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RESUMO
Este trabalho analisou o desempenho de três esquemas de parametrização de convecção cumulus (Kain-Fritsch, Emanuel
e Grell/Emanuel) na previsão do clima sazonal, durante a transição do período chuvoso para seco (junho a julho de 2017),
no Centro de Lançamento de Alcântara (CLA) - Maranhão - Brasil. Para tanto, os resultados do sistema global de previsão
climática do National Centers for Environmental Prediction (NCEP-CFSv2) foram usados como condições inicial e de
fronteira no Regional Climate Model (RegCM4.4). Os resultados enfocam principalmente a intensidade do vento na baixa
atmosfera no CLA. As previsões desta variável foram validadas através de comparações com a reanálise ERA-Interim e
com dados registrados por uma torre micrometeorológica localizada no CLA. De forma geral, as simulações com o
esquema de Kain-Fritsch e Grell/Emanuel tiveram boa performance na região de estudo.
Palavras-chave: modelo climático regional (RegCM4.4), inicialização global, condições iniciais do CFSv2

ABSTRACT
This work analyzed the performance of three cumulus convection parameterization schemes (Kain-Fritsch, Emanuel and
Grell/Emanuel) in forecasting the seasonal climate during the transition from rainy to dry period (June to July 2017) in
Alcântara Launch Center (ALC) located in Maranhão State-Brazil. For this reason, the outputs from the global NCEP
Climate Forecast System (CFSv2) were used as initial and boundary conditions in the Regional Climate Model
(RegCM4.4). The results focused on the wind intensity in the lower atmosphere in the ALC. The forecasts of this variable
were validated with comparisons with ERA-Interim reanalysis and measured data by a micrometeorological tower in
ALC. In general, the simulations with Kain-Fritsch and Grell-Emanuel convective schemes had good performance in the
studied region.
Keywords :regional climate model (RegCM4.4), global initialization, CFSv2 initial conditions

Introduction
The technological advances of the last
decades allowed a great improvement of numerical
models for weather and climate prediction.
Regarding sub-seasonal and seasonal climate
forecast, it can be done with regional climate
models using the downscaling technique. In this
technique, the outputs of global climate models are
provided as initial and boundary conditions to the
regional climate models. The outputs from global
National Centers for Environmental Prediction
(NCEP) Climate Forecast System (CFSv2) have
been used as initialization for seasonal forecast
studies using the Weather Research and
Forecasting (WRF) model and other regional

climate models. Several works have used the
downscaling technique for seasonal forecasting:
Siedlecki, et al. (2016), McCreight et al. (2016);
Gao, et al. (2016); Zou et al. (2016); Chotamonsak
et al. (2017); Ardilouze et al (2017); Weber and
Mass (2017); Batté, et al. (2018) and Reboita, et al.
(2018).
One regional climate model applied in
studies in several regions of the globe is the
Regional Climate Model (currently in the version
4) from the Earth System Physics (ESP) section
from The International Center for Theoretical
Physics - ICTP (Giorgi et al., 2015). RegCM4 can
be initialized by different global datasets, for
example, reanalyses and model outputs (like the
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climate projections from the Intergovernmental
Panel on Climate Change – IPCC or climate
forecasting from CFSv2).
Gonçalves (2015) carried out a study about
the seasonal precipitation forecasts, in the Rio
Grande do Sul state, using the CFSv2 outputs as
initial and boundary conditions for RegCM4.4.
Nine simulations using different cumulus
parameterization schemes were performed.
RegCM4.4 compared with the observations has
higher correlations and smaller errors than the
CFSv2. Better forecasts were obtained in the
northern and western of the Rio Grande do Sul state
with Grell convection scheme (with both closures,
Fritsch-Chappell and Arakawa-Schubert) and with
the combination of Emanuel convection scheme
over the ocean and Grell over the land. Although
some regions were not adequately represented by
the RegCM4.4, it still had good performance in
reducing the precipitation overestimations
produced by CFSv2.
Reboita et al. (2018) carried out seasonal
climate forecasts over Brazil with RegCM4.4
nested in two global climate models: CFSv2 and
the model from the Centro de Previsão de Tempo e
Estudos Climáticos (CPTEC). Precipitation
simulated with Kain-Fritsch and Emanuel cumulus
convection schemes, compared to the Climate
Prediction Center (CPC) and the Tropical Rainfall
Measuring Mission (TRMM) precipitation
products, showed a better result.
In the northeast region of Brazil is located
the Alcântara Launch Center (ALC). The ALC is
the place where the Aeronautics Command carries
out the program of launching rockets with different
launching platforms, such as sounding and
launching rockets for low-orbit satellites and
micro-satellites (de Jesus Reuter et al., 2015).
For this region, Corrêa et al. (2017) carried out
climate simulations considering different scenarios
(RCP4.5 and RCP 8.5) from IPCC-AR5 through
dynamical downscaling of RegCM4.4 nested in the
HadGEM2-ES. It was obtained a statistical
parameter of the vertical profile of the wind at low
atmosphere levels in order to support missions of
rocket launches. Moreover, it was found
oscillations in the near-surface wind intensity with
a cycle of 3 to 5 days.

