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ABSTRACT: A sensitivity study is performed with Lin, Morrison 2-moment, WSMS5, and WSM6 microphysics schemes for
the numerical forecast of the low-level wind shear (LLWS) derived from storms at "José Marti" International Airport using
the Weather Research and Forecasting (WRF) model. As case studies, we select four storms associated with synoptic patterns
that cause dangerous conditions at this aerodrome. The simulations are made for several atmosphere low levels. The
influence of obstacles of comparable height with the atmospheric low-levels was taken into account to obtain the wind fields
with mass consistent correction. In this paper, the evaluation process of surface variables is focus on temperature, surface
pressure, relative humidity, and precipitation. The schemes did not show bigger differences among themselves. From all of
the variables, relative humidity exhibits the worst results. The best performance for precipitation forecast was obtained with
WSMS in rainy season (May-October) and Lin in dry season (November-April). For LLWS sensitivity, results indicate that
each hydrometeor particle concentration predicted by tested microphysics has an influence on vertical wind profiles,
particularly, for low-levels. WSMS5 and Lin seems the best options for microphysics scheme, although that is not conclusive.

Keywords: microphysics, WRF-ARW, low-level wind shear, convective storm.

RESUMEN: Se realiz6 un estudio de sensibilidad para los esquemas de microfisica de Lin, Morrison 2- moment, WSMS5 y
WSM6 utilizando el modelo Weather Research and Forecasting (WRF) para el prondstico numérico de la cizalladura del
viento en niveles bajos (LLWS) vinculado a tormentas convectivas en Aeropuerto Internacional "José Marti". Como casos de
estudio, se seleccionan cuatro tormentas convectivas asociadas con diferentes patrones sindpticos y, por lo tanto, diferentes
mecanismos de formacion. Ademas, se aplicd el modelo de masa consistente para reducir la influencia de los obstaculos en la
pista durante la interpolacion del campo de viento. Se desarroll6 inicialmente una evaluacion de la configuracion del modelo,
para las variables en superficie: temperatura, presion atmosférica, humedad relativa y precipitacion. Los esquemas no
mostraron diferencias significativas, pero la humedad relativa presentd los peores resultados. El mejor desempeiio para el
prondstico de precipitacion se obtuvo con WSMS en el periodo lluvioso (mayo-octubre) y Lin en el poco lluvioso
(noviembre-abril). Los resultados revelan que la concentracion de particulas de cada tipo de hidrometeoro resuelto por las
microfisicas en estudio, repercute en los perfiles verticales de viento durante las tormentas. En general, WSM5 y Lin
resultaron los esquemas de microfisica mas habiles en el modelo WRF para predecir la cizalladura del viento en niveles bajos
en la region de estudio, pero se requieren mas estudios para generalizar nuestros hallazgos.

Palabras claves: esquema de microfisica, WRF-ARW, cizalladura del viento en niveles bajos, tormenta convectiva.
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1. INTRODUCTION

The wind field forecast is one of the most important
meteorological supports for air operations. Wind shear
is always present in the atmosphere; their significance
to aviation lies in its effect on aircraft performance.
Low-level wind shear (LLWS), in the broadest sense,
encompasses a family of air motions in the lower level
of the atmosphere, ranging from small-scale eddies
and gustiness that may affect aircraft as turbulence.
(OACT, 2005)

Some equipment can be used to provide alert ser-
vice (Wilson et al., 2005; Campbell & Olson, 1987;
Hermes, Witt & Smith, 2008). Most recently, laser
detection and ranging have been used to detect the
LLWS (Shun & Chan, 2008; Chan & Lee, 2011; Jiang
et al., 2012). Numerical Weather Prediction (NWP)
models are an alternative to be used as LLWS alarm
systems in aeronautics (Boilley & Mahouf, 2008;
Shaw et al., 2008; Urlea & Pietrisi, 2015; Hon, 2020).

Boilley et al. (2008) developed a preliminary inves-
tigation towards mesoscale data assimilation at high
resolution (between 500 m and 2.5 km) for the detec-
tion and prediction of boundary layer weather hazards
for air traffic. The authors verified the capacity of
the numerical model Meso-NH to simulate horizontal
wind shear near Nice airport. On the other hand, Shaw
et al. (2008) implemented the Weather Research and
Forecasting (WRF) model with the dynamical core
Advanced Research WRF (ARW) v2.2 model (Skama-
rock et al., 2005) for the Dubai International Airport’s
aviation weather decision support system. The authors
installed an operational system assimilating satellites
data, radiometers, wind profiles, radar, and surface ob-
servations. In the Hong Kong International Airport, a
subkilometric NWP capability in capturing LLWS was
evaluated (Hon, 2020). This Aviation Model (AVM)
(Chan & Hon, 2016; Hon, 2018) is a subkilometer
resolution implementation of the WRF.

