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The General Atmospheric Circulation
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Simple sketch of the direct atmospheric circulation
(non-rotating earth)

httD://.1.eiu.edu/~cfi|os/1400/circulation.html
Original in The Atmosphere, 8th edition, Lutgens and Tarbuck



http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
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Sketch of the main cells of the general atmospheric
circulation

Polar high
U

Subpolar

www.ux1.eiu.edu/~cfijps/1400/circulation.html
Original in The Atmosphere, 8th edition, Lutgens
and Tarbuck



http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
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Geostrophic Wind Balance

| PGH

S Essentials of Meteorology, C. Ahrens
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Idealized winds generated by pressure gradient and
Coriolis Force and actual wind patterns owing to land
mass distribution

Polar easterlies  Polar high

Subtropical high

(a) (b)

http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
Original in The Atmosphere, 8th edition, Lutgens and Tarbuck



http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
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Meridional cross section of the main cells of the general
atmospheric circulation
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How jet streams form: Thermal Wind Balance

@ Geostrophic wind

Warm Air (coming out of the page)
250 mb PGF - pressure gradient
force
Co - Coriolis Force
500 mb
PGF
>
750 mb Cool Air
850 mb
P=1013 mb

http://mwww.ux1.eiu.edu/~cfips/1400/pressure wind.html



http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
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Climatological mean surface pressure and position of
the ITCZ in January
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http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
Original in The Atmosphere, 8th edition, Lutgens and Tarbuck



http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
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Climatological mean surface pressure and position of
July
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http://mwww.ux1.eiu.edu/~cfjps/1400/circulation.html
Original in The Atmosphere, 8th edition, Lutgens and Tarbuck
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http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
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The Equatorial Walker Circulation in the Pacific

Normal conditions
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Climate Variability: The EI Nino Southern
Oscillation (ENSO)
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Changes in the Atmosphere and Ocean during El Nifo
Events

El Nifilo conditions
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Changes in the Atmosphere and Ocean during La Nina
Events

La NifAa conditions
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The Bjerknes Feedbacks

1. 557 forced Wind Anomaly

SST Anomaly
l brced SST Anom. |

Heat Content

Sea Level
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D. Dommenget
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The 2015 El Nifo

Sea—Surface Temperature (C)
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The 2015 El Nino

oCT2013 850 hPa Zonal Wind (m/s) Depth {m} of 20C lsatherm

e " : N 00T2013
JANZO14 4 ) : 3 AN JAN2014 ﬁ
APR2014 - g ; - APR2014 200
JULEGM—) o R : : w4 10 JuL2014 180
- N E E Y 8 160
0cTz0141 - : R o ocT2014 o
..IAN?:CI'IS— o A . JAN2015 120
APR2015 . 5 (] 2 APRIOTS L
1 R noo - &0
. ;o 0 Juots
JULZ015 . ,- s F 4 o
. DI _§  OCT2015 40
ocr20184 S [ -8 UAN2016 20
JAN2016 PERSEER s 10 pRz0ts ¢
APREmE-\ T A R : JULZ016

JUL2016 T s R S e 140E 160E 160 1401 120W 100w BOw

100E 12{]E 14DE 160E 160 160w 140w 120W 100W 20w
850 hPa Zonal Wind Anomaly (m/s) S Anomalous Depth {m) of 20C lasatherm
0CT2013 <:__,__~_____:-:~é:,' JANZO14 L
MNZDH_L__\ o e LSS APR2014 ] 50
APRZOTA ”/Jn/ﬂu/’““—““—f":) C JUL2014 40
ML20T4 A~ (T S = . 30
OCTZOMA™ o 8 JANZD15 122
I ,__G 4 E
JANZOT5 - — 2 A 5
APRZDISS 10
/ e < 2 L2015 -~,':=
JUL2015 R - —4 —20
0CT2015 S \—’ﬂ Q & O k 6 O —iv
_ 0 -5 —40
JAN2D16 “x_;"‘gd" <W\\\£2f < —50
I i
4 - — i et k
{7 ™ £ 1406 160F 180 1B0W  140W 120w 100W 80w

100E  120E  140E  1B0E 180 160W 140w  120W  100W  BOW

Data updated through Zeptember 2016
Data updated through Zeptember 2016

NOAA CPC Climate Diagnostics Bulletin 09/2016




Climate of the Ocean

Lecture 4: Atmospheric Circulation and Variability

The 2015 El Nifo

Qutgoing Longwave Radiation (W/m2)

Sea Level Pressure (hPa)
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How to measure ENSO: The
NINO3.4 SST Index

Nino 1+2

...........................................................................................................

SST Anomaly in Nino 3.4 Region (5N-5S,120-170W)
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The Southern Oscillation Index: Pressure difference
between Tahiti and Darwin

Southern Oscillation Index (SOI)
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EL NINO CLIMATE IMPACTS

December-February
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www.climate.gov
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Indonesian fires sending haze across south-east Asia
could become worst on record, NASA warns

Updated 3 Oct 2015, 7:08am
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PHOTO: Satellite image from September 24, 2015 shows smoke from fires in Indonesia over the coasts of Borneo and Sumatra.

(NASA Earth Observatory) www.abc.net.au




Climate of the Ocean

Lecture 4: Atmospheric Circulation and Variability

El Nino Paints the World’s Driest
Place with Color

Unusually strong rains earlier this year set the stage for a widespread flower bloom across the
Chilean desert.
1/6 >

f
F
®
-

A Rare Sight A mallow field in full bloom in the Atacama region, some 750 kilometers
north of Santiago, Chile. The desierto florido (desert in bloom) occurs every five to
seven years, though this year's is more vibrant than most.

news.nationalgeographic.com
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Corals Are Dying on the Great
Barrier Reef

Australian government issues emergency response level and warns that bleaching may be linked
to climate change.