The purpose of this study is to analyze the
performance of Kain-Fritsch, Emanuel and
Grell/Emanuel cumulus convection schemes in
forecasting the seasonal climate during the
transition from rainy to dry period (June to July
2017) in ALC with RegCM4.4. This study can help
to improve an operational seasonal forecast
product of the Instituto de Aeronáutica e Espaço
(available only internally), and to support
operational planning in launching aerospace
vehicles in the ALC.
Methodology
Three simulations (hereafter called Test 1,
Test 2 and Test 3), using RegCM4.4, were carried
out from May 06, 2017 to July 30, 2017. They used,
respectively, Kain-Fritsch, Emanuel and a
combination of Grell (over the land)/Emanuel
(over the ocean). The simulated period includes the
transition from rainy to dry season in the region of
ALC. May is a month of the rainy season and July
is one of the dry season.
The first month of the simulations (May
2017) was excluded from the analysis as a spin-up
period and only the forecasts from June and July
2017 were validated. The main focus of this study
is to analyze the behavior of the near-surface wind
and the sensitivity of the RegCM4.4 to different
convection parameterization schemes. This work
adopted the CFSv2 (Saha et al., 2014) as the initial
and boundary condition for RegCM4.4.
The domain of the simulations was
configured with 100 x 120 points (Figure 1), with
25 km of horizontal resolution and 23 sigmapressure vertical levels. In RegCM4.4, the surface
processes can be solved through two schemes: the
Biosphere-Atmosphere Transfer Scheme (BATS),
or the Community Land Model (CLM) version 4.5
developed by the National Center of Atmospheric
Research - NCAR (Oleson et al., 2013; Swenson
and Lawrence, 2014; Pushp Raj Tiwari et al.,

2015; Brunke et al., 2016 and Chen and
Dirmeyer, 2017). CLM-4.5 was used in this work.
Table 1 shows a summary of the physical
parameterization schemes defined in the
simulations.
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Table 1 Physical parameterization schemes used in the simulations.
Parameter
Value
Lateral boundary conditions scheme
Relaxation, exponential technique
Planetary Boundary Layer (PBL) scheme
Holtslag PBL,
Cumulus Convection schemes
Test 1
Kain-Fritsch (1990), Kain (2004)
Over land
Over ocean
Kain-Fritsch (1990), Kain (2004)
Test 2
Over land
Emanuel (1991)
Over ocean
Emanuel (1991)
Test 3
Over land
Grell (1993)
Over ocean
Emanuel (1991)
Moisture scheme
Explicitmoisture (SUBEX)
Ocean Flux scheme
Zeng
Zeng Ocean model roughness formula to used
1-> (0.0065*ustar*ustar)/egrav
Calendar

Gregorian

Globdatparam ssttyp

CFS01

Globdatparam dattyp

CFS01

Figure 1 Topography (meters) and domain used in the simulations with RegCM4.4. The geographical location
of the ALC is identified with a black dot.
Validation of the Simulations
The simulated (forecasted) air temperature
at 2 meters high and the wind intensity and
direction at 10 meters high were compared with
ERA-Interim reanalysis (Dee et al., 2011). These
data have horizontal resolution of 0.75o x 0.75o.
The precipitation was validated through
comparison with the Climate Prediction Center
(CPC) analysis, which has 0.5o x 0.5o of horizontal

resolution. The measured direction and intensity of
the wind at a micrometeorological tower (70 m) in
ALC were used to validate the lowest level of the
RegCM4.4 which is 1000 hPa. The height in
meters of this level can vary according to latitude
and air temperature. However, it can be accepted as
approximately 110 meters. In this way, we do not
expect a great agreement between the values
measured in the tower and simulated by the model,
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but we expect a similarity in the variability of the
time series. The wind results are also presented in
wind rose graphs.
A statistical analysis is performed to
estimate the wind bias and the Root Mean Squared
Error (RMSE) for the months of June to July using
the simulations and observational data from the
micrometeorological tower. Bias is the difference
between the model and the observation and RMSE
is an estimate of the magnitude of bias between the
model and the observed data for the period
analyzed. Equation 1 is used:
2
(
X
−
X
)
RMSE
= M O (1)
N

