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•  TRMM satellite observations have led to the realization that intense deep convective 
storms just east of the Andes in subtropical South America are among the most intense 
anywhere in the world (Zipser et al. 2006)
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Background

• the greater the lightning flash rate attained in a 
PF, the more intense the storm.

RELATIVE FREQUENCY OF EXTREME 
EVENTS. The database for this study consists of all 
TRMM PFs greater than four pixels in size (> 75 km2) 
between 1 January 1998 and 31 December 2004. Au-
gust 2001 was not used because the TRMM satellite 
orbit was boosted from 350 to 402 km during that 
month to increase its lifetime, and the PR data are 
compromised for that period; August 2005 was sub-
stituted. The frequency of rare events is quantified in 
Fig. 2. For example, of the ~13 million PFs, only about 
1% have lightning flash rates greater than 2.9 min–1, 

0.1% greater than 32.9 min–1, etc. As the intensity 
of the event increases, it becomes increasingly rare, 
with the thresholds for each order of magnitude in 
rarity signified by the green, orange, purple, and black 
lines, respectively. These same colors are then used 
to show the geographic distribution of rare, intense 
events in Fig. 3.

The most significant result demonstrated in Fig. 
3 is the similarity of the distributions of extreme 
events as defined by each criterion. Each distribution 
comes from a different sensor (or frequency) and is, 
in principle, mostly independent of the others. To 
the extent that extreme values of one parameter are 
indicative of the intense vertical speed of convective 

FIG. 3. Locations of intense convective events using the color code matching their rarity. The parameter limits 
for each category are indicated above each color bar. For example, of the 12.8 million PFs, only about 0.001% 
(128) have more than 314.7 lightning flashes per minute. The exact percentages for the break points are slightly 
different from the 40-dBZ echo-top figure because radar data are reported in discrete increments of 250 m.
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UW methodology to separate TRMM 
Precipitation Radar (PR) echoes into 
three storm types (Houze et al. 2007): 
deep convective cores, wide convective 
cores, and broad stratiform regions


•  South Asia:  Houze et al. (2007), Romatschke et al. 
(2011a, b)

•  South America: Romatschke et al. (2010), 
Rasmussen and Houze (2011), Rasmussen et al. 
(2013)

Figure 1. (a) Locations of intense convective events using the color code matching their 
rarity from Zipser et al. (2006). (b) AMSR-E annual severe hail ( >1 in. diameter) 
climatology from Cecil and Blankenship (2012).

Storm evolution hypothesis presented in 
Romatschke and Houze (2010) and 
Rasmussen and Houze (2011):

•  Deep convective cores initiate along Andes 
foothills and secondary topo features

•  Convection grows upscale, develops wide 
convective cores, and moves eastward

•   Decaying convective elements move 
farther eastward and develop broad  
stratiform regions

MCSs in later stages of development. It is especially
apparent that, unlike deep and wide convective cores,
which do not correlate with rainfall, the frequency pat-
tern of broad stratiform regions coincides closely with
the pattern of rain accumulation over the entire region
of interest (Fig. 5d), suggesting that the broad stratiform
regions are parts of the large MCSs that are the major
rain producers over the continent (Ashley et al. 2003;
Fritsch et al. 1986; Garstang et al. 1994).

d. Selection of subregions

Based on the patterns of occurrence of deep convec-
tive cores, wide convective cores, and broad stratiform
regions, as well as the precipitation climatology (Figs.
5a–d), we select the seven regions shown in Fig. 1b to
investigate the synoptic, topographic, and diurnal pro-
cesses that affect the occurrence of different types of
extreme convective systems. These regions enclose max-
imum occurrence of one or more types of radar echo
structures and/or precipitation. They are the PLB, the

southern and northern foothills of the central Andes
(FHS and FHN, respectively), the AMZ, the north-
eastern coast (NEC), the BHL, and the Atlantic Ocean
region just off the coast of Brazil (ATL). The NEC was
chosen because a precipitation maximum in the 3B43
combined precipitation product occurs along this coast
(Fig. 2a). This maximum may be overestimated by this
product, because it does not show nearly so strongly in
the 3A25 product (Fig. 5d), which is based solely on the
PR. In any case, none of the categories of extreme radar
echo structures tend to occur in the NEC, so this maxi-
mum must be due to generally less intense convection.
This region is also of interest because of the tendency
of squall lines to form in this zone. Often the precipi-
tation maxima over the northern half of the continent,
that is, in the AMZ and BHL regions, are considered to
be an extension of the SACZ. However, the precipita-
tion mechanisms over land are substantially different
than those over the ocean, and we consider them sep-
arately from the oceanic SACZ in the ATL region, as

FIG. 5. Geographical distribution of the probability of finding (a) a deep convective core, (b) a wide convective core, and (c) a broad
stratiform region. Note the different color scales. (d) DJF precipitation climatology from the TRMM PR product 3A25. Topographic
contours of 0.3, 1.5, and 3 km are shown (black).
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Figure 2. Locations of storm types in South America  derived 
from TRMM PR data. From Romatschke and Houze (2010).

