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ABSTRACT

This preliminary analysis, uses simulations performed by the National Centers for Environmental Prediction (NCEP) 
coupled forecast system model version 2 (CFSv2) /regional climate model RegCM-4.6, allowed to be observed in 
this work, the data analyzed were the information of the surface wind intensity, by the analysis and comparison of 
the simulations carried out for the Alcântara region on the coast of the state of Maranhão. These simulations were 
stored in the period from February to June 2018. The analysis sought to validate with ERA5 reanalysis data from the 
European Center for Medium-Range Weather Forecasts (ECMWF). The observed result shows great potential for 
use of prediction ensemble techniques, since in the observed results the smallest anomalies were observed in the 
intraseasonal ensemble prediction to the Alcântara region in the intensity wind, in comparison to the simulation 
without being ensemble, presenting greater deviations and when closer to the forecast, in itself, greater deviations 
presented. The intraseasonal Ensemble estimation ends up filtering the terms of high frequency, being the best 
estimate and presenting intraseasonal predictions more balanced.
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1 Introduction

This research seeks to analyze the behavior of the 
RegCM4.6 model, using as an initialization the global 
conditions the Seasonal climate forecast from CFSv2 
model, programmed to represent the intraseasonal 
variability for the Brazilian northeast coast.  This 
process is being simulated continuously every 15 days 
and its results stored. With these stored data, it was 
possible to analyze the variability of the initialization 
behavior and the results observed by the RegCM-4.6 
Regional Climatic model. The main objective is to 
observe the CFSv2 / RegCM-4.6 simulation beha-
vior using ensemble terms in the estimation. The 
intraseasonal forecast using regional climate models 
is an important research and development tool, Da 
Rocha, et al. (2012), De Souza, et al. (2016),  Reboita, 
et al. (2017), Corrêa, et al. (2017), Llopart, et al. (2017) 
and Corrêa, et al. (2018). Therefore the use of intra-
seasonal forecasting needed, on the idea proposed 
by Gneiting and Raftery (2005), discussed in their 
perspective, a new approach--ensemble forecasting. 
It was introduced in the early 1990s. In this method, 
up to 100 different computer runs, each with slightly 
different starting conditions or model assumptions, 
are combined into a weather forecast. In concert with 
statistical techniques, ensembles can provide accurate 
statements about the uncertainty in daily and seasonal 
forecasting, their proposals to improve the modeling, 
statistical analysis, and visualization technologies for 
disseminating the ensemble results. In which, weather 
prediction has been transformed through the imple-
mentation of ensemble forecasts. The use of different 
methods for ensemble forecasting to perform a type 
of numerical or statistical modeling using stochastic 
models and other techniques, Sabeerali, et al. (2017), 
Wasyl  & Matthew (2017), Chen, et al. (2018) and Zang, 
et al. (2018). For the region of Maranhão, the modeling 
was applied to generate information about the vertical 
profile of the wind and the surface, in the work of 
Corrêa, et al. (2018). Its results were obtained using 
the outputs from the global NCEP climate forecast 
system (CFSv2) as initial and boundary conditions for 
the Regional Climate Model (RegCM4.6). His research 
was to analyze the performance in forecasting the sub-
-seasonal and seasonal climate from June to October 
2017 in Alcântara Launch Center (ALC), located in 
northeastern Brazil. The study focused on wind and 
air temperature variables in the lower atmosphere. 
The predictions were validated with the ERA-Interim 
reanalysis. In the Alcântara region, the RegCM4.6 
model presented a good performance in representing 
the monthly means of the variables under study, but 
in other regions of the domain, it showed higher sig-
nificant deviations differences compared with ERA-
-Interim model. As currently, it is possible to validate 
the simulations performed with ERA5 reanalysis data 
that have advantages over the ERA-Interim. In the 
work of Albergel, et al.(2018), it is discussed the use of 
the ERA5 reanalysis in place of the reanalysis of the 

ERA-Interim, and most improvements seem to come 
from a better representation of precipitation in ERA-5 
reanalysis and the use of ERA-5 leads to improvements 
in the representation of surface variables related to 
the terrestrial water cycle. Therefore, this work seeks 
to analyze the stored simulations performed for the 
Alcântara region in the Brazilian Northeast, aiming 
to analyze the wind intensity data close to the surfa-
ce. With these simulations, it was analyzed month by 
month and with three components, it was computed 
a predictive intraseasonal ensemble term, and it was 
validated with the ERA5 reanalysis and the error 
involved in the prediction simulated by the CFSv2 / 
RegCM-4.6 model was estimated.

