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Abstract: Evaluation of the parameterization of the PBL Planetary Boundary Layer in
the Metropolitan Region of Salvador using the Weather Research and Forecasting
(WRF) model. The performance of numerical simulations was evaluated using
radiosonde data. The physical parameterizations used in the model showed good
agreement for temporal comparisons of vertical and horizontal wind speeds and wind
directions predicted by the WRF model. The main objective of this initial study is to
evaluate the performance of the physical parameterization of the model for the
behavior in the PBL. The proposed initial study shows good agreement between the
simulated and measured data, but the evaluation of the PBL for the period does not
suggest a characterization of the Internal Boundary Layer.
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Avaliacdo de parametrizagbes da Camada Limite Planetaria com o
modelo WRF na Regidao Metropolitana de Salvador.

Resumo: Avaliacdo de parametrizagfes da Camada Limite Planetaria CLP na Regiédo
Metropolitana de Salvador utilizando o modelo Weather Research and Forecasting
(WRF). Avaliou-se o desempenho das simula¢gdes numeéricas utilizando dados de
radiossondagem. As parametrizagdes fisicas utilizadas no modelo mostraram boa
concordancia para comparacdes temporais das velocidades vertical e horizontal do
vento e direcbes do vento previstas pelo modelo WRF. O objetivo principal deste
estudo inicial € avaliar o desempenho da parametrizacdo fisica do modelo para o
comportamento na CLP. O estudo inicial proposto mostra boa concordancia entre os
dados simulados e medidos, porém a avaliacdo do CLP para o periodo ndo sugere
uma caracterizacdo da Camada Limite Interna.
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1. INTRODUCTION

Along coastal regions, the Planetary Boundary Layer (PBL) has a different
internal behavior, due to the thermal differential between sea and land, daily variations
that can significantly alter local circulation. Thus, the dynamics of the Inner Thermal
Boundary Layer (TBL), which is formed by the sea breeze, has been studied by several
researchers, including [2-9] [11] [14-20]. However, short-term events such as TBL are
difficult to detect and their PBL investigation is very important in atmospheric studies,
their influence on the local PBL can affect the dispersion of pollutants, mathematical
models are evaluated to make predictions about these circulations, mainly studies on
the influence of pollutants according to [19,20].

Pollutants are transported over long distances by a large-scale wind field, and
their dispersion is the result of a set of multi-dimensional vortices generated by large-
scale imbalances by several factors, such as thermal differentials, terrain, types, and
use of soils etc. [12]. Such factors generate turbulence and movements on a smaller
scale, which play an important role in the dispersion of atmospheric pollutants.
However, other factors in TBL may occasionally contribute to increased concentrations
of pollutants, causing discomfort and damage to health for individuals living close to
emission sources [1].

The main objective of this initial study is to evaluate the performance of a
physical parameterization of the Weather Research and Forecasting (WRF)
mesoscale model for the behavior of the PBL proposed by [19,20], which may influence
studies that examine the effects of pollutants in the vicinity of the Metropolitan Region
of Salvador (RMS) in the state of Bahia, Brazil.

To validate the simulations, observational data were collected using Surface
Meteorological Stations (SMS) and Radiosonde. It is important to emphasize that it is
difficult to evaluate the profile of the PBL for studies of pollutant concentration, and
normally the phenomena are of short duration, in addition to the difficulty of availability
of experimental data due to the costs involved and the dependence on meteorological
conditions [19]. Thus, this study presents the results of comparative numerical
modeling using experimental radiosonde data from a one-day trial performed in 2015
on the sea breeze in the RMS. This initial study evaluates parameterizations in a
coastal region, accounting for a comparison with observed data obtained from
radiosonde measuring equipment.

This article is organized as follows: section 2 presents the sequence in which
the research was carried out and details the basic characteristics of the study domain,
such as dimension, horizontal and vertical mesh spacing, geographic features and
singularities, wind regimes, reference obtained, and the physical parameterizations
used in the WRF model simulations. Section 3 presents the results generated by the
WRF model, and the accuracy of each set of parameterizations in the description of
the occurrence and dynamics of sea breezes is evaluated, comparing the data
predicted by the model with those obtained by the instruments used during the
experimental period. Finally, Section 4 reports the results closest to those obtained
between modeled and observed results used during the experimental period.
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2. METHODOLOGY

The following are briefly presented: the main aspects related to the field of study,
the predominance of winds in the region, the use of experimental data collection
equipment, the mesh used in the WRF simulations, and the respective
parameterizations tested in this study.

