INFLUENCE OF THE ANDES OVER A CUT-OFF LOW'S LIFE CYCLE
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1. INTRODUCTION

Cut-off lows (COLs) are upper level synoptic
systems affecting the Suth American region with a
mean frequency of 17 episodes per year (Fuenzalida
et al, 2005; Campetella and Possia 2006). Both
statistical analyses cited above showed that COLs
have preferential regions of occurrence, being most
frequent at subtropical latitudes over the Pacific
Ocean, followed by the Atlantic Ocean and the South
America continental area. COLs were observed to
develop more frequently off the subtropical coast of
Chile, in a region between 30°-45°S and 68°-80°W.
Several COL episodes are associated to significant
weather events as hail, heavy rains and/or snowfalls,
strong winds as has been reported in southern Europe
(Nieto et al. 2005), eastern Australia (e.g., Mclnnes
and Hess 1992), and South America (Miky-Funatsu et
al. 2004; Godoy et al. 2008a).

Garreaud and Fuenzalida (2007, hereafter
GFO07) studied the influence of the Andes on the
development of a COL event performing simulations
with the WRF (Weather and Research Forecast)
model. Everson and Gan (2008) performed another
case study using BRAMS (Brazilian Regional
Atmospheric Modelling System). Both papers agree
on that there is no clear influence of the Andes on the
COL cut off. However, GF07 found that possibly the
Andes could be delaying the system decay by
blocking the flow of warm and moist air from
Amazonia.

This paper studies the influence of the Andes
mountain range on the life cycle of a COL that
developed in the region of maximum COL occurrence
frequency from March 25 to April 2" 2007.

2. MODEL DESCRIPTION AND METHODOLOGY

The Eta Regional Model at the Centro de
Previsao de Tempo e Estudos Climaticos
(Eta/CPTEC) was used to simulate the whole life
cycle of the COL. The model characteristics and
parameterisations used in this study are the same as
those used in Seluchi et al (2003). Initial and
boundary conditions are provided by the National
Center for Environmental Prediction (NCEP)
operational analyses at 6-h intervals. Two 8-day runs
-with topography (CTRL) and without topography
(NT)- were performed with a horizontal resolution of
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40 km and 38 vertical levels, both initialised on 25
March. The results of the CTRL run were validated
using the GDAS. The procedure to analyse the
thermodynamic processes involved in the life cycle of
the COL is the same as in Seluchi et al. (2003)). The
general form of the therm odynamic equation for h

vertical coordinate presented in Mesinger et al (1988),
and used in the current Eta/CPTEC version, is:
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where T is the temperature; V is the horizontal wind
vector; W is the vertical velocity in pressure

coordinates; C is R/cp; h is the vertical velocity in

h coordinates; and (Q/Cp represents diabatic

sources/sinks, that is, warming or cooling related to
large-scale condensation, convection, radiation,
surface exchanges, and friction. The second and third
terms in the RHS of the equation are due to adiabatic
ascents and/or descents and will be handled together
as a “static stability” term. The fourth term related to
diabatic source/sink will be split into three main
contributions: 1) that coming from ‘“moisture
processes,” which includes warming/cooling due to
large-scale condensation and cumulus convection; 2)
that related to “radiation,” which takes into account
temperature changes associated to radiative transfers
in the atmosphere; and 3) that encompassing “surface
processes”.

3. RESULTS

From 25 March to 02 April 2007 an intense
upper level COL developed over south-western South
America. This COL event establishes a quasi
stationary circulation pattern favouring the low level
advection of an unstable warm and moist air mass
over central Argentina. Several significant weather
events occur over this (particular) region during the
different stages of the COL’s life cycle, such as
intense and persistent rain, floods, snow and strong
winds in the central upper Andes (Godoy et al 2008a).
The synoptic environment, the three-dimensional
structure and the physical mechanisms dominating
the life cycle of this COL event were studied by Godoy
et al (2008b). The life cycle of the COL described in
this paper, using GDAS analysis, can be synthesized
as follows: initial stage: 18Z 24/3 to 18z 26/3, cut-off



stage: 187 26/3 to 18Z 28/3, mature stage: 18Z 28/3
to 00Z 29/3 and decay stage: 00Z 29/3 to 18Z 1/4. A
300 hPa geopotential height closed contour (level
contours every 20 gpm) is considered to mark the
beginning of the COL. When the upper level low
pressure system is cut-off on the equatorward side of
the maximum westerly flow the system has reached
its mature stage.

