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Abstract

Hourly rainfall estimates from integrated satellite data are used to build a dynamically based cli-
matology of convectively generated rainfall across the La Plata Basin in South America and adja-
cent oceans. Herein, the focus of this manuscript is on 20S to 35S, including the Andes cordillera.
Emphasis is placed on rainfall resulting from organized convective regimes which are known to
produce the majority of seasonal rainfall in Southern South America and other continents. The
statistical characteristics of individual events are quantified and examined with respect to region-
al atmospheric conditions. Among the factors considered are steering winds and wind shear, con-
vective available potential energy (CAPE), localized sensible and latent heat sources over moun-
tains and wetlands (Chaco), and the occurrence of baroclinic waves such as mid-latitude jet stream
transient disturbances. Forcing and convective triggering mechanisms are inferred from the di-
agnosis of systematic patterns as evidenced in the continental diurnal cycle and longer periods of
natural variability. The diurnal cycle of rainfall is especially informative with respect to the fre-
quency and phase of rainfall associated with long-lived propagating rainfall “episodes”. Similar to
findings in tropical northern Africa and tropical northern Australia, there is a strong presence of
organized convection, which can propagate zonally hundreds to thousands of km as a coherent
sequence of mesoscale convective systems. Convective triggering is often associated with elevated
terrain, the Andes, and the La Plata basin region, which is especially rich in moist static energy.
The passage of baroclinic waves over the Andes is consistent with eastward propagating clusters
of convection, within which westward-propagating systems also reside. These organized convec-
tive systems over the La Plata Basin are analyzed with hourly rainfall estimates with CMOPRH
method. Rainfall estimates at 8-km spatial resolution were obtained between December 2002 and
June 2008. Very few data are missing so it is one of the most complete, longest and highest resolu-
tion data sets available to date that allows a comprehensive description of spatial and temporal
distribution of convection from its hourly to interannual variability over the region. In this work,
diurnal, intra and inter seasonal and interannual cycles are obtained and examined in the light of
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episodes of organized convection. Daily, monthly and yearly spatial patterns of rainfall accumula-
tion over the La Plata Basin region vary both inter- and intra-seasonally and are forced by under-
lying dynamic and thermodynamics mechanisms. Time-longitude diagrams of CMORPH hourly
rainfall are used to describe the genesis, structure, longevity, phase speed and inferences of the
underlying dynamics and thermodynamics of episodes of organized convection. The episodes of
organized convection are analyzed in terms of their duration, span, phase speed, starting and
ending time, starting and ending longitude, month and year through frequency distribution analy-
sis. Most episodes of organized convection move eastward across the La Plata Basin with variable
phase speeds. Basic descriptive statistics indicate that the La Plata eastward propagating average
phase speed is 13.0 m-s-1,
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1. Introduction

This South America has two major precipitating regions that shaped both the Amazon and the La Plata Basins as
readily seen in their topography features (Figure 1). Continental and basin scale water balances are economi-
cally relevant to human activities, though more importantly, they determine the complexity of eco systems such
as those found in the Amazon and Chaco regions. South America has one of the largest drainage systems with
about 12% of all fresh water on the planet. A major contributor to the hydrological cycle in the La Plata basin is
the frequent occurrence of mesoscale convective systems (MCSs). [1] compared these over North and South
America and concluded the latter region produces stronger, larger and longer lasting events. These systems tend
to form during evening hours in spring and summer yielding larger amounts of water [2]. The transport of heat
and moisture by the South America low level jet—SALLJ [3] assists in the triggering of events close to the
Andes Mountain Range. This occurs most frequently near 25S; southward with variable easterly trajectories in
fall and spring; and northward in summer [1]. Precipitation climatology of such systems and others that contri-
bute to the water cycle over the La Plata Basin are important and difficult to obtain from point measurements
alone to establish major event regimes, diurnal cycle, seasonality, and variability out to inter-annual periods.
This paper focuses on precipitation climatology over the La Plata region from a 5-year period of record.
Event-based rainfall statistics include spatial and temporal coherence, frequency and intensity of events, pre-
ferred locations and diurnal phase of rainfall triggering; continental and coastal ocean patterns of diurnal, sea-
sonal, interannual variability. The underlying dynamical mechanisms and diurnal variability are inferred and
discussed based on spatially resolved and hourly cumulative rainfall estimates. This manuscript presents a brief
description of the CMORPH method in Section 2 [4]. Interannual, interseasonal and diurnal spatial distribution,
frequency and variability of rainfall systems are analyzed for a 5-year period of record in Section 3. Event cha-
racteristics are illustrated in Section 4, diurnal patterns and inferred causes thereof are given in Section 5. A
brief summary of major results and conclusions is given in Section 6.