The WRF model, like most of NWPs, offers several
physics options. For wind forecast, commonly, sensi-
tivity boundary-layer parametrizations (PBL) studies
were developed (Srinivas, Venkatesan and Bagavath
Singh, 2007; Miao et al., 2009; Storm & Basu, 2010;
Hu, Nielsen-Gammon & Zhang, 2010; Carvalho et
al., 2012; Hu, Klein & Xue, 2013; Garcia-Diez et al.,
2013; Srikanth et al., 2014; Boadh & Satyanarayana,
2014). In Cuba, the meteorological model WRF-ARW
sensitivity to physics options was tested (Sierra et
al., 2017; Sanchez, 2018). The Immediately Prediction
System (SiSPI, spanish acronym) (Sierra et al., 2015)
and the Numerical Prediction System Ocean-Atmosp-
here (SPNOA, spanish acronym) (Pérez-Bello et al.,
2019) were developed and implemented in the Center
of Atmospheric Physics of the Institute of Meteoro-
logy of Cuba (INSMET, spanish acronym), but not
specific to the aviation application.

For this purpose, Coll-Hidalgo ef al. (2021) impro-
ve a preliminary evaluation of numerical surface wind
field forecast with WRF-ARW model over "José¢ Mar-
ti" International Airport. In the study area Coll-Hidal-
go et al. (2021) pointed out that in both rainy and
dry seasons, was observed pronounced differences in
errors for wind speed and direction. Furthermore, in
this airport located in a complex orography near the
elevations of Cacahual, the primary source of LLWS
and dangerous wind hazards providing for storms in
the aerodrome vicinity (Sosa, 2018). Skills metrics in-
dicated a more accurate forecast in dry season storms
than in the rainy season ones, a source of errors is pos-
sibly the fact that the storms were produced from dif-
ferent conditions. Microphysics parametrizations are
significant in predicting storms (Rajeevan et al., 2010;
Han, Baik & Khain, 2012; Hadler et al., 2015; Shrest-
ha et al., 2017). Also, convective storms develop are
sensitive to the microphysics schemes (Sari, Basko-
ro & Hakim, 2018; Reisner, Rasmussen & Bruintjes,
1998; Liu & Moncrieff, 2007; Otkin & Greenwald,
2007; Liu et al., 2011; Rajeevan et al. 2010). Coll-Hi-
dalgo et al. (2021) remarks that the position and size
of simulated storms, and, those features modified the
surface wind field were changed because of tested
microphysics.

Updrafts and downdrafts relative to storms generate
variations in the three dimensions of the wind field.
The aircraft is especially susceptible to the adverse ef-
fects of low-level wind shear, cause during the climb-
out and approach phases of flight, aircraft airspeed and
height is near critical values. In this study, we aim
to develop a microphysics sensitivity study pre-, in-,
and, after- storms, to provide the best WRF-ARW mo-
del configuration for the forecasting of LLWS derived
from storms in "José Marti" International Airport.

2. OBSERVATIONAL AND MODELLED DATA
2.1 WRF-ARW and RAP model

The WRF v.3.9 model (Skamarock et al., 2008) was
used with ARW dynamic core. The simulations com-
prised a 12/4 km two-way nested domains (Figure 1)
and 34 verticals levels. Briefly, the setup includes
for both domains (Coll-Hidalgo et al., 2021): Rapid
Radiative Transfer Model longwave radiation para-
metrization (Mlawer et al., 1997), Dudhia shortwa-
ve radiation scheme (Dudhia, 1989), Unified Noah
land-surface model (Tewari et al., 2004), Grell-Frei-
tas Ensemble cumulus parametrization (Grell & Frei-
tas, 2013), Mellor-Yamada-Janjic planetary boundary
layer (Janji¢, 2001). The model was initialized and
forced at the boundaries, with every three hourly up-
dates, by 0.500 Global Forecast System (GFS) fore-
cast outputs, which are freely available at https://no-

mads.ncep.noaa.gov/cgi-bin/filter_gfs Op50.pl.
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Storms simulations were performed with four selec-
ted microphysics schemes: Lin (Lin et al., 1983), Mo-
rrison 2-moment (Morrison, Thompson & Tatarskii,
2009), WSM5 (Hong et al., 2004), and WSM6 (Hong
& Lim, 2006). Table 1 shows the main species of
prognostic variables in these schemes. The selection
was based on their use and performance in numerical
weather forecast systems operating in Cuba (Sierra et
al., 2015; Pérez-Bello et al., 2019). The forecasts were
for 54 hours, started from the storm observation date
at 0000 UTC.

