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[1] We present a characterization of convective activity at sub-regional scale from two sets
of satellite-based microwave observations: the Advanced Microwave Sounding Unit (AMSU)
and the combined Tropical Rainfall Measuring Mission (TRMM) microwave imager and
precipitation radar data, for the period 2001 to 2011. We focus on the state of Mato
Grosso, Brazil, located at the southern edge of the so-called “Legal Amazon” which has
undergone intense land cover transformation in the last 4 decades. The annual cycle of mean
convective activity described by AMSU and TRMM are in good agreement, with a
correlation close to 0.80. The mean amplitude of convective activity is maximal early in the
rainy season, except for AMSU deep convective area, which presents a maximum in
January. The diurnal cycle of convection was examined for the period 2003 to 2007, and
it was found that convection is maximal near 1500 local time (LT) and minimal around
0700 LT. Unlike the amplitude, the phase shows little intraseasonal and interannual
variability. A slight decrease in convective activity in the studied period was found, possibly
indicating an extension of the dry season. Comparisons of convective activity between
deforested and forested areas showed no significant differences in the phase of the diurnal
cycle, but our analysis shows a tendency for increase (decrease) in convection in deforested
(forested) areas for the period considered. A longer time series is however necessary in
order to strengthen the robustness of our results.

Citation: Funatsu, B. M., V. Dubreuil, C. Claud, D. Arvor, and M. A. Gan (2012), Convective activity in Mato Grosso state
(Brazil) from microwave satellite observations: Comparisons between AMSU and TRMM data sets, J. Geophys. Res., 117,
D16109, doi:10.1029/2011JD017259.

1. Introduction

[2] Convection is a ubiquitous feature of the tropical
region, and is important for the heat transport from the lower
troposphere to higher levels. Deep convection redistributes
trace gases in the troposphere [Wang and Chang, 1993; Hauf
et al., 1995] and also carries atmospheric constituents from
the troposphere into the tropical tropopause layer [Holton
et al., 1995; Dessler, 2002; Wang et al., 2009; Nielsen

et al., 2011]. In the South American region, convection
over the Amazon basin helps maintaining a climatological
upper-level large-scale circulation known as the Bolivian
high [Virji, 1981; Lenters and Cook, 1997], which is inti-
mately related to other features of the South American cli-
mate [Kousky and Kagano, 1981; Nishizawa and Tanaka,
1983; Horel et al., 1989]. Convection and related precipita-
tion patterns in the Amazon region are affected by both
global scale phenomena, such as the El Niño–Southern
Oscillation in the tropical Pacific, and local forcing, such as
fire and deforestation [Aceituno, 1988; Lin et al., 2006;
Koren et al., 2008]. Although sea surface temperature alone
cannot explain the low-frequency variability of rainfall in the
Amazon [Wang et al., 2011] large and local scale forcings
can act in synergy to intensify the frequency of rainfall
anomalies [Lee et al., 2011]. Changes in precipitation pat-
terns may in turn have an important role in the regional cli-
mate [Malhi et al., 2008], and important ecological and
socio-economic impact. Therefore, it is necessary to effi-
ciently monitor convection as an indicator of climate change.
[3] Satellite data is an essential source for studying pre-

cipitation and convection in the tropics since ground stations
are often sparse and have discontinuous time series. The
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main sources of satellite data for such studies are based
on infrared or microwave emissions. Microwave has the
advantage that it can penetrate non-precipitating clouds and
therefore provides three-dimensional information on cloud
structure, in contrast with infrared data which gives infor-
mation mainly on cloud top (temperature and pressure).
Moreover, the description of the diurnal cycle of precipita-
tion with infrared has shown poor correlation between these
parameters [Arkin and Meisner, 1987]. In addition, a lag of
around 3 to 4 h between precipitation estimates based on
infrared data compared to ground based radar and rain gauges
has been found, likely due to problems related to cirrus anvils
identification with infrared [Kubota and Nitta, 2001;Ohsawa
et al., 2001; Hong et al., 2006; Kikuchi and Wang, 2008].
Because polar-orbiting satellites overpass the same point
on the globe only twice a day, their data have been up to
now overlooked in favor of infrared observations from geo-
stationary satellites to describe the daily cycle of convec-
tion. The latter provide fine-scale, high-temporal resolution
information. With the launch of a series of AMSU instru-
ments onboard several platforms the number of overpasses
has increased significantly providing an unprecedented
opportunity to explore microwave-based data to characterize
convective activity in the tropical region; for example, Hong
et al. [2008] presented a large-scale description of deep
convection in the tropical and subtropical regions using
seven years of AMSU measurements. Several studies have
described the daily cycle of tropical convection showing a
contrast between oceanic and continental cycles [e.g.,
Kikuchi and Wang, 2008, and references therein] (hereafter
KW08) but they mostly target large areas in the tropics with a
general distinction between land and oceanic areas [Tian
et al., 2004; Hong et al., 2008]. However, even continental
areas present local convective characteristics that may
depend on the proximity to the coast, the topography and the
land cover [Durieux et al., 2003; KW08].
[4] We focus in this work on the regional aspects of

convective activity, specifically on sub-regional scale con-
vection characteristics derived from two sets of different
satellites based on microwave emissions, namely, the
Advanced Microwave Sounding Unit (AMSU), onboard
polar-orbiting NOAA and MetOp platforms, and the 3G68
Land product from the Tropical Rainfall Measuring Mission
(TRMM). We compare AMSU and the TRMM 3G68 Land
product which is based solely on two microwave instru-
ments, and that constitutes an independent cross-evaluation
data set to AMSU. To our best knowledge, such comparisons
and more so at regional scale have not been performed
before.
[5] We chose an area at the southern edge of the Amazon

region, known as the “Arc of Deforestation,” which has
suffered severe deforestation in the last four decades [Lepers
et al., 2005; Dubreuil et al., 2008] with an estimated 15,000
to 25,000 km2 clearing every year. The state of Mato Grosso,
Brazil, is situated within this Arc, and at the very heart of the
South American continent (Figure 1). It has suffered intense
land cover transformation since the 1970s due to cattle,
soybean, corn and cotton farming practices that replaced the
original forest and the Brazilian savannah called “cerrado”
[Cardille and Foley, 2003; Fearnside, 2002, 2005; Morton
et al., 2006; Dubreuil et al., 2005, 2008, 2012; Yoshikawa
and Sanga-Ngoie, 2011; Arvor et al., 2012]. Changes in