2. Precipitation Amount and Frequency Estimation

CMORPH (“CPC Morphing technique”; [4]) provides high spatial (~8 km at the equator) and temporal
(half-hourly) analyses of precipitation globally from 60°N to 60°S. The method blends together precipitation es-
timates from passive microwave (PMW) instruments (SSMI, AMSR-E, AMSU, TMI) that are generated from
published algorithms. However, since these instruments are from low earth orbit platforms, sampling frequency
is a major shortcoming. CMORPH alleviates sampling limitations by using geosynchronous infrared (IR) data as
a mechanism to interpolate and “morph” the PMW-derived precipitation estimates yielding spatially and tempo-
rally complete precipitation fields every 1/2 hour. CMORPH differs from other combined IR/PMW methods
(e.g., TMPA; [5]; PERSIANN; [6]) in that it does not use rainfall estimates generated from IR data. Rather, it
uses IR to determine the motion of raining systems and applies that motion field to raining systems that have
been determined from passive microwave (PMW) data. The hypothesis is that the use of IR data to transport and
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Figure 1. USGS topographic (A) of South America between
10° and —60° latitudes and between —25° to —90° longitudes.
Geographic contours, latitudes and longitudes are indicated in
the maps. The La Plata rectangle is between —20° and —35° lati-
tudes, and between —25° and —80° longitudes.

interpolate precipitation systems (that have been identified and quantified by PMW data) results in more accu-
rate estimates than those from IR data alone. This notion is borne out by several validation studies (e.g., [7]).
The details of the process are provided by [4].

2.1. CMORPH Daily, Monthly and Yearly Accumulation

Figure 1 shows a topographic map of South America and the area where daily, monthly, seasonal and annual
rainfall accumulation were estimated to analyze interannual, intraseasonal and daily cycle of convection over the
La Plata Basin from 2003 to 2007. The rectangle determined by latitudes 20°S to 35°S and by longitudes 25°W
to 80°W is the area where CMORPH hourly rainfall accumulation were taken. [8] compared gauge-measured
and CMOPRH-derived rainfall accumulation over most of South America for 2003 and 2004. They indicated
better correlation for longer accumulation time intervals with p? = 0.72, 0.62 and 0.38 for yearly, monthly and
daily rainfall accumulation. Further yearly one-hour rainfall climatology analyses over South America are
shown in [8] where the focus is the diurnal cycle of convection over the Amazon and adjacent tropics. They de-
scribed the annual rainfall in seven spatial patterns: 1) an area of high rainfall accumulations over the Amazon
Basin; 2) a secondary area of high rainfall accumulation over the La Plata basin; 3) a broad area of fairly high
precipitation over the South Atlantic Ocean; 4) a very low rainfall area induced by the South Atlantic high pres-
sure system; 5) an area of low rainfall associated with the South Pacific high pressure system; 6) an rainfall
stripe along the coast of Brazil due to warn rain processes; and 7) High rainfall down slope in the Amazonian.
They found that rainfall patterns have greater interannual variability in amplitude than phase and are modulated
by stationary and transient climate features [9].

2.2. Time-Longitude Rainfall Analysis

Hovmoller time-longitude analyses used by [10] were utilized to identify episodes of organized convection in
the La Plata Basin. All systems 100-km or longer were analyzed to estimate their span, phase speed, duration,
starting and ending longitudes. Statistics were obtained. Some episodes of organized rainfall are used to illu-
strate typical cases of short to long duration events as well as their underlying dynamics and thermodynamics
and how much they contribute to the estimated total rainfall accumulation in the region. Individual and compo-
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site synoptic analyses of winds, specific humidity and temperature were obtained with NCEP analysis software.
Wind shear and system steering level were also included in the analyses of dynamic features as well as respec-
tive Hovmoller diagrams. The annual and seasonal diurnal cycles of convection were obtained with averaged
Hovmoller diagrams for a 48-hour period to illustrate stationary and propagating rainfall systems in the La Plata
region.

