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CLIMATIC CONTROLS

1. Variation with latitude of sunshine intensity
2. Distribution of land and water

3. Ocean currents

4. Prevailing winds

5. Positions of high and low pressure areas

6. Mountain barriers

7. Altitude over sea level



Worldwide distribution of climatic regions
after Koppen
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Anual distributions of T and Pr In sites
with a mediterranean climate type
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Average mean sea-level pressure in January
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Koppen’s climatic types in the
Mediterranean region
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GEOGRAPHICAL FEATURES

OF MEDITERRANEAN REGION

- WARM SEA

* OROGRAPHY

« BETWEEN TWO CONTINENTS

- MIDDLE - SUBTROPICAL
LATITUDES




CLIMATE FEATURES

« Surface pressure (msip)
* Surface winds
« Surface temperature (2m)

* Precipitation



Average msl pressure (hPa) in January

JAN MSLP(hPa) 1960 - 1990
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Average msl pressure (hPa) in July

JUL MSLP (hPa) 1960 - 1990




MEDITERRANEAN LOCAL WINDS
originated by orographic pressure perturbations
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Average surface temperature in January
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Average surface temperature in July

JUL 2m T 1860 1980

14



Average precipitation (mm) in January

jan precip mm 1960 1990
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Average precipitation (mm) in July

JUL precip mm 1860 1990
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Annual distributions of precipitation
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PRECIPITATION SEASONALITY

WINTERJ SUMMER | sPRING + AUTUMNI ALL YEAR
SPRING | | AUTUMN WINTER + SPRING [ S
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PRINCIPAL FORCINGS INFLUENCING THE
MEDITERRANEAN REGION CLIMATE

Warm
interior sea

\ Orography

Relative influence ? ——= Effects of anomalies

Large-scale
atmospheric
circulation




Large-scale surface atmospheric circulation
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Large-scale surface atmospheric circulation

SUMMER

JUL SLP (mb) 1960-1990
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Large-scale upper- air circulations
WINTER

Z 500 hPa (January average)
g 5800
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Connection between upper-air and surface patterns

Wind
(300 hPa)

msl pressur
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Jet streaks : maxima of upper-air jet stream
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Periodic oscillations of troughs and ridge
intensities and locations

ZONAL INDEX

Zonal index Zonal index
(13 hPa) (- 3 hPa)

Spatially averaged mslp difference between 35° and 55° lat
circles
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LARGE-SCALE ATMOSPHERIC
CIRCULATION PATTERNS
CLIMATE FEATURES IN THE

MEDITERRANEAN REGION

Corte-Real et al. (1995). Int. Jour. Clim.




dec1980 p

dec1980 hgt 500

reclp_anom from 7998 mm/day 1000

DEC 1990 T2m anomalies (C)

Deep trough over
central Mediterranean

T, pr anomalies i




dec1887 hgt 500

Ridge over
western Europe

T, pr anomalies

doc1987 prucip anom from 79 98 mm/day 1000
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JAN 1995 average Z300 (g pm)

Upper-air high
zonal index over
the Atlantic

sector

Surface pattern
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JAN 1996 average 2300 (gpm)

Low zonal index
over the Atlantic
sector

Surface pattern
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NAO (North Atlantic Oscillation)

JAN 1995 average mslp (hP o JAN 1996 average msl

Positive NAQO index phase Negative NAQO index phase

What is the NAO ?

The first mode of climate variability affecting
western Europe and Mediterranean regions
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NAO

A see-saw of surface pressure anomalies between
polar and sub-tropical latitudes in the North Atlantic

NAO Index

Winter average between the
subtropical high (Azores) and
the subpolar low (Iceland)

Morth Aadantic Oscilation (MAO) Indax, 18641 G045
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Impacts of NAO in the Mediterranean climate
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North Atlantic SST connection with NAO

Jacob Aaal Bonnevie Bjerknes NAO related tripole
1897-1975 in sea surface temperatures
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The positive The negative
NAO index phase NAO index phase
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NAO forced by SST anomalies ?

38



BOM
./v;/ o
TONY L
e
GON
soni®
40N
IONY et %
20N

1TON

7 o

Positive NAO (Nov-Feb 1994-95)

V .
Mt MW I XK W% S0R

HE 208 ME HE

39



OROGRAPHICAL PRIMARY EFFECTS ON
MEDITERRANEAN CLIMATE

a) formation of a particular air mass

b) genesis of lee depressions



The formation of a Mediterranean air-mass

y)

Convective instability

unstable

Warm - humid
air-layer
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Orographical air-flow deviation

Tropopause perturbed

Generation of turbulence
by wave breaking

Mountain waves

Upper flow

ASheltering
; Formation of
a regional wind

Generation of turbulence by shear
Lower flow .

Deviated flow



Dipole pressure structure
induced by the orography

L =Lee low
H = Windward high

Formation of
a regional wind

Lower flow
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MEDITERRANEAN CYCLONES

in winter ?

How much frequent are they

Number of surface

cyclones per 400 x

400 km?
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TRACKS OF MEDITERRANEAN DEPRESSIONS

(average annual frequencies %)
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FACTORS CONTRIBUTING TO THE
MEDITERRANEAN CYCLOGENESIS

a) The presence of a baroclinic zone
b) Lee effects in a strong air stream

c) Convective instability in the air mass



Conceptual model of lee cyclogenesis
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Conceptual model of convective systems

in the Mediterranean
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Medrterranean chmate

Large-scale |+> Orography

atmospheric

Atlantic STs

‘ Are current GCMs able to snmulate

the Mediterranean climate ?

Anticyclonic | | Cold air
subdence intrusons
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Land-mask and orography
of a T42 GCM

e

Actual orography
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Number of surface cyclones per 400 x 400 km? (DJF 1980-84)



Mesoscale convective systems are
too small-sized to be reproduced
by low resolution models

Atmosphere - ocean connction
related to NAO is poorly
simulated by AOCGCMs



CURRENT CLIMATE SIMULATIONS

Surface air temperature (IDJH)
Model mean (contoured) mean minus ehserved (shaded)
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CURRENT CLIMATE SIMULATIONS

Precipitation (DJE)
Model mean (contoured) mean minus observed (shaded)
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CURRENT CLIMATE SIMULATIONS

MSL pressure (DJF)
Model mean {contoured) mean minus ohserved (shaded)
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CONCLUSIONS

Diverse climate sub-types in the Mediterranean region
(“meso-climates”)

Winter climate much more complex than summer

“Normal” climate features determined by average large-
scale atmospheric circulation and geographical
characteristics

Synergetic effects lead to Mediterranean meso-climates

Climate variability mostly (?) driven by large-scale
atmospheric circulation anomalies (Atlantic ocean ?)

Impact of global change on the Mediterranean meso-
climates : many uncertainties still
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