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Regional Atmospheric Dynamics : Material Outline.
AIM : Place the Mediterranean and the Middle East in the picture of the global circulation. Describe
the main aspects of the climate in the area.
Recognize the global, hemispheric and regional sources of signal that influence the climate of the region.

I.

Aspects of Global Circulation: From global to regional scales.

•
•
•

Global-scale climate drivers
Synoptic scale climate drivers
Mesoscale climate drivers

II. Mediterranean and the Middle East: Sources of variability influencing winter circulation.
•
•
•
•
•
•
•

Teleconnection patterns
North Atlantic Oscillation – Arctic Oscillation
East Atlantic - Eastern Atlantic Western Russia pattern
Blocking – heatwaves
ENSO influence
Tropical intrusions - Red Sea Troughs
Saharan dust events – Modified tropical cyclones

III. Mediterranean and the Middle East: Summer circulation and the Monsoon.
•
•
•
•

Aspects of summer EMME circulation
Etesians and subsidence
Focus on the influence from the South Asian Monsoon
Influence from the mid-latitudes
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Driving processes of weather and climate.
Weather : Atmospheric state (temperature, humidity, precipitation, cloudiness, wind …) at a given time /place
Climate : Meteorological conditions that prevail in a region. Varies over broad time scales (years to millennia)

> 1000 kms

~ 100 – 1000 kms

~ 1 - 100 kms

I. Global scale : Earth's tilt and orbit, land and water distribution asymmetries, latitude.
II. Synoptic scale : Mountain ranges , ocean currents, land- ocean differential heating, air masses jets
and storm tracks, air-sea interactions
III. Mesoscale : Land types, fine topography features.
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Global scale drivers : Sun and Earth

Peak of solar radiation is at ~0.5 μm (shortwave) in the visible.
Terrestrial radiation peak is ~10 μm (longwave) in the infrared .
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Global scale drivers of climate : Sun Engine
Spherical shape

Solar declination

Elliptical orbit and tilt

51

Global Scale Drivers : „Skeleton‟ planetary circulation of the Atmosphere
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Layers of troposphere

7

Seasonal evolution of global circulation : Omega Vertical Velocity
Omega vertical velocity : ω = dp/dt measure of vertical velocity when p is the vertical coordinate.
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Seasonal evolution of global circulation : Precipitation
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Northern Hemisphere Winter Storm Tracks

Tracking relative vorticity (850 hPa) features.
Hoskins, B. J. and K. I. Hodges, 2002: New Perspectives on the Northern Hemisphere Winter Storm Tracks. J. Atmos. Sci., 59, 1041–1061.
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Northern Hemisphere Winter Storm Tracks

Tracking relative vorticity (850 hPa) features.
Hoskins, B. J. and K. I. Hodges, 2002: New Perspectives on the Northern Hemisphere Winter Storm Tracks. J. Atmos. Sci., 59, 1041–1061.
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Seasonal evolution of global circulation : Mean Sea Level Pressure
Atmospheric pressure : weight of the column of air above it. Unit: 1 hPa/mbar , 1 Pa = Nm -2
MSLP : Earth's surface pressure adjusted to mean sea level. Standard value: 1013.25 hPa
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Synoptic scale drivers : Semi-permanent and seasonal high / low pressures systems

Icelandic
Aleutian

Siberian

Owe their existence to global circulation and
continents/oceans.
Provide conditions for the creation of air masses.
They can change dramatically size and shape.

Anticyclones over water amplify in summer.
Anticyclones over land amplify in winter.
Cyclones over water amplify in winter.
Cyclones over land amplify in summer.

ITCZ

Monsoon

mausim ()موسم

Seasonal reversals in the
atmospheric circulations and
induced precipitation patterns that
are caused by differential heating of
large land and sea areas.

Pacific
NA monsoon

Atlantic

Asian
monsoon

 Sub-Saharan Africa
 North America
 Asia
• South Asia Summer Monsoon
• East Asia Summer Monsoon
• East Asia Winter Monsoon
• Indo-Australian Monsoon
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Synoptic scale drivers : Air masses, jets and fronts
Airmasses relatively uniform “blocks” of air obtaining the characteristics of the underlying surface.