3. Seasonal and Interannual Variability

Inter-annual and intraseasonal monthly precipitation estimation with CMORPH between 2003 and 2004 is
shown in Figure 2. The monthly rainfall fields shown include two major moisture convergence zones. One is
the Inter Tropical Convergence Zone (ITCZ) that produces the ascending branch of the Hadley circulation over
the Amazon Basin. As suggested by the displacement of this major precipitation region, it migrates from North
to South over the Amazon Basin from September to March. The second one located between the extra-tropics
and mid-latitudes of South America is linked to baroclinic waves that tend to be stationary in early summer and
result in the South Atlantic Convergence Zone. Two other precipitation features are of note. One is a vast region
of low rainfall accumulation associated to the descending branch of the Hadley Circulation over Northeast Bra-
zil.

This high-pressure system is a permanent feature across the South Atlantic Ocean, extending eastward to
South Africa (not shown). This large divergence area transports moisture equator ward and westward by
low-level winds. Zonal winds transport most of the moisture in the Amazon Basin. Secondly there is a region of
enhanced precipitation caused by seasonal organized convection centered in the Chaco region within the La
Plata Basin. The overall climatology of these transient systems is well established in the literature [11]. Figure 2
indicates that this secondary rainfall maximum is apparent in early fall and spring. The dynamical and ther-
mo-dynamical features of this secondary maximum in South America are the main object of this manuscript.
Similar rainfall features have been observed and analyzed in North America [10], Australia [12] and Africa [13]
and were found to be associated with elevated terrain, differential heating, while propagating great distances
downstream from the areas where they are formed. It will be seen later that the La Plata organized systems tend
to resemble others elsewhere in most cases but the longer duration ones are caused by phase locking between the
entrance region of upper level jets (ascendance) and the low level jet that injects high moisture content from the
Amazon Basin to fuel organized extra tropical convection [3].

Figure 3 shows the average hourly rainfall accumulation field for South America in 2003. The diurnal cycle
over the Amazon and over the La Plata Basins is the dominant rainfall regions that propagate westward and
eastward, respectively. The one over the Amazon starts late in afternoon and progress to the next day while the
one over the La Plata starts early in the day.

The relative rainfall accumulation in both regions are comparable but the one in the La Plata is much less
frequent being more apparent in early fall and spring. In spite of many other diurnal events, these events propa-
gate systematically, spreading rainfall in space and time through Southern South America. Such propagation
renders the organized convection clearer. Other important imbedded features are ordinary convective systems
over the Chaco region, but these also fail to propagate under the less favorable dynamic conditions associated
with reduced vertical wind shear.

The frequency of hourly rainfall accumulation between September and November in 2003 is seen in Figure 4,
the most active season of organized convection in the La Plata Basin in a year of more frequent organized con-
vection. It is more evident in the frequency fields that events over the La Plata basin are less frequent than
events over the Amazon. However, the average rainfall rate is higher in the La Plata region. Thus, this poten-
tially more baroclinic environment associated with high moist static energy and wind shear seem them both to
play an important role while over the Amazon region equatorial waves are less effective in that sense.

Figure 5 presents the frequency distributions of duration (h), phase speed (m-s™*), and span (km) for all epi-
sodes of organized convection in the La Plata Basin between December 2002 and June 2008. There is a greater
frequency of smaller episodes of organized convection. The average phase speed is 13.0 m-s* for eastward
moving episodes. Phase speeds of longer spans can be either small or large. Longer (shorter) spans episodes can
propagate very fast (very slow) depending on the underlying dynamic and thermodynamic conditions. The spec-
trum of phase speeds tend to be narrower (broader) for shorter (longer) durations and spans and, there are epi-
sodes of higher (lower) phase speed for longer (shorter) spans and durations.
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Figure 2. Monthly one-hour rainfall rate average (mm/hr/month) over South America for 2003
to 2004. Longitudes, latitudes, geographic contours, color scale (mm/hr/year) are indicated.