where: XM is the result of RegCM4.4 at level z =
1000 hPa with average wind for model integration;
XO is the average of the observed data; N is the
maximum number of observations used time series.
A non-parametric statistical test was used to
evaluate the correlation of the observed and
simulated intensity wind. The RegCM model
outputs were configured to be generated every 3
hours, with eight-day values and a total of 241
values in one simulation month. Non-parametric
tests have no restrictions in the sample inference
process. The test used here employs a statistical
permutation (Collingridge, 2013; Konietschke
and Pauly, 2014; Koopman et al., 2015; Zhang
et al., 2017; Pauly et al., 2018; Derrick et al. 2018).

As a definition, the vector P with the simulated
wind intensity and J (Nx1) with the observed
wind intensity value, intend to make random
permutations of J, keeping P fixed. For each
permutation, it calculated the correlation
between vector P and J, resampling the series
in the order of 10,000 times, thus building the
distribution of correlations (r). From these
distributions, it can be obtained the value that
represents the confidence interval at the level
of 5% of the correlations in the upper or lower
tail of distributions (r critical). The analyzed
time series have 241 values. It used a
subroutine program in Matlab©. The
permutation test method is more robust
statistically to test the correlation signal
between different series that have low
correlation values.

Results

Figure 2 shows the validation of air
temperature at 2 m, precipitation and intensity and
direction of the wind at 10 m high for the average
of June and July 2017. The RegCM4.4, using 3
different cumulus convection parameterization
schemes, underestimates the air temperature over
the continent and shows similar values over the
ocean regarding the ERA-Interim reanalysis (Fig.
2a-c). Near ALC, the lowest bias in the air
temperature occurs using Kain Fritsch scheme
followed by Emanuel. On the other hand, the
lowest bias in the precipitation in the ALC is
obtained with Grell/Emanuel (Fig. 2e). For the
winds at 10 m, the three simulations show similar
values near ALC, with an overestimation along the
coast.
Table 2 shows some statistics calculated to
wind intensity observed at 70 m and simulated at
1000 hPa. The 3 experiments overestimate the
average of wind intensity, in about 1-2 m s-1, but it
was expected once the simulated winds are in a
higher altitude than those of the tower.
For wind intensity, we also evaluated the
correlation distributions obtained from the
correlation permutation test of the original series
(have a frequency of every three hours). The
test is shown in Figure 3 while the original series
in Figure 4. This statistic shows for Emanuel
convection scheme value of 0.1564, Grell-Emanuel
convection scheme with 0.1661 and the KainFritsch convection scheme with 0.1752 (the critical
values at the significance level of 5% were of the
order of 0.10). These values may indicate statistic
evidence that the series simulated have a
significant correlation with the observed ones. All
positive correlations observed are in the upper tail
of the permuted correlation distribution, which can
be observed in Figure 3 at the level of 5%.
In June 2017, still in the transition from the
rainy season, the lowest value of RMSE (3.14) was
obtained with the Grell/Emanuel convection
scheme (Table 2). This scheme is slightly better in
the total of the analyzed period than the other
schemes. Higher values of RMSE occurred in July
2017. Comparing these results, we observed

that there is a small difference between the
methods used a very low order magnitude
between the RMSE of Kain-Fritsch and
Grell/Emanuel convection schemes; therefore,
there is no statistical evidence of a difference
between the two parametrizations. In both
situations, the Emanuel convection scheme
presented lower performance compared with
the others.
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(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

Figure 2 Difference between the RegCM4.4 monthly mean (June-July 2017) in relation to ERA-Interim for (ac) air temperature at 2 m, oC, and (g-i) intensity and direction of the wind at 10 m, m s-1. For precipitation (df), the difference was computed regarding CPC, mm day-1. From left to right is the simulation with Emanuel,
Grell/Emanuel and Kain Fritsch convective scheme, respectively.
Table 2 Wind intensity statistical information obtained from the micrometeorological tower (70 meters) and
simulated by RegCM4.4 at 1000 hPa for June to July 2017.
Wind Intensity
micrometeorological
tower (70 m)

Kain-Fritsch
Convection Scheme

June
5.7

July
4.2

Whole period
5.1

Standard
deviation
Median

2.0

2.2

2.2

6.0

4.2

5.0

Mean

5.9

6.5

6.0

Standard
deviation

2.6

3.4

3.0

Mean
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Emanuel
Convection Scheme