precipitation and in convective patterns can strongly affect
agricultural practices and productivity [Arvor, 2009].
The effects of deforestation and atmospheric composition
changes (e.g., aeorosols, CO2) on climate were traditionally
addressed in large-scale perspective [Nobre et al., 1991;
Botta and Foley, 2002; Oyama and Nobre, 2003; Cox et al.,
2004] while more recent studies have dealt with regional
scales [Durieux et al., 2003; Pongratz et al., 2006; Costa and
Pires, 2010; Garcia-Carreras and Parker, 2011]. Obser-
vations and numerical models indicate that dry season cli-
mate is more affected by deforestation, with lengthening
of its temporal extent [Lee et al., 2011; Wang et al., 2011;
Marengo et al., 2011]. An extended drought could lead to
a northward shift of the “cerrado” [Nobre et al., 1991; Cox
et al., 2000, 2004; Botta and Foley, 2002; Oyama and
Nobre, 2003; Sampaio et al., 2007; Costa and Pires, 2010]
and trigger forest dieback effects [Cox et al., 2004;
Huntingford et al., 2008]. However, Nobre and Borma
[2009] explain that some uncertainty remains as to the
effect of heterogeneous patterns of subregional land cover
change by increasing precipitation locally through the
so-called ‘forest breeze’ effect [Roy and Avissar, 2002;
Ramos da Silva et al., 2008; Garcia-Carreras and Parker,
2011].
[6] The aim of the present work is thus to describe the

temporal characteristics (daily and annual) of the convective
regime at regional scale, while comparing convective activity
derived from AMSU and TRMM. This will thus allow the
evaluation of the impact of land cover and global climate
changes at these scales by continuous monitoring and by
climate model simulations. Such regional climate models
should be able to reproduce the main features of the con-
vective cycle in several temporal and spatial scales. Precipi-
tation climatologies, ground-based rainfall networks and
TRMM data have been used for regional climate model
validations [e.g., Correia et al., 2008; da Rocha et al., 2009];
the AMSU analysis presented here can be used as an addi-
tional source for validation that has been so far overlooked.
[7] The paper is structured as follows: First, data and

methods are explained. The subsequent section shows the
characteristics of convection in monthly mean time scale
and their interannual variability. Section 4 presents an anal-
ysis of the diurnal cycle of convection. Possible differences
in the convective characteristics over deforested and forested
areas are shown in section 5. Finally, the last section contains
the discussion and conclusions of the present work.

2. Data and Methods

2.1. Study Area

[8] The target area considered in this study is bounded by
8�–18�S, 50�–63�W and comprises the entire state of Mato
Grosso and its immediate surroundings. This region includes
a portion of the austral summer rainfall maximum associated
with the South American monsoon system, and is also
important because it contains the headwaters of the Araguaia
and Paraguay rivers which flow into the Amazon and
La Plata basins, respectively [Gan et al., 2004]. Figure 1a
shows the geographical situation of the target area. We
use deforestation data for 2004 provided by the Brazilian
National Institute for Space Research (INPE) through the
“Program for Deforestation Assessment in the Brazilian
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Legal Amazonia using remote sensing images and digital
image processing techniques” (PRODES project; http://
www.obt.inpe.br/eng/prodes.html), and the State Bureau
of Environment of Mato Grosso (SEMA-MT). These data,
based on images of Landsat and the China-Brazil Earth
Resources Satellite, were used to construct a deforestation
map with a resolution of 0.25 latitude � 0.25� longitude
where percentage of forest is assigned to each grid point
(Figure 1b).

2.2. AMSU

[9] AMSU is a cross-scanning, microwave sounder com-
posed of two modules: AMSU-A and AMSU-B. Module A
was designed to provide optimal near-surface and atmo-
spheric temperature, and is not used in the present study.
Module B has five channels, three of which are centered
around 183.3 GHz (channels 3 to 5) and provide information
on the atmospheric moisture content from the mid to upper
troposphere. While channels 1 and 2 are commonly used for

rain retrieval [e.g., Ferraro et al., 2000; Weng et al., 2003;
Lima et al., 2007], in the present study we use only data from
channels 3 to 5 because they are less affected by the under-
lying surface [Deeter and Vivekanandan, 2005], more sen-
sitive to frozen hydrometeors and therefore useful to detect
cold clouds. Module B horizontal resolution is of 16 km at
near-nadir and around 48 km at its largest angle; it has a
swath width of about 2300 km. We use data from NOAA-15
through 17 AMSU-B, and NOAA-18 and MetOp-A Micro-
wave Humidity Sensor (MHS) data. MHS has very close
specifications to the AMSU-B instrument: Channels 3 and 4
have identical frequencies (183.3 � 1 and 183.3 � 3 GHz,
respectively) in both instruments, while channel 5 is centered
at 190 GHz in MHS instead of at 183.3� 7 GHz in AMSU-B.
The brightness temperature bias between AMSU-B and MHS
for channel 5 is estimated to be about 0.1 K, with a standard
deviation of 0.1 K [Kleespies and Watts, 2006]. Table 1 and
Figure 2 show the available satellites carrying AMSU-B or
MHS, their launch date and current status.

Figure 1. (a) Geographical location of Mato Grosso State (MT; green) within Brazil (yellow) and the
South American continent (light green). The red line delineates the area of the so-called “Legal Amazon,”
and the black box around MT shows the target region considered in the present study. (b) Land cover based
on INPE and SEMA-MT deforestation data (see text for details).
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[10] We use NOAA-16 and NOAA-18 data covering the
periods of July 2001 to June 2005 and July 2005 to June
2011, respectively, to investigate interannual variations of
convective activity. We opted for these two platforms instead
of NOAA-15 (which has a longer series) because they pro-
vide a continuous series with orbital drift of less than one
hour in the combined period. NOAA-15 on the other hand
has an orbital drift close to 3 h and thus samples different
stages of the convective activity throughout the period.
NOAA-16 and -18 have very close equatorial crossing hour
around 1400 local time (LT) in the ascending node at the
selected periods (corresponding to passes over Mato Grosso
at around 0200 and 1400 LT) thus ensuring temporally
homogeneous 10-year data.
[11] The diurnal cycle of convection was examined for the

period July 2002-June 2007, covering five hydrological
years. Observations of the diurnal cycle were possible from
2002 onwards, since there were at least three satellites pass-
ing over the target region ensuring sampling every four hours
on average. In order to preserve the coherence of the diurnal
cycle description throughout a given hydrological year, a
“new” satellite was added to the computation only in July the
next year, for example, NOAA-18 was included in July 2005
and MetOp-A was included in July 2007. Unfortunately data
for the period after 2007 was not included as instrumental
problems for several NOAA platforms arose that prevented
an unbiased handling of the data. Nevertheless we will show
that the five years used here provide a robust example of the
usefulness of AMSU-B for the depiction of the diurnal cycle
of convection in a monthly mean timescale. Hereafter the
terms AMSU-B and AMSU will be used interchangeably.
[12] In order to identify convective areas, we use a simple

and tractable method, proposed by Hong et al. [2005]
and based on the three water vapor channels of AMSU-B

