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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

17355, Hadley (EXEie = v

Motivation: explain the easterly
(northeasterly) trade winds of the
tropics and the prevailing westerly
(northwesterly) of midlatitudes.

Single cell: solar heating in low f
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.

RIRM: 5% 6



“On the Cause of the General Trade Winds,”
in the Philosophical Transactions of the Royal

17355, Hadley EXIEiE =

Motivation: explain the easterly

(northeasterly) trade winds of the

tropics and the prevailing westerly
westerly) of midlatitudes.

M]ar 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 absolise=&locity:
the equatorward motion at low levels
turns westerly when arriving at high
latitudes and forms the trade wind.

M

T
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Understanding the effect of earth’s robtation!——
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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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= 18561, Ferrel's view P N

®=  Observed southwesterly
challenged Hadley’s
theory;

e | T i e e e e e

= Three-cell circulation,
close to current views of
earth’s general
circulation.
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S view

J

F. Thomson

e

= 1857

Still a single direct cell in
the upper troposphere;

2
%
o
Y
T
8
<

.
b

In the lower levels of
middle and higher

|
on EQUATORIAL CaLpes AND

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.

NORTH POLE

“\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.

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

o V. Bjerknes (1937), Ferrel-Thomson’s circulation is unstable to
eddies.

RIREm: 5% 12



1898 — 1957
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1939] JOURNAL OF MARINE RESEARCH 39

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)

RiREm: 5% 15



http://www.badc.nerc.ac.uk/data/claus

-Zonal mean fields
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Observed features

great amount of convective cloud in the western pacific

RiREm: s5F 17
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Walker Circulation

High
tropospheric
isobaric
surface

Low
tropospheric
isobaric
surface

INDIAN ° PACIFIC ATLANTIC
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Longitude

OO
(Adapted from Webster 1983)

Air Circulation
in a vertical plane
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‘2 Observed features
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Features of monsoonal circulation:

-an Indian monsoon example
High temperature
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&/ Non-zonal circulations
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Storm tracks

b) NEEF’/NCAR storm tracks

GON

60N @3 o

30N

Y t
R
O i

0 BOE  120F 180 12'0w ﬁdw 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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HhEREiE :

o REYIEIE

o TFMHREIRE
ZEWRAS (F@FIIHR, zonally
averaged circulations) :

o Hadley ¥

o Ferrel Fiit. 2. KREEER
SFaIfmAS (non-zonal
circulations) :

O Storm tracks
O  Monsoon

o ENSO and Walker circulation
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ZOWRAL (SEFIIHA, zonally

averaged circulations)
© Hadley 3
© Ferrel Hifit. 2R, KRABEIER

F@IMnEZ (non-zonal circulations)

WEST
WINDS
EAST WINDS

O  Storm tracks
o Monsoon
o ENSO and Walker circulation
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EHEAE R TRIARSIR
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= Currently most-accepted view

Low
tropopause 50
High S n
ozone Summer Winter
40—
Midiatitude westerlies
. _
@ £ —
§ E
1
Hadley
circulation
10—
0 POLE EQ POLE
Seidel et al. 2007 LATITUDE
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Aircraft report (AIREP)
TN

RIREm: 5% 28



o mEHER (Fhits)

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.
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Measurements include:
pressure, temperature,
specific humidity, cloud
cover, precipitation...

Number of land-based

1R

BN (Fh

surface stations is at least

one order of magnitude

greater than the number of

upper air stations.

Station distribution is highly

iInhomogeneous.
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BERR (3

Measurements include:

sea surface temperature, _me
salinity... —al
Also include: atmospheric . i ih e 4“,,#,1,,,“@,,@”

temperature, pressure,
humidity, wind direction,
wind speed.

Most observations were
taken by commercial ship.
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Humidity
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Temperature
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Wire (flex)
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n IRxTEEaN EEfl
Radiosonde (Fc4 ERIRZN) AL IR

Components of radiosonde DFM-97

,I:I

E )N

Sensor boom

* Completely factory-calibrated (no
additional ground

* Arrange 8
precise surement ur vufmcr
thermal ence of the radloaunde»bncy

GPS antenna

C/A-code corellated
GPS unit

g S Signal
Temperature measurement ; s transmitter
* Ceramic sensor
* Mirrared surface reduces
errors due to solar radiation
» Fast reaction time due to low St Wire (fex)
weight and low thermal capacity vy antenna

Humidity measurement

* Fast, capacitive polymer sensor

* Protected against heating and
water ingress by a mirrored capsule
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SUPARCQO'S GPS BASED BALLOCN SOUNDING SYSTEM

' = 7 ~
“-T{’ GPS Satellites * &

.