Grell/Emanuel
Convection Scheme

Median

5.8

6.4

6.0

Mean

6.5

6.5

6.5

Standard
deviation
Median

2.6

3.4

3.0

6.5

6.4

6.4

Mean

6.3

6.7

6.5

Standard
deviation
Median

2.3

3.3

2.8

6.3

6.7

6.4

Emanuel
Convection
scheme
Kain-Fritsch
Convection
Scheme

3.46

4.12

3.80

3.31

4.12

3.74

Grell/Emanuel
Convection
Scheme

3.14

4.13

3.67

RMSE

Figure 3 Correlations permutation distribution reconstruction of the resampling test for Emanuel convective
schemes (a), Grell/Emanuel convection scheme (b) and Kain-Fritsch convection scheme (c).
It is important to mention that there are
physical
differences
in
the
convection
parameterization schemes that lead to the
differences observed in the wind intensity. The
Kain-Fritsch convection scheme is based on the
Convective Available Potential Energy (CAPE)
parameter; it is effectively the positive buoyancy of
an air parcel and it is an indicator of atmospheric
instability (Kain, 2004). The Emanuel convection

scheme considers that the mixture in the clouds is
a secondary process and inhomogeneous, whose
convective flows are based on a model of
ascending and descending currents of scales of subclouds. Convection is then initiated when the
neutral buoyancy level is greater than the
condensation level by lifting at the base of the
cloud. Between these two levels, the air rises and
one part of the condensed moisture fraction form
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precipitation, while the remaining part forms the
cloud. The cloud, in turn, mixes with the ambient
air according to a uniform spectrum of mixtures
that drives the parcel up or down, thus reaching the
level of neutral buoyancy. The entrainment and
dewatering rates are calculated through the vertical
buoyancy gradients in the cloud (Emanuel, 1991).
The Grell convection scheme is based on the rate
of destabilization of a single cloud with upward
and downward flows and compensation motions
that determine the moisture and heating profiles.
This scheme includes downward movements of
convective-scale and allows capture under the
cloud. The vertical heating and wetting profiles are
derived from the latent heat release associated with
the mass flows in the upstream/downstream
currents and vertical compensation movement
(Grell, 1993).
Figure 5 presents the wind rose for the
height at 70 m, computed with data from the

micrometeorological tower, from June to July
2017, while Figure 6 shows the same information
but to the simulations (at 1000 hPa). Northeast
winds are predominant during the study period
(Figure 5). In June, all simulations estimated the
direction with a 180o deviation from the
predominant direction observed in the northeast
quadrant. In July 2017, the model simulated better
the predominant direction compared to the
observations, but with a small displacement
towards the north direction. In rocket launching
activities, a major limiting factor is the wind
intensity in the first few meters that affect and
possibly causing drifts during the launching
trajectory.
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Figure 4. Comparison between the wind intensity from RegCM4.4 using different convection parameterization
schemes and the observed data by the micrometeorological tower. Left column indicates June and the right
one, July. (a-b) Kain-Fritsch convection scheme; (c-d) Emanuel convection scheme, (e-f) Grell-Emanuel
convection scheme.
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Figure 5 Winds at the level of 70 meters measured by the micro-meteorological tower for June (a) and July (b)
2017.
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Figure 6. Winds at the level of 1000 hPa simulated for the RegCM4 for June (left column) and July (right
column). The lines indicate the simulations with the different convective parameterization schemes: (a)-(b)
Kain-Fritsch convection scheme,(c)-(d) with Emanuel convection scheme and (e)-(f) with Grell/Emanuel
convection scheme.
Conclusions
This study evaluated the performance of
three simulations of RegCM4.4, nested in the
CFSv2 outputs, in the period of June and July 2017.
These simulations employed different cumulus
parameterization schemes. At ALC, simulations
overestimated the wind intensity in about 1-2 m s-1
at the level 1000 hPa compared with the
observations from the meteorological tower (but
we need to remember that the level of the model is
higher than the meteorological tower). The three
simulations presented a similar behavior in
estimating the wind intensity, but in the average of
the two months (June and July), the best result was
obtained from Grell/Emanuel convection scheme.
In terms of variability, the wind intensity of the
three simulations showed significant statistical
correlation with the observation. In summary, the
results showed that the RegCM4.4 can be used as a
good estimate of the wind intensity, but the wind
direction variable cannot be used because the
direction was not represented properly.
Operationally in the activities of launching space
vehicles, the great limit is the wind intensity near
the surface.
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