(channels 3 to 5). Cold precipitating clouds causes a depres-
sion on the AMSU-B channel 3 temperature fields due to
scattering of icy particles [Greenwald and Christopher,
2002]; channels further away from the center at 183.3 GHz
can probe deeper into the cloud, since they are subject to
greater scattering from the middle or low layers of the deep
convective clouds [Lima et al., 2007]. Based on these prop-
erties,Hong et al. [2005] defined deep convective areas in the
tropical regions as those that satisfyDT17 ≥ 0 K,DT13 ≥ 0 K
and DT37 ≥ 0 K (where DT17 is the difference between the
brightness temperatures of channels 183.3� 1 and183.3� 7,
and similarly for DT13 and DT37). This criterion identifies
areas with deep convection (DC) and precipitating clouds,
and filters out non-precipitating cold cirrus clouds. Hong
et al. [2005] showed that their criterion provides a robust
screening of strongly precipitating systems in the tropical
region; Funatsu et al. [2007, 2008, 2009] and Claud et al.
[2010, 2012] used this criterion for the detection of deep
convective areas in the Mediterranean region. Another
threshold allows discriminating regions of convective over-
shooting (COV), that is, DT17 ≥ DT13 ≥ DT37 > 0 K.
Convective overshooting refers to clouds which are able to
penetrate into the tropopause region and are important in
the context of water vapor regulation in the tropical lower
stratosphere [e.g., Holton and Gettelman, 2001; Chaboureau
et al., 2007]. At this point it is important to point out that there
is no attempt to determine rain rates, but rather to concentrate
on the occurrence of convection, while the intensity is indi-
rectly expressed in terms of area.
[13] Here, for every available pass, AMSU-B/MHS data

were re-sampled to a 0.25 latitude � 0.25� longitude grid;
only then we computed the relative area of DC and COV to
the total satellite pass area. Hong et al. [2005] point that the
threshold value of 0 K for both DC and COV should be

Table 1. List of Platforms Carrying AMSU Radiometers and Major Characteristicsa

Platform Launch Date LTAN Operational Status

NOAA-15 (AMSU-B) 13 May 1988 19:20 Channels 3–5 instrument failure since 20 Sep 2010
NOAA-16 (AMSU-B) 21 Sep 2000 14:24 Increased noise in about half track since early 2008

[Surussavadee and Staelin, 2010]
NOAA-17 (AMSU-B) 24 Jun 2002 22:25 Channels 3–5 instrument failure since 13 Jan 2010
NOAA-18 (MHS) 20 May 2005 13:41 Normal operation
MetOp-A (MHS) 19 Oct 2006 21:30 Normal operation
NOAA-19 (MHS) 6 Feb 2009 13:43 Channel 3 nominal error exceeding specification of 1 K on 10 Jul 2009

aMajor characteristics: launch dates, status of AMSU-B/MHS channels 183.3 GHz� 1,�3, and�7. LTAN is for Local Time Ascending Node. The value
is given at the time of the launching of the satellite. Due to orbital drifts, LTAN inMay 2010 is 16:41, 18:25, and 21:04 for NOAA-15, NOAA-16, NOAA-17,
respectively. Source: http://www.oso.noaa.gov/poesstatus/ as of January 2011.

Figure 2. Timeline (as of November 2011) of satellite platforms carrying active AMSU-B (NOAA-15
through -17) or MHS instruments. Dashed lines represent future projections.
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adjusted for AMSU angle of view (with increased values
for larger angles), however because we interpolate AMSU
data before calculating DTs the angle of view information is
lost. This may cause a slight overestimation of DC and COV
detection; we will show however that our estimates are of

the same order of those provided by Hong et al. [2008] for
subtropical land.
[14] Figure 3a shows the number of AMSU-carrying sat-

ellite passes considered for each local time, for the period
of July 2002 to June 2007. Because NOAA/MetOp satellite
passes may not cover the entire area at every pass, only those
that cover at least 30% of this area are retained. AMSU has
heterogeneous hourly coverage and provides very few or no
data between 0700 and 0900 LT, 1100–1200 LT and 2000–
2100 LT. Therefore, we calculated the monthly mean DC and
COV values at every hour and then calculated a 3-h running
mean; this way, the diurnal cycle of convection could be
better evaluated. Results of the diurnal cycle analysis based
on AMSU will be examined with caution.

2.3. TRMM 3G68 Land Product

[15] TRMM, launched in late 1997, is a joint mission
between NASA and the Japan Aerospace Exploration
Agency especially conceived for monitoring and studying
tropical precipitation [e.g., Kummerow et al., 2000]. After
August 2001 the orbit of the satellite was boosted from
350 km to 403 km to extend its lifetime to 2012 [Cho and
Chun, 2008]. It carries two microwave sensors, namely the
TRMM Microwave Imager (TMI) and the Precipitation
Radar (PR). TMI is a multichannel passive microwave radi-
ometer that operates at the frequencies of 10.65, 19.35, 37.0,
and 85.5 GHz at dual polarization and of 22.235 GHz vertical
polarization. The ground resolution varies from 3.5 up to
25 km depending on the radiometer frequency; ground res-
olution at 85.5 GHz is of 5.1 km. The TMI provides infor-
mation on the integrated column precipitation content, cloud
liquid water, cloud ice, rain intensity, and rainfall types. The
PR is the first spaceborne electronically scanning radar,
operating at 13.8 GHz horizontal polarization. It provides
three-dimensional rainfall distribution over both land and
ocean, and defines the layer depth of the precipitation. PR has
post-boost ground resolution of 5 km at nadir, but a narrower
N-S range of 250 m. The swath width is of 878 km for TMI
and 247 km for PR. The TRMM 3G68 Land product inte-
grates information from these two instruments; it provides
hourly gridded products based on TRMM 2A12 [Kummerow
et al., 2001], 2A25 [Iguchi et al., 2000], and 2B31 [Haddad
et al., 1997a, 1997b] rain estimates. Over land, the 2A12
algorithm relies basically on 85 GHz scattering and 37 GHz
if scattering/emission signals are available. The 2A12 takes
into account mainly deep clouds that have ice particles
aloft, while 2A25 senses precipitating size particles, thus
retrieving both shallow to deep raining systems. The 2B31
relies on 2A12 estimates adjusted by the 2A25 algorithm
over the PR swath, thus combining passive (TMI) and active
(PR) microwave measurements. Additional information on
the instruments and algorithms can be found at http://rain.
atmos.colostate.edu/CRDC/datasets/TRMM_3G68L.html.
The TRMM 3G68 product is based solely on TRMM
microwave instruments and does not use infrared information
(unlike the more widely used TRMM 3B42 product), and
thus it arguably provides a more reliable precipitation esti-
mate (KW08). Note however that the TRMM 3G68 is not a
standard TRMM product.
[16] Here we use the 3G68 Land combined information of

