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Motivation

" Most ABL theories assume grid points in an homogeneous
area.

" Cuxart et al. (2016): Over land at midlatitudes, the degree of
heterogeneity does not diminish with scale.

® Cuxart et al. (2015): Surface energy budget balances only if
there is local terrain homogeneity.

" Rivers with width around the hectometer scale are a good
example for persistent structures = thermal gradients?

Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23
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UAS OWL Multicopter RPAS
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RPAS operated by Ostwestfalen-Lippe
University of Applied Sciences

" Designed to fly in bad weather conditions

" Tight integration of avionics and measurements
" Payload is not ,,on top“ = integrated payload

" Optional safety systems, e.g. ADS-B
transponder receiver or self diagnosis module

" Data acquisition modules used by EU and US
research institutes and companies

® Several years of field campaigning

Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23
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RPAS Multicopter by Hochschule OWL
and Sensomotion UG
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Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23

Radiometers &
Spectrometers
mounted on gimbals
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Technical Data of Multicopter RPAS

" Diameter: 1-1.2 m

" Weight: 3 - 5 kg (opt. 8 kg)

" Max. payload: 2 - 3 kg

" Flight time: 30 min @ -40 °C (strongly depends
on payload, battery, wind)

Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23
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Data Acquisition and Sensors

" Flexible sensor integration: ADC 24 bit,
serial/lUART, I2C, SPI, CAN, USB, (RT)Ethernet

" T (slow PT1000, fast TC), T, .c., RH

" opt. wind (12-hole probe), radiation, air-
chemistry (see, e.g., talk by Martin Kunz)

® Sample rate 1..100 Hz

® Real time monitoring via telemetry

Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23
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Experimental Display
for Weser 2015 campaign
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Results and Discussion
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Measurements

" 2015/08/21-22

" RPAS flights approx.
hourly

— T Air oveﬁ River
—— T Water

" Water temperature and

air above water

" Tair, TSurf! RH
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Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23
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RPAS Data: T_Air and Tsurf at 2015/08/21, 17:51 UTC
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Temporal Evolution of the vert. gradients of pot. temperature

Theta vertical gradients over shore and river
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Inspection of the thermal sign of the river

" Try to inspect the order of magnitude of the terms
contribution to the evolution over the shore:

—=——weO —v— —Term
ot 9z dx other

¥ 3 Look at and estimate

¥ Surface heat flux
® vertical divergence of turbulence heat flux,
¥ advection term between river and land

Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23
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Contribution to T Tendency and Surface Heat Flux

Contribution to T tendency and surface heat flux
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Description of the Results (1)

" The Land-Surface Temperature (LST) is higher
than the Water Surface Temperature (WST) until
later afternoon. Afterwards the situation is
reversed.

" WST and T, .01m: Water is stable until 1751
UTC and unstable afterwards

® Air over the river is stably stratified until 2143
UTC and unstably stratified afterwards

Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23
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Description of the Results (2)

¥ General rule:

® Vert. profiles over land are unstable during daytime and
stable during nighttime

¥ Situation for the river inverted most of the time

" In the daytime:

® individual eddies seem to be sampled

® Time series is noisy with frequent sign changes
(contrarily to the nighttime)

Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23
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Summary & Outlook
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Summary & Outlook

" Thermal sign of the river clearly detected.

" Diurnal thermal instability over the river during the daytime still
unclear.

® Intense sun radiation cumulates warm water at the top =» thermal unstability
in the air above??

® advection of unstably stratified air from the terrains aside the river??

" Pre-sunset minimum of w'T’ is of special interest. Existence
should be confirmed.

" In the pre-sunset period, advection and divergence of turbulent
heat flux contribute to cooling over land.

Bu. Wrenger, OWL University of Applied Sciences,
ISARRA Conference, 2016/05/23
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Thanks a lot!

Questions?

Prof. Dr. Burkhard Wrenger

Ostwestfalen-Lippe University of Applied Sciences
Phone: 0049 5271 687-7515

E-Mail:  burkhard.wrenger@hs-owl.de

Burkhard Wrenger

Photos: Burhard Wrenger, Joan Cuxart
Martin Kunz




