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The processes involved in land-atmosphere inter-action are crucial for weather and climate prediction.Their influence in extreme events, such as heatwaves, can be better understood utilizing measure-ments. Quantifying energy budgets in the daytimeboundary layer is challenging but necessary to betterparametrize them in models (Milovac et al. 2016).The increasing availability of high-quality measure-ments of the driving variables in the AtmosphericBoundary Layer (ABL) provides an excellent startingpoint for performing this task.
Instrument synergyWe utilized measurements at the Jülich Observat-ory for Cloud Evolution (JOYCE, ACTRIS National Fa-cility),in particular, temperature and humidity pro-files from an azimuth-scanning MicroWave Ra-diometer (MWR) and 3D wind vector from a DopplerWind Lidar (DWL). Synergistic variables are obtained:Richardson bulk number for ABL height determin-ation, as well as local temperature and humidityadvection. In turn, these variables are utilized to thenquantify energy budgets with the mixing diagramapproach.
Richardson bulk number 𝑹𝒊𝑩
𝑅𝑖𝐵 is a measure of instability in the ABL that can beestimated combining thermodynamic (MWR) anddynamical (DWL) measurements, which are availablefrom most ACTRIS cloud remote sensing stations.
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In the present work, 𝑅𝑖𝐵 is plotted (Fig. 1) and qual-itative differences are clearly seen for two summerdays (with and without heat wave). Furthermore anapplied threshold in 𝑅𝑖𝐵 provides an estimate of ABLheight, which considers turbulent mixing processesassociated to both shear and buoyancy.

Figure 1. Daytime 𝑅𝑖𝐵 evolution for days without
heat wave (left) and with heat wave (right). Blackcontours are the ABL heights via threshold 𝑅𝑖𝐵.

Advection estimationsA novel approach for estimating advection is imple-mented. Horizontal inhomogeneities of temperatureand humidity are estimated from the MWR azimuth-scans at 30° elevation and horizontal velocities fromDWL are employed. Appropriate weighting and av-eraging is applied to derive local values of temper-ature and humidity advection within the ABL.Mixing diagramsWithin the mixing diagram (Fig. 2), we show the tem-poral co-evolution of the vertically-averaged ABLsensible and latent heat over a defined time interval.Over this time interval, these energies transferredinto the ABL must be balanced by surface fluxes,advection, and entrainment fluxes. These diagramsare built up as follows:1. 𝐶𝑝𝜃 𝑣𝑠 𝐿𝑞 Evolution: obtained from MWR
from surface up to ABL height (from 𝑅𝑖𝐵).2. Surface sensitive and latent heat fluxes: ob-tained from a close-by Eddy-Covariance sta-tion (ICOS).3. Advection: estimated from MWR horizontalinhomogeneities and velocities from DWL.4. Entrainment: estimated as a residual vector asin Santanello et al. (2009).With the vector representation as given in Fig. 2, wecan characterize the contributions to the ABL energybudget and thus identify dominant process for dif-ferent situations.

Figure 2. Mixing diagrams obtained for a non heatwave and a heat wave day from 0900 to 1600 h.ReferencesSantanello J.A. et all. (2018) Land-Atmosphere interac-tions: The LoCo Perspective, BAMS.Milovac J. et al. (2016) Investigation of PBL schemes cobin-ing WRF model simulation with scanning water vapourdifferential absorption lidar JGRAManninen A.J. et al. (2018) Atmospheric Boundary Layerclassification with Doppler lidar JGRA.