TMI and PR based on the 2B31 algorithm, which accounts

Figure 3. Total number of satellite passes over the target
region [18�S, 8�S], [63�W, 50�W] during the period July
2002–June 2007, for (a) NOAA/MetOp and (b) TRMM.
For NOAA/MetOp, only passes covering at least 30% of
the target area were considered. Note that the y-axes have dis-
tinct scales. Blue line in Figure 3a indicates the average num-
ber of satellite passes after applying a 3-h running mean for
DC and COV calculations.
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for the vertical structure of rainfall (rates and drop-size-
distribution parameters) within the PR swath. This product,
gridded at 0.1� latitude � 0.1� longitude, contains for each
grid point the number of total (nt) and rainy pixels (nr),
rainfall estimates (rr), and convective percentage (cp). In
order to have quantities comparable to DC and COV from
AMSU, we use the convection percentage data to obtain the
mean percentage of convective rain pixels (∑i=1

NN(nri* cpi)/
∑i=1
NN(nti), where NN is the total number of grid points) and

mean convective rainfall (∑i=1
NN(rri* cpi)/∑i=1

NN(nti)). The mean
total rainfall area (which includes both convective and strat-
iform precipitation) is computed as ∑i=1

NN(nri)/∑i=1
NN(nti). Zero

rainfall data is included in the calculation of the means.
[17] We use TRMM 3G68 version 6 data available from

July 2001 to June 2011, covering one complete decade. All
TRMM passes are retained due to its narrower swath width;
the high number of passes per day compensates for the lim-
ited area sampling at each pass and ensures homogeneous
temporal sampling (Figure 3b). TRMM satellite has at least
four passes per month at each hour, ensuring 24 h coverage;
nevertheless, for the sake of consistency, for the diurnal cycle
analysis, a 3-h running mean was also applied to the

computed monthly mean values. Similarly, we used only
TRMM data with the same hours of pass corresponding to
NOAA-16 and NOAA-18 data for the computation of
monthly mean values to investigate interannual variations of
convective activity.

3. Multiyear Analysis of Convective Activity

[18] In the central-western region of Brazil, which com-
prises Mato Grosso and southern Amazon, the rainy season is
primarily controlled by the so-called South American mon-
soon [e.g., Gan et al., 2004]. In this system, the rainy season
starts after the period of maximum seasonal temperature
[Gan et al., 2004] that acts to destabilize the atmosphere and
cause a reversal in the horizontal temperature gradients and
vertical wind shear. Typically, the rainy season spans the
period of mid-October through mid-March [Gan et al., 2004,
2005; Carvalho et al., 2011]. We examined the annual cycle
and time series of monthly evolution of the mean convective
activity and its interannual variability based on AMSU and
TRMM (Figure 4). First, we notice that the annual cycle is
well marked and following the expected climatological
minima in (austral) winter and maxima in summer. Further-
more, we note that the values of DC and COV are close to the
values estimated by Hong et al. [2008] for the Southern
Hemisphere subtropical land between 15�–30�S for the
period of December 2002 to November 2003 (compare
present Figures 4a and 4b with Hong et al.’s Figures 14e
and 14f): DC presents a maximum value of nearly 2.0% in
January in the present study, and 1.4% in January for their
study, and COV maxima of �0.4% in October in the present
study, and 0.4% in February for their study. These differ-
ences are small considering the different satellite overpass
hours, target areas, as well as the distinct period considered,
and they fall within the standard deviation for the nine years
considered in the present study.
[19] Figure 4 shows that COV, TRMM convective area

and convective rain present a peak early in the beginning
of the rainy season (October–November); COV shows a
secondary one in March (Figure 4b) but this parameter has
the largest standard deviation and thus the mean value is
strongly affected by the interannual variability. AMSU DC
and TRMM total rainfall have a peak well within the austral
summer (January–February). Differences between AMSU
DC and COV peaks (in January and October, respectively)
might arise because deep convection and convective over-
shooting have different physical mechanisms of/forcing
for development. Unfortunately, such mechanisms cannot
be exploited only with the use of diagnostics such as the
brightness temperature information from AMSU. Probably
a modeling study of cloud formation with detailed micro-
physics would be necessary to explain such discrepancies,
however this is out of the scope of this study. In addition,
it is difficult to determine whether the differences in these
particular local peaks are important, or an artifact of the rel-
atively short time span, as they could be smoothed out when
a longer series will be available.
[20] We then analyzed the time series of each parameter

and their anomalies relative to its median seasonal cycle
value (Figure 5). The median was preferred because it is a
more robust measure than the mean, and allows better
emphasizing extreme values in the anomalies. The

Figure 4. Annual cycle of monthly mean (solid) and
median (crosses) convective parameters: (a) AMSU DC area
(%), (b) AMSU COV area (%), (c) TRMM convective area
(%), (d) TRMM convective precipitation (mm hr�1), and
(e) TRMM total (convective and stratiform) rain area (%).
Dashed lines indicate the 1-sigma standard deviation. Note
that the x axis starts in July and finishes in June, following
the hydrological year.
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correlation between the time series of AMSU DC area
(Figure 5a) and TRMM convective area (Figure 5c) is 0.77,
and AMSU DC and TRMM precipitation (Figure 5d) is 0.69,
indicating good agreement between AMSU and TRMM
derived quantities. All correlation presented here (and here-
after) are significant at least at the 95% level with the Stu-
dent’s t-Test. TRMM convective area and AMSU DC area
have a remarkably consistent amplitude estimates, with
TRMM showing slightly larger amplitude (about 20%) than
that estimated by AMSU. These differences arise partially
due to the distinct radiometers, the distinct wavelength
emission considered by each instrument, and the methodol-
ogy to detect convection. Further analysis to explain these
differences in amplitudes are presented in the next section.

