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Motivation

* Aggregation is important for precipitation
formation

* Aggregation is difficult to simulate because of:
- not well-known parameters
- simplified description necessary
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Motivation

* Aggregation is important for precipitation
formation

* Aggregation is difficult to simulate because of:
- not well-known parameters
- simplified description necessary

—we need cloud observations

How can we use cloud radar observations to ...
1) evaluate
2) improve

... the simulation of aggregation?
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Methods (1)

2-moment microphysics scheme
(Seifert&Beheng 2006) as part of:

— simple 1D model

— ICON-LEM (LES version of the
ICOsahedral Non-hydrostatic
model)
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Methods (1)

2-moment microphysics scheme
(Seifert&Beheng 2006) as part of:

— simple 1D model

- ICON-LEM
* Small domain; 600m 54°N
resolution (Schemann et al.,
2020) .

* 47 stratiform cases in winter
— Multi-month dataset (Dias
Neto et al., 2019, ESSD)

50°N —

48°N | o
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)
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Methods (1)

2-moment microphysics
scheme (Seifert&Beheng 2006)
as part of:

- simple 1D model

— ICON-LEM

* Small domain; 600m
resolution
(Schemann et al., 2020)

* 47 stratiform cases in
winter — Multi-month
dataset (Dias Neto et al.,
2019, ESSD)

* Radar forward simulations
with PAMTRA (Mech et
al., 2020)
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Methods (2): Multi-frequency Doppler Radars

* Mean Doppler velocity (MDV)
~ terminal velocity v _ MDV ~ v,

zenith- g g
pointing

I Ka-Band
(35.5GHz) |
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Methods (2): Multi-frequency Doppler Radars

* Mean Doppler velocity (MDV)
~ terminal velocity v _ MDV ~ v,
_ DWR, .. ~ D,,

Dual-wavelength ratio ~ mean particle size

15

Z
DW Rx.xa = 10log ( - . )
€Ka

?3 zenith-
pomtmg
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B 57
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Statistical Comparison

DWR ~ D DWR: dual-wavelength ratio
mean D ___: mean diameter

mean”

Observation

DWR X-Ka [dB]
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Statistical Comparison

Ori et al. (2020, QIRMS)
DWR ~ D DWR: dual-wavelength ratio
mean D, ..,- Mean diameter
Observation ICON (default 2mom-micr.)
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Overestimation of particle sizes
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Statistical Comparison
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M DV ~V MDV: mean Dopplgr velocity
term | V., terminal velocity
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Statistical Comparison

~ MDV: Doppler veloci
MDV Vterm Viem: t(renr;?rr:al \c/)glrc))c?ige o
Observation ICON (default 2mom-micr.)
—407 = M T TR e———
— = median —— .‘T'f gl;, e _J
“35- | - mean L= 3 - S -
o~ = -=-= quartiles 101
=307 =R deciles

L
=
(=]

o

e

P |
"
.

relative frequency [%]

.
.....
. .
et ¥ —— - S

| 3 .'..‘ ol ‘__ > . : . i : 2
5 0.50 0.75 1.00 1.25 1.50 1.75 2.00 g.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
MDV Ka [m/s] MDV Ka [m/s]

%.00 0.

16—

Institute of Geophysics and Meteorology , Markus Karrer 15.04.2021 12




Wrap-up Part I: Evaluation

Evaluated aggregation in 2mom scheme by
statistics of multi-frequency Doppler radar observations:

overestimated particle velocity & size
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Wrap-up Part |: Evaluation

Evaluated aggregation in 2mom scheme by
statistics of multi-frequency Doppler radar observations:

overestimated particle velocity & size

Part |I: Improvements

How can we improve the simulation of aggregation?