Moisture characteristics:
m Maritime moist and mild
c Continental relatively dry
Temperature characteristics:
E Equatorial hot
T Tropical hot
P Polar cold to warm
A Arctic very cold

Front : Temperature/Humidity boundary
Jet : Temperature differences accelerate wind
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Synoptic scale drivers : Ocean – Atmosphere interactions ENSO case.
Large scale equatorial SST anomalies may induce atmospheric circulation anomalies. Standing mode.

El Niño

MSLP

La Niña
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Synoptic scale drivers : Ocean – Atmosphere interactions ENSO case.
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Synoptic scale drivers : Ocean – Atmosphere interactions ENSO case.
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Synoptic scale drivers : Ocean – Atmosphere interactions ENSO case.
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SST Outlook: NCEP CFS.v2
Forecast Issued 26 September 2011
The CFS.v2 ensemble mean (black dashed
line) predicts La Niña conditions to
strengthen and continue into the Northern
Hemisphere spring 2012.
(not PDF corrected)

CFS.v2 is now operational. More information on version 2 is available at
http://cfs.ncep.noaa.gov/cfsv2/docs.html
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Synoptic scale drivers : Ocean – Atmosphere interactions Ocean Currents.
Ocean currents act as heat engine and redistribute
energy by transferring heat to higher latitudes.

Surface ocean currents are generally forced by general
circulation and are responsible for introducing climate
zonal asymmetries even within the same climate zone.

Warm air travelling over cold surface waters
induced by the California current.
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Synoptic scale drivers : Ocean – Atmosphere interactions Gulf Stream case.
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Mesoscale drivers : differential heating - orographically forced phenomena
Sea/Lake breeze effect

Upslope/downslope winds

Differential heating between land and water or surfaces with different types/slopes induces local circulations.
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Mesoscale drivers : Land types

Vancouver Heat Island

Natural of manmade differences in surface
properties result to varying reflectivity and
heat store leading to microclimates.
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Winter circulation : Case Study
Baroclinic instability: wave
instability. Eddies develop in the
horizontal temp gradient that
provides vertical shear (thermal
wind balance).
Energy cascade from larger to
smaller scales converting potential
energy to kinetic energy.
Energy sink by friction.
Development of turbulence.
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Space and time-scales of dynamical atmospheric processes.
Larger space/time scale require also a more persistent and extensive driver.
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Space and time-scales of dynamical atmospheric processes.

1-100 m
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Space and time-scales of dynamical atmospheric processes.

~ 100 m
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Space and time-scales of dynamical atmospheric processes.

100 – 1000 m
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Space and time-scales of dynamical atmospheric processes.

1 – 10 km
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Space and time-scales of dynamical atmospheric processes.

~ 100 km
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Space and time-scales of dynamical atmospheric processes.

~ 100 km
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Space and time-scales of dynamical atmospheric processes.

100-1000 km
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Space and time-scales of dynamical atmospheric processes.

Atmospheric Rossby waves emerge due to the
variation in the Coriolis effect with latitude.

Rossby wave phase velocity has a westward
component.
1000-10000 km

Group velocity (associated with the energy
flux) can be in any direction.
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Space and time-scales of dynamical atmospheric processes.
Source of intra seasonal variability (30-90 days) in
the Pacific and Indian oceans.
Eastward propagation of convective activity.

Travelling mode of variability.
It may trigger ENSO events.

~10000 km

34
1

Mediterranean Climate
The area is adjacent to extensive
landmasses and oceanic masses
with significantly different
climatic flavour, in a way it resides
‘at the crossroads’ of influence of a
number of large scale patterns.
The complex topography of the basin (mesoscale climate driver) with many
peninsulas and mountain ranges results to various microclimates.

This section aims at the description of the influence of the main hemispheric
and global modes of natural climate variability on the climate of the
Mediterranean and the Middle East.
Given that the Mediterranean consists a climate change hot spot , study of the
modifications of all the relevant ‘climate players’ could help us explain the future
climate change of the region.
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Teleconnection patterns : Definition
Atmospheric circulation exhibits natural variability on many time-scales
 A few days : normal storm system and frontal passage.
 A few weeks : mid-winter warm-up or a mid-summer wet period.
 A few months : particularly cold winters or hot summers.
 Several years : abnormal winters for several years in a row.
 Several centuries : long-term climate change.

