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Observations on Atmospheric Boundary Layer Structure Using
An Unmanned Aerial System

Li-Jin Ke ' Sheng-Hsiang Wang ** Hsiang-Yu Huang ’ Yueh-Chen Wang *
Hsiang-Fu Chuang * Rou-Ya Hung ° Zhi-Chi You ° Shuenn-Chin Chang "

Abstract

Planetary boundary layer (PBL), the skin layer of atmosphere, has strong interactions with earth surface,
human activities, and vegetation. The PBL structure and development has effects on many weather phenomena
as well as air quality. In this study, we aim to observe the PBL structure and the evolution of air pollution
vertically using an unmanned aerial system (UAS). The experiment was carried out in the New Taipei city
nearby the Taipei sounding station in August of 2017. We had conducted 16 flights in total and 7 of them on
29th August. In addition, data from three sounding balloons and lidar observations enhance the data set for
studying the PBL development for a typical summertime day on 29th.  Our results show that the UAS
provides the low-level (0-3 km) atmospheric profile with parameters (temperature, RH, and Pressure) in good
agreement with the data observed by meteorological soundings, especially for the PBL height detection. The
uncertainty analysis suggests that the radiation heating effect is the main issue causing the overestimation of
temperature and RH. This potential error can be considered in the next generation sensor design. Furthermore,
we compare the UAS observations with lidar depolarization ratio profiles. Normally, aerosols distributed within
the PBL top height and lidar can easily detect the discontinue layer between aerosol and clean air (above PBL).
The discontinue layer is associated to an inversion layer which can be observed by sounding data. Our lidar
observation and UAS sounding has good agreement on the evolution of PBL top height during the daytime. All
the observational results show the accuracy and reliable of the UAS for PBL application. In the future, this UAS
will continue to promote the deployment of more sensors to obtain more comprehensive observation data. The
understanding of PBL thermodynamic mechanism and numerical simulation can be improved with the new UAS
technology applied.
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