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Fig.7 Time variations of relative humidity at low levels from UAV observations in &a' Jianhu and &b' Sheyang on August 21"

2019" &c' Jianhu and &d' Dafeng on July 24"2019"and &e' Binhai and &' Funing on August 1"2019.The red triangles

indicate the time of precipitation occurrence” and the red square frames denote the convective boundary layer state of

the day
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Fig.8

gust 1,2019.The red triangles indicate the time of precipitation occurrence,the red square frames denote the convective

boundary layer state of the day,and the black square frames indicate areas of strong wind shear
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- ARTICLE -

Observation characteristics of the atmospheric boundary layer using rotor-
craft UAVs for different convective processes in the Jianghuai region
during summer

LI Houning'* LI Xin>’ LI Yubin', WU Hong’’,ZENG Mingjian>"’

! Chinese Academy of Meteorological Sciences,Beijing 100081, China;

2Nanjing Innovation Institute for Atmospheric Sciences, Chinese Academy of Meteorological Sciences-Jiangsu Meteorological Service, Nanjing
210041, China;

3 Jiangsu Key Laboratory of Severe Storm Disaster Risk/Key Laboratory of Transportation Meteorology of CMA, Nanjing 210041, China;

4School of Atmospheric Physics,Nanjing University of Information Science and Technology ,Nanjing 210044 , China

Abstract This study leverages rotorcraft Unmanned Aerial Vehicle (UAV ) observations from five stations near
Yancheng city,Jiangsu Province, collected between July and October 2019 ,to analyze atmospheric boundary layer
characteristics during summer convective weather.ERAS analysis and L-band sounding observations were used to
quantitatively evaluate biases and errors in temperature, humidity, and wind fields derived from UAV
observations. At different vertical levels,the average temperature deviations between UAV and sounding observa-
tions ranged from —0. 2 to 0. 02 C, with observation errors between 0. 44 and 0. 59 C.Average humidity devia-
tions between UAV observations and ERAS reanalysis were 1. 27% to 7. 14% ,with corresponding observation er-
rors of 7. 14% to 10. 71% .Deviations in wind speed and direction were 0. 40 to 1. 34 m/s and —3. 87° to 4. 98°,
respectively with errors of 1. 24 to 1. 62 m/s and 10. 50° to 23. 96°.The triangular cap method, used for error esti-
mation assumes mutual independence of datasets,leading to inherent uncertainties in standard deviation calcula-
tions.Observational errors derived via this method depend on discrepancies between reference datasets;large dis-
crepancies yield smaller observational errors, whereas smaller discrepancies increase the errors.Despite these limi-
tations, the overall accuracy of UAV data aligns with the reference datasets, meeting requirements for boundary
layer analysis.The boundary layer characteristics during three distinct convective weather scenarios were exam-
ined: 1) In the case of weak synoptic-scale forcing, precipitation was driven caused by localized wind
convergence and changes in inversion layer height prior to precipitation,as captured by UAV observations.Intense
wind shear below the lifting condensation level was identified as a precursor to precipitation events;2) In the case
of strong synoptic-scale forcing, precipitation was caused by large-scale low-level instability ,evidenced by an un-
stable superadiabatic layer within the boundary layer.The boundary layer characteristics showed clear responses to
synoptic-scale forcing;3) In the influence of a moving synoptic-scale weather system ,rapid changes in meteoro-
logical variables within the boundary layer,such as increased wind speed near the surface, were attributed to the
movement of a dominant synoptic-scale system.The planetary boundary layer depth dropped sharply due to the
cold air intrusion. The study underscores that boundary layer variations reflect large-scale forcing in cases of
strong synoptic-scale influences, while weak synoptic-scale forcing reveals localized precipitation mechanisms.
These findings form the basis for improving numerical models and variational assimilation techniques for convec-
tive weather prediction.Future research will focus on developing error correction models, quality control methods,
and sparsification techniques to enhance the integration assimilation of UAV observations into numerical weather

prediction models,improving forecasts of localized convective events.
Keywords UAV observations;convective weather processes;boundary layer observation characteristics
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