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The dynamics in the lowest 300 meters of the atmosphere are of particular interest for wind energy applications. © Author(s) 2025, This work i distributed under Measurement ; (EGU
the Creative Commons Attribution 4.0 License. Techniques

Within this layer, meteorological conditions directly affect wind turbine performance and energy output.

Atmospheric stability (AS) is a critical factor influencing wind turbine performance by modulating the evolution of
wakes and blockage effects with key influencing factors vertical profiles of air temperature and derived stability

metrics.. Atmospheric stability from numerical weather prediction models
and microwave radiometer observations for onshore and offshore
Typically, turbine output is enhanced under unstable or neutral conditions. wind energy applications

Domenico Cimini!-2, Rémi Gandoin’, Stephanie Fiedler**, Claudia Acquistapace*, Andrea BalottiZ,
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Stability is commonly assessed using buoyancy, which describes the vertical acceleration of an air parcel. Bernhord Pospichal’. wad Filomena Romang! 1 uine Martinet, Saverio L. Nilo', Glandomenico Pace”

(Cimini et al., 026) DOI: https://doi.org/10.6194/amt-18-2041-8026

Stability is commonly quantified via the vertical gradient of potential temperature, a metric derived from temperature

profiles that can be measured by ground-based microwave radiometers (MWR), radiosondes and meteorological (
towers. L
The vertical gradient of potential temperature, which is defined as the temperature an air parcel would have if MWR Observatl()ns Can be Used to estimate atmOSpherlc Stablllty

brought adiabatically to a reference pressure: a negative value of the gradient indicates unstable conditions, while a
positive value gradient indicates stable conditions.
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s Az Potential temperature gradients (50-300 m vertical range radiosondes)
o — < O : then B > O unstable * Onshore: correlation 0.7-0.9; MAE 2.1-3.4 K/km (similar for all environments & climatology)
dz * Offshore: correlation 0.3-0.4; MAE 0.9-1.9 K/km (mainly due to relatively narrow range)
Elevation scanning seems beneficial for both on- and off-shore deployments
Az * Onshore: zenith-only retrievals resulted in lower correlation (0.72) then scan retrievals (0.88-0.92)
do » Offshore: elevation scanning increased correlation from 0.3 to 0.9 (POL) and from 0.4 to 0.5 (MET)
= E > O y then B < O Stable ﬁ * Potential issues: adequacy of the training set (island effect); ship movement effect on low-elevation observations
where: T': air temperature; P: pressure; Py: reference pressure (usually 1000 hPa); R/c,,: ratio between the Other onshore and offshore MWR obs. datasets will be exploited to extend this analysis, characterising
gas constant and the air specific heat capacity at constant pressure; g = gravitational acceleration performances in other conditions and testing optimization strategies, e.g., in the context of ,

MiRad©ir
The Microwave RAdiometer for the Detection and assessment of Offshore wind Resources (MIRADOR) project investigates how
microwave radiometer (MWR) technologies can improve the assessment of offshore wind resources and enhance wind energy modelling.

SatCloP CNR-IMAA Activities

Analysis of existing data records (WP1) Onshore validation experiment (WP2)
» Assess the quality of the MWR data collected in OBLEX-F1 using * Develop the MWR measurement concept (location, installation, operation
measurement mast data. and maintenance plan)
» Collaborate with UHD in analyzing MWR data collected during FESSTVal ~* Develop MWR data monitoring (to detect equipment malfunctions timely
» Compare FESSTVal and OBLEX-F1 datasets ~ and so avoid data loss)
OBLEXFlCampaign o cons essrvate oo Pros . ~ * Processing, analysis and interpretation of the collected MWR data

- Maybe available - No radiosonde available * Location: Met Obs Lindenberg (MOL)

- Met tower * Duration: May-Oct 2021
- Wind profiler

* Duration: 2015-2016 - Open data

- Available
- Met tower
- Radiosonde
- Wind profiler

*Field Experiment on submesoscale spatio-temporal variability in Lindenberg)

eeeeeeeeeeeeeeeee

I
INSTITUTE OF UNIVERSITAT

|
EMVIRCNMENTAL HEIDELBERG
PHYSICS T NET

i SEIT 1336

@ Consiglio Nazionale Imnn

v ISTITUTO DI METODOLOGIE
delle Ricerche PER L’ANALISI AMBIENTALE

&