Phase speeds (not shown) have much greater dependence on the starting longitude than on the starting time.
The maximum is located in the Andes Cordillera and the minimum over the South Atlantic Ocean. Systems that
start between —40° to —50°W longitudes in the afternoon and evening also have faster phase speeds. The high
frequency of front genesis [14] and so intense circulation agrees with the present estimate of episodes of orga-
nized convection. Episodes have higher frequency between longitudes —70° to 60°W in the afternoon and even-
ing close to the Andes Cordillera. A maximum at —65° longitude late evening is remarkable (Figure 6).

Spans are longer when systems start between —70° to —60°W. The spans tend to be shorter in the upstream di-
rection of propagation given contour conditions at East (Atlantic Ocean) and West (Andes Mountains) that
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Figure 3. Average hourly rainfall accumulation field for South America in 2003 at 0000 UTC,
0300 UTC, 0600 UTC, 0900 UTC, 1200 UTC, 1500 UTC, 1800 UTC and 2100 UTC.
Longitudes, latitudes, geographic contours, color scale (mm/hr) are indicated.

restrains the organized convection by lower friction and higher static stability, respectively. The frequency dis-
tribution of episodes at La Plata Basin episodes (Figure 6) stating longitudes are remarkably higher collocated
to Andes Cordillera (18%) and between longitudes —50° to —30°W (>10 average) over South Atlantic Ocean.
Figure 7 shows the frequency distribution of starting times of episodes of organized convection in the La
Plata Basins. Frequency distribution of starting times in the La Plata Basin is complex, through the three main
peaks at 0100 UTC (6.0%), 0900 UTC (6.5%) and 1900 UTC (5.6%) that coincide with the ones in the Amazon
Basin (not shown). Two secondary peaks and the minimum are at 1300 UTC (3.6%), 1500 UTC (4.9%) and



A.]. P.Filho et al

20030901 - 20071130 0200 UTC
: 2 o

LATITUDE

-4
-80 -75 -70
LONGITUDE

20030901 - 20071130 0500 UTC

LATITUDE
)
o

40 M. . :
~80 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25

LONGITUDE

20030901 - 20071130 0800 UTC
o E— —

LATITUDE

65 -60 -55 -50 -45 -40 -35 -30 -25

-70 65 -60 -55 -50 -45 -40 -35 -30 -25

LONGITUDE

20030901 - 20071130 1100 UTC

LATITUDE

40 NN, .. I 3
“80 -75 -70 -65 -60 -55 -50 -45 40 -35 -30 -25
LONGITUDE

LATITUDE

LATITUDE

LATITUDE

LATITUDE

_40 Mk

-80 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25

.ul'
-40
-80 -7

-75 -70 65 -60 -55 -50 -45 40 -35 -30 -25

LONGITUDE

20030901 - 20071130 1700 UTC
e v
-~

-60 -55 -50 -45 -40 -35 -30 -25
LONGITUDE

2000 UTC

LONGITUDE

20030901 - 20071130 2300 UTC
g

‘*‘ Snd

9 . N
5 -70 -65 -60 -55 -50 -45 -40
LONGITUDE

Figure 4. Frequency of hourly rainfall accumulation between September and November in
2003 at 0200 UTC, 0500 UTC, 0800 UTC, 1100 UTC, 1400 UTC, 1700 UTC, 2000 UTC and
2300 UTC. Longitudes, latitudes, geographic contours, color scale (%) are indicated.

0000 UTC. Episodes of organized convection in the La Plata are modulated by the diurnal cycle of convection,
as in the Amazon basin, and modified by the other dynamic and thermodynamic features such as transient ba-
roclinic waves (fronts), topographic induced convection (Andes Cordillera) and frontogenesis (South Atlantic
Ocean) that tend to interact with the diurnal cycle in any constructive or destructive phase between them. The
most intense and lasting ones are associated to topographic induced convection fed by a low level moisture jet
coming from the Amazon Basin [15].
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4. Diurnal Cycle

