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. The coastal inversion and the
coastal jet
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Thermal wind balance of the meridional jet

Geostrophic balance: fv=0,®
Hydrostatic balance: fo,v= _g (0, T)p

= —% (0,In@),
Assume: 0, 0~0, 00, p,

where pi is the level of the inversion; then

N/
éap‘/gs (éaXl)iL9

fgzpf

or also
N *
63 vV~ (E%iﬁh)p

Z fgop
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Inversion slope ~18hPa/39km

Using:
N -~

asz_(ax pf)p

fgp,

AB), Ap,
AX~15m/S

|
Av~ fOp,



Back to the trade winds and the Benguela jet

ERA—Interim hlev—1 total and geostrophic windspeed [m/s]
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Back to the trade winds and the Benguela jet

ERA—Interim hlev—1 total and geostrophic windspeed [m/s]
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Back to the trade winds and the Benguela jet

FRA—Interim: St.Helena Pmax and Benguela Vmax
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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
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Il. Tropospheric temperatures
and the inversion
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(a) 29.55-28.58 Oct—Nov 2008 (b) 20.55-19.58 Oct—Nov 2008
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Characteristics of the PBL inversion
(Toniazzo et al, 2011; & other VOCALs-REX work)

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 Bw
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Characteristics of the PBL Inversion
(Toniazzo et al, 2011; & other VOCALs-REX work)

e Ow IS conserved under adiabatic
mixing.
. . g 0 20 40 ciw [Enl:?/mal B0 100 120
° AOWSO => (marg“’]al) |nStab|I|ty for B T e B e e e e Y
mixing of FT and cloudy air. '

Daily means

 This allows energy-efficient :
entralnment In balance Wlth FT ;' ........................................................... L o N
subsidence. . ;

» ABw>0 (absolute stability) =>
reduced entrainment, inversion sinks

* ABw<<0 => PBL deepening

* In-situ data show a tendency for
ABw~0 to be maintained for time-

scales longer than 1-2 days




An interesting corollary:
mixing-length scaling of entrainment process

pC 1 , AL
Tt D= g [ (515 + L)

—mO.0, r o —p0, (k0.01)

1YzVey — (radiative cooling)

Scaling from mixing-length (diffusive) approximation

Az ~ Aei=m;/pe ~ 1/ p
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Characteristics of the PBL Inversion
(Toniazzo et al, 2011; & other VOCALs-REX work)

— a warming of the FT causes the
Inversion to sink and to strengthen
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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.
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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.
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Interim 3:

1. Subsidence and
Inversion strength
are strongly related
through dynamical-
physical processes
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lll. weather systems in the EBUS
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- Fig. 14b. Continued.

1B in light cyan. On the day 1
JTC. A contoar bmierval of 15m Is wsed, with positive valus

www.atmos-chem-phys.net/1 /48777201 1/ Atmos. Chem. Phys.. 11, 4977-5008, 2011 Atmos. Chem. Phys., 11, 4977-5000, 2011 www.atmos-chem-phys.net/1 LA49777201 1/
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Fig. 14c. The final two panels show the October- November mean values of AT when cloud is present {determined as being when 3 <
AT < 35K) for the moming and aftemoon times. with contoors of mean pressure (overlaid on moming) and 500 hPa geopotential height
(afternoan).

www.atmos-chem-phys.net/1 /49777201 1/ Atmos. Chem. Phys., 11, 4977-5009, 2011
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Fig. 14c. The final two panels show the October—Noy
AT < 35K) for the moming and afternoon times, with ¢
(afternoon).

or mean values of AT when cloud is present (determined as being when 3 <
tours of mean pressure (overlaid on moming) and 500 hPa geopotential height
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Main synoptic-scale disturbances affecting the Benguela coast
Coastally trapped lows (warm seasons)
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The link between mid-latitudes Rosshy
waves and surface weather
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* Breaking LC1 cyclone wave(train)
with low-latitude PV streamer

provides low-level vorticity and
dynamic uplift
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Mid-tropospheric cut-off lows: genesis

B

subpolar high /

Cold

Subtropical high

Stage 3: occluding

o o
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Stage 4: mature
(dissip(g)ting)

Stage 2: open wave

Cold it
front Warm sector Warm

front

Cut-off Low

(f



ClLs

* Brief (1-4 days) but ubiguitous

e 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

‘‘‘‘‘‘

| sw 70w 86w BOW  S5W  5OW  45W  4OW

ey
12

Garreaud et al. 2002

typical speed of ~20 m/s
(Reason 1996)

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




Coastal Lows along the Subtropical West Coast of South America: Mean Structure

and Evolution

RENE D. GARREAUD, JosE A. RUTLLANT, AND HUMBERTO FUENZALIDA

Department of Geophysics, Universidad de Chile, Santiago, Chile

(Manuscript received 22 November 2000, in final form 7 June 2001)

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
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IV. atmospheric observations and
models in the EBUS



V. atmospheric observations and
models in the EBUS




Radiosonde profiles against reanalysis products in the Benguela
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Radiosonde profiles against reanalysis products in the Benguela
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The scarcity of in-situ
data acquisition in
operation product leads
to systematic biases in
the reanalyses which
tend to reflect common
model biases.
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Acquired in-situ wind observations (Cape Diaz, Luedritz)

Meridional Wind near Diaz Point
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A few important points

l. 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)

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

lll. 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.