3.1 Validation of the Eta-CPTEC model

Figure 1 shows the evolution of the 300 hPa
geopotential height and the 850/300 thickness for
selected times of the CTRL run which reproduces the
COL’s life cycle. The comparison of this life cycle with
the one described by GDAS analyses (Godoy et al
2008b) reveals that the simulated cutoff process
starts 6 hours later (00Z 27 March). The rest of the life
cycle agrees fairly well with the analyses, although the
modelled system is shallower. However, the intensity
of the COL (calculated by following the system
throughout the laplacian of the geopotential height) is
much smaller in the CTRL run than in the GDAS
analyses, as shown in Figure 2. The intensity in CTRL
is smaller already in the initial stage because the ridge
located over the Pacific Ocean (Figure 1la) does not
stretch from NW to SE as observed in the GDAS
analyses (Godoy et al 2008b). Figure 3 shows the 300
hPa field of maximum winds at the time when the COL
reaches the mature stage. The CTRL run provides a
good simulation of the system location at its mature
stage, when it is completely cut-off from the westerly
flow. The jet stream is weaker than in the GDAS
analyses, which is consistent with a more extended
cold core and slightly warmer. Despite the difference
in system intensity and deepness and the 6-hour lag
at the beginning of the cut-off stage, the CTRL run
can be considered a good simulation of the COL life
cycle.

3.2 Simulation without topography

This section discusses the differences
between the NT and CTRL simulations, with emphasis
on the initiation and cut-off stages. At the beginning of
the initial stage, the evolution of the 300 hPa
geopotential height field in the NT run is similar to the
CTRL run. The cutoff stage begins at 06Z 27/3/07,
six hours later than in CRTL. Section 3.3 explains the
possible causes of this behaviour. At 18Z on 27 March
(Figure 4a), the upperdevel system is slightly
displaced to the east if compared with the CTRL run;
however the ridge moving from the South Pacific
towards Patagonia continues to be the mechanism
leading to the cut-off of the COL from the westerly
flow. From this moment on, the evolution in the NT run
is different from that of the CTRL run, showing an
eastward displacement of the COL, while the in CTRL,
the COL remains upstream of the Andes. Although the
COL reaches its mature stage at about the same time
as in the CTRL run (Figure 4b), the centre of the
ellipsoidal-shaped system is displaced towards the
southeast and located at 63° W; 35° S. The decay
stage is shorter in the NT run (similar to the results of

GFQ7), continuing with the rapid movement towards
the southeast.

Low-level circulation leeward of the Andes
presents significant differences from the beginning of
the simulations. Those differences are the result of the
missing channelling effect of the Andes on the low-
level flow in the NT simulation (Campetella and Vera,
2002). At the beginning of the cut-off stage, the
persistence of the upper-level trough upstream of the
Andes in the CTRL run favours the strengthening of a
low-pressure system over northwest Argentina. The
zonal pressure gradient that establishes over south-
eastern South America favours the southward
expansion of the air mass with tropical characteristics
(Figure 5a and b, left panel). This effect is not
observed in the NT run and the evolution of the COL
in this simulation is similar to the development of a
classical cyclogenesis (right panel in Figure 5 a, b and
¢). This shows that topography plays a major role in
the structure and duration of this system.

3.3 Thermodynamic processes

In the first half of the initiation stage of both
the CTRL and NT runs, the temperature trend is
dominated by the horizontal advection and static
stability terms (see equation 1). The most important
effect is the warming associated to the strong ridge
with NW-SE orientation located over the Pacific
Ocean (not shown). This warming intensifies the
ridge, which is responsible for the initiation of the cut
off process (GF07 and Godoy et al. 2008b).

Towards the end of the initial stage (182, 26 March),
differences begin to appear in the static stability term.
The CTRL run shows two areas of maximum cooling,
one of them located over the eastern side of the COL,
upstream of the Andes, and associated to the
orographic forced ascent. The second cooling
maximum associated to the static stability term is
located over central Argentina, but it is compensated
by the moist process term (not shown). The latter may
be associated to the ascent of convectively unstable
air forced by the mass convergence caused by the
deceleration of the northerly wind (left panel of Figure
5a and b). In the NT run the cooling due to the static
stability term is less localized and weaker, expanding
towards the centre of Argentina and associated to the
large-scale ascent downstream of the trough. Thus,
the cooling upstream of the Andes in the CTRL run
causes the trough to deepen, speeding up the start of
the cut-off stage compared with the NT run. In the
CTRL simulation and during the beginning of the cut-
off stage (Figure 6), the total temperature trend is
small in the vicinity of the COL. On the other hand, in
the NT simulation and also in the vicinity of the COL
(Figure 7) the adiabatic term dominates causing a net
warming, while a net cooling is observed downstream.

