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Morning transition of the ABL
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e after sunrise: short-ware
e here: not cloudy, nevertheless: heating of the soll
e plenty of complex and coupled processes — dissolving the ground-based
nocturnal inversion
— hardly understood ,
— break-through to residual

layer RL
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Most important processes during the MT

e solar heating of the soill

— shallow convective layer (SCBL)
— ground-inversion (SBL) dissolved

e top h of SCBL rising rapidely

e ... until residual layer (RL) reached
(break-through)

— convective elements travel up to old
CBL top (z;)

e turbulent heat fluxes:

o surface heat flux Hy
o entrainment flux Hg

e is there a dimensionless scaling?
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1. flight experiment: Helipod in STINHO 2002
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e LITFASS experiment
(observatory Lindenberq)

e during MT: vertical profiles, and:

e constant-altitude profiles (CAP):
12 legs of 5 km length at 90 m height
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STINHO: watch growing SCBL in vertical profiles
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e vertical temperature profiles e mast, sodar and Helipod:
during MT height h of SCBL

e almost linear delelopment

e period shown: 1 1/4 h , _
after first 30 minutes
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STINHO: temperature at 90 m agl / surface heat flux
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e temperature at 90 m flight level,
3 different days

e almost linear development in time
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e almost linear in time until 9 h UTC




STINHO: airborne turbulent heat flux,
scaling approach

O 2002-07-05| 1
O 2002-07-08

© 2002-07-09] e applied Deardorff Skalierung

' using SCBL Hohe h (= z;) and
surface heat flux Hy (= H|as from
scintillometer)

e not convincing ...

0.4/~ | e estimated entrainment parameter
0,2 N H
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STINHO: what we learned ...
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e Deardorff scaling is not working
(left: dim.-less second-order statistics)

e large measurement uncertainties due to

o small number of flight legs,
o larger variation of flight level
(human pilot)

e interesting: entrainment parameter 4x
larger compared to well-mixed afternoon
CBL (see literature, esp. lidar)

publication:

Bange J., Spie3 T., and van den Kroonenberg A.C.,
2007: Characteristics of the Early-Morning Shallow
Convective Boundary Layer from Helipod Flights during
STINHO-2. Theor. Appl. Climatol., 90, 113-126.
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2. flight experiment (how low-cost ): EMBoLT2013

e MT data base: 50 flights during 7 days

e May to Sept., 2013, in Swabia
(SW Germany)

e UAV of type MASC (Tubingen home-grown)

e zero funding, 'backyard’ experiment

publication:

Wildmann N., Rau G.A., and Bange J., 2015:
Observations in the early morning boundary layer
transition with small RPA. Boundary-Layer Meteorol.,
157, 345-373.

2013.05.08
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‘'Snap-shot’ vertical profiles

Kirchentellinsfurt 14.08.2013
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e just after sunrise
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e max. altitude (CAA) ~ 2 km potential temperature / K

e 1 vertical profile every 30 minutes
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Temporal development of SCBL top &
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e how we determined h: . . _—
. e h(t) is almost linear in time after
interface SCBL-SBL 90 minutes
(neutral-stable)
e directly after sunrise: h(t) ~ t?
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CAP: 'constant-altitude profiles’
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(zp = 100 m), using & for scaling e temperatur at flight level z
e SCBL (h) CroSSes ﬂlght level zr e almost linear in time
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Turbulent fluxes at surface and obtained by CAP

Kirchentellinsfurt 14.08.
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Time after sunrise (h)

e example: only sensible heat flux H, 2 days

e extrapolation to surface
(Sorbjan 1995, Bange et al. 2007)

e comparison with H (sonic)
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Application of Deardorff scaling (1)
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Application of Deardorff scaling (2)
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dim-less temperature variance
EMBoLT2013 MASC data

mean values agree, but large scatter
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Dimensionless variances and turbulent fluxes
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e EMB0oLT2013 and
STINHO: similar
results

e ... notreally
convincing, no clear
picture

e ... but also no real
disagreement with
theory (e.g. Sorbjan
1989; Garratt 1992)
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Conclusion

e 2 field experiments in summer MT
e see publication for water vapour and wind

e good agreement: STINHO (Helipod) —
EMBoLT2013 (MASC)

e good agreement: surface heat fluxes H
with sonic

e many processes almost linear in time after
sunrise:

o SCBL height h(t)

o temperature 6,,.(t) at flight level

o turbulent heat flux at surface and at flight
level (Hy, H,.)

e scaling not convincing / very limited

e entrainment very important and strong
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