To verify the accuracy of the LLWS forecast was
used the Rapid Refresh model (RAP) analysis (Benja-
min et al., 2016) (https://www.ncdc.noaa.gov/data-ac-
cess/model-data/model-datasets/rapid-refresh-rap). In
the RAP analysis, the horizontal wind components
are updated variables in Gridpoint Statical Interpola-
tion analysis system (GSI)/RAP assimilation. Accor-
ding to Benjamin et al. (2016), the analysis method
used for those variables is GSI hybrid ensemble-va-
riational analysis. For wind components, the use of
GSI permits assimilation of NOAA 405 MHz profi-
ler wind data (decommissioned 2014), boundary layer
(915 MHz) profiler wind data, radar data, aircraft da-
ta, surface/METAR-land, surface/mesonet-land, bouy/
ship and GOES atmospheric motion vectors. Although
the study area was near the boundaries of the RAP do-
main, the RAP analysis data was used as preliminary
source for evaluation.

2.2 Observational data

The study area was "José Marti" International Air-
port (Figure 2a). It was selected because it constitutes

Figure 1. Simulations domains.

the airport with the highest number of air operations
in Cuba. Furthermore, the airport is surrounded by
terrain with complex orography. "José Marti" Interna-
tional Airport is located in the inland forecast region
of the Artemisa, Havana, and Mayabeque provinces
(Figure 2b).

Sosa (2018) describes the behaviour of the LLWS
over "José Marti" International Airport. LLWS is
associated with meteorological systems: cold front
(18.36 %), anticyclone (53.06 %), and tropical wave
(10.20 %) (Sosa, 2018). The author identified the
following synoptic patterns as the most frequent in
which low-level wind shear occurs:

i. Influence of the North Atlantic Subtropical Anti-
cyclone with trough medium and high levels.

ii. Influence of the North Atlantic Subtropical Anti-
cyclone in the entire tropospheric column.

Table 1. Details of the microphysics schemes considered in the study. (Y: yes, N: no) (Skamarock et al., 2008)

Microphysics schemes

Number of Moisture variables

Ice-Phase Processes Mixed-Phase Processes

Lin 6 Y Y
Morrison 2-moment 10 Y Y
WSM5 5 Y N
WSM6 6 Y Y
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Figure 2. Study area (a) "José Marti" International Airport runway (b) Artemisa-Ha-

vana-Mayabeque provinces topography (shaded) and meteorological observational stations (markers).
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iii. Migratory anticyclones.
iv. Tropical waves into the south of western Cuba.

v. Cold fronts on western Cuba.

Sosa (2018) refers to that significant wind field
variations over the airport are often reported under
storms. As case studies, four storms associated with
synoptic patterns that cause dangerous conditions at
this aerodrome were selected, as shown in Table 2.

Meteorological data from the weather station in the
"José Marti" International Airport was used to evalua-
te the surface forecast. The storms were frequently
placed in the aerodrome vicinity (Figure 3). In addi-
tion, to better capture details of simulations were utili-
zed observations from weather stations placed in the
inland forecast region of the Artemisa, Havana, and
Mayabeque provinces (Figure 2b).

3. METHODOLOGY
3.1 Post-processing WRF-ARW output files

In this paper, it was used the WRF-ARW output
variables T2 (temperature at 2 m, K), PSFC (surface
pressure, Pa), Q2 (vapor mixing ratio at 2 m, kg/kg),
U (x-wind component, m/s), V (y-wind component,
m/s), U10 (x-wind component at 10 m, m/s), V10 (y-

wind component at 10 m, m/s), RAINC (accumulated
total cumulus precipitation, mm), Air Force Weather
Agency (AFWA) LLWS (AFWA _diagnistics (Creigh-
ton et al., 2014): 0-2000 ft wind shear, m/s). Relative
humidity was determined using Clausius-Clapeyron
(Iribarne & Godson, 1981) as follow:
_ -1
RH = 0.263pqg|exp 2010 ()
Where:
T= temperature (K)
p= pressure (Pa)
g= specific humidity or the mass mixing ratio of water
vapor to total air (dimensionless)
T,= reference temperature (typically 273.16 K)

3.2 Calculation of LLWS

LLWS was determined by calculation for compo-
nents (OACI, 2015), as a difference between wind
vectors from one point in space to another. LLWS is
defined as a vector difference from surface to 500 m
(Boilley & Mahouf, 2008; Diaz-Zurita et al., 2021)
or 600 m (OACI, 2015; Urlea & Pietrisi, 2015; Iribar-
ne & Godson, 1981). In this paper, the forecast inclu-
des LLWS speed and direction, in sub-layers from
0-600 m (Figure 4a). These layers make it possible to
detect and forecast wind shear caused by smaller-scale

(d)

Figure 3. Key West radar reflectivity image (a) June 29", 2012 at 19:01 UTC (b) May 18",
2013 at 20:58 UTC (c) July 3", 2016 at 20:58 UTC (d) January 28", 2019 at 01:31 UTC.