Figure 1 — Represents the D03 domain at the center of the Metropolitan Region of Salvador
domain and the average height of the PBL of this region.
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The region also has complex topography with a flat portion close to the coast
that extends from north to south of the RMS, permeated by several peaks with altitudes
of up to 615 meters. Therefore, this region has several singularities that influence local
circulations and, consequently, the transport and dispersion of pollutants, so this initial
study will evaluate the PBL behavior.

2.1.WRF model set-up

The simulations were conducted using the WRF model v.3.9.1.1 with three
nested domains (see Fig. 1) centered on coordinates 38.5 S and 12.75 W, where the
SMS were positioned. The largest domains of three squares were 1161, 603 and 204
km with grids of 9, 3 and 1 km respectively, with approximately 13,400 m, which were
concentrated closer to the ground with 43 levels of up to 400 meters spaced.

The simulations were set to run in October 2015, with a spin-up and a day. The
physical parameterization schemes adopted were, Rapid Radiative Transfer Model
(RRTMG) for short and long waves radiation, Thompson scheme as a microphysics
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option, Noah-MP as Earth surface model, Grell-Freitas as cumulus scheme, except for
the of planetary boundary layer, Eta similarity as the surface layer, YSU for PBL height.
Thus, the vertical resolution adopted 45 layers, and the top model at 50 hPa and
horizontal grid 204 km?2,

To start the WRF model, the geographic data provided by the United States
Geological Survey (USGS) was used with a horizontal grid of approximately 1 km, and
the NCEP FNL (Final) operational analysis and forecast data is at 0.25 degrees by
networks. 0.25 degrees operationally prepared every six hours. This product is from
the Global Data Assimilation System (GDAS) [10,13].

3. RESULTS AND DISCUSSION

The predictions generated by the WRF model were compared with data
obtained by SMS and radiosonde. October 4-7, 2015, was selected for comparison,
the day we evaluated the influence of wind direction, speed and water vapor in the
PBL, with data collected by radiosonde. Compared to the data obtained by radiosonde
at 9:00 local time, the data inferred from the WRF model showed satisfactory accuracy
for wind direction, wind speed and water vapor (above 200 m).

A brief discussion of the height of the atmospheric boundary layer. The formula
for diagnosing PBL height (h) is specific for each parameter. YSU determine the top of
the PBL where the mass Richardson number exceeds a critical value, and the YSU
project calculates the mass Richardson number based on the ground surface. The
YSU design performed more satisfactorily in determining the PBL height for the period
in the RMS. Furthermore, the results suggest that Noah's parameterization could better
capture the information on the energy balance in the ground. The following figure 3
shows the average height of the PBL for the region during the month of October 2015.

Figure 2 — Represents the behavior of wind direction, speed and water vapor in the PBL up to
2000 m in height in the Metropolitan Region of Salvador from October 4th to 7th, 2015.
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Figure 2 represents the behavior of wind direction, speed, and water vapor in
the PBL up to 2000 m in height in the Metropolitan Region of Salvador from October
4th to October 7th, 2015. The simulated data observed in Figure 2 show good
agreement, however the PBL assessment for the period does not suggest a TBL
characterization proposed by [14-16] and [18], this assessment is important in
atmospheric models because this height is used to assess the physical behavior in the
study region. The PBL height is detected as the height of the neutral fluctuation level
where the bulk Richardson number for entrainment exceeds a critical value [8].

This initial study shows that new verifications of the designs are necessary
through additional experimental observations, which are planned for the near future in
the RMS, including sampling with more days for a better characterization of the event.
However, it is worth mentioning that it is also difficult to determine short-period
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phenomena more accurately when obtaining input data in more accurate dispersion
models.

4. CONCLUSION

The present study evaluated the ability of some sets of physical
parameterizations used in a WRF atmospheric model to describe the PBL in a coastal
region with complex topography. The results showed that although inferences were
generated for a single point in the domain and for only one day, the data inferred by
the WRF model reasonably represented the structure of the atmosphere in the study
region.

Although the YSU parameterization with Noah showed satisfactory results for
the surface wind direction behavior. In the WRF model simulations, input data provided
by the file generated by the USGS were used, describing the type of soil and its
occupation and geographic singularities with a horizontal grid of approximately 1 km.

Future studies may lead to improvements in simulations with more detailed and
up-to-date information from the ground in the RMS, including higher spatial resolution
in the model and comparison of parameterizations for Inner Boundary Layer (TBL)
studies.

Acknowledgments

The authors grateful the Fundagdo de Amparo a Pesquisa do Estado da Bahia
FAPESB and the Super Computing Center of SENAI CIMATEC.

5. REFERENCES

1BORREGO, C. et al. Modelling the photochemical pollution over the metropolitan area
of Porto Alegre, Brazil. Atmospheric Environment, v. 44, n. 3, p. 370-380, 2010.

