THE RAINY SEASON OVER THE EASTERN AMAZON AS DEPICTED BY REGCM3 REGIONAL SIMULATIONS
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1. INTRODUCTION

The intrinsic characteristic of the Amazonian
climate in the tropical Brazil is the existence of a
complex and high temporal and spatial variability of the
tropical convective activity and precipitation, which are
the most important climate variables of the region. In the
context of tropical climate dynamics, it is well known that
the Amazonian precipitation variability is related to near-
global ocean-atmospheric patterns associated with the
El Nifio-Southern Oscillation (ENSO) over the Pacific
Ocean, as well as the interhemispheric north-south sea
surface temperature (SST) gradient mode over the
tropical Atlantic Ocean (De Souza et al., 2000). Through
significant changes in large-scale atmospheric
circulation patterns, they both Pacific ENSO and Atlantic
gradient modes interfere on convective activity related
to both the Intertropical Convergence Zone (ITCZ) and
South Atlantic Convergence Zone (SACZ), which are
the main rainbearing systems of the Brazilian Amazon
during the rainy season (De Souza et al., 2005).

Here the focus is on eastern Amazon adjacent
to the tropical Atlantic basin, where is observed an
annual climatological precipitation maximum between
2000 to 3000 mm (Figueroa and Nobre, 1990). Most of
the precipitation occurs during the rainy season,
typically from January to April (Marengo et al., 2001; De
Souza et al, 2004; De Souza and Rocha, 2006).
Previous papers investigated the performance of global
and regional models in simulating atmospheric
circulation and rainfall patterns over South America
(e.g., Cavalcanti et al., 2002; Misra, 2003; Sun et al.,
2006; Cuadra and Rocha, 2006; Seth et al., 2007). Such
studies reported that the main climatological
tropospheric circulation aspects are well represented by
models, but there are some systematic errors in rainfall
modelled with overall dry bias over Brazilian Amazon
(Marengo, 2003; Fernandez et al., 2006; Oyama, 2006).
The present paper presents a contribution on tropical
climate modeling studies with emphasis on the seasonal
precipitation during the core of the rainy season
(February to April) over the Brazilian eastern Amazon
through RegCM3 climatological simulations for a 27
years period (1982 to 2008) considering high resolution
domain scale (30 Km). Qualitative and quantitative
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validations are analyzed with reference to observational
data base containing regional precipitation aspects
extracted from a dense rain gauge station network. The
objective is to document the regional precipitation
anomalies patterns observed over the eastern Amazon
and how well the RegCM3 simulations capture such
regional rainfall distribution during contrasting years
associated with large-scale climate scenarios verified in
the Pacific and Atlantic Oceans.

2. DATA, METHODS AND MODEL

The observational data consists of a new
integrated database containing in situ measurements
extracted from 150 rain-gauge stations scattered over
the eastern Amazon, during the last 31 years (1978-
2008), which it was compiled by the RPCH project at
Faculty of Meteorology, Federal University of Para,
Brazil. Such data represent well the main regional
precipitation aspects over the eastern Amazon with
reference to others data (De Souza et al., 2008).

We used the last version of Regional Climate
Model version 3 - RegCM3 developed by International
Centre for Theoretical Physics (ITCP), which is third
generation of the regional climate model originally
developed by NCAR (Giorgi and Bates, 1989; Dickinson
et al.,, 1989) i the RegCM1, which was consistently
improved and upgraded by Giorgi et al. (1993a, 1993b)
I the RegCM2, and Giorgi and Mearns (1999) i the
RegCM2.5. Nowadays, the ITCP RegCM3 is limited-
area, hydrostatic, compressible based on primitive
equations and empl oy s-verical
coordinate. Detailed descriptions of the dynamical core,
model physics, chemistry, radiation, surface and
convective schemes and specifications of initial and
boundary conditions can be found by Pal et al. (2007).

In the present paper, the RegCM3 domain is
set up over eastern Amazon with 80 x 80 points in
latitude x longitude (30 Km horizontal resolution) with
central point at 4°S/53°W, 18 vertical levels (being 7
levels below 800 hPa) and using mercator normal
projection. 27 seasonal simulations using Grell and MIT
schemes are performed for the 1982/83 to 2007/2008
period. Once the focus of the present paper is on rainy
season, such simulations were initiated in 1 December
and finished in 31 May, so that the first month is
neglected in order to avoid spin-up problems. These
realizations were performed using lateral boundary
conditions updated each 6 hours obtained from
NCEP/NCAR reanalysis and SST for the simulated
periods were obtained from Reynolds et al. (2002)
monthly dataset. Here, the results are investigated as
composites anomaly maps obtained from four climatic
scenarios in which were observed Pacific ENSO phases
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(four El Nifio events: 1983, 1987, 1992 and 1998; seven
La Nifia events: 1984, 1985, 1986, 1989, 1996, 1999
and 2000) and Atlantic SSTa gradient phases (two
northward gradient events: 1997 and 2002; four
southward gradient events: 1985, 1986, 1989 and
1994). Such events are objectively selected by the
Trenberth (1997) and Souza et al. (2005) criterion.
Thus, the precipitation anomalies as departures from
the 1982-2008 long term mean (for both observations
and simulations) are calculated for those 4 composite
scenarios. In order to verify the systematic errors of the
simulations against observations, it was estimated the
bias for each composite.

