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I.  The coastal inversion and the 
coastal jet





  

Thermal wind balance of the meridional jet

Geostrophic balance:

Hydrostatic balance:

Assume:

where pi is the level of the inversion; then

or also  
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Back to the trade winds and the Benguela jet
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Munoz & Garreaud (2005): 
momentum budget of the Chilean coastal LLJ



  

The BLLJ 



  

The BLLJ is primarily controlled by subsidence
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II. Tropospheric temperatures 
and the inversion



  



  



  

Characteristics of the PBL inversion
(Toniazzo et al, 2011; & other VOCALs-REx work)

Temperature T

GPH

θw

GPH

Potential temperature θ

GPH

Wet-bulb potential
temperature

A typical vertical temperature profile in the STAC
● The PBL is nearly dry-adiabatic
● The cloud layer is moist-adiabatic
● The FT is superadiabatic, due to radiative cooling
● A miracle happens when plotting θw

Free 
troposphere

Cloud layer

PBL



  

Characteristics of the PBL inversion
(Toniazzo et al, 2011; & other VOCALs-REx work)

● θw  is conserved under adiabatic 
mixing.

● Δθw£0 => (marginal) instability for 
mixing of FT and cloudy air.

● This allows energy-efficient 
entrainment in balance with FT 
subsidence. 

● Δθw>0 (absolute stability) => 
reduced entrainment, inversion sinks

● Δθw<<0 => PBL deepening
● In-situ data show a tendency for 
Δθw»0 to be maintained for time-
scales longer than 1-2 days



  

(Deardorff 1975)

~

(radiative cooling)

Scaling from mixing-length (diffusive) approximation

An interesting corollary: 
mixing-length scaling of entrainment process



  

Characteristics of the PBL inversion
(Toniazzo et al, 2011; & other VOCALs-REx work)

Temperature T

GPH

θw

GPH

Potential temperature θ

GPH

Wet-bulb potential
temperature

→ a warming of the FT causes the 
inversion to sink and to strengthen

Free 
troposphere

Cloud layer

PBL



  



  



  

1. FT cooling 
favour high, 
weak inversion 
and low cloud 
cover.

2. Driven by 
cold, esp. 
vertical 
advection

3. FT warming 
has the 
opposite effect

4. Strong mid-
latitude 
influences.



  

 Interim 2:

1. FT cold advection favour 
high, weak inversion and 
low cloud cover.

2. FT warming has the 
opposite effect

3. Strong mid-latitude 
influences

4. Advection often 
dominated by vertical 
motion.



  

 Interim 3:

1. Subsidence and 
inversion strength 
are strongly related 
through dynamical-
physical processes



  

Importance of the diurnal cycle at low latitudes



  

III. weather systems in the EBUS 



  



  



  



  

Coastally trapped lows (warm seasons)

Tropical-temperate troughs (DJF)

Main synoptic-scale disturbances affecting the Benguela coast

Hart et al. 2010

Cut-off lows 

Reason 1996

A few days ago



  

The link between mid-latitudes Rossby 
waves and surface weather



  

TTTs 
● Breaking LC1 cyclone wave(train) 
with low-latitude PV streamer 
provides low-level vorticity and 
dynamic uplift

Hart et al. 2002

● Couples with tropical low-
level winds providing 
moisture & triggering 
convection

● Over southern Africa, 
important role of the Angola 
Low

● Can cause intense both on- 
and off-short wind anomalies 
of the duration of a few days

Knippertz 2006



  

Subpolar high

Subtropical high
Stage 1: frontal wave

Stage 2: open wave

Stage 3: occluding

Warm
sector

Warm
front

Cold
front

Stage 4: mature
(dissipating)

Cut-off Low

Initial disturbance

Occluded
front

Mid-tropospheric cut-off lows: genesis



  

CLs
● Brief (1-4 days) but ubiquitous 

● Synoptic forcing provided by 
large-scale mid-latitude ridging

● Generates down-slope flow 
into the LLJ area

● Warm advection etc

● Shallow system

● Moves along inversion as 
coastal Ke wave, with 
typical speed of ~20 m/s 
(Reason 1996)

● Can go round all of Southern 
Africa (Gill 1982)

Garreaud et al. 2002



  

These so-called coastal lows (CLs) occur up to five times per month in all seasons, 
although they are better defined from fall to spring.
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Synoptic-scale frontal forcing can dominate short time scales



  



  



  



  



  

IV. atmospheric observations and 
models in the EBUS 



  

IV. atmospheric observations and 
models in the EBUS 



  

Radiosonde profiles against reanalysis products in the Benguela



  

Radiosonde profiles against reanalysis products in the Benguela



  

Toniazzo et al. 2013

The scarcity of in-situ 
data acquisition in 
operation product leads 
to systematic biases in 
the reanalyses which 
tend to reflect common 
model biases.



  



  

Acquired in-situ wind observations (Cape Diaz, Luedritz)

Courtesy: Jean-Paul Roux



  

A recent intercomparison of reanalysis and satellite products



  

A few important points
I. In contrasts with the large-scale trade winds, the surface 

winds of the EBUS undergo significant high-frequency 
variability

i. Inertial (diurnal cycle)

ii. Mesoscale (coastal lows)

iii. Synoptic (TTTs and mid-latitude ridges/troughs) 

II. This variability is controlled by changes in temperatures in 
the free troposphere, mainly via vertical advection

III. In-situ observations are (increasingly) scarce in some 
EBUS (e.g. Benguela)

IV. Reliance on model-generated data can lead to 
misestimations of the “true” atmospheric state in these 
areas.