Table 2. Storms case studies (Synoptic patterns as the numbered list)

Date Time! Synoptic patterns
2012-06-29 19:01 i
2013-05-18 21:03 iii
2016-07-03 20:58 iv
2019-01-27 25:31 v

"Forecast hours started from the storm observation date at 0000 UTC.
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storms. Furthermore, the sub-layers LLWS forecast is
necessary to support meteorological service. The fore-
cast accuracy, in this case, strongly dependent on the
scale on which the wind shear operates relative to the
size of the aircraft.

The density of the nodes in the neighborhood of the
airport in the domain of 4 km (d02) of the resolution
is low. For this reason, the rectangular grid developed
by Diaz-Zurita et al. (2021) was used for wind field
simulation. This grid takes into account the orientation
(60° from the north) and the length of the runway
(4 km). Five points are matched: one in the center of
the runway (MID), one at each headland, and the other
two points at 1 km from the center. The grid with a
longitudinal resolution of 0.87 km and a latitudinal
resolution of 0.5 km is shown in Figure 4b.

Based on Diaz-Zurita et al. (2021) results, for wind
interpolation, we use the natural neighbor method.
In addition, following Diaz-Zurita et al. (2021) re-
commendations, a correction to the interpolated WRF-
ARW wind field is applied with a consistent mass
model.

This model is based on the equation of conti-
nuity for an incompressible air mass moving in a
two-dimensional domain, Q, with a velocity field

N
u(u,v,w):
il . (>
a—€+ \Y -(pu) =0 (2
If the constant air density is considered for the enti-
re domain, the equation becomes:
_)
V-u=0 in 0o
Which joins the impenetrability condition on the

ground [y, thus constituting the boundary condition:
-

n-u=0inT, 4
From conditions (3) and (4), the consistent mass
models pose a least-squares problem with the ve-

locities to adjust 7(u, v,w) from the observed
Wo(ug vg,wo) in the Q domain, according to the
functional:

(a)

2 2
E(u,v,w) = [ff [0!12(11 — up) “+a* (v — vp) ]
(+ az?(w — WO)Z)dxdydz

where { u(x,v,z), v(x,y,2), and w(x,y,z), } are
the wind components calculated by the model through
fit; {ug(x,v,2), vo(x,y,2), and wy(x,y,z), } are the
components of the initial field, interpolated from the
observations, and aq, ap a3 are the Gaussian preci-

©)

sion modules (Montero et al., 2006). Considering a4
and a; identical, for horizontal directions the functio-
nal to minimize (5) is:

E(uv,w) = [Jf [ar®(u —ug)* + (v — )’
(+ az?(w — wo)z)dxdydz

The search field 7(u, v,w) will be the solution to
the problem:

Find v € K such that,

(6)

(7

This problem is equivalent to finding the saddle
—
point at ( u, @ ) of the Lagrangian:
5
L(,2) = E(¥) + AV - Wdo (8)
The technique of Lagrange multipliers allows
obtaining the saddle point of the expression (9),
— — .
L(u,/l) < L(u,fp) < L ) such that the solution field
is obtained from the Euler-Lagrange equations:
——
T=13+TVed (9
Where @ is the Lagrange multiplier and
T = [T}, Tp, T,] is the transmission diagonal tensor:

1 1
Th=_2Tv= 2

227 =32 (10

ao P
u=u0+Thﬂ,v= U0+Thw,w=

(11)

[k

Wy + TVE

If a1 , ay are considered constant throughout the
domain, the variational formulation leads to an elliptic

<+ 0.50 km
<+ 1.00 km
<+ (.87 km

(b)

Figure 4. Rectangular grid (a) interpolation and (b) resolution.
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equation defined in ®. Indeed, substituting equation
(9) in (3) results:
- - -
_V -(Tv) =V um (12)

Which is completed by the null Dirichlet condition

at permeable boundaries (vertical domain boundaries)
®=0 in I'y (13)

And Neumann's condition in the raincoats (terrain

and upper border)
T Vo= —n-vgin I, (14)
Considering T}, and T, constant, equation (12) be-

comes:
002 | 90% | Ty
axt  ay2  Th
) 5 (15)
ap“ _ —1(dug  dvg  dwp
922 _T_h<6x ay + 6z>

Eliminating the vertical component (two dimen-
sions) was obtained:
2 2 9 K}
av- | 3o —1(9ug , 9vg
S+t ===\ + = 16
ax? + ay? Th( ) (16)
This methodology guarantees the conservation of
wind direction due to the impenetrability conditions.