Teleconnection patterns or preferred modes of low-frequency (long time-scale) variability
Recurring, persistent, large-scale circulation structures that span simultaneously oceanic basins,
continents, hemisphere or the planet. They consist an important part the interannual and
interdecadal variability.
Teleconnection pattern dynamics
Arise primarily from internal atmospheric dynamics reflecting aspects of the chaotic
nature of the atmospheric system (mid-latitude storm track variability).
Sometimes they are forced by changes in the lower boundary, such as tropical seasurface temperatures and tropical convection associated with both the ENSO cycle
and the Madden-Julian Oscillation (MJO).
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Teleconnection patterns : Identification
Teleconnection patterns reflect our notion that weather conditions may stagnate for a period and similar
conditions prevail over large areas and opposing conditions in neighboring regions.
TOOL : Statistical methods to identify teleconnection patterns.
Empirical Orthogonal Function Analysis

One point correlation maps

Identification of circulation
regimes with the help of
clustering methods. Trying to
identify „bumps‟ in the phase
space.

Similar to techiques of indentification of
Grosswetterlagen.
37

Sources of signal influencing the Mediterranean circulation
• SIGNAL FROM THE EXTRATROPICS
 SECTORIAL TELECONNECTION PATTERNS
 NORTHERN HEMISPHERE PATTERNS

 REGIONAL (MEDITERRANEAN PATTERNS)

• SIGNAL FROM THE TROPICS
 DIRECT INFLUENCE
 TROPICS – EXTRATROPICS INDIRECT BRIDGE

 SYNOPTIC EDDY FEEDBACK

Synoptic activity may dynamically interact to alter the
impact in the area. Non-linear high-frequency and lowfrequency scale interaction.
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Sources of signal influencing the Mediterranean : Mid-latitude variability

The Mediterranean lies to the
south of the mid-latitude jet
stream/storm track and as a
result the internal variability
of these features affects its
climate especially during the
extended winter season when
baroclinicity is more intense
and spreads towards the
Mediterranean.

• North Atlantic Oscillation (NAO) : Atlantic Sector

• Arctic Oscillation (AO) : Hemispheric / Annular Mode

• Eastern Atlantic (EA)

• Eastern Atlantic/Western Russian (EA/WRUS)

• Scandinavian (SCAND) - Blocking : Eurasia - 2 by BL1987 • Polar/Eurasian : Eurasia - 1 by BL1987

Regional manifestations
• Eastern Atlantic – Jet (EA-JET)

• Eastern Atlantic – Jet (EA-JET)

• Eastern Mediterranean Teleconnnection Pattern

• Eastern Mediterranean Teleconnnection Pattern

Barnston, A. G. and Livezey, R. E. 1987. Classification, seasonality and persistence of low frequency
atmospheric circulation patterns. Mon. Wea. Rev. 115, 1083–1126.
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Arctic Oscillation - North Atlantic Oscillation
JAN

APR

JUL

OCT

CPC - NOAA

NAO/PNA patterns can be identified in a physically consistent way in principal component analysis
applied to various fields in the Atlantic/Pacific region. Such identification is not found for the AO.
The signature of the AO and the impact on the climate of the Mediterranean is similar to the
signature of the NAO.
Ambaum, Maarten H. P., B. J. Hoskins, D.B. Stephenson, 2001: Arctic Oscillation or North Atlantic Oscillation?. J. Climate, 14, 3495–3507.
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North Atlantic Oscillation - Circulation Anomalies

Trigo et al. 2002
Xoplaki 2002

DJFM CORR STATION AIR T

NDJF CORR STATION PREC
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North Atlantic Oscillation - Circulation Anomalies
JAN

JUL

JAN

JUL

APR

OCT

APR

OCT

Correlation during 1950-2000 between the NAO teleconnection index and monthly surface temperature or
precipitation for the three months centered on the month of interest.

