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ABSTRACT 29 

This article describes the main features of the Brazilian Global Atmospheric Model (BAM), 30 

analyses of its performance for tropical rainfall forecasting, and its sensitivity to convective 31 

scheme and horizontal resolution. BAM is the new global atmospheric model of the Center for 32 

Weather Forecasting and Climate Research (CPTEC), which includes a new dynamical core and 33 

state-of-the-art parameterization schemes. BAM's dynamical core incorporates a monotonic two-34 

time-level semi-Lagrangian scheme, which is carried out completely on the model grid for the 35 

tridimensional transport of moisture, microphysical prognostic variables, and tracers. The 36 

performance of the Quantitative Precipitation Forecast (QPF) from two convective schemes, 37 

Grell-Dévényi (GD) scheme and its modified version (GDM), and two different horizontal 38 

resolutions are evaluated against the daily TRMM Multi-satellite Precipitation Analysis over 39 

different tropical regions. Three main results are: a) the QPF skill was improved substantially 40 

with GDM in comparison to GD; b) the increase in the horizontal resolution without any ad-hoc 41 

tuning improves the variance of precipitation over continents with complex orography, such as 42 

Africa and South America, whereas over oceans there are no significant differences; and c) the 43 

systematic errors (dry or wet biases) remain virtually unchanged after 5 days forecast. Despite 44 

improvements in the tropical precipitation forecast, especially over southeastern Brazil, dry 45 

biases over the Amazon and La Plata remain in BAM. Improving the precipitation forecast over 46 

these regions remains a challenge for the future developments of the model to be used not only 47 

for Numerical Weather Prediction over South America but also for global climate simulations. 48 

 49 

 50 

 51 
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1. Introduction  52 

Substantial progress has been made during the last decade in the development of Earth 53 

System Models (ESMs) and simulation of many important features of the present global climate. 54 

Nevertheless, most current models still have serious deficiencies in simulating the tropical 55 

precipitation during the wet season over the Southern Hemisphere (December to February- DJF). 56 

The largest errors are found over the six regions depicted in Fig.1a, which are: Central Africa, 57 

Indian Ocean ITCZ (Intertropical Convergence Zone), South Pacific Convergence Zone (SPCZ), 58 

Amazon Basin, South Atlantic Convergence Zone (SACZ), and La Plata Basin. For instance, 59 

results from the Coupled Model Intercomparison Project phase 5 (CMIP5) show that most 60 

models tend to underestimate rainfall over the Amazon Basin (e.g., Yin et al. 2013; Mehran et al. 61 

2014; Gulizia et al. 2014) and exhibit persistent errors in simulating the South American 62 

Monsoon System (SAMS) (Jones and Carvalho 2013). Over Africa and Australia, models also 63 

show poor skill in precipitation simulation (Mehran et al. 2014) and the SPCZ is still poorly 64 

simulated in CMIP5 models (Hirota and Takayabu 2013; Grose et al. 2014). Moreover, as 65 

rainfall is a highly nonlinear phenomenon, it is difficult to trace-back the origin of errors by 66 

using full Earth System Models.  67 

Xie et al. (2012) and Ma et al. (2014) examined the correspondence between short- and 68 

long-term systematic errors in atmospheric models and found that most of the systematic errors 69 

in precipitation of climate simulations develop within the first few days (~5 days) of simulation. 70 

Therefore, it is believed that improving quantitative precipitation forecasts (QPF) in short-time 71 

integrations (1-7 days), for instance, may be useful for improving climate variability simulation. 72 

With this perspective, the Brazilian Global Atmospheric Model (BAM) has been developed at 73 

Center for Weather Forecasting and Climate Studies (CPTEC) of the National Institute for Space 74 
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Research (INPE) for use in time scales ranging from days to seasons and horizontal resolutions 75 

O(10-200 km). The strategy was to develop a seamless framework for weather/climate 76 

prediction. Hence, the same global atmospheric model used in deterministic NWP (1-10 days) or, 77 

coupled to an ocean model, in probabilistic extended NWP (1-4 weeks) is designed to be used 78 

also in a full ESMs (global coupled atmosphere-ocean-land-cryosphere) for seasonal climate 79 

prediction and climate change studies. 80 

A comprehensive performance analysis of the BAM model in NWP and climate 81 

predictions is yet to be documented. The present work is focused on evaluating seven-day 82 

tropical precipitation forecasts produced by BAM during the austral summer (DJF) of 2012/2013 83 

over the Southern Hemisphere, against the daily Tropical Rainfall Measuring Mission (TRMM) 84 

and Multi-satellite Precipitation Analysis (TMPA). The aim of this paper is to provide (a) a brief 85 

description of the dynamical and physical processes in BAM; (b) a QPF skill evaluation of the 86 

new model with two different convective parameterization schemes: the Grell and Dévényi 87 

(2002, GD) ensemble scheme and its modified version (GDM) developed at CPTEC against the 88 

TMPA data set; and (c) an evaluation of the impact of increased horizontal resolution (from 45 to 89 