3.2 Evaluation

In this work, for the forecast verification was calcu-
lated some statistical metrics: mean systematic error
or BIAS, standard deviation (SD), root mean squared
error (RMSE) and Pearson correlation coefficient. Pre-
cipitation is a dichotomous variable; therefore, it is
convenient to construct a contingency table. Accor-
ding to Jolliffe and Stephenson (2003), some perfor-
mance measures were computed. These measurements
are determined from each category defined in Table 3.

H=-% (17)

a+c
The hit rate (H) is the proportion of occurrences of
precipitation event that where correctly forecast.

b
F=32- (18)

False Alarm Rate (F), is the proportion of non-occu-
rrences that were incorrectly forecast.

PC=%Y% n—a+b+c+d (19

n
Proportion Correct (PC) of forecast is given for
equation (19).

__b
FAR =2+ (20)

False Alarm Ratio (FAR) is the proportion of fore-
casts of occurrences that were not followed by an
actual occurrence. FAR is a sample estimate of the
conditional probability of a false alarm given that oc-
currence was forecast.

CSI = # (21)

Critical Success Index (CSI) can be regarded as a
sample estimate of the conditional probability of a hit
given that the event of interest was either forecast, or
observed, or both. Perfect skill (H=1, F=0) gives a CSI
with the maximum value of 1.

_ a—a,
G55 = = ¥bvc (22

Gilbert’s skill score (GSS) is a modification of CSI

to allow for the number of hits that would have been
obtained purely by chance. In equation (22), a, is the

number of hits expected by forecasts independent of
observations (pure chance) given by:

ar=—(a+b)(a+c) sn=a+b+c+d (23)

n
To obtain the best microphysics scheme to reprodu-
ce the LLWS derived from storms the analysis was
developed pre-, in-, and after- the occurrence of the
event Sari, Baskoro, & Hakim (2018).

4. RESULTS AND DISCUSSION

4.1 Impact of different microphysical
parameterizations on surface variables

(Coll-Hidalgo et al., 2021) found simulated wind
surface field evaluation as a difficult criterion to consi-
der the best microphysical scheme for wind forecast.
However, the authors pointed out that WSM6 and Lin
occasionally exhibit better scores. The wind at 10 me-
ters is the lower height of LLWS calculation layers,
therefore, include other sensitivity meteorological sur-
face field analysis for determinate the best WRF-ARW
configuration is a priority. In this paper, the evaluation
process of surface variables is focus on temperature,
surface pressure, relative humidity, and precipitation.

The schemes did not show significant differences
among themselves. In previous research for a convec-
tive storm over the Nepal Himalayas (Shrestha, Con-
nolly & Gallagher, 2017) and a hail event over Sura-
baya, Indonesia (Sari, Baskoro, & Hakim, 2018), the
authors reported that the microphysics schemes are not
sensitive to surface properties.

From all of the variables, relative humidity has
the worst results. It performs poorly in hourly bias
(Figure 5). The relative humidity results are not good
about 1800 UTC in rainy season (Figure 5a), it is
probably because a poor representation of the size
and position of storms. For the dry season, about
2100 UTC, during the daily minimum relative humi-
dity, maximum biases are showed (Figure 5b). The
rainy season biases are bigger than dry season ones,

Table 3. Schematic contingency table. The numbers of observations in each
category are represented by a,b,c and d. (Jolliffe and D. Stephenson, 2003)

OBSERVATIONAL DATA
YES NO
YES HIT (a) FALSE ALARM (b)
WRF-ARW
NO MISS (c) CORRECT REJECTION (d)
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this behavior strongly indicates the combination of
storms relative humidity field deviations and the ove-
restimation of the minimum daily value.

Temperature surface field biases matrix depicted
the best skill, the maximum overestimation for both
rainy and dry season are at 0000 UTC (Figure 6).
According to the Figure 6a, under storms (approxima-
tely 2100 UTC) the temperature forecast overestima-
tes observations. Once more, every scheme produced
slightly different hourly bias.