[21] The time series of the anomalies relative to the median
annual cycle, and their RMS values are shown at the bottom
half of each panel in Figure 5. The RMS values for AMSU
DC and TRMM convective area anomalies are comparable
(0.54% and 0.55%, respectively). Normalization of the RMS
of the anomalies by the RMS of the original time series
shows that the anomalies typically represent 42% and 49% of
the total series for respectively AMSU DC and COV, and
36%, 40% and 37% for TRMM convective area, convective
rain and total relative rain area, respectively. Even though the
anomalies have an overall good agreement in terms of RMS,
there is also important interannual variability. In partic-
ular, we observe that in the case of COV a spell of several

Figure 5. Time series of monthly mean convective parameters (black): (a) AMSU DC area (%),
(b) AMSU COV area (%), (c) TRMM convective area (%), (d) TRMM convective rainfall (mm hr�1),
and (e) TRMM total rain area (%). Superimposed is the median annual cycle based on the entire period.
Bars on the bottom half of each panel denote the anomalies relative to the median cycle, and the root mean
square (RMS) of the anomalies is indicated in the lower part.
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anomalously low values is seen from 2006 to early 2011
(Figure 5b), while for TRMM parameters negative anomalies
are predominant after 2008 (Figures 5c–5e).
[22] It is tempting to look at tendencies of these parameters

even if the short time span prevents calculation of significant,
long-term trends. For the sake of the exercise, we derived the
linear tendencies for the convective parameters based on the
time series of anomalies relative to the median seasonal
cycle. The term “tendency” is used here since the short time
span prevents strict trend calculations. Except for AMSU
DC, all parameters show a slight negative tendency (see
Table 2) when considering all months in the period. The
largest decrease is given by TRMM convective area, which
presents a tendency of �0.48 � 0.12%/decade, whereas
AMSU DC tendency presents a positive value of 0.17 �
0.11%/decade. The latter seems to be strongly influenced by
the large positive anomaly seen in the end of the period (end
of rainy season in 2011), which is not reproduced by TRMM.
TRMM convective area negative tendency is much stronger
than that estimated for AMSU DC by Hong et al. [2008] for
the entire tropical belt, of �0.016%/decade, based on
NOAA-15 AMSU from 1999 to 2005. AMSU COV presents
a negative tendency of �0.07 � 0.03%/decade which is
comparable with the value of �0.142%/decade found by
Hong et al. [2008]. These differences could be due not only
to the differences in period, but also on the regional aspect of
the present analysis which encompasses the issue of the
specific land use (as opposed to an average of the whole
tropical region). TRMM-derived tendencies for convec-
tive precipitation and total are also negative, with values of
�0.09 � 0.02 10�1 (mm.hr�1)/decade and �1.5 � 0.5%/
decade), respectively. Fu and Li [2004] suggest that if
changes in land use in the Amazon reduce rainfall during dry
and transition seasons, it could significantly delay the onset
of the wet season.
[23] We also calculated tendencies for the combined

months of September and October only (Table 2), when the
transition from dry to rainy season takes place. It is usually in
the second half of October that seeds are planted, and rainfall
is expected within about 2 weeks, after which the seed is lost.
Again, all convective parameter tendencies except for AMSU
DC are negative, that is, suggestive of a shift to drier condi-
tions (e.g., �0.34 � 0.32%/decade for TRMM percentage of
convective pixels, �0.08 � 0.06 10�1 (mm.hr�1)/decade for
convective precipitation, and �2.5 � 2.0%/decade for total
rainfall area). These values have large uncertainties due to
the short period and may not be evaluated as a real trend, yet
they suggest a tendency in recent years for a delay in the

beginning of the rainy season. AlthoughCarvalho et al. [2011]
have not found any changes in the period of onset of the rainy
season for the whole of the Amazon basin, the present result
is resonant with the work of Butt et al. [2011] who found a
shift of an average of 11 days for the beginning of the rainy
season in regional scale, focusing on a heavy deforested
region in western Amazon.

4. Diurnal Cycle of Convection

[24] In a first step we examined whether the derived
description of the diurnal cycle is realistic by comparing the
annual mean DC area with rain gauge data at the station of
Alta Floresta (9�53′S, 56�5′W [Dubreuil et al., 2012]), for the
hydrological year 2006/2007 (Figure 6). The diurnal cycle
of precipitation at Alta Floresta and the evolution of convec-
tion observed by satellites have a fairly good agreement.
The development of convection and precipitation starts after
1100 LT. All data sets show maximum convective area
(AMSU and TRMM) or precipitation (rain gauges) between
1500 and 1600 LT, and minima between 0800 and 0900 LT.
The correlation between AMSU and rain gauge is of 0.82,
while that between TRMM convective area and rain gauge
is of 0.76. Since these data are completely independent, it
supports at least qualitatively the description of the diurnal
cycle of convection not only from TRMM, but also from
AMSU/MHS which had not been shown before.
[25] The monthly mean diurnal cycle of convection for

the period July 2002 to July 2007 is presented in Figure 7.
There is a fast increase in the convective activity around noon
in October corresponding to the beginning of the wet season.
AMSU DC is largest around 1500 local time (LT). AMSU
DC area increases until January and then decreases substan-
tially after February (Figure 7a). As the rainy season advan-
ces DC extends throughout the night showing a secondary
maximum around 0000 to 00400 LT from January to April.

Table 2. Tendencies of Convective Parameter Anomalies Relative
to the Median Value, Based on NOAA-16 and -18 AMSU and
TRMM Data, for the Period 2001–2011a

All Months
September and
October Only

AMSU DC (%) 0.17 � 0.11 0.30 � 0.51
AMSU COV (%) �0.07 � 0.03 �0.04 � 0.11
TRMM conv area (%) �0.48 � 0.12 �0.34 � 0.32
TRMM conv precipitation

(mm/hr)
(�0.09 � 0.02) 10�1 (�0.08 � 0.06) 10�1

TRMM total rain area (%) �1.53 � 0.54 �2.49 � 2.00

aValues are given in decade�1, with 1-sigma uncertainty level.