Circulation patterns retain the same structure throughout the year but weaken in strength and
migrate slightly just like the modes of the pattern do.
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North Atlantic Oscillation - Arctic Oscillation Monthly Timeseries

The AO/NAM (Northern Annular Mode) has a bias to NAO but it is more zonal over the Atlantic. NAM has
links to the polar vortex in the stratosphere. Their correlation is high.
METHOD: http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/history/method.shtml
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North Atlantic Oscillation - Arctic Oscillation Monthly Timeseries

The AO/NAM (Northern Annular Mode) has a bias to NAO but it is more zonal over the Atlantic. NAM has
links to the polar vortex in the stratosphere. Their correlation is high.
METHOD: http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/history/method.shtml
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North Atlantic Oscillation : Positive Phase
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North Atlantic Oscillation : Negative Phase
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Current NAO conditions

47

NAO - Climate change perspective
TEMP

MSLP

PREC

1900-2005 changes with respect to
1 stdev NAO index

IPCC
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NAO/NAM - Climate change perspective
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East Atlantic Pattern
JAN

APR

JUL

OCT

The EA pattern resembles a „southward shifted‟ version of the NAO pattern. The southern center
contains a strong subtropical link and reflects modulations in the subtropical ridge intensity and
location, which reduces the EA pattern distinct from its NAO counterpart.
JAN

JUL

JAN

JUL

APR

OCT

APR

OCT
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Comparison NAO - EA

Considerable differences. EA is independent and it adds
information about the intensity of the subtropical ridge.
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Eastern Atlantic - Western Russia Pattern
JANUARY EAWR GH ANOM

JANUARY EAWR TEMP ANOMALY

JANUARY EAWR PREC ANOMALY

CPC - NOAA
NDJF CORR STATION PREC

DJFM CORR STATION AIR T

Xoplaki 2002
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EA-WR Historical timeseries

JUL 500 GH EAWR-

JUL TEMP

JUL PREC

Russian heat-wave summer 2010. Ridge over western Russia
and floods over central Europe. EAWR+ phase.
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Scandinavian Pattern - Blocking
JANUARY BLOCK GH ANOM

JANUARY BLOCK TEMP ANOMALY

JANUARY BLOCK PREC ANOMALY

CPC - NOAA
NDJF CORR STATION PREC

DJFM CORR STATION AIR T

Xoplaki 2002
54

Scandinavian Pattern - Blocking

Dateline

Greenwich

The Scandinavian sector hosts the highest frequency of blocking activity in the Northern
Hemisphere (24 % annual mean – 28% winter).

DJF POTEMP ON 2 PVU COMP SIGNATURE 20 E

winter 1962-63

Tyrlis, E., and B.J. Hoskins, 2008: Aspects of a Northern Hemisphere Atmospheric Blocking Climatology. J. Atmos. Sci., 65, 1638–1652.
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Blocking as a wave breaking
Strong downstream blocking ridge

Winter correlation between monthly NAO index
and monthly blocking frequency

Winter blocking frequency for NAO+/NAOLIB NAO+
LIB NAOSBE NAO+
SBE NAO-

correlation

P-value

SBE
LIB
SBE
LIB

Scandinavian blocking develops at the exit of the N. Atlantic storm track as the result of wave
breaking. Anticorrelation with NAO over the Atlantic and positive correlation over Eurasia.
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Blocking : Winter Case Study Retrogression
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Blocking : Summer Case Study Heatwave 2003

Summer blocking leads to severe
heatwaves and droughts.

The 2003 European heat wave was the hottest
summer on record in Europe since at least 1540.
The heat wave led to health crises in several
countries and combined with drought to create a crop
shortfall in Southern Europe. More than 40,000
Europeans died as a result of the heat wave.
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Blocking : Summer Case Study Heatwave 2010

NOAA

The heat was intense in Iraq, which had its hottest
day in history on June 14, 2010, when the mercury hit
52.0°C (125.6°F) in Basra.
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Blocking : Summer Case Study Heatwave 2010

Barriopedro, D., Fischer, E. M., Luterbacher, J., Trigo, R. M., García-Herrera, R., Mar. 2011. The hot
summer of 2010: Redrawing the temperature record map of europe. Science 332 (6026), 220-224.
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Blocking : Current situation

CPC - NOAA

30 day loop of analyzed 500 hPa height and anomalies. Contour
interval for heights is 120 m.
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Sources of signal influencing the Mediterranean : Tropical variability
TROPICS – EXTRATROPICS INDIRECT BRIDGE
Tropical SST and associated heating anomalies affect major
hemispheric structures such as the subtropical/mid-latitude jets
(e.g. ENSO through the PNA pattern).
The frequency and shape of the PNA phases may be influenced.
Downstream wave train over the Atlantic and the Mediterranean.