The same slightly different microphysics perfor-
mance is describing by surface pressure (Figure 7). In
this case, skills are strongly dependent on the change
of surface pressure due to meteorological phenomena.
The dry season storm case analysed was derived from
the synoptic pattern cold front. One of the main cha-
racteristics of this type of phenomenon is the falling
surface pressure. A cold front crossed over the study
area between 24 and 27 forecast hours. Biases for this
period show large bias in the data (Figure 7b).
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The Table 4 exhibits the indices that describe the
correspondence between forecasts and observations
of precipitations events. These values are compara-
ble with those obtained in the evaluations developed
for WRF-ARW configurations in Cuba (Sierra et
al., 2015; Pérez-Bello ef al., 2019). In this investiga-
tion, the authors verify the precipitation forecast in
domains, periods, and from data that lead from the
numerical experiments in this paper. However, SisPI
precipitation events verification (Sierra et al., 2015)
have a FAR of 0.724 and a CSI of 0.113 for a 27 km
domain and microphysics scheme WSM5. The same
microphysics in our numerical experiments configura-
tions have FAR results above 0.529 and lower than
0.894. CSI range from 0.113 to 0.347. The extremes
CSI values correspond to the June 29, 2012 and Ja-
nuary 27, 2019 case studies date. In a perfect skill,
CSI should have a maximum value of one, and FAR
be equal to zero.
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Figure 5. Matrix biases for relative humidity (a) rainy and (b) dry seasons
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Figure 7. Matrix biases for surface pressure (a) rainy and (b) dry seasons.
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The best performance for June 29, 2012 was obtai-
ned with Morrison 2-moment and Lin schemes. In the
figure 8 are represented the simulated precipitation
field with Morrison at 2100 UTC and the location of
the surface weather stations.

Even so, the high detection of precipitation events
is probably associated with the fact that Morrison
is characterized by producing a wide area of strati-
form precipitation associated with storms (Morrison,
Thompson & Tatarskii, 2009).

During the dry season, the Lin scheme has the bet-
ter results. January 27" exhibits the highest detection
of events. The flux imposed by the extratropical cyclo-
ne and the LTPF influence propitiated the wide distri-
bution of precipitation areas, which persisted tempora-
rily.

In general, the model did well for temperature, the

found by Somos-Valenzuela and Manquehual-Cheu-
que (2020) over the Northern Patagonian Icecap (NPI)
and Baker River Basin. Tested schemes produced
slightly different BIAS. Some remarkable differences
were depicted for precipitation events verification. It
is because the precipitation field should be sensitive
to storm features simulation as position, size, and con-
vection intensity.

4.1 LLWS derived from storms sensitivity

June 29", 2012 is the storm that caused the highest
wind speeds records on the runway, for this case study,
we focus on the influence of convection intensity in
the wind field at height.

In absence of storms, wind barbs verticals profile
not show significant differences. On the other hand,

microphysics schemes derived dissimilarities winds
barbs verticals profiles for weak and deep convection.

rest of the variables have superior biases in presence
of storms. Large errors in relative humidity were also

Table 4. Verification measures for precipitation forecast.

Case studies Microphysics H FAR CSI F PC GSS
2012-06-29 Lin 0.500 0.864 0.119 0.299 0.683 0.100
Morrison 2-moment 0.599 0.849 0.136 0.317 0.675 0.115
WSM5 0.500 0.871 0.113 0.317 0.666 0.096
WSM6 0.400 0.894 0.090 0.317 0.658 0.076
2013-05-08 Lin 0.800 0.813 0.177 0.327 0.683 0.152
Morrison 2-moment 0.699 0.829 0.159 0.317 0.683 0.135
WSM5 0.800 0.804 0.186 0.308 0.692 0.159
WSM6 0.699 0.815 0.170 0.289 0.709 0.145
2016-07-03 Lin 0.625 0.642 0.294 0.178 0.794 0.232
Morrison 2-moment 0.437 0.719 0.205 0.178 0.769 0.158
WSM5 0.375 0.760 0.171 0.188 0.752 0.130
WSM6 0.562 0.709 0.236 0.217 0.752 0.183
2019-01-27 Lin 0.571 0.478 0.375 0.354 0.615 0.103
Morrison 2-moment 0.500 0.511 0.328 0.354 0.586 0.085
WSM5 0.571 0.529 0.347 0.435 0.567 0.093
WSM6 0.547 0.520 0.343 0.403 0.576 0.091
=-ra . .
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Figure 8. June 29", 2012, simulated reflectivity with Morrison 2-moment scheme, meteorological observational stations (markers).
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We dismiss the effect of the storm position, which
enforces both size and intensity simulated features.
The larger variations are depicted in lower levels,
the same altitudes with maximum reflectivity values.
For WSMS5 and Lin schemes, under deep convection
conditions (Figure 9a) more strong winds were simu-
lated above 1 km. In reflectivity representation, also,
WSMS5 and Lin performed the maximum reflectivity
cores in lower levels (Figure 9b and Figure 9d respec-
tively). Coll-Hidalgo et al. (2021) pointed out percep-
tible variations in the profile-mixing ratio of hydrome-
teor particles for a storm over “José Marti” Interna-
tional Airport the June 29, 2012. Finally, our results
indicate that each hydrometeor particle concentration
predicted by tested microphysics has an influence on

vertical wind profiles, particularly, for inferior heights.
On behalf of our purpose, it is a substantial reason
that aimed to evaluate LLWS derived from storms
sensitivity of microphysics schemes.

