COULDN'

QET TR

Fggéglggg
RIGHT,

e w5 v chpRoalEe /%0
2 C%&éf%ﬁG,CDry\ e /



Science Advances

AAAS's open-access pumal

tive on atmospheric predictability:
Eastern Mediterranean weather re-
gimes as a case study”

“ A new dynamical systems perspec- !

A. Hochman et al.
eaau0936

June 05, 2019 AYAAAS



Porter School of the
Environment and Earth Sciences
The Raymond and Beverly Sackler
Faculty of Exact Sciences

Tel Aviv University

Eastern Mediterranean Climate Changes in the 215t Century

Assaf Hochman, Hadas Saaroni, Pinhas Alpert

Supported by: Porter School of the Environment and Earth Sciences, Tel-Aviv University
DESERVE, funded by the German Helmholtz Association
Tel-Aviv University president and Mintz foundation
Mediterranean Research Center of Israel (MERCI)

Water Sensitive Cities Workshop, 18 July 2019, Tel-Aviv University



Motivation

Global average surface temperature change
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Eastern Mediterranean
weather regimes

Alpert et al., (2004)

Synoptic group | Abbreviation English name
Cyprus Lows Lw cold Low to the West of Cyprus
CL\-D Cyprus Low to the North (Deep)
CLy-S Cyprus Low to the North (Shallow)
CLs-D Cyprus Low to the South (Deep)
CL.-S Cyprus Low to the South (Shallow)
L--D Low to the East (Deep)
Lc-S Low to the East (Shallow)
Red Sea Troughs RST. Red Sea Trough with an Eastern axis
RST- Red Sea Trough with a Central axis
RST,, Red Sea Trough with a Western axis
Persian Troughs PT-W Persian Trough (Weak)
PT-M Persian Trough (Medium)
PT-D Persian Trough (Deep)
Highs H,, High to the West
He High to the East
Hy High to the North
H- High over Israel (Central)
Sharav Lows SLy Sharav Low to the West of Israel
SL. Sharav Low over Israel (Central)
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Cyprus Low types — winter storms
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How will the increase in greenhouse gas
concentrations influence the frequency of Cyprus
Lows in the 215t century over the eastern
Mediterranean?



Annual frequency of Cyprus Lows in 215
century CMIP5 predictions
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Synoptic classification in 21st century CMIPS predictions over
the Eastern Mediterranean with focus on cyclones
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# Department of Geophysics, School of Geosciences, Tel-Aviv University, Israel
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ABSTRACT: The Mediterranean has been recogmized as a ‘hot spot’, currently mfluenced by climate change, and predicted
to be strongly affected m the future by sigmificant warming and drying. This trend 1s expected to be expressed 1n changes n
the occurrence and mtensity of Mediterranean cyclones, in general, and of East Mediterranean { EM), 1.e. Cyprus Lows (CL),
in particular, as well as i the occurrence of all other synoptic systems dominating the region.

Here we have modified the semi-objective synoptic classification (Alpert er al., 2004) to investigate future changes in the
occurrence of EM synoptic types, with an emphasis on CLs. The modified classification was applied to eight CMIP5 models
for the present (1986—2005), mud-21st century (2046-2065) and end of the century (2081-2100) periods, for both RCP4.5
and RCPE.S scenarios.

The modified classification captured the synoptic-type frequencies for the present period well, and particularly excelled m
capturing that of the CLs. For the future period, approximately a 35% reduction in CL occurrence 1s found towards the end of
the 21st century (RCPHE.5). Analysing this reduction for each of the seven specific types of CLs showed that lows located to
the west of Cyprus are the main contributors to this decrease. The reductions in the frequencies of CLs are accompanied by an
increase m the frequencies of Red Sea Troughs m winter. The predicted changes in the occurrence of various synoptic types
in general and of CLs, n particular, will lead to a more accurate forecast of local potential chimatic hazards.

ey worps  CMIPS; synoptic classificaton; Cyprus Lows; cyclones; Eastern Mediterranean
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How will the increase in greenhouse gas
concentrations influence the length of seasons in the
215t century over the eastern Mediterranean?
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Seasons’ definitions

1) Astronomical definition (Northern Hemisphere)
Winter — 22" December — 215t March
Spring — 22" March — 22" June
Summer — 23" June — 22" September
Autumn — 23" September — 215t December.