62
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Global impacts of ENSO

Not clear signal of ENSO in Europe and the Mediterranean.
Signal could be masked by due to the varying methodologies used, the intra-event variability and the
non-stationary behavior of the source signal across the Pacific. Also, the signal can be masked due to
non-linear interactions with extra-tropical intrinsic variability.
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Global impacts of ENSO : Mechanisms
El-Nino can affect the North Atlantic
and European sector through the
following chains of mechanisms:

 Pacific „atmospheric bridge‟. Upper
level convergence and divergence
anomalies are formed in the Pacific
Hadley Cell that can excite poleward
and eastward Rossby waves.
Downstream effect.
 Tropical Atlantic „atmospheric
bridge‟. Changes in the Atlantic Hadley
Cell that can directly induce an anomaly
in the mean flow. Interaction with eddy
activity can lead to significant
circulation anomalies over Europe.

 Two way interaction between
troposphere and stratosphere through
upward/downward wave propagation.

Brönnimann, S., Impact of el Niño–Southern oscillation on european climate. Reviews of Geophysics 45 (3).
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ENSO impact on European climate

Brönnimann, S. Impact of el Niño–Southern oscillation on european climate. Reviews of Geophysics 45 (3).
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Detailed impact of ENSO in the Mediterranean and the Middle East
The signal varies with season and frequently and it does not cover the whole area.
Depending on the methodology followed results can be conflicting.
WINTER

EL NINO

LA NINA

D
W
Fraedrich and Muller, 1992
Kadioglu et al, 1999
Price et al, 1998

W

C
C
W

W

W

D

H
D

D
W

D

D

Clear signal in the Eastern Mediterranean?
The above structure implies that during El Nino reduced precipitation occurs in parts of
southern Turkey but increased precipitation in northwestern Turkey.
During El Nino the subtropical jet stream migrates to the south over the Middle East at the
latitude of Israel. The exact latitude of the jet affect the detailed path of the storms carrying
them over the area. Increased precipitation in the area and increased river flow.
The latter correlation is stronger after the 1970s. Dominating El Nino or the way that PNA
transfers the signal from the tropics?
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Detailed impact of ENSO in the Mediterranean and the Middle East

SPRING - AUTUMN
During SON preceding the mature El Nino phase the precipitation increases by 10 % in
Spain and north western Africa and an early rainy season is observed (Mariotti et al., 2002)
and the opposite for La Nina.
During MAM following the mature El Nino phase the precipitation and temperature is
decreased mainly in Spain and north western Africa (Morocco) and above average
precipitation in parts of Italy and Greece (Moron and Ward, 1998).
SUMMER
Most studies report negligible or marginally significant relation of temperature and
precipitation with ENSO.
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Sources of signal influencing the Mediterranean : Tropical variability
DIRECT INFLUENCE FROM TROPICS
Flood events in the Mediterranean are caused by
humid air masses modified but originating in the
Atlantic and associated with tropical cyclones.

Dust transport from Sahara affects significantly the
air quality and human health in the whole
Mediterranean.
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Sources of signal influencing the Mediterranean : Tropical variability
DIRECT INFLUENCE FROM TROPICS

Tropical plumes

Mainly in the winter tropical air masses intrude the Mediterranean
resulting to very unsettled conditions.
Similarly Red Sea Trough events lead to flooding events over the
southeastern Mediterranean as an extension of the equatorial trough
becomes unstable.

Red Sea Troughs

mE
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Direct interaction with the Tropics : Tropical plume

Transfer of very humid and unstable air masses
mE directly from the tropics. Flooding events.
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Direct interaction with the Tropics : Red Sea Trough
The Red Sea Trough is a tongue of lowpressure extending northward from the southern
Red Sea toward the eastern Mediterranean (EM),
at lower atmospheric levels. Its origin is the
‘Sudan Monsoon Low’, a part of a large-scale
subtropical/equatorial low-pressure thermal
system. The center of this low oscillates annually
from Ethiopia–Sudan at the southern part of the
Red Sea (winter), via Saudi Arabia (spring),
toward India (summer), and back during the fall
months.