In figure 10, we can see the Pearson correlation
coefficient between the wind shear speed in the
0-2000 ft layer obtained from the AFWA-diagnostics
module and the methodology applied in this investi-
gation. It is observed how the correlation between
variables is lower for the case of July 3, 2016, while
for the rest of the cases the linear relationship oscilla-
ting between 0.75 and 1. The configuration with the
WSMS5 scheme shows the highest correlation in the
cases of the rainy season, while Lin exhibits the best
correlation in the case January 27, 2019.

"
S - -~ =T S N -~ o H .
n ~ -
(T 1y 1) W E 1 i
M I LT - ) ‘ ‘
I N i A K 1 B = L ; . < |
LRt ° N T Y~ . T s -
ji iz » x = ‘ ¢ ¥ L i O & 1218 24 30 36 42 48 54
5 i - A - e o - 9 - - 8 Reflectivity (dbZ)
. x> — A A -, A A (b)
Ao A f e, Ao
4 . : L . il
{0y =@ e 3ic
\ \ 3 = Y i
o : \ o : b o ! ; e 0 < y
2 ° oy o . A ) s g, F|
o ey o "‘: .3 : !X o ;," - 3 ‘ i
S R A A P -
. i < P § ¥ N { < / 5 < .
sMs WSME Un forrison = l
Ty IR EE]
Reflectivity (dbZ) Reflectivity (db2)
(@) (d) (e)

Figure 9. In (a) Wind barbs at height over airport the June 29th, 2012, from left to right of each microphysics are
wind bars in absence of storms, wind barbs in presence of weak convection, and wind barbs in presence of deep con-
vection. Deep convection reflectivity simulation with (b) WSMS5, (¢) WSM6, (d) Lin and (e) Morrison 2-moment schemes.
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Figure 10. Pearson correlation coefficient between the wind shear speed in the 0-2000 ft la-
yer obtained from the AFWA-diagnostics module and the methodology applied in this investigation.
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Figure 11. Taylor diagrams for rainy season LLWS speed forecast, panel from left to right pre-,
in-and after- storm statics at (a,b,c) 0-360 ft (d,e,f) 0-1060 ft (g,h,i) 0-1770 ft (j.k,I) 0-2500 ft.

Figure 11 shows Taylor diagrams form evaluation
of LLWS speed derived from rainy season storms
studies cases over “José Marti” International Airport.
In WRF-ARW LLWS speed forecast verification with
RAP model, all the layers of calculation have a SDs
lower than 4.5 m/s, with an average maximum RMSE
of 4 m/s. Pearson correlation coefficient shows negati-
ve values, schemes often depict a moderate to strong
inverse correlation. Therefore, this performance may
be related to use spatial resolutions. In our numerical
experiments, spatial resolution is 4 km, while RAP
model resolution analysis data is 13 km, which make
it impossible to capture local features.

Accuracy differences between before-, in- and after-
storms LLWS speed forecast are very high when com-
pared to statics among calculation layers. In addition,
for the time lapse before- occurrence of storms in the
study area all microphysics have similar results, as
it can been see in the Taylors diagrams (Figure 11a,

d, g, h). At the same period, the highest layer shows
weak positive correlation of WSM6 scheme, but whit
the biggest SD and RMSE. During storms influence
we can see larges variations in microphysics behavior.
Microphysics performance depends on which static
is considered to evaluate results. In storms lapse, Mo-
rrison 2-moment has a poorly correlation, with the
lowers SD and RMSE. WSMS5 and Lin schemes be-
fore- storms have SD and RMSE above 1.50 m/s,
which increasing after-storms upper to 2.40 m/s. Is
necessary take into account that the designed experi-
ments differ from the RAP configuration in notable
aspects for obtaining the variable. The microphysics
scheme varies between the configurations, also others
such as the surface layer and the planetary boundary
layer. The wind-shear obtained from the WRF-ARW
is sensitivity to variations in these parametrizations
(Storm & Basu, 2010; Carvalho et al., 2012). Likewi-
se, aspects that the WRF-ARW and RAP experiments
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do not share, such as data assimilation and the vertical
levels used must be considered.

Figure 12 shows wind roses of LLWS at diffe-
rent heights calculated over “José Marti” Internatio-
nal Airport. We compute LLWS from RAP analysis,
WSMS and Lin microphysics, because this schemes
showed the better performance in our experiments.
Wind roses corresponds to dry season study case, in
this period, storms were results of a minor convection
intensity, and LLWS was more related to cold front
wind discontinuities. In our experiments, to obtained
wind at upper levels, we interpolate to a grid with
longitudinal resolution of 0.87 km and a latitudinal
resolution of 0.5 km, from a 4 km resolution data and
we applied a consistent mass model correction. For
LLWS from RAP data we interpolate directly to point
over airport form 13 km resolution.