3. RESULTS

Figures 1 to 4 show seasonal precipitation
anomalies observed (RPCH) and simulated by RegCM3
using Grell and MIT schemes as well as the
corresponding bias maps, which are representative of
the large-scale climate scenarios observed in Pacific
(Fig. 1 for El Nifio, Fig. 3 for La Nifia composites) and
Atlantic (Fig. 2 for northward SSTa gradient, Fig. 4 for
southward SSTa gradient composites). All results are
investigated for the rainiest months (February to April T
FMA) over the eastern Amazon.

3.1 Unfavourable climatic scenarios (El Nifio and
Atlantic northward SSTa gradient)

The El Nifio impact on the seasonal regional
precipitation is presented in Fig. 1a, so that there are
widespread negative rainfall anomalies over the eastern
Amazon. The RegCM3 simulations capture well the
spatial pattern of the negative rainfall anomalies (Fig. 1b
and 1c), so that there is a dry bias predominance using
Grell convective scheme (Fig. 1d) and a dry bias over
north/northeast sectors and wet bias over
west/south/southeast sectors using MIT convective
scheme (Fig. le).
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Fig. 1. El Nifio composite: seasonal (FMA) precipitation
anomalies (mm) observed (a) and simulated using Grell (b) and
MIT (c) schemes, and bias for Grell (d) and MIT (e) simulations.

The configuration of the northward SSTa
gradient in the intertropical Atlantic is associated with
alternating negative and positive impacts. There are
negative rainfall anomalies over the region with
maximum values in the east sector. However, the
northwest, north, and small areas of the central,
southeast and northeast sectors of the eastern Amazon
present positive rainfall anomalies (Fig. 2a). The
regional precipitation simulated using Grell resulted
anomalous negative precipitation over the whole region
with maximum in the northeast sector well represented
(Fig. 2b). The spatial pattern with alternating negative
and positive rainfall anomalies is well captured by
simulations using MIT scheme (Fig. 2c). Overall, there is
a dry bias dominance over the whole region using Grell
(Fig. 2d) and dry/wet bias over north/south regions
using MIT simulations (Fig. 2e).
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Fig. 2. As in Fig. 1, but for the Atlantic northward SSTa gradient
composite.

3.2 Favourable climatic scenarios (La Nifia and
Atlantic southward SSTa gradient)

The Fig. 3a shows the seasonal regional
precipitation anomalies observed over the eastern
Amazon in association with the La Nifia impact. It is
evidenced a positive anomalies predominance over the
whole region (except the northwest and south sectors
which shows normal precipitation conditions). Such
abundant spatial rainfall pattern during rainy season is
well simulated by model using both Grell and MIT
parameterizations (Figs. 3b and 3c). Although the
RegCM3 captures well the precipitation sign, there is a
dry bias over entire region using Grell (Fig. d) and a
dry/wet bias over north/south sector using MIT scheme
(Fig. 3e).
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Fig. 3. As in Fig. 1, but for the La Nifia composite.

Except in the far northwest and north sectors,
the eastern Amazon presents positive precipitation
anomalies covering the whole region in association with
southward SSTa gradient in the intertropical Atlantic
(Fig. 4a). The regional simulations capture well the
spatial pattern associated with the anomalous positive
rainfall (Figs. 4b and 4c), so that there is a dry bias
predominance using Grell (Fig. 4d) and a dry bias over
northeast sector and wet bias over west/south/southeast
sectors using MIT convective scheme (Fig. 4e).

Fig. 4. As in Fig. 1, but for the Atlantic southward SSTa
gradient composite.

4. CONCLUDING REMARKS

Previous modelling studies pointed out that the
representation of the moist convective processes and
the capacity in simulating regional precipitation volume
or anomaly and its spatial distribution are a challenge
for the scientific community, particularly over the
Amazon region located entirely over tropical Brazil. The

present paper presents a contribution on tropical climate
modeling with emphasis on the seasonal precipitation
during the core of the rainy season (February to April)
over the eastern Amazon. Based on RegCM3
simulations for a 27 years period (1982 to 2008)
considering high resolution domain scale (30 Km) and
qualitative and quantitative validations with reference to
RPCH observational data extracted from a dense
raingauge station network, it was investigated the model
performance in capturing regional precipitation
distribution during contrasting years associated with
large-scale climate scenarios verified in the Pacific and
Atlantic Oceans. Overall, the results showed that
RegCM3 represent well the spatial rainfall anomalies
patterns, but there are systematic errors related to the
dry bias in the north sector and wet bias in the south
sector of the eastern Amazon using both Grell and MIT
convection schemes.
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