This panoramic image reveals coral bleaching at Lizard Island on the Great Barrier
Reefin March 2016.

news.nationalgeographic.com
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First successful El
Nino prediction in
1986

Forecast models
are reasonably
- skillful at up to 6-9
climate preiction _ @) "Q.I:; month lead times

- models
Predictability based
on slow evolution
of upper ocean heat
Observations Forecasts content

M. McPhaden, US Clivar ENSO Workshop 08/2015
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Warm Water Volume (5°N-5°S, 120°E—-80°W)
and NINO 3.4 SST Anomaly
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M. McPhaden, US Clivar ENSO Workshop 08/2015
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Outgoing Longwave Radiation “ ..rainfall continued to be

NOAA/ESRL Physical W‘r{; Division below average near the
,

Date Line...and near
average east of the Date
Line.”

NOAA El Nifio Watch
4 Dec 2014

El Niho Conditions

160E 180 160w 140W

Jun-Nov 2014

Outgoing Longwave Radiation: An indicator
of deep convection and heavy rainfall

M. McPhaden, US Clivar ENSO Workshop 08/2015
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 ENSO is the most important mode of climate
variability on interannual time scales

* |t has its origins in the interactions of the tropical
Pacific Ocean and the atmosphere, but its impacts
reach far beyond the tropical Pacific region

* Over the past 20 years there has been huge progress
in the understanding of the processes leading to
ENSO events and models are in general able to
predict ENSO events up to 6-9 months in advance

 However, the failed El Nino prediction in 2014 shows
that it is still not fully understood
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Climate Variability: The North Atlantic
Oscillation (NAO)
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Icelandic Low, Azores High and mean Storm Tracks in
January

http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
Original in The Atmosphere, 8th edition, Lutgens and Tarbuck



http://www.ux1.eiu.edu/~cfjps/1400/circulation.html
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Positive and Negative Phases of the NAO

4

Pressure rises |

Winter
(b) Negative phase

Winter

(a) Positive phase
© 2007 Thomson Higher Education




Climate of the Ocean

Lecture 4: Atmospheric Circulation and Variability

The NAO index: Pressure Difference between Lisbon
and Reykjavik

NAOQO Index (Dec-Mar) 1864-2016

(Lisbon,, - Stykkisholmur/Reykjavik,)
o
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North Atlantic Oscillation
Correlation with Surfoce Temperature Departures

January

http://www.cpc.noaa.gov/data/teledoc/
15 20 30 40 nao_tmap.shtml
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North Atlantic Oscillation
Correlation with Precipitation Departures

January

http://www.cpc.noaa.gov/data/teledoc/
nao_pmap.shtml
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IMPACTS
ASSOCIATED
WITH A

POSITIVE
NAO YEAR.

MOATHEASTERN US
Increased temperatare
resalts in decreosed
nambsgr of snow doys

HORTH SEA
Increased wave height
affects safety of ail rigs
‘amd their operators

NORMAY
Surplas wotes in
hydroelectric reservoirs
jprovides potential for
selling surplus electricity

SCANDINAVIA
Length of the plant growth
season is lengthened
by 20 days

CENTRAL US
Increased precipitation
and river ranff

Lecture 4: Atmospheric Circulation and Variability
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In the late 16th century, the missionary Hans Egede s
Soabye, after several years of travelling hunk and
M bty [ " H A ul'd 1,
- recorded in his journal:
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“In goml-nd, all winters are severe, yet
they are not alike. The Danes have noticed
that when the witter in Denmark was %
severe, as we pereeive it, the N\
winter in Greenland in its
manner was mild,

}— and conversely.” \ TN _\_1)
5 temperature see-sow was due to

Thir Figars sacmn urface
tempeests rmpsnes and

e will-dooumnnted As we now know, this east-west

x impacts k.
asrscited with o stren
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: 4 in sen level pressure over the North \
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AR das the north near lzeland and high )
i ed at et Rimginaturia pressure in the south near the Azores.
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% The pressure contrast drives surface
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¢ L ighights thase winds and wintertime storms from
stgons whish ard mEemr west to east across the North Atlantic,
ﬂ;"’"‘"”"::‘"' r Variations in the pressure gradient affect
ressws gradian :
a_“,:.nhm:"uw ' the winds and storm tracks, thereby
groatarthos wucl ) altering sen surface temperature, air
3 S ke o "':‘-""’1 \ temperature and precipitation. The \
ars sok. Sa surfuse o oy
z s ks ] impacts of this climate phenomenon

rench os far enstward as central Siberia
and the eastern Mediterransan, southward to West Africa, westward to North America
and extend throughout the entire Arctic region. These changes in atmospheric pressure
and its associated impocts are known as the North Atlantic Oscillation (NAD).
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IMPACTS
ASSOCIATED
WITH A
NEGATIVE
NAO YEAR.

TROPICAL ATLANTIC/
GULF COAST
Warmer sea surfoce

‘ Temprrobares conse

increases im number ond
strenpth of hurfcanes

ATLANTIC
Inereasod prowth end
recruitment of
Haithen Cod

EASTEFIN LDNG |SLAND

Deerpaspd “Brown tide™

events increase scallop
harmests

PORTUGAL £ SPAIN
Increosed grape ond
olive barvests

TURKEY
Increased precipitation
and stepamflew i the
Tigris-Euphrates
River Basin

http://www.ldeo.columbia.edu/res/pi/NAO/pamphlet.html
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The NAO is the most important mode of atmospheric
variability in the northern hemisphere

It impacts not only the North Atlantic but the whole
northern hemisphere

It is one of the main sources of predictability for
European winter conditions

However, models still have problems to predict the
NAO



