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How does one define the tropics?
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(after Sellers, 1965)



The mean meridional circulation and main surface wind regimes.

after Defant, 1958
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Field Experiments in the Tropics

» Global Atmospheric Research Programme (GARP) Atlantic
Tropical Experiment (GATE) July 1974

» The MONsoon EXperiment (WMONEX December 1978,
SMONEX May — August, 1979)

» Australian Monsoon EXperiment & Equatorial Mesoscale
EXperiment (AMEX, EMEX) January — February 1987

» Tropical Oceans Global Atmosphere Couple Ocean
Atmosphere Response Experiment (TOGA COARE)
November 1992 — February 1993

» DYNAMO (Dynamics of the MJO)/CINDY (Cooperative
Indian Ocean Experiment on Intraseasonal Variability in
Year 2011)
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200mb Vector Wind {m/s) Climatology 1968—1998 200 mb
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Velocity potential

We can separate the three-dimensional velocity field into a
rotational part and a divergent part (see e.g. Holton, 1972,
Appendix C.)

V=KAVy+Vy

rotational J -\ Irrotational

nondivergent divergent

VA(kAVy)=kVy VAVy)=0
V- (KAVy)=0 V- (Vy) =V
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(Adapted from Krishnamurti et al., 1973).
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OLR, 200-hPa Streamlines and B50—-hPa Wind Clim {1979-14995)
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SE Asian Monsoon
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Australasian Monsoon
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South America: January climatology

850 mb wind
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An example of monsoon variability

West coast
of India
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Winter MONEX
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Wlnter MON EX Divergence & Wind Field
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Darwin Surface Pressure
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Easterly waves over Africa
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Tropical cyclones
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Moist Convection

Trade Cumuli



The tropical troposphere
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Conclusion: Deep tropical circulations cannot be dry adiabatic




The role of diabatic processes
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Types of convection
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Madden-Julian Oscillation

Description of Global-Scale Circulation Cells in the Tropics with a 40-50 Day Period

Roranp A. MappeEN anND Pavr R. JuLiaw

National Cenier for Aimospheric Research,}! Boulder, Colo. 80302
(Manuscript received 6 April, in revised form 15 May 1972)

ABSTRACT

Long time series {5-10 years) of station pressure and upper air data from stations located in the tropics
are subjected to spectral and cross-spectral analysis to investigate the spatial extent of a previously detected
oscillation in various variables with a period range of 40-50 days. In addition, time series of station pressure
from two tropical stations for the 189(0's are examined and indicate that the oscillation is a stationary feature,
The cross-spectral analysis suggests that the oscillation is of global scale but restricted to the tropics: it
possesses features of an eastward-moving wave whose characteristics change with time. A mean wave
disturbance, constructed with data from the IGY, provides additional descriptive material on the spatial
and temporal behavior of the oscillation. The mamfestatlon in station pressure consists of anomalies which
appear between 10N and 10S in the Indian Ocean region and propagate eastward to the Eastern Pacific.
Zonal winds participate in the oscillation and, in general, are out-of-phase between the upper and lower
troposphere M:xmg ratios and temperatures are also mvestlga.ted The sum 1 total of ewdence 1ndlcates that

From JAS, Sept. 1972
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Indian Ocean Feb/Mar 2001




West Pacific Ocean — Fe
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Westerly wind bursts
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The extended Held-Hou Model
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Winter Summer
Y cell | cell Y
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U 1 : 1 >
Y. Eq. Yo Y: Y,

Solution for 6,,, and Y

Streamline dividing the

Solar heating maximum /

winter and summer cells

Om(Y) = 0:(Y)
Omo Oy s Op(Y)
unknowns
Eg.—u=0 Y y > Pole
Q% AO 12
MO_—20Y4:6EO__2Y2 Y = SAGQH
10a“gH 3a ‘ 39290
2
eMO_ Q 60 Y4 ZGEO_A—GYZ SAGZQH
2a’gH ? Omo =00 =5 —5—
9 : mo = Veo T 8220070
0

Take 0,=255 K, A6 =40 Kand H=12 km = Y ~ 2400 km and

B0 = 0.9 K cooler than 05(0).

"
~ in agreement with obs.

dv
2 2\n N

- U=vYV-pu—

(V=) 0=vYo-uy

Scale and puty = LY R

2 2\ o av

(v - )n:qu—v

dy
Now \7(Y):\7n=exp(—%Y2)Hn(Y)
dv dH
and — =YY _ N7 n
qy Yvn+exp( 2Y) ay
: dH
Properties of the Y” =2nH,_,(Y)

Hermite polynomials d
H,.(Y)=2YH (Y)-2nH_,(Y)

Eastward Moving
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n=21  Kelvin wave

—

n=0 Mixed R-G wave
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Horizontal structure of the Kelvin wave and of a westward
propagating Mixed Rossby-gravity wave.




A few outstanding problems

» Interaction between moist convection and the large-scale
flow.

» What are the controls on deep convection?
» Models usually don’t get the diurnal variation correct.

» No generally accepted theory of the Madden-Julian
Oscillation.

» Weather forecasting in the tropics is still very difficult
compared with that in the middle latitudes!