Ascending GPS-

o Radiosonde
® =

e

2-kg Balloon
with RS-payload L
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Radiosonde (FToZk IR = {Y)

Measurements include:
temperature (~1K),
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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DESN

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

T IR O S

METEOROLOGICAL SATELLITE

(First meteorological satellite, 1960)

BRIRZUM: 5K
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= DEREHM

n 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,

NV : : | BEENENE-R (B5)
distribution of sea ice, BEIBFFIHE (TB) K MTSAT-1R (Japan)

height of sea level, e P / 140°E
distribution of

WX REME
poll.tants..
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TR ZE
Polar-orbiting meteorological satellites

[ 4
K4
.
-
-~

| SEEKEHE-R (85

BRAFIE (FR) s MTSAT-1R (Japan)
FY2 series (China) - /(f 140°E

»~

IR RRAE
Geostationary meteorological satellites

105°E

XZz=3-A/C. B: 2008-2014
X z=4-A: 2016.12
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DESN

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_e|g_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.)

RIREm: 5% 39


http://nasascience.nasa.gov/missions/aqua
http://nasascience.nasa.gov/missions/cloudsat
http://nasascience.nasa.gov/missions/calipso
http://nasascience.nasa.gov/missions/aura

ANk 2 i

= AIREPE&HI

iﬂ:

— WM EE

Reports of
temperature and
pressure taken
by airlines
Taken at the

flight level of the
aircraft

Most of the
AIREP are seen
in the air lanes
of North Atlantic
and North pacific
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= AIREPE&H!

(B) Aircraft Locations

60°N| €
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2004 (NCEP)
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R

Research
vessels:
temperature,
salinity, oxygen
content,
concentrations
of various
nutrients.

Shorter time
coverage.

Still limited
knowledge on
the dynamical
structure of the
oceans.

0 030E 060 030 120 150E 180 1504 120 090 060 0304 0

(C) Marine Surface Pressure Locations
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" SEFESER: Argo
- EEWSE. B
HERN8F EEX
METHE
= Consist of almost
4000 drlftlng, S ' : Surface layer
profiling float: ‘
temperature,

salinity and
currents.

u Cove rage since Descend to 1,000 m .‘-_ ls : Subsurface layer
and drift at this depth
2000s.

m Drift at 1000m,

Descend to 2,000 m every 10 days and then rise

every 1 0 days’ to the surface measuring temperature and salinity
dive to 2000m then
move to surface.
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E IR

BFEZ M Argo
BEIKEF. 12 .
HERN8F EEX
METHE .
Consist of almost
4000 drifting,
profiling float:
temperature,

salinity and
currents.

Coverage since
2000s.

Drift at 1000m,

every 10 days, 3861 oo o e e nomnfin 0TI D mmn ey 2oi
dive to 2000m then DI LIIUrIuemn oo omeonn jcommEps

move to surface.
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5° grid DA
2 1 1 2 3 AL
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3 2 2 2 3
3 3 3 3 3

From Stone, 2005
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J 4\

Assume
5° grid

W

Ostatlon

1 1

From Stone, 2005

ARANIES oA

= # (radiosonde based)

Initial guess Qg for the actual field Q.

Refine Qg from any observations
within a certain distance of each grid

point:
=(1- Z Wi)Qg + Z WiQ;

The heart of the method is the
appropriate choice of the weights Wi. In
general, it depends on the distance of the
observation from grid points. More
sophisticated schemes might also
consider the balance condition between
variables.

RIREUM: 555F

47



REWARID — FRIES D

N/

2545 MG RFZHEIR R4 (data assimilation)

e Data assimilation:

process by which observations are incorporated into a computer model
of a real system;

In each analysis cycle, observations of the current (and possibly past)
state of a system are combined with the results from a numerical weather
prediction model (the forecast) to produce an analysis, which is
considered as 'the best' estimate of the current state of the system;

Data assimilation tries to balance the uncertainty in the data and in the
forecast.
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data assimilation * “froze” analysis technique

technique always in development,
e.g. using models with higher

resolution, better parameterization reanalysis data
NCEP/NCAR

RIREM: 55F 49
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BoEE: ERA-40FINCEP/NCAR

NCEP(National Centers for Environmental Prediction)/
NCAR(National Center for Atmospheric Research)

Dataset Product:
1948.01.01-present, global grids
4-times daily and monthly
Horizontal: 2.5 X 2.5 degree (Basic)
Vertical: 17 pressure levels (Basic)
Model for data assimilation: T62 with 28 levels

Reference: Kalnay et al.,1996: The NCEP/NCAR 40-year
reanalysis project, Bull. Amer. Meteor. Soc., 77, 437-470.

http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html
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N

» NCEP/NCAR B9 #f
o WIBsENknE

= A (strongly influenced by observed data, hence, in the most
reliable class): geopotential height, T, u, v...

= B (although there are observational data directly affecting the

value of the variable, the model also has a strong influence):
relative humidity, w(vertical velocity), lowest level u and v...

= C (no observations directly affecting the variable, so that it is
derived solely from the model forced by the data

assimilation): radiation fluxes, surface heat fluxes, cloud forcing,
precipitation rate...

= D (fixed from climatological values and does NOT depend on
models): surface roughness, surface geopotential height...
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