2 Methodology

This work adopted the CFSv2 reanalysis data, which 
is operated by the National Centers for Environmental 
Prediction (NCEP), Saha, et al. (2014), as the initial 
and boundary condition from RegCM4.6 Giorgi et al. 
(2015). Search to use comparing the simulations per-
formed with global data of the CFSv2, model with the 
reanalysis of the European Centre for Medium-Range 
Weather Forecasts  (ECMWF) - ERA5 reanalysis data. 
This meteorological dataset, ERA5, provides estimates 
of atmospheric parameters such as air temperature, 
pressure, wind, humidity, and ozone at different altitu-
des, surface parameters such as rainfall, soil moisture, 
sea-surface temperature, all at a resolution of about 31 
km worldwide, and information on wave height over 
the global oceans. More information about the ERA5 
model can be found on the website: https://confluence.
ecmwf.int//display/CKB/ERA5+data+documentation. 
This work aims to analyze the simulations of the CFSv2 
/ RegCM4.6 stored model, between February and June 
2018, when it was operationalized in the Atmospheric 
Sciences Division of the Institute of Aeronautics and 
Space (IAS), intraer link (HTTP: //www.iae.cta .intraer 
/ cfs /) whose products are available for use in intra-
seasonal forecasts of the vertical wind profile at the 
Alcântara Launch Center. Seeks to analyze the quality 
of these predictions in time and is used temporally 
distant simulations from 15 to 15 days with a total of 
45 days with three simulations. As also a mean field of 
the CFSv2 model is generated and this mean simulation 
is composed of three time-distanced simulations every 
15 days, and compared with the ERA5 model reanalysis 
data, in a total of nine CFSv2 / RegCM-4.6 simula-
tions. The simulations were analyzed for the CFSv2 / 
RegCM-4.6 model on the following dates, April 2018 
with simulations of 15/02, 01/03 and 15/03, May 2018 
with simulations of 15/03, 01/04 and 15/04 and  June 
2018 with simulations of 15/04, 01/05 and 15/05, with 
initialization at 00 hours. The use of a simple statistical 
model with the simple average between the different 
simulations obtained with temporal displacement 
allows a minimization of the possible perturbations 
inherent to the CFSv2/RegCM-4.6 model.
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Parameter Value

Lateral boundary conditions scheme Relaxation, exponential technique, 
Marbaix et al. 2003

Planetary Boundary Layer (PBL) scheme Holtslag PBL, Holtslag (1990)

Cumulus Convection schemes

Over land
Over ocean

Grell 1993
Emanuel 1991

Moisture scheme Explicitmoisture (SUBEX, Pal et al. (2000))

Ocean Flux scheme Zeng et al., 1998
Zeng Ocean model roughness formula to used 1-> (0.0065*ustar*ustar)/egrav

Calendar Gregorian

Globdatparam  ssttyp CFS01

Globdatparam  dattyp CFS01

Land surface model Biosphere-Atmosphere Transfer scheme (BATS)

Table 1 Parameters used in Physics paramnamelist (regcm.in) in RegCM4.6 model

Figure 1 The topography (meters) and the domain used in the test simulations of RegCM4.6 with CFSv2, with the geo-
graphic center on the ALC. The geographical location of the ALC is marked with a black dot.
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Figure 4 shows the difference between the ERA5 
reanalysis model and the simulation of the CFSv2 / Re-
gCM-4.6 model for the month of May 2018. Figure (a) is 
an anomaly with the difference between the ensemble, 
with the average of the three simulations with 15/03, 
01/04 and 15/04. Figure (b) is the simulation with 45 
days of time antecedence (15/03) and presented on the 
Atlantic Ocean a significant area of underestimation 
of the speed magnitude less than 4 ms-1 , (c) with 30 
days of advance (01/04) and (d) with 15 days (15/04). The 
largest differences in magnitudes of the wind intensity 
are given in figure (d) with 15 days of temporal advance. 
On the Atlantic Ocean and the mainland, there were 
more than 4 ms-1 between the ERA5 and the CFSv2 / 
RegCM-4.6 model. Being that on the Atlantic ocean 
and on the continent overestimating with magnitudes 
of the order of 4 ms-1. In this case figure (a) with the 
difference in the term ensemble had the smallest di-
fference between the terms.