Figure 8 shows the Hovmaller time-longitude diagram for one-hour rainfall accumulation average in a 48-hour

period computed with CMOPRH rainfall estimation in the La Plata domain between 2002 and 2008. The main
rainfall pattern in the Hovméller diagram is the diurnal cycle of convection starting near the Andes Cordillera

(—=67°W) around 0000 UTC and propagates eastward in about one day to —46°W. In general, it rains less at the

Cordillera, but as the organized convection propagates eastward, it increases towards the Chaco low elevation

region when moist static energy is higher in late afternoon. As organized convection propagates away from the

Chaco, topography increases eastward; air temperate and moisture content decrease and so rainfall, in spite of

induced vertical motion by the topography. A quasi-stationary pattern is observed between seashore and the At-

lantic Ocean associated with the inertial circulation along the coast, especially during summer.

Figure 9 is similar to Figure 8 except for the percentage of time with rainfall during winter, spring, summer

La Plata Basin

160

o o o

saposid3 Jo Jaquiny

Starting Time (UTC)

Figure 7. Frequency distribution of stating time (UTC) of orga-
nized convection in the La Plata Basins between October and

December of 2002 to 2008.
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Figure 9. Similar to Figure 8 for the percentage of time with rainfall during winter (a), spring
(b), summer (c) and fall (d).

and fall (a, b, c, d), respectively. A rainfall frequency pattern is almost stationary in winter centered in the Chaco
region. In spring, the pattern propagates from Andes Cordillera eastward while in summer, rainfall frequency
increases and stationary patterns are apparent and caused by stronger diabatic forcing. A similar pattern is ob-
served in fall but with lower frequencies. Organized convection occurs preferably in spring and fall triggered at
the Andes late in the evening. They tend to intensify as they move towards a richer moist static in phase with the
diurnal cycle of diabatic.

5. Organized Convection Characterization

A few episodes of organized convection are presented to illustrate common instances of such systems together
with their underlying dynamic and thermodynamics. Figure 10 shows a sequence of five episodes of organized
convection between 23 and 29 November 2003. The Hovmoller diagram of one-hour rainfall accumulation av-
erage is shown in Figure 10(a). They started near the Andes at —67°W and ended at —45°W. As they propagated
eastward, the rainfall accumulation increased up to the Chaco region and after decreased.

The Hovmdller diagram of 200-hPa zonal wind anomalies in Figure 10(b) shows a positive anomaly evolving
in magnitude and extension starting from the Andes and propagating eastward its phase displacement coincides
with the phase of the precipitating systems. The average 200-hPa wind field during the episodes (Figure 10(c))
indicated an upper level jet with its equatorial entrance (ascending motion) over the Chaco region. Concomi-
tantly, the average 925-hPa specific humidity field (Figure 10(d)) varied between 14 g-kg™ to 22 g-kg* over
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indicated.
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the upper La Plata basin resulting from intense moisture advection by a low level jet (not shown). The spatial
distribution of the rainfall accumulation is shown in Figure 10(e).

These key ingredients of the episodes were vertical shear and moisture advection triggered five propagating
organized convective systems, and more importantly, the triggering region was over the Andes and late in the
evening. This result is similar to the one found by Carbone at al. (2002) in North America downwind from the-
Rocky Mountains. As this long baroclinic wave moved through, it produced cyclogenesis and precipitation over
the Atlantic Ocean (Figure 10(c)).

Shorter-lived episodes of organized convection occurred between 02 and 12 Feb 2004 (Figure 11). The
Hovmoller diagram of rainfall (Figure 11(a)) indicates three systems between 02 and 05 Feb 2004 starting
about 0000 UTC near the Andes. Stationary convection is seen in the afternoon hours of 05 Feb 2004 associated
to the diurnal diabatic heating. Organize systems are concentrate towards the east near and over the Atlantic
Ocean between 06 and 12 Feb 2004. The corresponding Hovmoéller diagram of 200-hPa zonal wind (Figure 11(b))
shows westerlies associated to weak jet (Figure 11(c)). On the other hand, moisture advection (not shown) was
stronger with higher specific humidity further south and near the Andes but lower over the Chaco region result-
ing from pool of colder air behind a surface front (Figure 11(d)). The estimated total rainfall accumulation was
less than the previous episodes (Figure 11(e)). In this instance, the dynamics was somehow weaker under drier
boundary layer in the La Plata Basin.