Tsvieli, Y. and A. Zangvil. Synoptic climatological analysis of "wet" and "dry" Red Sea Troughs over Israel. International Journal of
climatology, 25, 1997-2015, 2005.
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Sources of signal influencing the Mediterranean : Tropical variability
DIRECT INFLUENCE FROM TROPICS

JAN 500 hPa omega

Subsidence associated with the descending branch of the local
Hadley Cell circulation contributes to dry/clear sky conditions
over North Africa and the southern Mediterranean coast resulting
to the formation of deserts.
Does the increased summer subsidence is caused by this mechanism
alone?

JUL 500 hPa omega
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Sources of signal influencing the Mediterranean : Tropical variability
DIRECT INFLUENCE FROM TROPICS

JUL 500 hPa wind/omega

In the summer the northward migration of the mid-latitute
baroclinic zone leaves the Mediterranean ‘exposed’ to the
influence of the Asian Monsoon Circulation.
A large part of the summer variability in the Mediterranean is
controlled by the South Asian Monsoon.

JUL 850 hPa wind/omega
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Summer Eastern Mediterranean Climate Variability: Influence of the Summer Asian
Monsoon and mid latitude dynamics.

DRY
SUBSIDENCE

CONNECTION

?
ASCENT
CONVECTION
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Seasonal evolution of atmospheric circulation in Med / Asia
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Summer atmospheric circulation in the Med / Asia
Etesians
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Summer atmospheric circulation in the eastern Mediterranean
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MOTIVATION:

Theoretical Background. Motivation.
 Diabatic heating in the monsoon area excites a westward
propagating equatorially trapped Rossby wave.
 Integral to this disturbance, there is a warm thermal
structure expanding to the west and widespread subsidence.
 Interaction with the mid latitude storm track leads to
subsidence in the northern and western rim of the warm
structure.
When the source of diabatic heating is placed at a higher
latitude the mid latitude subsidence response is more
widespread.
(1)

 A „Walker type‟ closed circulation connecting
EMED with the Asian monsoon.

 Enhanced and modified by the westerly midlatitude flow.
 Signature of the Hadley cell across eastern
North Africa.
(2)

AIM : Climatology of the summer EMME circulation. Identification of the signature of the large scale
signal emitted by monsoon activity . Synoptic scale influence of the mid-latitude dynamics.
(1) Rodwell M.J., Hoskins B.J. (1996). Monsoons and the dynamics of deserts. Q J R Meteorol Soc 122: 1385-1404.
(2) Ziv B., Saaroni H., Alpert P. (2004). The factors governing the summer regime of the eastern Mediterranean. Int. J. Climate 24 1859-1871.
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Theoretical Background. Methodology
METHODOLOGY: Study of the synchronicity of the seasonal cycles of the phenomena involved.
e.g. thermodynamic energy equation terms used to analyze the warm structure evolution dynamics.
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LTT

TPTT

VATT

ZATT

MTT
HATT

Thermodynamic Energy Equation in Isobaric Coordinates
LTT: Local Temperature Tendency

TPTT: Total Physics Temperature Tendency
VATT: Vertical Advection Temperature Tendency
ZATT: Zonal Advection Temperature Tendency
MATT: Meridional Advection Temperature Tendency
HATT: Horizontal Advection Temperature Tendency

J: Rate of heating per unit mass owing to
radiation, conduction and heat release.
Cp: Specific heat of dry air at constant pressure

 Daily time series of the thermodynamic energy equation terms for levels up to 100 hPa.
 Seasonal cycle of all the terms.

The study of the seasonal cycle is a real ‘full physics’ experiment.
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Overview of summer EMME circulation
OMEGA 850 hPa JUL

The northerly flow on the western flanks of the south Asia low is channelled through
•Aegean Sea
• Red Sea
• Iraq – Gulf Region
• Iran – Afghanistan

The flow consists the thermostat of the affected areas controlling also the air quality.
Low level subsidence determined by topography.
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Overview of summer EMME circulation
OMEGA 200 hPa JUL

Mediterranean subsidence and Bay of Bengal ascent form a dipole
suggesting a dynamical linkage .
‘Walker’ type transverse and thermally driven circulation?
‘zonal’.

Not exactly

Baroclinic signature in the EMME region.
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Vertical motion in mid-troposphere
Following the seasonal cycle of the solar input, the descending branches of the Hadley Cell are located
further to the north during boreal summer and climatologically stronger in the winter Hemisphere .