Figure 6. Average hourly distribution of rainfall (gray bars,
mm hr�1) based on the period August 2006–August 2007 at
the station of Alta Floresta, Mato Grosso. Superimposed are
the 3-h running mean of rainfall (dark blue, mm hr�1),
AMSU DC (red, %) and TRMM 3G68 (light blue, %) con-
vective areas.
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The end of the wet season (March–April) is marked by a
rather sudden decrease in DC area. The COV area repre-
sented between 20 to 40% of the DC area (Figure 7b), in
good agreement with the results of Hong et al. [2005] who
estimated the ratio COV/DC in 26% for the whole of the
tropical belt based on the period of March 2003 to February
2004. This ratio presents large day to day variability (not
shown) and can reach 100% in a daily mean basis, that is, it is
possible in a certain day to have exclusively COV. It attains a
maximum at around 1500 LT or later during the rainy season.
[26] The analysis of TRMM data reveals similar features

of those from AMSU, as seen by the temporal evolution of
percentage of convective rain pixels, mean convective rain-
fall and mean total rainfall area (Figures 7c–7e). All param-
eters show maxima between 1200 and 1700 LT, close to
that found from AMSU analysis. After this period most of
the convective clouds are replaced by middle level clouds
(Figure 7e): While the maximum values of convective area
are found mostly during the afternoon (with few elements
of convective clouds active during the night), comparable
values of large total rain area are found both in the afternoon
and between 00 and 03 LT. It is thus reasonable to infer that
these larger values during nighttime are either from anvils
from dissipating deep convective clouds, or from mid- to low
level clouds since the signal of convective area decreases at
the same hours. Mesoscale convective complexes, which are
ubiquitous features in the extended summer season in South
America, may contribute to convective activity at night-
time in this region [e.g., Durkee and Mote, 2010] however
because they are extremely long-lived (average duration of

14 h) they do not correspond to the diurnal cycle observed
here.
[27] Both data sets also show intraseasonal variability

[Ferreira and Gan, 2011] with active periods and some
breaks within the rainy season. As the rainy season advances,
convection generally appears slightly earlier in the day (e.g.,
Figure 7c, 2003/2004). The relative area of convective rain
pixels estimated by TRMM is however larger than that esti-
mated by AMSU using Hong et al. [2005] DC threshold,
roughly by 50%. A slight difference in the convection
description is found between AMSU and TRMM (e.g.,
Figures 7a and 7c): AMSU shows a period of relative
decreased convective activity between January–March 2006,
whereas during this period TRMM shows maximum per-
centage of convective pixels and convective precipitation.
Since these differences appear at a time of the day that is well
covered by AMSU, temporal sampling alone cannot explain
such discrepancies. They are likely a combination of a slight
difference in the hours of satellite overpass, the distinct
diagnostics for detection of convection (AMSU essentially
captures deep convective clouds with anvils while TRMM
algorithms include empirical distributions of droplet sizes
to distinguish convective and stratiform precipitation), and
distinct spatial sampling as TRMM microwave instruments
have a narrower swath width than that of AMSU.
[28] To further investigate the impact of distinct AMSU

DC and TRMM convection detection methodologies on the
estimation of convective areas, we analyzed the upper tro-
pospheric humidity (UTH) distributions when (i) AMSU DC
was found, and (ii) TRMM convective percentage ≥80% was

Figure 7. Monthly mean diurnal cycle of the relative area of (a) AMSU DC (%), (b) AMSU COV (%),
(c) TRMM convective area (%), (d) TRMMmean convective rainfall (mm hr�1), and (e) TRMM total rain
area (%). The abscissa indicates the local time.
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found. We used AMSU channel 3 data to obtain UTH fol-
lowing Buehler and John [2005]. Such UTH is representative
of a relatively broad atmospheric layer centered at around 6–
8 km, and gives indication on the saturation relative to either
water or ice content. Here we calculated the saturation rela-
tive to ice because we are interested in cold clouds; although
supersaturation can occur, only UTH ≤ 100% were consid-
ered. We used TRMM passes within �10 min of the NOAA
satellite pass hour over the state of Mato Grosso, and con-
sidered TRMM pixels that fell within �30 m of the AMSU
grid point. The period considered for this analysis was
Oct 2002–Apr 2003.
[29] Figure 8a shows the UTH distribution based only on

NOAA-16 satellite data, which overpasses the target region
at around 1400 LT, thus sampling the hour that we found is
close to the maximum convective activity, while Figure 8b
shows the UTH distribution using NOAA-15, -16 and -17,
covering several hours within the diurnal cycle. Both histo-
grams indicate that in about 50% of the cases when AMSU
DC is found UTH is larger than 80%, whereas for TRMM,
UTH has a more spread distribution including lower
UTH values. This indicates that TRMM includes shallower
convective clouds (which do not saturate with respect to
ice at the upper troposphere). This result helps explain the
apparent discrepancies in the amplitude and duration of
convective activity depicted by AMSU and TRMM in
Figure 7. In the case where we consider the hours closer to

the maximum convective activity (Figure 8a) UTH distribu-
tions for TRMM are more skewed toward saturation com-
pared to the situation where the entire diurnal cycle is
considered (Figure 8b), when the distribution is more spread.
Finally, this result further clarifies why the differences in the
amplitudes of convective areas by TRMM and AMSU found
in the previous section are smaller than those found here.
[30] Figures 9 and 10 present the frequency distribution

and the month to month variability, respectively, of the hours
of peak and minimum activity for AMSU-derived DC and
COV areas, and TRMM-derived percentage of convec-
tive pixels, convective rainfall and total rainfall area. There is
a good agreement between the different parameters and
instruments, despite the satellites distinct temporal coverage.
Maximum convective activity is found in the afternoon
between 1500 and 1600 LT while the minimum hour of
convective activity is mainly concentrated between 0600 and
1000 LT (Figure 9). The time window for the minimum
activity coincides with a substantial decrease in AMSU
coverage; however TRMM results support the finding of
minimum activity in early morning. These results are con-
sistent with those by KW08, who found that convection over
land only (all continental areas between 40�N-40�S) is pre-
dominantly concentrated between 1200 and 1800 local solar
time, with a minimum around 0600 local solar time.
[31] The month to month variability in the hours of maxi-

mum convective activity shows a remarkable consistency in

Figure 8. Upper tropospheric humidity (UTH) distributions for cases when AMSU DC (dark gray) or
TRMM convective percentage >80% (light gray) were found. UTH is relative to ice; only UTH ≤ 100%
were considered. The period considered was October 2002 to April 2003. (a) Distribution using only
NOAA-16 satellite data, which overpasses the target region around 0200 and 1400 LT, and (b) distribution
using NOAA-15, -16 and -17, covering several hours of the diurnal cycle.