Figure 12 shows another two episodes of organized convection one long and another short with higher rain-
fall accumulation over the La Plata Basin between 11 and 19 Feb 2004. Hovmdller diagrams of rainfall accu-
mulation (Figure 12(a)) and 200-hPa meridional winds (Figure 12(b)) indicate that the longer system was asso-
ciated with an upper level wave (Figure 12(c)). The 925 hPa specific humidity field (Figure 12(d)) indicates
that the longer last system started about 1200 UTC near the Andes associated to moving trough (Figure 12(b)).
This system did not yield as much precipitation (Figure 12(d)) as the first episode shown in Figure 10 under
similar lower level moist conditions with less favorable position and timing of the associated upper level jet
(Figure 12(c)).

An instance of organized rainfall under an intense upper level jet and dry boundary layer conditions between
01 and 12 Aug 2004 is shown in Figure 13. The Hovmdller diagrams of rainfall accumulation (Figure 13(a))
and 200-hPa zonal wind (Figure 13(b)) show convection starting before crossing the Andes at —80°W and end-
ing near —70°W associated to the upper level jet (Figure 13(c)) which propagates eastward and triggers convec-
tion over the Chaco region on 06 Aug 2004. It is indeed the extension of the one before the Andes but with not
favorable moist conditions given the intrusion of colder and dries air from Southern Argentina (Figure 13(d)).
The average rainfall accumulation is small and more significant over the Atlantic Ocean as seen in Figure 13(e).

The last example of organized convection starting near the Chaco region associated with a deep upper level
trough between 02 and 07 Oct 2004 (Figure 14) resulting three bands of wide spread precipitation as seen in
Figure 14(a). The wave pattern is seen in the 200-hPa meridional wind field of Figure 14(b). The mean 200
hPa wind field during the episode (Figure 14(c)) indicates an entrance region of an intense jet over the Atlantic
Ocean and another further Southwest crossing the Andes. Even though an intense low-level jet is present at
850-hPa (Figure 14(d)) injecting moisture and triggering convection at 0000 UTC of 03 to 06 Oct 2004 (Figure
14(a)), they do not propagate in the absence of upper level dynamic support. Figure 14(e) shows the average
rainfall accumulation during the episode which was associated with the cold front.

Long to Short Lived Organized Convection

The 10 longest and 10 shortest span systems starting at the Andes late in the evening were identified from the
Hovmoller statistics to composite mean fields of 850-hPa and 200-hPa winds, 850-hPa temperature and specific
humidity. The fields for long and short span composites are shown in Figure 15 and Figure 16, respectively.
The most interesting difference in both situations is the position of the upper level jet. The longest systems are in
phase with the diurnal heating, low level moisture advection and the equatorial entrance of the upper level jet.
The shortest, on the other hand, the upper level jet is a quarter of wave out of phase with the diurnal cycle.
Therefore, vertical shear is an important feature to the longest system that also produces most of the observed
precipitation.

Most episodes of organized convection with propagation occurred in spring. Composites of vertical cross sec-
tions of zonal and meridional winds, specific humidity, 200-hPa and 850-hPa winds and 850-hPa specific
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Figure 11. Similar to Figure 10 for episodes of organized convection between 02 and 12 Feb 2004.
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Figure 12. Similar to Figure 10 for episodes of organized convection between 02 and 12 Feb 2004.
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Figure 13. Similar to Figure 10 for episodes of organized convection between 11 and 19 Feb 2004.
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Figure 14. Episodes of organized convection between 23 and 29 November 2003. It shows
Hovmodller diagrams of one-hour rainfall accumulation average (a) and 200-hPa zonal wind
anomalies (b); the average 200-hPa wind field (c), average 850-hPa wind field (d) and the
resulting rainfall accumulation (e). Longitudes, latitudes, geographic contours, colour scale are
indicated.



