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Objective

Figure 1: Locations of the three
supersites 6 km apart from each other:
Lindenberg (L), Birkholz (B), and
Falkenberg (F).

©OpenTopoMap

• generate high-resolution
wind profiles in the ABL

• use multiple lidars to
detect sub-mesoscale
variability in wind field

• investigate storms with
multiple remote sensing
devices
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TOC: High-resolution vertical profiling
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Figure 2: Observation principle
of CSM with 11 measurements in
3.4 s and 3000 pulses/beam. See
Steinheuer et al. 2022 for the gust
retrieval.

1. How meaningful is a wind observation for surrounding area?

2. Is the DWL w-component useful?

3. MWR measurements

4. Cold front passage (June 12, 2021)

5. Cold pool Jogi (June 29, 2021)

6. Conclusion
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How meaningful is a wind
observation for surrounding area?



How representative is a mean wind measurement from 90.3m in
Falkenberg for the domain (i.e. for Birkholz and Lindenberg)?

↓ Falkenberg DWL
18.5-31.8

↓ Birkholz DWL
11.6-31.8

↓ Lindenberg DWL
18.5-31.8
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all vs. Falkenberg sonic anemometer at 90.3m

→ scatterplots for sonic vs. 6 km apart locations shows
significant increase in variability
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How representative is a wind gust measurement from 90.3m in
Falkenberg for the domain (i.e. for Birkholz and Lindenberg)?

↓ Falkenberg DWL
18.5-31.8

↓ Birkholz DWL
11.6-31.8

↓ Lindenberg DWL
18.5-31.8
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all vs. Falkenberg sonic anemometer at 90.3m

→ increase in variability in the order of mean wind
→ some higher gusts were observed in B and L
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Is the DWL w-component useful?



DWL w-component for example day (June 29, Falkenberg)

↓ DWL in gust mode ↓ DWL vertical staring

both in 1minute resolution

→ similar structures
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w-statistics over 2 months summer 2021 (minute resolution)
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→ has potential, but needs more investigation
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MWR measurements



FESSTVaL workshop, 18.5.-20.5.2022

Falkenberg SUNHAT

Birkholz HAMHAT

Lindenberg RAOHAT

Lindenberg FOGHAT

Univ. Cologne system (2)
Continuous elevation scans

DWD & HH system 
“Standard” mode: vertical 
stare & elevation scans 
every 15min

Univ. Cologne system (1)
Continuous azimuth 
scans @ 30° elevation

~ 4km

MWR instrument setup
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Motivation

• Best continous (∼min) estimate of cloudy vertical ABL
thermodynamic structure during FESSTVaL
→ complement to radiosondes

• Sub-meso-scale variability of vertical temperature and
humidity structure

• How are the horizontal humidity and temperature
inhomogeneities during:
◦ ABL build-up? ◦ Frontal passage? ◦ Cold-pools?
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FESSTVaL workshop, 18.5.-20.5.2022

Data uploaded to ICDC

http://doi.org/10.25592/uhhfdm.10198

Data uploaded to ICDC

see Löhnert et al. 2022

Thanks to Annika Jahnke-Bornemann and ICDC!
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FESSTVaL workshop, 18.5.-20.5.2022

Measurement modes & products

Vertical stare: Time series of 
LWP/IWV

@Lindenberg & Birkholz every ~2s

Elevation scanning: Accurate 
temperature profile up to 2km 

@Falkenberg continuous
@Lindenberg & Birkholz every 15 min

LWP

IWV

Measurement modes & products

Vertical stare: Time series
of LWP/IWV at Lindenberg &
Birkholz every ∼2 s

Elevation scanning: Accurate
temperature profile up to 2 km
at Falkenberg continuous, at
Lindenberg & Birkholz every
15min 10



Measurement modes & products

Azimuth scanning: Horizontal
humidity gradient
• Continuous azimuth scans
provide gradients every
∼3min

• Representative of ∼10 km
radius

• Need: path integrated WV
and assumption on vertical
humidity structure
(Schween, Crewell, and
Lohnert 2011)

at Lindenberg

FESSTVaL workshop, 18.5.-20.5.2022

Horizontal humidity gradient

• Continuous azimuth scans 
provide gradients every ~3 
min

• Representative of ~10 km 
radius

• Need: path integrated WV 
and assumption on vertical 
humidity structure (Schween 
et al., 2011)

-
-

--++
+ +

From radiosondes, WV 
lidar or MWR

Area averaged humidity gradient
strength and direction

+ @Lindenberg

⇒ Area averaged humidity gradient 11



Cold front passage (June 12, 2021)



Triangle measuring cold front passage on 12.6.21 (day)
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Triangle measuring cold front passage on 12.6.21 (1330)

kachelmannwetter.com/de/regenradar/oder-spree/20210612-1330z.html 13
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Triangle measuring cold front passage on 12.6.21 (1240 − 1420)
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black line: lowest cloud base height from ceilometer;
wind barbs: 10minutes horizontal wind direction 14



Triangle measuring cold front passage on 12.6.21 (1240 − 1420)
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↑ MWRs ↑DWLs w-component
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Cold pool Jogi (June 29, 2021)



