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Reference reading:
PO Chapter 5.1-5.2; James Chapter 2.2, 2.4
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“On the Cause of the General Trade Winds,”
in the Philosophical Transactions of the Royal

17354E, Hadley (ERIBE S

Motivation: explain the easterly
(northeasterly) trade winds of the
tropics and the prevailing westerly
(northwesterly) of midlatitudes.
Single cell: solar heating in low

latitudes lead to rising motion near the ,
equator and sinking near the poles,

with equatorward motion at low levels \
and poleward motion aloft. \
Conservation of absolute velocity:

the equatorward motion at low levels

turns westerly when arriving at high

latitudes and forms the trade wind.
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“On the Cause of the General Trade Winds,”
in the Philosophical Transactions of the Royal

1735%, Hadley (EMERIE =
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Motivation: explain the easterly
(northeasterly) trade winds of the
troplcs and the prevailing westerly
(nofthwesterly) of midlatitudes.
Mlar heating in low
atitudes lead to rising motion near the ,

equator and sinking near the poles,
with equatorward motion at low levels
and poleward motion aloft.

Conservation of absoltse&loc
the equatorward motion at low levels
turns westerly when arriving at high
latitudes and forms the trade wind.

Understanding the effect of earth’s rotation!—
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= Coriolis 1832. Memoire sur le
principe des forces vives dans les

mouvements relatifs des machines.
(On the principle of kinetic
energy in the relative
movement of machines.) J.
Ec. Polytech, 13, 268-301.

= Coriolis 1835. Memoire sur les
equations du mouvement relatif des

syst\ emes de corps.

(On the equations of relative
motion of a system of bodies.
J. Ec. Polytech., 15, 142-154.

Gaspard-Gustave de Coriolis
1792-1843
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. Ferrel's view

= 1856%

Observed southwesterly
challenged Hadley’s

theory;
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= 18574, Thomson'’s view

Still a single direct cell in
the upper troposphere;

In the lower levels of
middle and higher
latitudes, a shallow
indirect cell with
poleward flow near ground
and equatorward flow in
the intermediate levels.
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" 18594, Ferrel's second view

Close to Thomson’s view,
except for a polar cell in high
latitudes.

"\ Ferrel-Thomson’s
circulation

EQUATOR
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® The role of eddies?

O

Bigelow(1902), the effect of cyclones should be taken into
account.

Defant (1912), eddies transport heat to higher latitudes.
Jeffreys (1926), eddies transfer angular momentum.

V. Bjerknes (1937), Ferrel-Thomson’s circulation is unstable to
eddies.
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RELATION BETWEEN VARIATIONS IN THE INTENSITY
OF THE ZONAL CIRCULATION OF THE ATMOSPHERE
AND THE DISPLACEMENTS OF THE SEMI-
PERMANENT CENTERS OF ACTION*

By

C.-G. ROSSBY ano COLLABORATORS
Massachusetts Institute of Technology

This paper attempts to interpret, from a single point of view, several at
first sight independent phenomena brought into focus through the synoptic
investigations carried on at the Massachusetts Institute of Technology
during the last few years. Since this interpretation is very largely based
on a consideration of the changes in vorticity which must occur in vertical
air columns which are displaced from one latitude to another and since such
vorticity changes play a fundamental role also in Ekman’s general ocean
current theory (1932), the results would appear to be of enough interest to
physical oceanographers to warrant their publication in this journal. The
particular phenomena brought out in the course of our studies are listed
below.
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The British Atmospheric Data Centre (BADC)
www.badc.nerc.ac.uk/data/claus (infra-red)
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http://www.badc.nerc.ac.uk/data/claus

Observations
-Zonal mean fields

Stream function (}m,l‘_’l 51)
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&/ Observed features
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great amount of convective cloud in the western pacific
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Walker Circulation

High
tropospheric
isobaric
surface

Low
tropospheric
isobaric

2|  PACIFIC

surface

ATLANTIC

OO

180°
Longitude

OO
(Adapted from Webster 1983)
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&/ Observed features
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Features of monsoonal circulation:

-an Indian monsoon example

May High temperature
30 ; 30
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<&/ Non-zonal circulations
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&) Storm tracks

50N b) NEEP/NCAR storm tracks

60N @3 o

IoN{ =

0 BOE  120F 180  120W  GOW 0

DJF mean at 500 hpa from 1980 to 2000

0 50 100 150 200 250 300 350
Zonal wind from NCEP/NCAR data

The storm zones occur in
association with the jet
streams;

The storm zones are most
intense near the longitude of
the jet exits.
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o iREYEIE

o THRETRE
ZEIMRARS (GEFIYIRR, zonally
averaged circulations) :

o Hadley 3

o Ferrel B}, 2. BREE(ER
SrEIFRAG:

©  Storm tracks

o  Monsoon

O  ENSO and Walker circulation
FEEZENRKSIRIED
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o THREIRE
ZKEWRAL (G@TFI9F7R, zonally
averaged circulations) :

o Hadley ¥

o Ferrel IR, 2. BRIEE(ER
GERTHRS:

©  Storm tracks

©  Monsoon
o ENSO and Walker circulation
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= Currently most-accepted view

Summer Winter
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Seidel et al. 2007
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= Aircraft report (AIREP)
" EERN
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=  Measurements include: )
pressure, temperature, ‘ ;
specific humidity, cloud ) p
cover, precipitation... > 3
=  Number of land-based ) 3
surface stations is at least i -
one order of magnitude 3 ¢
greater than the number of  » ¢
upper air stations. g :
> ¢
) .
Y 1241544 1378 d
BB PDPDPPP DD
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Measurements include:
pressure, temperature,
specific humidity, cloud
cover, precipitation...

Number of land-based
surface stations is at least
one order of magnitude
greater than the number of
upper air stations.

Station distribution is highly
inhomogeneous.
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Measurements include:
sea surface temperature,
salinity...

mlllllllllllllllrrlllllrltllﬁlv(’llllm

Also include: atmospheric .
temperature, pressure, :
humidity, wind direction,
wind speed.

L1 1 1 fgon
T

Most observations were
taken by commercial ship.
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Radiosonde (FLZk IR (X)

/.

Humidity

Temperature
transducef\

transducer

Wire ﬂ'x)
antenna

RIRZUM: oKiF 33



o BETH (ERS) .
= IREHEN EEipAEE
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Components of radiosonde DFM-97
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SUPARCO'S GPS BASED BALLOON SOUNDING SYSTEM
- GPS Satelites i &

F & | |
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Radiosonde (L& BERZ=N) L
Measurements include:

temperature (~1K), i
relative humidity (~10%),
winds (~3-5 m/s).

Relatively high vertical
resolution (‘standard’ levels:
1000, 850, 700, 500, 400,
300, 250, 200, 150, 100,
50, 30 hPa.), but errors
becomes larger at higher
levels.

Most stations
(800/1000)are located in
the Northern hemisphere.
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DEAHN

Poorer accuracy than
conventional measurements

High horizontal resolution,
relatively poor vertical
resolution. Typical vertical
resolution is several km.

Sounding ceases at the
cloud top, no data taken
within the vigorous weather.

Typical orbital period is 90
mins, so it takes several
hours before the entire globe
is covered.

Even though, still important
data source over oceans.

Compared to temperature and
humidity sounding from radiosonde

(First meteorological satellite, 1960)

RIRZUM: o5KiF
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DEFH

First reliable
measurements of
incoming and outgoing
radiative fluxes at TOA

Multiple spectral band:
e.g. microwave band-
liquid water content of
the atmosphere, wind
stress over the oceans,
distribution of sea ice,
height of sea level,
distribution of
pollutants...

Y2 series (China)

105°E

SHEREAE-1R(BX)

MTSAT-1R (Japan)
140°E

* R -
I .

IEFEY HRNE
Geastationary metearological satellites

38
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Polar-orbiting meteorological satelites

<
3.
-
-

| SEENEZ-R (%)

EB2E I IME () }/ bl MTSAT-1R (Japan)

FY2 series (China)
105°E

140°E

RS R NE
Geastationary metearological satellites

XZ=3-A/C. B: 2008-2014
X z=4-A: 2016.12
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DEAHN

First reliable
measurements of
incoming and outgoing
radiative fluxes at TOA

Multiple spectral band:
e.g. microwave band-
liquid water content of
the atmosphere, wind
stress over the oceans,
distribution of sea ice,

h_eig_ht O_f sea level, The A-Train satellite formation currently consists of five
distribution of satellites flying in close proximity: Aqua, CloudSat, CALIPSO,
poIIutants... PARASOL and Aura. (from NASA website.)
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http://nasascience.nasa.gov/missions/aqua
http://nasascience.nasa.gov/missions/cloudsat
http://nasascience.nasa.gov/missions/calipso
http://nasascience.nasa.gov/missions/aura
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= AIREP&HR

O Reports of
temperature and
pressure taken
by airlines

m Taken at the
flight level of the
aircraft

- Most of the
AIREP are seen
in the air lanes
of North Atlantic
and North pacific

A A A A A . A A A - A
1R 12w nu MW @*»w . ®e wuc s 19%C e
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Research
vessels:
temperature,
salinity, oxygen
content,concentr
ations of various
nutrients.

Shorter time
coverage.

Still limited
knowledge on
the dynamical
structure of the
oceans.
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= EFEERL Argo
EE2WEE, 12
RS LR
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Consist of almost

4000 drifting, -

profiling float: l

temperature, ~

salinity and i

currents.

Coverage since Cesoerg ¢ 10cC ™

2000s. gy g ey

Drlft at 1 Ooom’ Descend m 2,0C0 m every "0 duys mnd then rose
every 1 O dayS, o E16 EUMECE TBSELY NK tOMIEraTLra and ssliity
dive to 2000m then

move to surface.
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