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First objectives and overall motivation

• 1. Improve our understanding of the origin of KDP-bands

• 2. Development of a radar polarimetry algorithm to

distinguish between aggregation and riming

• 3. Evaluation of ice microphysical retrievals with observations
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Olympic Mountains Ground Validation Experiment

(OLYMPEX)

Figure 1: Map of observation network. Radars are shown as squares. 3 / 20



Doppler on Wheels (DOW)

• Mobile X-band radar

• Frequency: 9.4 GHz (Wavelength: ∼3.2 cm)

• Range: 59.96 km

• Gate length: 75 m

Figure 2: Mobile X-band radar (Doppler on Wheels).
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Scan strategy (DOW)

RHIs in a 22 degree azimuthal sector over a time period of 3:50

minutes (∼10 seconds per azimuth scan)

Elevations: 0 to 71 degrees
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Figure 3: Scan strategy: azimuth and elevation each against time. 5 / 20



UND Citation aircraft

• Science aircraft University of North Dakota’s (UND) Cessna

Citation II equipped with an advanced in-situ cloud payload

which provides in-situ microphysics

Table 1: Measuring instruments of the Citation aircraft.
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Citation flight path

21 flight missions in total

Example flight path trajectory:
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Figure 4: Flight path of the Citation aircraft on 13.12.2015. Location of the DOW red dot. Two flight transects (red and blue) with

matched space-time coordinates.
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Co-location DOW und Citation
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Figure 5: Plan view of one flight transect.
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RHI-QVP (Allabakash et al. 2019)

• Method for displaying and processing RHI scans in a

time-height format

• Averaging of polarimetric radar variables from several

elevation angles within a certain grid spacing at a fixed

azimuth angle

Remote Sens. 2019, 11, 2848 4 of 23

Then, data from the multiple elevation angles within the 100 m grid spacing were averaged together.
In the present study, we utilized the data which corresponded to ρhv > 0.6 and Zh ≥ 0 dBZ for the
averaging process to reduce the non-meteorological contamination. The RHI data corresponding to
the 109◦ azimuthal angle (Goyang region) were utilized for the averaging process. Further, we used
data in the 6–20 km range and at low elevation angles (<45◦) to reduce the ground clutter and beam
broadening effects. The 100 m vertical and 5 min temporal resolutions were used in this strategy.
The schematic diagram of the R-QVP strategy is shown in Figure 1. The R-QVP of Zh, Zdr, Kdp, and ρhv

provided significant information related to the precipitation particle type and growth of the ice crystals.
This method mitigated the errors and noise of the polarimetric radar variable. For more details of the
R-QVP strategy the reader can refer to [15].

Figure 1. Schematic of the R-QVP strategy similar to Allabakash et al. [15], except 100 m vertical resolution.

2.2. ML Detection Algorithm

The polarimetric variables, especially Zh, Zdr, and ρhv, are sensitive to the precipitation type,
particle habits, and represent the ML characteristics. Therefore, we used a methodology based on
Zh, Zdr, and ρhv, to detect the ML or BB. The Zh values increased in the ML owing to an increase in
the dielectric factor of the particles, and possibly enhanced aggregation rates, before they melt into
smaller raindrops and decrease in concentration because of flux divergence. The Zdr can easily exceed
that of typical rain for pristine ice crystals, while snow aggregates tend to have Zdr below that of the
equivalent rain distribution. In the ML, the ice particles transition to rain drops within the melting
layer; hence, their axis ratio evolves during the particles change. Additionally, the raindrops are mostly
aligned in the horizontal direction, and Zdr increases for smaller canting angles of raindrops compared
to snow. The ML contains heterogeneous hydrometeors with various axis ratios of melting ice particles,
raindrops, and wetted particles. Therefore, ρhv decreases in the ML. Wolfensberger et al. [6] proposed a
gradient-based method for ML detection based on Zh and ρhv. However, for the ML detection, the Zdr

and ρhv were important compared to Zh [2]. Furthermore, Zdr, ρhv, and Kdp, are more sensitive than Zh

for precise ML detection [16] because of large and wetted particles presented in the ML. Thus, the Zh-
and ρhv-based methods were unable to reliably detect the ML in some cases (when low ρhv and high Zh

values present over the multiple height/range levels). Therefore, Zh, Zdr, and ρhv are robust descriptors
of the shape, size, and type of the precipitation particles. Thus, in the present study, we refine the

Figure 6: Schematic representation of the R-QVP strategy.
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Adjustments and procedure for creating sector R-QVP

1. Averaging of data within a specified sector in range and

azimuth using multiple elevation angles

2. Predefined window at a certain distance with arbitrary length

3. Horizontal averaging via height bins (vertical resolution of

75 m)

4. Extract one vertical column per time span

5. The vertical columns are combined and presented in the

sector R-QVP

6. Thresholds: ρhv > 0.7 and 60 dBz > ZH > 0 dBz
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Plan view illustration sector R-QVP

Figure 7: Plan view of a Sector R-QVP.
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Sector R-QVPs: Polarimetric variables

15
:0

0
15

:0
4

15
:1

0
15

:1
4

15
:2

0
15

:2
4

15
:3

0
15

:3
4

15
:4

0
15

:4
4

15
:5

0
15

:5
4

16
:0

0
16

:0
4

16
:1

0
16

:1
4

16
:2

0
16

:2
4

16
:3

0
16

:3
4

16
:4

0
16

:4
4

16
:5

0
16

:5
4

17
:0

0
17

:0
4

17
:1

0
17

:1
4

17
:2

0
17

:2
4

17
:3

0
17

:3
4

17
:4

0
17

:4
4

17
:5

0
17

:5
4

18
:0

0
18

:0
4

18
:1

0
18

:1
4

18
:2

0
18

:2
4

18
:3

0
18

:3
4

18
:4

0
18

:4
4

18
:5

0
18

:5
4

19
:0

0
19

:0
4

19
:1

0
19

:1
4

Time (UTC)

0

1

2

3

4

5

He
ig

ht
 (k

m
) - 15°C

0°C

ZH

10

5

0

5

10

15

20

25

30

35

40

45

50

60

Re
fle

ct
iv

ity
 (d

Bz
)

Figure 8: Sector R-QVP of ZH on 13.12.2015. The black lines show isotherms of the ERA5 reanalysis at the DOW site.
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Sector R-QVPs: Polarimetric variables
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Figure 9: Sector R-QVP of ZDR on 13.12.2015. The black lines show isotherms of the ERA5 reanalysis at the DOW site.
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Sector R-QVPs: Polarimetric variables
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Figure 10: Sector R-QVP of KDP on 13.12.2015. The black lines show isotherms of the ERA5 reanalysis at the DOW site.
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Cloud Particle Imager images

• first DOW overpass conducted on 13 December 2015

confirmed clear signs of riming

• During the second overpass no evidence of riming is observed

Figure 11: Hydrometeors recorded by the CPI: rimed crystals (16:13 UTC) and unrimed crystals (18:45 UTC).
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Further work

Figure 12: Polarimetric ice microphysical retrieval example (Trömel et al. 2019).

• use state-of-the art polarimetric ice microphysical retrievals for

comparison with co-located in-situ measurements (applied to

sector R-QVPs)
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Further work

Figure 13: Riming detected in QVPs (Figure adapted from Ryzhkov et al. 2016).

• Detection of polarimetric fingerprints (riming) in R-QVPs

• Development of radar algorithms that distinguish between

aggregation and riming with a combination of multiple

indicators sided with in-situ observations
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