Near the aerodrome, there is multiple obstacles with
heights comparable to the lower layer altitude. LLWS
speed is less intense than RAP forecast at this layer.
Also, LLWS direction frequency distribution differs
more than other heights. Mass model correction was
applied for guarantees the conservation of wind direc-
tion due to the impenetrability conditions, this is the
probably reason of remarkable differences. For the
rest of layers, RAP analysis, WSM5 and Lin scheme
depict similar LLWS direction distributions frequen-
cies. Wind roses for rainy season study cases did not
show the same homogeneity in distributions, it is con-
sequence of LLWS due to local phenomena. Besides
tropical waves imposed a synoptic flux, RAP domain
not include the south of western Cuba, and LLWS is

more relative to small-scale process, therefore, wind
roses depict substantial variations (Figure 13).

CONCLUSIONS

In summary, we developed a microphysics sensiti-
vity study pre-, in-, and, after- storms, to provide the
best WRF-ARW model configuration for the forecas-
ting of LLWS derived from storms in "José Marti"
International Airport.

The impact of microphysics schemes on temperatu-
re, surface pressure, relative humidity, and precipita-
tion has been discussed. The schemes did not show
bigger differences among themselves. However, the
model did well for temperature, the rest of the varia-
bles have superior biases in presence of storms. Preci-
pitation verification shows that the precipitation field
should be sensitive to storm features strongly depen-
dent of microphysics schemes. During the dry season,
the Lin scheme has the better results

Moreover, LLWS derived from storms sensitivity
was evaluated. Microphysics schemes derived dissimi-
larities winds barbs verticals profiles for weak and
deep convection; each hydrometeor particle concentra-
tion predicted by tested microphysics has an influen-
ce on vertical wind profiles, particularly, for inferior
heights. Pearson correlation coefficient between the
wind shear speed in the 0-2000 ft layer obtained from
the AFWA-diagnostics module and the methodology
applied in this investigation was obtained. Once more,
Lin scheme has better behavior in the dry season, with
a correlation upper than 0.9.
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Figure 12. Wind roses for January 27, 2019, panel from left to right RAP, Lin and
WSMS5 LLWS forecast at (a,b,c) 0-360 ft (d,e,f) 0-1060 ft (g,h,i) 0-1770 ft (j,k,1) 0-2500 ft.
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Figure 13. Wind roses for July 3, 2016, panel from left to right
RAP, Lin and WSMS LLWS forecast at (a,b,c) 0-360 ft and (d,e,f) 0-2500 ft.

Furthermore, Taylor diagrams for rainy season
LLWS speed forecast pre-, in- and after- storms for
different heights levels were computed. Accuracy dif-
ferences between before-, in- and after- storms LLWS
speed forecast are very high when compared to statics
among calculation layers. WSMS5 and Lin showed the
better performance in our experiments. As consequen-
ce, wind roses were plotted for LLWS forecast with
RAP, WSM5 and Lin configurations. LLWS speed is
less intense than RAP forecast at lower levels. This
is a probably consequence that near the aerodrome
there is multiple obstacles, and in our methodology for
WRF-ARW microphysics schemes evaluation mass
model correction was applied. Also, considerable va-
riations in distribution frequencies LLWS direction
and speed were more relative to small-scale process.

Those results are the first attempt to develop a va-
luable tool for the improvement of the Aeronautical
Meteorological Service of the Cuban Civil Aviation.
Ongoing work will therefore include other sensitivity
parametrizations analysis.

DATA AVAILABILITY

Observational data were obtained from weather
stations placed in the study area maintained by
INSMET. Cuban Aeronautical Meteorological Servi-
ce provided airport meteorological data. The out-
puts of the WRF-ARW model can be reprodu-
ced by performing the simulations with the initia-
lisation data. The outputs of the GFS are freely
available at https://nomads.ncep.noaa.gov/cgi-bin/fil-
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ter_gfs Op50.pl. On the other hand, radars products
were obtained from the Key West, Florida, Uni-
ted States (KBYX) doppler radar (available on-
line at https://www.ncdc.noaa.gov/nexradinv/choose-
day.jsp?id=kbyx). Also, the software NOAA Weather
and Climate Toolkit v.4.5.0 (free available at https://
www.ncdc.noaa.gov/wet/install.php) was utilized to
analyse the radar data. Rapid Refresh (RAP) analy-
sis are public at https://www.ncdc.noaa.gov/data-ac-
cess/model-data/model-datasets/rapid-refresh-rap.
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