-Pa/min
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Evidence #1 : Med/Iran subsidence zones stand out from zonal mean
JUL 500 hPa

-Pa/min

500 hPa OMEGA JUL

500 hPa OMEGA JAN

Weak link to the Hadley Cell circulation

EMED and Iran – Afghanistan subsidence stand out as a distinct feature out of the Hadley Cell
subsidence zone defying its global seasonal variability.
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Vertical motion and theta. Mean meridional profile 13-30 oE

-Pa/min

85

Anatomy of Omega - θ fields during full monsoon activity.
MERIDIONAL

JUL 24-28 oE AEGEAN

North – south θ gradient
Tropics – midlatitudes

-Pa/min

 Subsidence is stronger in areas of sharp horizontal θ gradient .
ZONAL

JUL 32-40 oN

East – west θ gradient
Monsoon induced

-Pa/min
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Vertical structure. Meridional profiles.
MERIDIONAL

JUL 24-28 oE AEGEAN

-Pa/min

MERIDIONAL

-Pa/min

JUL 55-65 oE

IRAN

Quantifying the Med/Monsoon relationship : Definition of indices
OMEGA 200 / 500 / 850 hPa

PRECIPITATION

U,V WIND 850 / 1000 hPa
EASTERN AEGEAN
LOW- LEVEL
EMED

AEGEAN
mm/day

BENGAL
CORE INDIA

1980

Wang, B., Fan, Z., Apr. 1999.Choice of south asian summer monsoon indices. Bull
Amer Meteor Soc. 80, 629-638.
-Pa/min

Summer Asian Monsoon System
 Indian Summer Monsoon (IMS)
ARA : Arabian Sea

BEN : Bay of Bengal

CIND : Northwest continental India

 Western North Pacific Summer Monsoon (WNPSM)
CHN : South China Sea PHL : Philippine Sea
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Quantifying the Med/Monsoon relationship : Definition of indices
OMEGA 200 / 500 / 850 hPa

OMEGA 500 hPa

U,V WIND 850 / 1000 hPa
EASTERN AEGEAN
LOW- LEVEL
EMED

AEGEAN
-Pa/min

CIND
EMED

CIND CLIMATE
EMED CLIMATE

1980

Wang, B., Fan, Z., Apr. 1999.Choice of south asian summer monsoon indices. Bull
Amer Meteor Soc. 80, 629-638.
-Pa/min

Summer Asian Monsoon System
 Indian Summer Monsoon (IMS)
ARA : Arabian Sea

BEN : Bay of Bengal

CIND : Northwest continental India

 Western North Pacific Summer Monsoon (WNPSM)
CHN : South China Sea PHL : Philippine Sea
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Evidence #2 : EMED - Iran subsidence zones as monsoon related phenomena

EMED – south Asia 500 hPa omega seasonal cycles.

500 hPa omega

 Synchronicity of EMED subsidence
and monsoon activity with respect to onset,
maximum and weakening phases.
 Mainly for ARA, BEN and especially
over CIND. Break down of connection for
WPNSM areas.

EMED/Aegean U,V and CIND 500 hPa omega seasonal
AEGEAN 850 V
EMED 850 V

AEGEAN 850 U cycles.
CIND 500 OMEGA

 Subsidence and the Etesians over the
EMED increase simultaneously.
 As the Persian trough expands to the west
the flow acquires also a more easterly
component in July-August.

Correlation of summer (15 April – 15 November)
and 500 hPa EMED 500 hPa omega seasonal cycles.

500 hPa omega

 As the monsoon activity
migrates to the NW , the
successive release of westward
propagating Rossby waves under a
more favourable background state
have a greater mid-latitude
impact.
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Seasonal progression of the upper level warming

Seasonal evolution LTT (warming rate). Mean zonal profile 32-40 oN

Westward propagating
warming signature away
from surface heating can
be related to
subsidence/warming
induced by the
equatorially trapped
Rossby wave excited by
deep convection .

Seasonal evolution of 200 hPa θ

Striking westward expansion of the upper level
warming structure over North Africa.