2HERNANDEZ-CEBALLOS, M. A. et al. A mesoscale simulation of coastal circulation in
the Guadalquivir valley (southwestern Iberian Peninsula) using the WRF-ARW
model. Atmospheric Research, v. 124, p. 1-20, 2013.

8 CHENG, Fang-Yi; CHIN, Shan-Chieh; LIU, Tsun-Hsien. The role of boundary layer
schemes in meteorological and air quality simulations of the Taiwan area. Atmospheric
environment, v. 54, p. 714-727, 2012.

4DE LEON, S. Ponce; ORFILA, Alejandro. Numerical study of the marine breeze around
Mallorca Island. Applied Ocean Research, v. 40, p. 26-34, 2013.

5 ESTOQUE, Mariano A. The sea breeze as a function of the prevailing synoptic
situation. Journal of Atmospheric Sciences, v. 19, n. 3, p. 244-250, 1962.

ISSN: 2357-7592
VIII INTERNATIONAL SYMPOSIUM ON INNOVATION AND TECHNOLOGY
Circular Chemistry and Circular Economy - 2022



VI SIINTEC i cconon
Circular Economy

VIl International Symposium on Innovation and Technol

6LEVY, llan; MAHRER, Yizhak; DAYAN, Uri. Coastal and synoptic recirculation affecting
air pollutants dispersion: A numerical study. Atmospheric Environment, v. 43, n. 12, p.
1991-1999, 2009.

"MILLER, S. T. K. et al. Sea breeze: Structure, forecasting, and impacts. Reviews of
geophysics, v. 41, n. 3, 2003.

8 PAPANASTASIOU, D. K.; MELAS, Dimitrios; LISSARIDIS, I. Study of wind field under
sea breeze conditions; an application of WRF model. Atmospheric Research, v. 98, n. 1,
p. 102-117, 2010.

8 PLEIM, Jonathan E. A combined local and nonlocal closure model for the atmospheric
boundary layer. Part I: Model description and testing. Journal of Applied Meteorology
and Climatology, v. 46, n. 9, p. 1383-1395, 2007.

9 SIMPSON, John E. Diurnal changes in sea-breeze direction. Journal of Applied
Meteorology (1988-2005), p. 1166-1169, 1996.

10 SKAMAROCK, William C. et al. A description of the Advanced Research WRF version
3. NCAR Technical note-475+ STR. 2008.

11 SOLER, M. R. et al. Modelling local sea-breeze flow and associated dispersion patterns
over a coastal area in north-east Spain: a case study. Boundary-layer meteorology, v.
140, n. 1, p. 37-56, 2011.

12STULL, Roland B. An introduction to boundary layer meteorology. Springer Science
& Business Media, 1988.

BWANG, Wei; SEAMAN, Nelson L. A comparison study of convective parameterization
schemes in a mesoscale model. Monthly Weather Review, v. 125, n. 2, p. 252-278, 1997.

14 ANJOS, Max; LOPES, Antonio. Sea breeze front identification on the northeastern coast
of Brazil and its implications for meteorological conditions in the Sergipe
region. Theoretical and Applied Climatology, v. 137, n. 3, p. 2151-2165, 2019.

15 ANJOS, Max et al. Sea breeze front and outdoor thermal comfort during summer in
Northeastern Brazil. Atmosphere, v. 11, n. 9, p. 1013, 2020.

16 HE, Bao-Jie; DING, Lan; PRASAD, Deo. Relationships among local-scale urban
morphology, urban ventilation, urban heat island and outdoor thermal comfort under sea
breeze influence. Sustainable Cities and Society, v. 60, p. 102289, 2020.

"TORRES-FREYERMUTH, Alec et al. Nearshore circulation on a sea breeze dominated
beach during intense wind events. Continental Shelf Research, v. 151, p. 40-52, 2017.

BTORRES-FREYERMUTH, Alec et al. Nearshore circulation on a sea breeze dominated
beach during intense wind events. Continental Shelf Research, v. 151, p. 40-52, 2017.

19 SALVADOR, Nadir et al. Study of the thermal internal boundary layer in sea breeze
conditions using different parameterizations: application of the WRF model in the greater
Vitdria region. Revista Brasileira de Meteorologia, v. 31, p. 593-609, 2016.

20 SALVADOR, Nadir et al. Evaluation of weather research and forecasting model
parameterizations under sea-breeze conditions in a North Sea coastal
environment. Journal of Meteorological Research, v. 30, n. 6, p. 998-1018, 2016.

ISSN: 2357-7592
VIII INTERNATIONAL SYMPOSIUM ON INNOVATION AND TECHNOLOGY
Circular Chemistry and Circular Economy - 2022