4. DISCUSSION

The results of the CTRL simulation
performed with the Eta / CPTEC model showed that
the model reproduces adequately the life cycle and
the three-dimensional structure of the cut-off low
under study, although the system was lower in



strength and depth than in the GDAS analyses. The
simulation without topography revealed that, in this
particular case and consistently with GF07, the Andes
do not affect the COL formation process. At this initial
stage, the intensification of the upper-level ridge
upstream of the COL precursor trough and its NW-SE
orientation continues to be an essential requirement
for the COL to cutoff from the westerly flow, a
condition observed in both the CTRL and NT
simulations. The differences between NT and CTRL
runs can be summarized as follows: i) at lower levels,
the absence of the Andes weakens the northerly flow
which has low level jet characteristics on the lee of the
Andes and therefore weakens the warm advection
over central Argentina, ii) at 300 hPa, the COL in the
NT run shows an eastward movement during its
segregation phase, while the CTRL run resembles the
stationary behaviour of the observed event, iii) the
whole life cycle of the COL in the NT run is 3 days
shorter than in the CTRL run. In the CTRL run, the
COL begins to cut-off 6 hours earlier than in the NT
run, which can be related to an area of maximum
cooling in the middle troposphere associated to
adiabatic processes that make the trough deeper
upstream of the Andes.

Some of the results obtained in this study
differ from those of the case study in GFO7, which
concludes that the Andes do not affect the cut-off and
mature stages. Although both case studies
correspond to COLs that took place in March, the
greatest difference between both episodes is that in
the case of GF07 the initial and cut-off stages and the
beginning of the decay stage occur between 90 ° and
85 °W, while the case presented in this paper
develops at 75 °W, just upstream of the Andes.
However, the research performed to date has not
explained how the Andes modify the structure and life
cycle of the COLs that develop in the south of South
America. In order to make progress in this aspect,
more case studies and consistent simulations (i.e.,
using the same numerical model) without including
topography are needed.
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Figure 2: 300 hPa geopotential’s Laplacian for the cutoff low system,
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Figure 3: 300 hPa geopotential height (solid, contour interval 40 gpm), temperature (dashed, contour interval: 2
°C) and wind magnitude greater than 40 ms ™ (shaded), for 00Z 29 March 2007
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a) 27/3/2007 — 18Z

745
275
305
335
365

3951

425 164
455 118005
1550

Ee—is50
F==——1480

515 R\%H{T:__l T i
4400
=i
45 feme = 1380

95W  S0W BB 80W  FEW TOW  GaM BOW  BSW 5OW 5 90W 85w 3D YR FOW  B3W BOW  BaW  SOW

483

o 3 B 9 12 15 18 21 24 0
b) 28/03/2007 - 182

21547

3 B 9 12 15 18 21 24

745
273
05
333
383
393

425

458
485

513

. 545
[ oco
45W 80w BEW  BOW  FBW  TOW GaW  BOW 53w BOW oW QoW BBW  30W ol FOW  B5W  BOW  BOW  BOW

6 3 6 9 12 15 18 21 24 o 3 B 9 12 15 18 21 24
c) 29/03/2007 - 182

95w 90W  3BW FalW o 70W BAW BOW B3W  BOW 90W 35w aDW YR FOW  BSw BOW  BAW  BOW

o 3 B 9 12 15 18 21 24 o 3 B 9 12 15 18 21 24
Figure 5: 850 hPa geopotential height (gpm, solid line), Temperature (°C, shaded) and wind vectors. Left panel:
CTRL run. Right panel: NT run.



a) Horizontal Advection b) Static Stability

185 : : 3
1a5- - : : 3 ; e \ﬂL’ . ‘B

nsf- 8
245 *

—2
275

—1
308

—0.5
338 | os
368 L,
398 s
425 i
455 -5

—a

=0l ool BOW SSN BOM JSM FCW 65W SOW  BSW SOl

c) d) Total
155 155 - - - : :
1as{- ‘E 188
2151 8 215
P13 U * 245
2751 bR 275
sos)- :;5 305
3351 L _os 335

FEEL- e
iy

4751
Y IS
PrY S

SEM BOW ASW BOW JSM FCAY 6HW  GOW  SaW GO 9o BOW BSM BOW 75

Figure 6: CTRL run: 500 hPa Temperature (K, solid line) and temperature change (shaded, K.6hr'1) due the rhs
terms in Eq. 1 (see section 2 for explanation) for 182 27 March.
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Figure 7: As Figure 6 but for NT run.