20 km) on the QPF skill. Although the importance of other physical processes such as radiation, 90 

vertical diffusion, microphysics, and surface processes for tropical precipitation cannot be 91 

overlooked, our main focus lie on deep convection, which is crucial for rainfall prediction 92 

(Fritsch and Carbone 2004), and on the impact of increasing horizontal resolution on 93 

precipitation forecasts.  94 

Although this study evaluates the performance of the model over all the tropics, our main 95 

attention lies over southeastern Brazil, where the maximum seasonal precipitation occurs during 96 

DJF; and where large metropolitan areas (e.g., Sao Paulo, Rio de Janeiro and Belo Horizonte) 97 
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many systematic errors in NWP and climate simulations were found for horizontal resolutions 121 

O(10-100 km), such as an excess of oceanic tropical precipitation, wet biases over Andes and 122 

spurious precipitation near the mountains at high latitudes, among others that will be shown later 123 

in this article. These errors motivated the development of a new global atmospheric model, 124 

which included a new dynamical core and state-of-the-art parameterization schemes. 125 

 126 

a. Dynamics core 127 

The dynamical core in BAM is a hydrostatic semi-implicit spectral model, based on a U-128 

V formulation, with a sigma/hybrid vertical coordinate, incorporating a monotonic two-time-129 

level semi-Lagrangian scheme for the tridimensional transport of moisture, microphysical and 130 

tracers prognostic variables. This transport scheme, which can be used with both the Eulerian 131 

and the semi-Lagrangian code options for the dynamics, is carried out on the model grid, with 132 

moisture variables having no spectral representation. This dynamical core aims to be used for 133 

weather and climate prediction at horizontal resolutions from 200 down to 10 km.  In the next 134 

subsections, some physical processes incorporated in BAM are described, with others are listed 135 

in Tab.1. The documentation of the new model (dynamical core and physics formulations) will 136 

be available as a technical report.  137 

 138 

b. Surface layer processes  139 

The land surface scheme is the Integrated Biosphere Simulator-IBIS version 2.6 (v.2.6) 140 

of Foley et al. (1996) and Kucharik et al. (2000), which was improved at CPTEC by Kubota 141 

(2012). This scheme is a dynamic global vegetation model, which represents a wide range of 142 

processes, including land surface physics, canopy physiology, plant phenology, vegetation 143 
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Turbulent Kinetic Energy (TKE) and Convection Inhibition Energy (CINE), and the entrainment 190 

and detrainment into cumulus updraft are calculated using a buoyance-sorting algorithm.  Two 191 

deep convection schemes have been implemented in BAM. The multi-closure, Grell and  192 

Dévényi (2002) ensemble scheme (GD) and its modified scheme (GDM) developed at 193 

CPTEC/INPE (which is briefly summarized in Appendix). Below, we briefly describe the GD 194 

scheme   focusing on the cloud-base mass flux.  195 

Following Arakawa and Shubert (1974, hereafter AS) the cloud-work function (𝐴) is the 196 

rate of generation of kinetic energy due to work done by buoyancy force (𝐵), or an integral 197 

measure of the buoyance force with weighing by a normalized mass flux profile (𝜂). The change 198 

of 𝐴 can be written as 
𝜕𝐴(𝑡)

𝜕𝑡
=⁡(

𝜕𝐴(𝑡)

𝜕𝑡
⁡)
𝐿𝑆
+ (

𝜕𝐴(𝑡)

𝜕𝑡
⁡)
𝐶𝑈
𝑚𝑏, where the subscripts 𝐿𝑆 and 𝐶𝑈 199 

represent changes of the work function due to effects of the large-scale forcing (𝐹), and due to 200 

the convective clouds (𝐾) normalized by cloud base flux 𝑚𝑏, respectively. The Grell closure 201 

(Grell 1993, G1) assumes the AS convective quasi-equilibrium assumption between large-scale 202 

forcing and convection. This AS quasi-equilibrium assumption requires that 
𝜕𝐴(𝑡)

𝜕𝑡
≪ ⁡𝐹. This 203 

means that convective tendencies are fast compared to the net or observed tendency, 
𝜕𝐴(𝑡)

𝜕𝑡
⁡≈ 0, 204 

then the mass flux base 𝑚𝑏 in G1 closure can be calculated as 𝑚𝑏 − 𝐹/𝐾 = −(𝐴´(𝑛 + 1) −205 

𝐴(𝑛))/𝐾∆𝑡, where 𝐴′ is the work function calculated with updated (at time-step 𝑛 + 1) 206 

thermodynamics variables (𝜓𝑛+1) after modifications by model tendencies (radiation, surface 207 

and PBL processes and dynamics) and 𝐴 is calculated from thermodynamics variables at the 208 

present state (𝜓𝑛) and ⁡𝐾 is calculated as in  G1. The GD scheme implemented in BAM uses five 209 

different methods to calculate 𝑚𝑏. Three are stability closures. G1 (1) is described above. For AS 210 

(2),  the closure from the GFS physics suite is used that uses climatological cloud work functions 211 