Figure 9. Relative frequency of hours of maximum (blue) and minimum (orange) convective activity
from AMSU-derived (a) DC and (b) COV areas, and TRMM-derived (c) percentage of convective pixels,
(d) convective rainfall, and (e) total rain area.
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the hour of maximum for all months, around 1500 LT. There
is however large variability particularly between February
and August for AMSUDC (Figure 10a), and in June and July
for AMSU COV (Figure 10b). The large variability depicted
by AMSU in the hours of maximum convection in the austral
winter in this region may be partially explained by con-
vective forcing by synoptic (frontal) systems originated from
the south, which can account for up to 50% of the daily
convective variability [Siqueira and Machado, 2004]. This
winter variability in the hour of maximum convection
occurrence is not captured by TRMM, which shows larger
variability in the rainy season, and reduced variability in the
dry (winter) season. The maximum DC and COV compared
to their mean values in winter are as small as for TRMM
parameters (not shown), indicating that the large variability
in the hours of maximum convection for AMSU in the austral
winter are meaningful. The minimum hours for all convec-
tive parameters (Figures 10f–10j) show a larger scatter of
the mean and larger variability than the maximum.

5. Forested Versus Deforested Convective Activity

[32] We repeated the above analysis separating deforested
and forested areas. We considered “forested” areas as those
with at least 70% of forest, while “deforested” were those
with less than 30% of forest (Figure 1b). The convective
activity over forested and deforested areas do not show sig-
nificant differences in the phase of diurnal cycle, however
TRMM and AMSU depict a somewhat distinct pattern of
convective characteristics over these two surfaces. Both data
sets indicate that deforested areas have a larger maxima of
convective activity in monthly mean basis particularly in
the beginning of the rainy season, in October–November
(Figure 11), in agreement with earlier observational studies
that found enhanced rainfall with increased deforestation in
timescales of months [Silva Dias et al., 2002] to years
[Durieux et al., 2003]; the month of December seems to be
an exception with TRMM parameters showing a reverse
behavior. We tested whether the monthly mean differences
between the convective parameters for forested and

deforested areas are significantly different using the t-Test,
i.e., we tested whether the difference of the two sample
means is significantly different from zero. We found that for
AMSU DC and TRMM convective area these differences are
significant at�98% while for COV the significance is lower,
�90%. For TRMM convective rain and total rain area,
the significance drops to less than 80%. Overall, these sta-
tistical tests demonstrate that, although small, the differences
between convective parameters over deforested and forested
areas are significant. The RMS analysis for each series
(deforested and forested) point to slightly larger values
of convective activity over deforested than forested areas
(Table 3), but differences in convective precipitation are
very small.
[33] While the average behavior given by TRMM and

AMSU is roughly similar, individual years may present
important differences (Figure 12). For example, AMSU
shows larger DC areas over deforested areas in 2005 (which
was a drought year) and 2007 (Figures 12a and 12b), while
TRMM shows the opposite (Figures 12c–12e). Conversely,
TRMM data shows more convection (Figures 12c and 12d)
and overall precipitation (Figure 12e) over forested areas
in 2006, which is not well captured by AMSU (Figures 12a
and 12b). The RMS of the differences in convective activity
(RMSd) between deforested and forested areas are shown in
Table 3. The RMSd of AMSU DC is smaller than that of
TRMM convective area (0.50% and 0.83%, respectively),
but normalization with respect to the RMS of the “deforested”
series indicate that these anomalies have closer values, 34%
and 42%, respectively. AMSU COV and TRMM convective
rain have relatively large RMSd when compared to RMS of
either “forested” or “deforested” series. Tendencies based on
the difference between deforested and forested areas indicate
that all convective parameters except for AMSU COV lean
toward increased (decreased) precipitation in deforested (for-
ested) areas, for example, +0.08 � 0.16%/decade for AMSU
DC, and +0.25 � 0.28%/decade for TRMM convective area.
The total rain area shows a decreasing trend,�0.38� 0.73%/
decade. Because of the short time series, these results must be
taken with caution. An extensive discussion on the

Figure 10. Interannual variability of the hour of (a–e) maximum and (f–j) minimum convective activity
and total precipitation. Mean value is marked as a circle, median as an x, and bars denote the standard
deviation.
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implications and caveats of the present analysis is included in
the next Section.

6. Summary and Discussion

[34] This study presented a description of the convective
regime characteristics in regional scale, for the state of Mato
Grosso, Brazil, which has been severely deforested in the
last four decades. Our study is based solely on microwave
observations from AMSU and TRMM. The present results
are novel since we target a very restricted domain using data
from polar-orbiting satellites, which have not been exten-
sively used for monitoring diurnal cycle mainly due to tem-
poral sampling issues. Deep convection and convective
overshooting from the AMSU instrument are derived from
a criterion proposed by Hong et al. [2005], which is very
attractive due to its simplicity and because it is rather insen-
sitive to the ground influence. Moreover, since it is based on
differences of channels, possible inter-satellite biases are
reduced. TRMM 3G68 2B31 is a combined passive-active
microwave data product which yields a better temporal rep-
resentation of precipitation patterns than estimates derived
from infrared data (KW08). Here we use data in the period
of July 2001 to June 2011, covering one complete decade.
[35] The time series of mean convective activity and

monthly mean anomalies, as well as the seasonal cycle show
that the interannual variability can be rather large. Based on
this 10-year period we found that all convective parameters
except AMSUDC show negative tendencies (i.e., decrease in
convective activity), which is also noted when isolating the
months of September and October (transition from dry to
rainy season). The decadal tendency estimated here must be
interpreted with caution, because the data sets are different,
the time series are short and the estimation of tendencies may
be sensitive to the initial/end values. Nevertheless, the results
presented have possible implications for agricultural prac-
tices as the level of agricultural intensification, such as the
adoption of double cropping systems, is strongly dependent
on the length of the rainy season [Arvor, 2009]. This negative
shift is seemingly in conflict with the trends observed by e.g.,
Marengo [2004] that used multidecadal (1929–1999) rain
gauge and gridded products to study long-term rainfall vari-
ability in the whole of the Amazon basin. Marengo [2004]
found that the Southern part of the Amazon basin indicate
a positive rainfall anomaly (depending on the data set used)
more in line with observed rainfall changes in Southern Brazil,
which was explained as related to increased activity of extra-
tropical perturbations typical of El Niño years. However, that
study domain includes a region much larger than that used
here and a different period. Besides, here we look specifically
at convective activity characteristics, which are affected by the

Figure 11. (left) Annual cycle (starting in July) of monthly
mean (solid) and median (crosses) convective parameters for
deforested (red) and forested (green) areas (see Figure 1b);
(right) difference between deforested and forested monthly
mean and median values. (a) AMSUDC area (%), (b) AMSU
COV area (%), (c) TRMM convective area (%), (d) TRMM
convective precipitation (mm hr�1), and (e) TRMM total
relative area of rain (%). The x axis starts in July and finishes
in June, following the hydrological year.