Figure 5 shows the difference between the ERA5 
reanalysis and the simulation of the CFSv2 / RegCM-4.6 
model for the month of June 2018. Figure (a) is an ano-

3 Results

Figure 2 shows the wind intensity with the mon-
thly average of April (a), May (b) and June (c) with the 
information from the ERA5 reanalysis data and April 
(d), May (e) and June (f) are the monthly average wind 
intensity for these months simulated by the CFSv2 / 
RegCM-4.6 model. It presents small differences on the 
continent and shows greater differences on the oce-
an, but the simulation CFSv2/RegCM in the monthly 
average represented the main spatial characteristics 
of the wind intensity.

Figure 3 shows the difference between the ERA5 
reanalysis model and the simulation of the CFSv2 / 
RegCM-4.6 model for the month of April 2018. Figu-
re (a) is an anomaly with the difference between the 
ensemble, with the average of the three simulations 
with 15/02, 01/03 and 03/03. Figure (b) is the simulation 
with 45 days of time antecedence, (c) with 30 days of 
advance and (d) with 15 days. The largest differences 
in magnitudes of the wind intensity are given in figure 
(d) with 15 days of temporal advance.

Figure 2 - The monthly average of the wind intensity for the months of April, May and June of 2018, with the figures April - (a), 
May – (b) and June - (c), ERA5 reanalysis data and  April - (d), May - (e) and June – (f), for CFSv2 / RegCM-4.6 model, mean 
composite of the wind intensity by three simulations separated by 15 days in time.
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Figure 3 -  show the anomaly between the ERA5 reanalysis data and CFSv2 / RegCM-4.6 model for the month of April 2018, 
figure (a) with the composite average of the three simulations (ensemble) and figure (b) with 45 days, figure (c) with 30 days 
and figure (d) with 15 days, showing the difference between intensity wind on the surface.

Figure 4 - show the anomaly between the ERA5 reanalysis data and CFSv2 / RegCM-4.6 model for the month of May 2018, 
figure (a) with the composite average of the three simulations (ensemble) and figure (b) - 45 days, figure (c) - 30 days and figure 
(d) - 15 days, showing the difference between intensity wind on the surface.
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maly with the difference between the ensemble, with 
the average of the three simulations with 15/04, 01/05 
and 15/05. Figure (b) is the simulation with 45 days of 
time antecedence (15/04), (c) with 30 days (01/05) and 
(d) with 15 days (15/05). In figure (c) with 30 days of 
temporal advance the largest differences in magnitu-
des of the wind intensity. On the Atlantic Ocean and 
the mainland, there were more than 4 ms-1 between 
the ERA5 and the CFSv2 / RegCM-4.6 model. In the 
Atlantic Ocean, the underestimation of the magnitu-
de of wind velocity with magnitudes of 4 ms-1,  was 
well characterized. In this case, the figure (a) again 

with the term ensemble had the smallest differences 
between the terms. The different initiations of the 
CFSv2 model show small differences in their updates 
and when the term composite ensemble is calculated, 
these differences are minimized.

The analysis of the results shows a behavior of the 
CFSv2 model in each 15 day period with significant 
changes in the global initialization, showing differences 
in the assimilated forcing, and consequently affecting 
the results in the domain of the studied region, the 
Brazilian northeast.

Figure 5 – It shows the anomaly between the ERA5 reanalysis data and CFSv2 / RegCM-4.6 model for the month of June 
2018, figure (a) with the composite average of the three simulations (ensemble) and figure (b) - 45 days, figure (c) - 30 days and 
figure (d) - 15 days, showing the difference between the wind intensity on the surface.
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5 Conclusions

This work has the prospective focus on the use of 
ensemble simulations for the wind in the Alcântara, 
Maranhão, region. The use of intraseasonal predictions 
presented results that showed a better estimate with the 
ensemble term than the term individually. Since there 
may be significant oscillations and perturbations that 
would affect the simulation, they are eventually mini-
mized by the generation of the ensemble term allowing 
the estimation to show a more balanced final result and 
the representation of average dominant systems with 
intensity closer to that observed by the reanalysis of the 
ERA5. Other works will be performed with more variable 
and statistical analysis with probabilities involved in the 
simulations with the CFSv2 / RegCM-4.6 model, as well 
as statistical estimates of its variability.
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