2) Meteorological definition - defined as four periods of three months each (AMS,
2001).

3) Trenberth (1983) - defined the seasons according to the cycle of the average daily
alr temperature.



A seasons’ definition based on the weather regimes
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The eastern Mediterranean (EM) is expected to be influenced by climate changes
that will significantly affect ecosystems, human health and socio-economic
aspects. One aspect of climate change in this vulnerable area is the length of the
seasons, especially that of the rainy winter season against the warm and dry
summer.

Here, the synoptic seasons’ definition of Alpert, Osetinsky, Ziv, and Shafir
(2004a) was applied to an ensemble of eight Coupled Model Inter-Comparison
Project phase 5 (CMIP5) models, under RCP8.5 and RCP4.5 scenarios, to predict
the changes in the lengths of EM seasons during the 21st century. It is shown that
the ensemble adequately represents the annual cycle of the main synoptic systems
over the EM.

The analysis further suggests that at the end of the 21st century, the duration of
the synoptic summer, characterized by the occurrence of the Persian Trough, is
expected to be lengthened by 49%, while the synoptic winter, characterized by the
occurrence of the Cyprus Low, is expected to be shortened by 56% under the
RCP8.5 scenario. This may lead to substantial changes in the hydrological regime
and water resources, reduce the potential of dry farming, increase the risk of fires
and air pollution and change the timing of seasonal health hazards.

KEYWORDS

CMIP5, Cyprus Low, Persian Trough, Red Sea Trough, season definition,
Sharav Low, synoptic classification



Dynamical downscaling of
extreme precipitation indices
using COSMO-CLM at the highest
resolution ever attempted in
Israel (~8km).

Scenario: RCP4.5
Time period:
2041-2070 - 1981-2010.
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High-resolution climate projections over Israel (about 8§ km) have been obtained
with the regional model COSMO-CLM, nested into the CORDEX-MENA simula-
tions at 25 km resolution. This simulation provides high-resolution spatial variabil-
ity of total precipitation and precipitation intensity. Projections are presented not
only in terms of average properties, but also using a subset of extreme temperature
and precipitation indices from the standard Expert Team on Climate Change Detec-
tion and Indices (ETCCDI) for the period 2041-2070 with respect to 1981-2010
(RCP4.5).

A general increase in seasonal mean temperature is projected throughout the
domain with peaks of ~2.5 °C, especially in winter and autumn. Extreme tempera-
ture indices show increases, larger in the minimum than in the maximum tempera-
tures. Regarding total seasonal precipitation, decreases were found in the north and
central Mediterranean climate parts of Israel, with reductions reaching ~40%, and
increases of the same percentage in the most southem arid parts during winter and
spring. An increase in precipitation intensity is shown mostly for the southem arid
part of the region, with some indications of extremity also in the north. This spatial
pattern probably results from a decrease in cyclones’ occurrences, which mainly
influences the northern and central parts of Israel, and an increase in convective
activity in the south.

The outcome of this study can serve as a basis for priority setting and policy formu-
lation towards better climate adaptation.

KEYWORDS

COSMO-CLM, downscaling, eastern Mediterranean, ETCCDI, extreme
precipitation, extreme temperature, Isracl, RCM
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Conclusions

* A decrease of ¥30%, in Cyprus Lows frequency is predicted towards the end of the 215t century

(RCP8.5).

The seasons’ length is projected to change significantly during the 215t century.

The length of the summer season is projected to increase by 25% (~1 month) in the mid-

21st century and by 49% (~ 2 months) at the end of the century (RCP8.5).

Very High-resolution (~8km; RCP4.5) COSMO-CLM simulation provide insight into

extreme precipitation distribution.

Different perspectives are used to reduce uncertainty in climate projections.



Most people think that climate change will harm
Americans, but they don’t think it will happen to them.
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