Table 3. Root Mean Square Values of Convective Parameters
for Deforested (DEF), Forested (FOR), and Difference Between
Deforested and Forested Areas

DEF FOR DEF-FOR

AMSU DC (%) 1.48 1.31 0.50
AMSU COV (%) 0.36 0.22 0.22
TRMM conv area (%) 2.00 1.73 0.83
TRMM conv precipitation (mm/hr) 0.04 0.03 0.03
TRMM total rain area (%) 7.25 7.01 2.26
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increased aerosol loading due to biomass burning that may
have an impact on convection occurrence and timing.
[36] In terms of the diurnal cycle of convection, we found

that its description based on as many as three polar-orbiting
satellites can be rather satisfactory, provided that overpasses
are more or less evenly spaced in time. The analysis based
on 5-yr (2002–2007) AMSU and TRMM data showed that
deep convection over the state of Mato Grosso is mostly
concentrated in the afternoon, with maximum activity around
1500 LT, but can also be found during nighttime. Minimum
convective activity is usually found in the early morning,
between 0700 and 0900 LT. AMSU passes present a window
without overpasses exactly at this period, but analysis of
TRMM data corroborates this result. The hour of peak
activity is in close agreement with the temporal phase derived
by KW08 based on the first component of the principal
component analysis (PCA) of 9-years of TRMM 3G68 data
(1998–2006) for the tropical region; however the mini-
mum hour is slightly off (their minimum was found at around
0600 LT). Estimates of the diurnal cycle over land based on

infrared satellite data often show convection peak later in the
day, around 1800 LT (KW08) or even 2000–2400 LT [Tian
et al., 2004]. These estimates are usually made based on
large areas, while here we focus on a relatively small area and
therefore our results provide a more reliable representation of
a specific region. The temporal phase of the diurnal cycle
shows little variation with season, despite amplitude differ-
ences. The largest variability found with AMSU data was
during the dry season, with important variability contribution
due to synoptic systems advancing from the south [Siqueira
and Machado, 2004].
[37] Differences between convective activity over defor-

ested and forested areas point to a slight larger value over the
former. There is also indication of an increase (decrease) of
precipitation over deforested (forested) areas particularly in
the beginning of the rainy season, however uncertainties are
large. A caveat of our analysis is that it was based on land use
data of 2004, when there was the largest deforestation rate in
Mato Grosso state in the decade. Therefore, areas that were
assigned as deforested could well have been forested

Figure 12. Time series of monthly mean convective parameters for forested (green) and deforested (red)
areas (as in Figure 1b): (a) AMSU DC area (%), (b) AMSU COV area (%), (c) TRMM convective area (%),
(d) TRMM convective rainfall (mm hr�1), and (e) TRMM total relative rain area (%). Bars on the bottom
half of each panel denote the difference values between deforested and forested areas, normalized by the
largest absolute difference value in the period.
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between 2002 and 2004 thus introducing a bias. In addition,
the land cover classification used here (i) does not discrimi-
nate forests, cerrado and Pantanal in the “forested areas,” and
(ii) does not differentiate pasture, crop or secondary forest in
“deforested areas.” Mato Grosso state has a very heteroge-
neous land cover, and this heterogeneity implies distinct heat
and humidity fluxes partitions [Fu and Li, 2004; Roy and
Avissar, 2002], which were not studied here. In general,
observations of climate change over large deforested areas
find increase of surface temperature and decrease in evapo-
transpiration [Pielke, 2001; von Randow et al., 2004], how-
ever changes in precipitation are more difficult to detect
[Nobre and Borma, 2009], and long time series are necessary
to obtain reliable statistics.
[38] In light of the above caveats, results of section 5

should be considered with caution, under the context of
spatial scale and the degree of deforestation. Previous
numerical simulation studies have shown that deforestation
in scales of tens to up to some hundreds of km2 can lead to a
“vegetation breeze effect” resulting in a local increase in
precipitation in deforested areas [Avissar and Schmidt, 1998;
Davidson et al., 2012]. Furthermore, partial or heterogeneous
deforestation can buffer against potential climate-tipping
points and protect the drier ecosystems of the basin by lead-
ing locally to an initial increase in precipitation [Correia
et al., 2008; Walker et al., 2009]. However, after a certain
deforestation level this condition would become unsustain-
able, resulting in drier conditions and reduced precipitation in
the region. Finally, changes in temperature and precipitation
depend also on the subsequent land use type [Sampaio et al.,
2007; Costa et al., 2007]. For instance, the substitution
of forest by either soybean agriculture or pasture under a
business-as-usual scenario would lead to consistent decrease
in rainfall, the decrease stronger with soybean land cover. All
these issues should be considered for a complete assessment
of the long-term deforestation effects on climate.
[39] Overall, AMSU and TRMM 3G68 2B31 provide a

congruent depiction of the convective activity at regional to
local scale, here specifically for the state of Mato Grosso.
Differences in the convective characterization by AMSU DC
and TRMM arise from the fact that unlike AMSU DC crite-
ria, which detects deep convective clouds with very cold,
saturated tops, TRMM considers both relatively shallow and
deep convective clouds. It would be interesting as well to
perform comparisons of AMSU and other TRMM products
based solely on the PR (such as the 2A25 or 3A25 products),
as this instrument is specially designed to give a three-
dimensional description of rainfall and could give additional
information on the height of the storms and on the ability of
AMSU to capture different stages of convective lifecycles.
Despite the failure of AMSU-B/MHS in some NOAA plat-
forms, the upcoming launch of two MHS-carrying Metop
satellites in 2012 and 2016 (Figure 2) will contribute to the
continuity of the AMSU data. The present work highlights
the usefulness of microwave observation as a valuable source
for monitoring and estimating convective activity patterns
at regional scales, and offers an additional source for model
verification. An example of the usefulness of such anal-
ysis on the evaluation of climate model uncertainties for the
Mediterranean region was recently demonstrated by Claud
et al. [2012]. This type of comparisons could be similarly
applied for regional modeling evaluation in other regions,

including climate simulations of the impact of heterogeneous
deforestation in the Amazon basin.
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