MR3522: Tropical Meteorology
Hadley Cell and Walker Circulation

Main Topics:

- Hadley cell

- Intertropical Convergence Zone (ITCZ)

- Shallow circulation in ITCZ

Inertial instability and cross-equatorial flow

Module 4.1
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Hadley cell (Halley 1686; Hadley 1735)



Waliser and
Gautier (1993)

Effect on flow (trades,
subtropical jet, etc.)



Hack et al.
(1989)
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A shallow return flow in the ITCZ where meridional gradients of SST are large

Nolan et al. (2007)



Simulated budgets of mass, water, and MSE into/out of ITCZ in EPAC

Nolan et
al. (2010)
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Gill (1980)
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€ is a frictional dissipation or Newtonian cooling term
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Gill (1980)



Gill (1980)
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MR3522: Tropical Meteorology

Coupled Atmosphere-Ocean Variability in the
Walker Cells

Main Topics:
- Qualitative descriptions of

o El Nifio-Southern Oscillation
o Indian Ocean Dipole

Module 4.2
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Seasonal SST Anomaly 2020/05/10 - 2020/08/08
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Neutral ENSO

BoM Australia



La Nina

Equator

La Nifia

BoM Australia



El Nino

.........

Equator

supressed upwelling

El Nifio

BoM Australia



1997 El Nino

NOAA
ENSO

Include different
ENSO indices

Upper ocean T
anomalies as well
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Temperature anomaly (°C)



1998 La Nina

NOAA

Temperature anomaly (°C)



SST Anomalies
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Other Indices: https://www.esrl.noaa.gov/psd/enso/dashboard.html



https://www.esrl.noaa.gov/psd/enso/dashboard.html

Indian Ocean Dipole


















MR3252: Tropical Meteorology

Monsoons

Main Topics:

- Asian-Australian monsoon
- Monsoon depressions

- Enhanced precipitation along small
topographical features

Module 4.3


















200-500 mb Temperature

Webster and Fasullo (2003)



South Asian Summer Monsoon




Summer
monsoon




Fletcher et al.
(2019)

Western Ghats



Monsoon Depressions

Hunt et al. (2016;
MWR)

What causes these to move northwestward?
Beta drift? (Boos et al. 2015)
Cloud-radiative feedback amplification? (Adames and Ming 2018)



Austral-Asian Monsoon

NASA video showing satellite data

during various monsoons: https://svs.gsfc.nasa.gov/12303



https://svs.gsfc.nasa.gov/12303

Wang et al.
(2018)

Intraseasonal
variability in
monsoon
precipitation over
SE Asia



MR3252: Tropical Meteorology

Mid-Latitude Dynamics Forced by Tropical
Convection

Main Topics:

- ENSO "teleconnections”

- Mid-latitude examples of sub-seasonal
variability

- Extratropical response to tropical heating

Module 4.4
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Prescribe a
/ tropical heat
anomaly
and see
what the

extratropical
response is.

Simmons (1982)



500 mb X100 mb X

Response to
the heating
anomaly:

Barotropic in
structure
(i.e.itis not
dependent
on height)

700 mb X 300 mb X

Simmons (1982)



Seasonal
dependence
of mid-
latitude
response

Simmons (1982)



Dependence
on latitude
of forcing.

If forcing is
near
equatorial,
mean
easterlies act
to "trap”

disturbances.

Also fis
small, so
vorticity
generation
by equatorial
disturbances
is lower.

Simmons (1982)



Taking w =0 _ u
(stationary wave):

K, = [_3—M=\/I«cz+l2

Upm

Dispersion
relation from
Hoskins and
Karoly (1981)

Figure: Trenberth
et al. (1998)



ENSO
forcings

Trenberth et al.
(1998)



DJF 1986—-87
(El Nifio)

Divergent
O\ anomaly aloft
associated with

enhanced central
Pacific convection

Northern and
F\ Southern

Hemisphere

Rossby wave
\ trains

Trenberth et al.
(1998)



H. Lin et al. (2007); JCLI



Lin et al. (2007)



Henderson et al.
(2016)



Henderson et al.
(2016)



For example, this
means that 15-20
days after a strong
MJO projects onto
RMM Phase 2, AR
activity occurs over
western Canada.

Mundhenk et al.
(2018)



CAPE

0-3 km
Storm

relative
helicity

CAPE * SRH?

Tornado
events

Hail events

Baggett et al.
(2018)
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