Figure 4. a) TRMM PR data with GOES-12 IR 
data (K) underneath at 1010 UTC on 27 
December 2003. (b) Cross section of TRMM 
PR data taken along the black line in (a). From 
Rasmussen and Houze (2011).

•  Strong influence of the Andes foothills and the Sierras de 
Córdoba Mountains in convective initiation and 
maintenance of MCSs

•  Storms with wide convective cores tend to be linearly 
organized

•  South America MCSs similar in organization to leading-
line/trailing-stratiform archetype identified in the United 
States (Houze et al. 1990; Rasmussen and Houze 2011) 



Figure 3. Sequence of infrared satellite 
images (K) showing storm initiation and 
evolution for the 26-27 December 2003 wide 
convective core. From Rasmussen and Houze 
(2011).
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•  TRMM algorithm underestimates precipitation in regions of intense deep 
convection over land (Iguchi et al. 2009)

•  Calculated precipitation from TRMM PR identified storms and cores using 
two methods to investigate the bias in South America :

•  TRMM 2A25 near-surface rain from algorithm

•  Traditional Z-R technique up to 2.5 km using                                                           
parameters defined in Romatschke and Houze (2011)                                                          
for subtropical land regions
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← Composite maps for days 
when TRMM observed a 
wide convective core 
show mid-level 
subsidence and low-level 
convergence in the lee of 
the Andes (Figure 5)

←  Partially confirmed with 
WRF model results



Figure 5. Climatological composite maps for days on which the TRMM PR showed 
storms containing wide convective cores over subtropical S. America. (a) Vertical 
motion (omega) and (b) 1000 mb winds. From Rasmussen and Houze (2011).

★  The TRMM precipitation algorithm underestimates 
near-surface precipitation in deep convection over land! ★

Figure 7. Volumetric and mean rain rates for various storm types in South America. (a) Volumetric rain rates from TRMM identified echo 
cores. (b) Volumetric rain rates from the full storm identified by TRMM that the echo cores are embedded within. (c) Mean rain rates from 
TRMM echo cores.

Figure 8. Volumetric rain rate comparison by 40 
dBZ storm height for deep convective cores.
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•  Deep convection initiates near the Sierras de Córdoba 
Mountains and Andes foothills, grows upscale into eastward 
propagating MCSs, and decays into stratiform regions

•  Storm organization is similar to that observed in the U.S. and 
lee subsidence provides a capping inversion

•  Compared to a more traditional Z-R calculation of 
precipitation, the TRMM PR near-surface rain product 
generally underestimates the volumetric and mean rain rates 
in all storm categories

•  The bias gets worse as the storms become deeper and more 
intense, especially over land

Red = Rising motion
Blue = Sinking motion

Moist air from 
the Amazon

Upper-level 
Flow over the 
Andes;  Dry, 
subsiding air 

•  Compared to the Z-R method, we found a 
significant negative bias of precipitation 
amounts from the TRMM 2A25 algorithm  
independent of the season (Fig. 6)



•  The deeper the convection, the greater the 
bias (up to 43% in deep convective cores!)

•  Systematic negative bias in near-surface precipitation estimates in deep 
convection over land from the 2A25 algorithm have been partially attributed to 
errors in the DSD parameter and ice model (Iguchi et al. 2009)

 

Figure 6. Normalized difference in volumetric 
precipitation amounts (Z-R – 2A25). Dashed lines 
indicate precipitation from cores and solid lines are 
from the full storm that the core is embedded within.

(a) Maximum height  
of 40 dBZ (km) 

(b) AMSR-E Annual 
Severe Hail Climatology

•  South American MCSs:

à  ~ 60% larger than those over 
the United States (Velasco and 
Fritsch 1987)

à  Hot spot of deep convection 
(Zipser et al. 2006)

à  Larger precipitation areas than 
those over the United States or 
Africa (Durkee et al. 2009)

à  Largest number of severe 
hailstorms globally (Cecil and 
Blankenship 2012)

•  Despite the intensity of 
the storms, relatively few 
studies have been 
conducted

TRMM 2A25 near-surface rain product 
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•  For the TRMM echo cores and storms, deep convective storms have the 
largest bias in precipitation (Figure 7a, b)

•  Within the TRMM identified ≥ 40 dBZ convective echo cores, the TRMM 
algorithm produces mean rain rates < 5 mm hr -1  significant 
underestimation of intense precipitation  (Fig. 7c)

•  Bias in deep convective cores is independent of height


•  Rain rate estimation is highly sensitive to the 
attenuation correction, the DSD, and microphysical 
parameters used in the TRMM algorithm



★  Significant implications for TRMM 
precipitation applications over land ★

   TRMM 2A25 near-surface volumetric rain rate (106 kg s-1)

à The Andes Mountains funnel warm and moist air southward via the South   
American Low-level Jet (SALLJ)