A.]. P.Filho et al

Longest duration

V (200 hPa) Q (850 hPa)

A-VNOWESRL Pryslcal Sclences Dhdslen NOA4/ESFL Physical Sclences Divlelen

0014

001z

0406

0.G06

0004

TR ORSA BOW ROW W 4B W W MW

V (850 hPa) T (850 hPa)

B NOANESRL Phyadlcal Sclences Divlelen ﬂ NOALSESAL Phivaical Sclences Divielen

T T TR TR M TR TTT TR TR T T ]

Figure 15. Composite mean fields of 200-hPa and 850-hPa winds (m-s ), 850-hPa specific humidity (kg-kg™) and temperature
(°C) for the 10 longest span systems starting at the Andes Mountains.

humidity fields from September to November of 2003 to 2005 were obtained and shown in Figure 17. The mean
phase speed of organized convection computed from the Hovméller in Table 2 is 15 m-s * during spring. The
vertical profile of zonal winds indicate that it corresponds to 400 hPa in Figure 17(a) which is the overall steer-
ing level for organized convection.

The mean position of the upper jet (200 hPa) shown in Figure 17(b) is at —30°S and such that the transverse
upward motion at equatorial entrance is between —20°S and —25°S and —80°W and —65°W. On the other hand,
meridional winds (Figure 17(c)) are from the North throughout the troposphere from —70° to —50°W favorable
to transport moist from the moist rich Amazon region. The vertical cross section of specific humidity between
the Equator to —40°S and up to 700 hPa is shown in Figure 17(d). A deep layer of moisture more than 10 g kg*
goes from the ground level at —35°S to 750 hPa at the Equator. The main jet at 850 hPa (Figure 17(e)) is just to
the east of the maximum in specific humidity (Figure 17(f)). These overall dynamic and thermodynamic condi-
tions are consistent with the higher frequency of organized convection in the La Plata in spring. As the satellite
rainfall climatology suggests, similar conditions are also found in April.

Table 1 and Table 2 summarize the main statistics of span, duration, phase speed and recurrence of organized
convection annually and seasonally obtained with the Hovmaéller diagrams between 2003 and 2007 for westward
and eastward propagating systems. Westward propagating systems have shorter span, duration and phase speeds
than the eastward ones and correspond to 16% of all organized convection in the La Plata region. These systems

@,
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Figure 16. Similar to Figure 15 for 10 shortest span systems.

are related to direct circulations, sea breezes, in general. The more important eastward propagating system is re-
sponsible for higher rainfall accumulations. The longest spans (>2000 km) are of low frequency but are respon-
sible for most of the rainfall accumulation. Figure 18 shows the average rainfall of system with spans 300 - 700
km, 701 - 1700 km and 1701 and 3700 km or a total of 210, 144 and 82 episodes, respectively. Longer system
tends to have higher phase speeds and durations.

These “more important” systems hydrologically speaking tend to be more difficult to predict without adequate
ground and upper level measurements and so forecast models are unable to reproduce the correct initial and
contour conditions where spatial and temporal resolution of surface data, soundings and others are inadequate.
But once convection is detected for instance by satellite IR and WV measurements at the Andes late in the
evening under a upper level jet with enough vertical shear, it can be predicted its organization and longevity by
the 400 hPa zonal winds, the overall steering level of such long lasting precipitating systems.

6. Summary and Conclusions

Unique satellite-derived rainfall estimation with very high spatial and temporal resolution was used to study the
main characteristics of organized convection over the La Plata Basins, an important watershed in South America.
Episodes of organized convection have been analyzed by means of time-longitude fields of rainfall accumulation
and a technique to compute the starting and ending longitudes and times of them, respective phase speeds, spans
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Figure 17. Composites of vertical cross sections of zonal (a) and meridional winds (b), specific humidity (c), 200-hPa wind (d)
and 850-hPa specific humidity (e) and 850-hPa winds (f) and fields from September to November of 2003 to 2005. Longitudes,
latitudes, geographic contours, color scale are indicated.

Table 1. Statistics of convective episodes in the La Plata basin (—25P°P W to —80P°P W; —20P°P S to —40P°P S) Westward

moving rainfall episodes in La Plata Basin.