4 KRUSE et al.

F I G U R E 1 Exemplifying cold pool detection by two-step criterion. (a) Daily time series of temperature, measured at the 10 m level at
1-min temporal resolution and smoothed with an 11-min centered window. The red symbols and two horizontal lines mark the initial
temperature drop 𝛿t of a detected CP event. (b) Horizontal wind anomaly averaged over all tower heights (Section 2.2) measured at 1-min
temporal resolution. The anomaly is computed with respect to a 2-hr centered running temporal average. The horizontal dashed blue line
indicates four standard deviations from the daily mean horizontal wind anomaly, exceedance of which is used as a criterion for the detection
of strong wind anomalies. (c) Sketch of a cold pool (blue shaded area) crossing the Cabauw tower. The red arrows indicate the propagation
velocity and internal circulation of the cold pool, together composing the measured horizontal wind anomaly. The levels of temperature and
horizontal wind measurements (10, 20, 40, 80, 140, and 200 m) are indicated by solid horizontal black lines [Colour figure can be viewed at
wileyonlinelibrary.com]

1. The temperature at a given time step is defined as a min-
imum temperature if it is lower than any temperature
within the preceding 20-min time window.

2. CP events are defined by combining multiple such tem-
perature minima if they are consecutive (i.e., separated
by 1 min), or if lying within 20 min of each other given
that the temperature during that time window does
not exceed either of them by 0.5 K. This way we allow
for small temperature fluctuations within the CP inte-
rior without detecting it as two separate CP events.
We choose these values following the algorithm pro-
posed in de Szoeke et al. (2017). The temperatures at the
beginning and end of a CP event are denoted as the first
and last Tmin.

3. For each detected CP event, the temperature drop
𝛿T is defined as the absolute difference between the
last Tmin and the maximum smoothed temperature
in the 10-min time window preceding the first Tmin
(Figure 1a). A time interval Δt is defined as the time
elapsed between the first and the last Tmin.

4. A CP event is recorded if 𝛿T exceeds a 1.5-K thresh-
old and the time interval Δt does not exceed 60 min.
The temperature threshold is raised compared with the
one used in de Szoeke et al., 2017 (aimed at detect-
ing CPs over a tropical oceanic surface) to reduce the

signal-to-noise ratio, caused by the higher tempera-
ture fluctuations over land compared with the (tropical)
ocean.

5. A refined temperature drop Tdrop is defined as the dif-
ference between the maximum unfiltered temperature
within 10 min preceding the first Tmin and the min-
imum unfiltered temperature within the temperature
drop. We use this stronger temperature drop to have a
more accurate measure of the effective cooling due to
the CP. We note that, whereas the 𝛿T values are system-
atically too low due to smoothing, they may at times be
very high if they include local fluctuations.

2.2.2 Wind criterion

A further criterion is then added to the detection
algorithm, as a novelty with respect to the algorithm used
by de Szoeke et al. (2017), to ensure that there is a wind
gust associated with each detected temperature decrease.
For this purpose we use the time series of horizontal wind
speed at the six tower levels. For each day we smooth the
1-min time series with a running 2-hr centered window
and subtract the smoothed time series from the original
time series to obtain the “horizontal wind anomaly”. We

Scheme of a cold pool from Kruse, Haerter, and Meyer 2021

Cold pool blue shaded

Red arrows indicate the
propagation velocity and
internal circulation
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Triangle measuring of cold pool Jogi on 29.6.21 (day)
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Triangle measuring of cold pool Jogi on 29.6.21 (1400)

Figure 3: Locations of the three
supersites 6 km apart from each other:
Lindenberg (L), Birkholz (B), and
Falkenberg (F).

©OpenTopoMap

Figure 4: Rain rate from the mobile
X-band radar on June 29, 2021, 14 UTC (cold
pool Jogi).
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Triangle measuring of cold pool Jogi on 29.6.21 (1340 − 1520)
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black line: lowest cloud base height from ceilometer;
wind barbs: 10minutes horizontal wind direction
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Triangle measuring of cold pool Jogi on 29.6.21 (1340 − 1520)
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↑ MWRs ↑DWLs w-component
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FESSTVaL workshop, 18.5.-20.5.2022

“Cold pool Jogi”: 29.6.21 @ Lindenberg

L

L

L

https://kachelmannwetter.com/de/regenradar/oder-spree/20210629
-1415z.html

 

13:45 UTC

14:00 UTC

14:15 UTC

L

13:20 UTC

14:00 UTC

Triangle measuring of cold pool Jogi on 29.6.21 (1320 − 1415)

Before storm:
winds from SW

Close-by storm:
ABL winds from SO
= outflow region

kachelmannwetter.com/de/regenradar/oder-spree/20210629.html 21
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FESSTVaL workshop, 18.5.-20.5.2022

Water Vapor Time Series

LWP

IWV
Jogi

pre-Jogi

Water vapor cold pool Jogi on 29.6.21 (Lindenberg, day)
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FESSTVaL workshop, 18.5.-20.5.2022

Water Vapor Gradients
Direction

Strength

Southwesterly
WV advection 

(pre-storm)

WV-loaded 
outflow

Water vapor gradients cold pool Jogi 29.6.21 (Lindenberg, 12−15)
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Conclusion



Conclusion

→ triangle configuration has potential to see evolution of
gust, temperature, and humidity patterns in stormy
summer days

→ investigate further cases in synergy with other
observations (Apollo & WXT network HH, UAVs)

→ maybe further case studies (suggestions?)

→ present at EGU next week, EMS in autumn

! finnish PhD this year with 3rd paper !
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