- gigru;
50°N 1+ 2 §
-
STy
%a~;?°

A

ho,'
Qe "
Rl e |
= 1
=4 1
-
¥ 1

Rujm

.

>

North
200

400

600

Northern

Sill sout
basin

hern

basin

Al

South

Y :

O

The Dead (Salt)
Sea

Paleo-indicator of
nydroclimate variability
N the Levant

Source: Bookman et al. 2004)



Dead Sea Levels — LGM to present
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The backdrop: The Mediterranean - a
hotspot of projected Subtropical Drying
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MILLIMETERS

Jerusalem Rainfall

ke Li,s’an
200 LT A'nfl.nan
P and E climatology: 100 \
rainfall (positive values) 1964-96 \g
and potential o ' | Dead Sf?\a
evaporation (negative . ) y dry
. -2 = - ; | -
values) in mm I L ~
~300 1978-94 d ¥y /
| | | | 3 \ n .J'\--,_/N
/ AN
¢ !
/ )
400 Long-term annual rainfall record for Jerusalem
b T T I I | I T
1200 - Mean = 607 mm : - 4
Maximum 10-year average of 700 mm N
1.000 . =
/ Minimum 10-year average of 390 mm
800 - _
Blank i
600 70 data Al -
400 =
200 |- =
0
1840 1860 1880 1900 1920 1940 1960 1980 2000
Source: Overview of Middle East Water Resources, USGS, 1998 5



The Instrumen

al record: Central Levant multi-

decadal rainfall variability
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The (relatively short) instrumental record displays a coherent multi-
decadal pattern in Levant rainfall variations.
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Hemispheric rainfall teleconnections
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Jerusalem rainfall -- Atlantic SST link
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Atlantic Multidecadal Varlab ity (AMV)

Ting et al. (2009) | -120 6 -0 60 120 180
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temperature anomaly (°C)
regressed on the 20"
century AMV index.

Bottom: The same as
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Cyprus Low: The rain-
causing mechanism

Right (top & bottom): The short-term
(synoptic) pattern. Composite maps for 10
days with heavy rainfall in Israel
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AMV winter circulation anomalies

0 Ve

Regression of the wintertime 500 hPa and sea
level pressure fields on the AMV index
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Holocene Dead Sea Levels
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Age cal. years BP

Epochal Levant-Sahel-Atlantic link:
Insolation-driven changes
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Simulation of precession forcing - winter

LORENZ ET AL.: ORBITAL FORCING ON HOLOCENE CLIMATE TRENDS (2005)
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Figure 7. Simulated rend of boreal winter (DJF) sea level pressure from the six ensemble Holocene (7 kyr
B.P. to present) simulations. Shaded areas represent the regions where the trend does notexceed 1/2 standard
deviation. The rectang les indicate two regions in the North Atlantic, between which the mendional pressure
difference for Figure 8 1s calculated. Additonally, 10 m wind vectors of the 7000 years trend are shown but
only where their magnitude exceeds 0.3 ms™'.
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Simulation of precession forcing - summer

Left: Simulated 6K—0K change in lake mass,

T . expressed as a percentage of OK lake mass
] such that a 100% increase indicates a

doubling of lake mass (Tierney et al. 2011).

6K-0K change in lake mass

Below: Present-day correlation.
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| ate Holocene
fluctuations

* Late Holocene Dead Sea Level
fluctuations (Enzel et al., 2003)
are correlated with Alpine glacier
advance/retreat record
(Holzhauser et al., 2005) - a
proxy for Atlantic SST
fluctuations (Denton and
Broecker, 2008) and with
Keigwin (1996) Sargasso SST.
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| ate Holocene
fluctuations

* Late Holocene Dead Sea Level
fluctuations (Enzel et al., 2003)
are correlated with Alpine glacier
advance/retreat record
(Holzhauser et al., 2005) - a
proxy for Atlantic SST
fluctuations (Denton and
Broecker, 2008) and with
Keigwin (1996) Sargasso SST.
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| ate Holocene
fluctuations

* Late Holocene Dead Sea Level
fluctuations (Enzel et al., 2003)
are correlated with Alpine glacier
advance/retreat record
(Holzhauser et al., 2005) - a
proxy for Atlantic SST
fluctuations (Denton and
Broecker, 2008) and with
Keigwin (1996) Sargasso SST.
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Summary

® |[nstrumental observations and paleoclimate proxies reveal a long-
term, naturally occurring pattern of hydroclimatic variability in the

_evant in anti-phase with changes in North Africa (Sahel), and in-
ohase with Europe (Alps) and North America.

e [his pattern of variability is orchestrated by multidecadal to
millennial SST changes in the North Atlantic

No. Atl. SST (-) = Levant ppt (+) = Sahel ppt (-) = Alps
snow (+) = No. Amer. ppt (+)

e Atlantic SST impact is carried over to the Levant by an
‘atmospheric bridge™: enhanced high pressure over the East
Atlantic when SSTs are cold, forces cold air bearing troughs to
deepen over the east I\/Ied|terranean enhancing regional
cyclogenesis and bringing more rain to the Levant.

e There are abrupt events (which are associated with millennial ice-
rafting events in the No. Atl.) that break the anti-phase Levant-Sahel
pattern.
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