WESTWARD

Annual (507)

Recurrence Frequency 1/day
Span (km) ~
Duration (h) ~
Phase Speed (m-s™) ~
DJF (172)
Recurrence Frequency 1/day
Span (km) ~
Duration (h) ~
Phase Speed (m-s™) ~
MAM (139)
Recurrence Frequency 1/day
Span (km) ~
Duration (h) ~
Phase Speed (m-s™) ~
JJA (108)
Recurrence Frequency 1/day
Span (km) ~
Duration (h) ~
Phase Speed (m-s™) ~
SON (88)
Recurrence Frequency 1/day
Span (km) ~
Duration (h) ~

Phase Speed (m-s™) ~

2/day

1/week 1/2 week
222 340
5.0 8.0
-11.3 -15.5
1/week 1/2 week
328 427
7.0 10.0
-14.6 -17.8
1/week 1/2 week
241 353
5.0 8.0
-12 -17.2
1/week 1/2 week
179 278
5.0 8.0
-10 -12.9
1/week 1/2 week
167 285
4.0 7.0
-1.7 -12.7

1/month Mean Median
433 280 266
12.0 7.2 6.0
-19.5 -12.3 -11.5
1/month Mean Median
575 304 241
14.0 7.3 6.0
-20.6 -12.7 -12.5
1/month Mean Median
445 285 229
12.0 7.4 5.0
-21.2 -12.8 -12
1/month Mean Median
304 247 217
11.0 7.0 5.0
-16.6 -11.3 -10.3
1/month Mean Median
359 265 229
11.0 7.3 4.0
-17.2 -11.6 -10.3
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Table 2. Similar to Table 1. except for Eastward moving rainfall episodes in La Plata Basin.

EASTWARD
Annual (2607)
Recurrence Frequency 1/day
Span (km) 285
Duration (h) 5.0
Phase Speed (m-s™) 11.7
DJF (698)
Recurrence Frequency 1/day
Span (km) 322
Duration (h) 6.0
Phase Speed (m-s™) 12.8
MAM (704)
Recurrence Frequency 1/day
Span (km) 298
Duration (h) 6.0
Phase Speed (m-s™) 11.7
JA (578)
Recurrence Frequency 1/day
Span (km) 216
Duration (h) 4.0
Phase Speed (m-s™) 10.6
SON (627)
Recurrence Frequency 1/day
Span (km) 291
Duration (h) 5.0
Phase Speed (m-s™) 11.7

2/day
674

13.0

17.2

2/day
600

11.0

18.2

2/day
662
13.0
17.2

2/day
705
13.0
16.2

2/day
736

14.0

17.3

1/week
1719
31.0
23.7

1/week
1403
25.0
24.5

1/week
1577
30.0
23.5

1/week
2041
35.0
234

1/week
1756
36.0
23.6

1/2 week 1/month Mean
2313 2752 713.2
45.0 57.0 13.8
26.3 28.3 15.4

1/2 week 1/month Mean
1787 2232 610
33.0 47.0 11.4
27.1 28.6 15.8

1/2 week 1/month Mean
2177 2721 662
50.0 59.0 13.4
25.8 275 14.8

1/2 week 1/month Mean
2478 2746 817
46.0 57.0 15.5
26.3 28.6 15.5

1/2 week 1/month Mean
2628 3080 790
52.0 61.0 15.2
26.2 28.3 15.6

Median
451
9.0
14.8

Median
433
8.0
15.1

Median
408
8.0
14.1

Median
575
11.0
15.3

Median
513
9.0
15.1
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Figure 18. Average rainfall fields (mm) for all organized convection systems stating at Andes
Mountain range between 2003 and 2008 with spans of 300 km to 700 km (a), 701 km to 1700 km
(b) and 1701 km to 3700 km (c) corresponding to 210, 144 and 82 episodes, respectively.
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and duration. Basic statistics have been obtained for more 3000 episodes in the La Plata Basin. Spring episodes
propagate eastward with average span, duration and phase speed of 565 km, 13 hr and 13 m-s*. Long span
eastward episodes in the La Plata Systems start at Andes Cordillera, and have higher phase speeds and higher
rainfall accumulation. In the La Plata transient systems such as cold fronts, front genesis and waves trigger by
topography alter the diurnal cycle of convection. The CMORPH data set also allowed a quantitative evaluation
of the intraseasonal and interannual variation of rainfall accumulation and interannual variability of diurnal cycle.
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