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Abstract. Between 14 March 2020 and 11 September 2021, meteorological measurement flights were conducted above the

German Bight in the framework of the project X-Wakes. The scope of the measurements was to study the transition of the wind

field and atmospheric stability from the coast to the sea, to study the interaction of wind park wakes, and to study the large-scale

modification of the marine atmospheric boundary layer by the presence of wind parks. In total 49 measurement flights were

performed with the research aircraft Dornier 128 of the Technische Universität (TU) Braunschweig during different seasons5

and different stability conditions. Seven of the flights in the time period from 24 to 30 July 2021 were coordinated with a second

research aircraft, the Cessna F406 of TU Braunschweig. The instrumentation of both aircraft consisted of a nose boom with

sensors for measuring the wind vector, temperature and humidity, and additionally a surface temperature sensor. The Dornier

128 was further equipped with a laser scanner for deriving sea state properties and two downward looking cameras in the visible

and infrared wavelength range. The Cessna F406 was additionally equipped with shortwave and longwave broadband radiation10

sensors for measuring upward and downward solar and terrestrial radiation. A detailed overview of the aircraft, sensors, data

post-processing and flight patterns is provided here. Further, averaged profiles of atmospheric parameters illustrate the range of

conditions. The potential use of the data set has been shown already by first publications. The data of both aircraft are publicly

available in the world data centre PANGAEA
:
:
:::::::::::::::::::::::::::::::::::::::::
https://doi.pangaea.de/10.1594/PANGAEA.955382

::::::::::::::::::
(Rausch et al., 2023).

1 Introduction15

Renewable power from wind turbines already plays a major and increasing role in current and future worldwide energy supply

(Veers et al., 2019). Despite the forecast of drastic declines in wind energy cost (Wiser et al., 2021), all phenomena significantly

reducing the energy yield have to be considered carefully for the operation of current and the planning of future wind parks

(Akhtar et al., 2021), and included in economic efficiency calculations (Lundquist et al., 2019). Due to spatial limitations

and for sharing expensive infrastructure, offshore wind energy converters are mostly arranged as wind parks containing up to20

100 individual turbines, and as large clusters of the dimensions of several 10 km to 100 km combining different wind parks.

Ideas for using floating platforms or different foundation mechanisms at larger water depth have been developed (Manzano-

Agugliaro et al., 2020), and wind measurements at first floating wind parks are currently investigated (Angelou et al., 2023).
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Wind parks strongly interact with the atmosphere, and induce changes to the wind resource, e.g. Akhtar et al. (2021). Wind

park wakes reduce the wind speed and increase turbulence in downwind areas (Pettas et al., 2021; Syed et al., 2023). The25

wake recovery process can take several tens of kilometers (Christiansen and Hasager, 2005; Li and Lehner, 2013), influencing

downwind located wind parks, e.g. Nygaard and Hansen (2016); Cañadillas et al. (2020). However, this strongly depends on

atmospheric conditions, in particular on the presence and altitude of a temperature inversion (Platis et al., 2020, 2022). Wakes

of large wind parks reduce the available inflow wind speed and reduce the power output of subsequent downstream wind parks

(El-Asha et al., 2017; Schneemann et al., 2020). Further, the vertical exchange is increased, which results in enhanced latent30

heat fluxes (Platis et al., 2023). The wake effects are superposed by spatial variability of the wind field, in particular for wind

from land to sea with sudden changes in surface properties at the coastal transition (Djath et al., 2022).

As wind speed is one of the main drivers for sea state development, the reduced wind speed in wakes also results in modified

wave spectra (Bärfuss et al., 2021), sediment transport (Rivier et al., 2016), ocean stratification and upwelling (Paskyabi, 2015),

ocean circulation (Broström, 2008), and a reduction of significant wave height (Ponce de León et al., 2011; Fischereit et al.,35

2022).

Therefore, it is of crucial importance to improve the knowledge about atmospheric processes and impacts related to wind energy

extraction and dynamics on multiple scales, from individual turbine blades to large wind park clusters, to assess manipulation

measures, and to train qualified personnel with interdisciplinary understanding for future decision making and site selection

(Spyridonidou and Vagiona, 2020).40

Airborne measurements can be used as flexible tools for directly measuring the offshore wind field and surface properties, and

modifications induced by wind parks on large scales (Platis et al., 2018). In the framework of the project WIPAFF (WInd PArk

Far Field, Platis et al., 2020), an extensive airborne data set has been acquired to demonstrate the existence and extent of wind

park wakes under stable conditions (Bärfuss et al., 2019; Lampert et al., 2020). Since the acquisition of this first comprehensive

data set in 2016/2017, new wind park clusters have been built in the German sector of the North Sea. Therefore, the project45

X-Wakes acquired additional airborne data sets in 2020/2021 with the aim to investigate the following phenomena:

– interaction of wakes of different wind parks

– large scale effects of wakes on downstream wind parks

– global blockage effect modifying the flow field upstream of wind parks

– coastal transition of wind field and stability50

One key challenge of interpreting airborne measurements is the fact that the wind field is both temporally and spatially variable,

and the assumption of steady conditions is not valid for distances of 100 km and time scales of several hours. Therefore, two

aircraft were deployed simultaneously for several cases, one measuring the flow field upstream of a wind park or wind park

cluster, the other measuring the downstream flow field. The same was done for studying the coastal effect with two aircraft.

The aim of this article is to provide an introduction to the airborne measurements published in Rausch et al. (2023). The55

structure is as following: Section 2 presents the two aircraft of TU Braunschweig used for the measurement flights. Section 3
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