Seasonal evolution of 500 hPa θ

Apart from the Tibetan plateau, mid level ‘hot spots’
develop in certain areas across the Middle East.
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The effect of topography on mid troposphere.
VATT 500 hPa JUL

TPTT 500 hPa JUL

HATT 500 hPa JUL

LTT 500 hPa JUL
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Seasonal evolution of monthly VATT/HATT. Mean zonal profile 32-40 oN
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EMED upper level subsidence (above 250hPa) related to monsoon: Evidence #3
JUL 24-28 oE HATT

JUL 24-28 oE VATT

JUL 24-28 oE MATT

JUL 24-28 oE V

JUL 24-28 oE ZATT

JUL 24-28 oE U

.

94

The midlatitude influence : Definition of an ‘Etesian Index’
Seasonal pace of mean Aegean wind speed/angle.

AEGEAN 1000hPa JJA

30 oE
40 oW

JJAS mean wind 4.2 m/sec
1980

AEGEAN 1000hPa DJF

Interannual variability of ‘etesian outbreak’ freq.
EMED 1000hPa JJA

AEGEAN 850hPa JJA

WMED 1000hPa JJA

The Aegean Sea topography amplifies low level northerly
flow by forcing a primarily meridional component. Ideal
region to identify etesian outbreaks as flow intensity proxy.
Seasonal pace of ‘etesian outbreak’ freq.
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Etesian outbreaks controlled by mid latitude synoptic activity
MSLP composites relative to JA etesian outbreak onset

GH composites relative to JA etesian outbreak onset

H

H
L
L

JA

JA
(gdm)

 Etesian outbreaks occur is association with a ridge in the Balkans triggered by synoptic activity originating in the
Atlantic. Transfer of anticyclonic vorticity from North Africa appears contributes to the building of the ridge.
 Air masses pulses are released southwards sliding down the isentropes resulting to stronger subsidence in the EMED.
V-wind composite anom during etesian outbreaks
MERIDIONAL

JA 24-28 oE AEGEAN

Omega composite anom during etesian outbreaks
MERIDIONAL
JA 24-28 oE AEGEAN
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Etesian outbreaks controlled by mid latitude synoptic activity
MSLP composites relative to JA etesian outbreak onset

GH composites relative to JA etesian outbreak onset

H

H
L
L

JA

JA
(gdm)

 In the ridge area the tropopause is elevated but further to the south tropopause fold intensifies and high-PV air of
stratospheric origin subsides towards the boundary level.
 As a result a double seasonal cycle of mid/upper troposphere PV, with a striking summer maximum.
PV composite anom during etesian outbreaks
MERIDIONAL

JA 24-28

oE

AEGEAN

Seasonal cycle of PV averaged in the region 32-40oN,
300-600 hPa and 0-15oE WMED or 20-35oE EMED.
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Etesian circulation : Tropopause fold
ZONAL 32-40 oN

MERIDIONAL 24-28 oE

98

Etesian circulation : Case July – August 2007

 Water vapor disappears over the
eastern Mediterranean due to
subsidence and adiabatic warming.

 Air arrives from mid-latitudes in
pulses.
 During etesian outbreaks the
Persian trough amplifies and
sometimes it moves westwards.

 The vapor-free area is clearly
defined to the west of India, exactly
over the area of subsidence.
 Sometimes moist air is caught in
a northward motion along the coast
of North Africa.
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Summary - Conclusions.
EMME summer circulation is characterized by persistent northerly flow and striking subsidence that
defy the Hadley Cell circulation seasonal variability. It is influenced by the following phenomena:
1. The South Asian Monsoon forms the large scale and low frequency background state that
expands towards the EMME.
 From April as the source of diabatic heating moves to the NW successive pulses of Rossby waves are
released characterized by a stronger response that can penetrate to higher latitudes.
Mid and upper troposphere to the north/west of the diabatic heating warm up leading to a depression of
the isentropes. Subsidence is encouraged in areas exposed to the mid-latitude northwesterly flow.
Orography controls the location of the major anticyclonic centers and eventually focuses the northerly
flow and subsidence over some areas including the EMED.
2. Mid-latitude synoptic variability introduces significant high frequency variability.
 The monsoon imposed background state in the EMED is distorted and enhanced by synoptic activity
originating in the Atlantic.
 A ridge over the Balkans is enhanced leading to etesian outbreaks and sharp tropopause folds over the
Aegean, as air mass pulses are released southwards.

Current research.
 The Etesian Index can be used effectively as a climate index.
 Compilation of a detailed climatology. Prepare climate projection (ECHAM model) to study future
changes in the EMME region.
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