Institute of Geophysics and Meteorology , Markus Karrer 15.04.2021 14 U"iz‘:fﬁgf’: ”Q




Aggregation: what matters?

f: size distribution
m,m;: particle masses

K,;: aggregation kernel
A __: collision cross-

coll”
section
Av_ differential

term

sedimentation
E.... Sticking efficiency

Aggregation rates:

af(mi)

a t aggregation

Aggregation kernel:

Av. E

coll . term ~— stick

Ki.j:A
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Sticking efficiency

K, aggregation kernel —_—
Aclou: collision cross-section Kl ] - ACO” . A Vter EStiCk

Av__differential sedimentation

term”

E..... sticking efficiency <

stick”

mechanical

| Y interlocking
1.0 : ‘
default scheme: ‘ h quasi-liquid
m— | in et al (1983) I layer (QLL)
= Cotton et al. (1986) I
0.8 I
- new I
recent literature: I |
0.6 - Connolly (2012) "
3 — Pruppacher & HE
L Klett (1998) | ® -
6, New E_., formulation
considers maximum at
~-15°C
0.2
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Terminal velocity

K, collection kernel —_—
A_,: collision cross-section Kl j — ACO” stick Karrer et al. (2020, JAMES)

Qv differential sedimentation
E_. . sticking efficiency

stick®

2.00 - it S
===+ |[CON-2mom default snow 7R

1754 Snow proposed by
' Karrer et al. (2020)

1.50 -
_ 125+
0
£
2 1.00 -
5"" 75+
| Smaller slope of v___
0.50 - at large sizes reduces
Avterm
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Collision cross-section

K : aggregation kernel

L
A (?o!llsmn cross-section Kl j ACO” A vterm EStiCk
Av, differential sedimentation

E.,.. sticking efficiency

default -

max,j

A _: collision cross section

coll”

Collision cross-section A_,

of snowflakes is smaller than
circumscribing circles

GRS
; ; Universitat Rt 1.0 5
Institute of Geophysics and Meteorology , Markus Karrer 15.04.2021 18 2u Koin IRzl

new




Size distribution shape

Aggregation rates:

s german - Of (m) = [ K, f(m)f(m)dm

a t aggregation

10%2 — vp=0
] LT (default)

Re . | mme- Vm =

Narrower size distribution
- less diversity
— Smaller Avter

m

f(m) [m-4]

105 T rrrrrg T T T rrror
1071 1079

Institute of Geophysics and Meteorology , Markus Karrer 15.04.2021 19




Snowshaft" simulations

a) Setup idealized simulations (constant T,RH profile; no nucleation or

advection)
6000 1 1D-snowshaft simulations:
= default
=800 L= Statistics from ICON: - o
—— median &
£ 4000 1 -—-- deciles 0 g
= | ]
S 3000 - =
(] L e
L L 100 v
2000 A =
o
i g
1000 A i
0 - 3 10"

0 5 10 15
DWRy, k; [dB]

Snowshaft* simulations can
reproduce characteristics of
ICON simulations
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Snowshaft" simulations

a) Setup idealized simulations b) Compare with observed CFADs

: : ~40
6000 1D-snowshaft simulations:| - L= = == default
— default i °~ —— median (obs.) =35 .
= i —— : 10
=800 % Statistics from ICON: - deciles (obs.) L 300G .
—— median £y X
£ 4000 -—- deciles i =25 2 Ty
= | o 3
S 3000 1 E | e &
(] © @
T i =152 F100 v
2000 A . £ S
- L 10 8 2
L
1000 - | 4 |z
= ' . = 0
0 5 10 15 0 5 10 15 10

DWRy, ks [dB] DWRY, «,1dB]

Snowshaft* simulations can
reproduce characteristics of
ICON simulations
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Snowshaft" simulations

a) Setup idealized simulations b) Compare with observed CFADs

= T - -40
6000 1&% 1D-snowshaft simulations:| = =~ = default
— default I s = new 3 101
S0 L% Statistics from ICON: ] == metigni{ohs) L _30G
median —== deciles (obs.) e
E 4000 - --~- deciles i =25 =
— ' Qv
5 3000 4 ] 20 5
@ o
z : o158 5 100
2000 1 . g .
: L 108
1000 1 2 i
0 - - T "n- 0
0 5 10 18 0 5 10 15 10
DWRx s [dB] DWRx ,[dB]

,Snowshaft“ simulations can New setup fits several observables
reproduce characteristics of  (Ze, MDV, DWRs) well
ICON simulations
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Temperature [°C]

Statistical comparison including new setup

Karrer et al. (in preparation)

ICON (default Observation ICON (new ice
2mom-micr.) setup

~40
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Temperature [°C]

Statistical comparison in new setup

Karrer et al. (in preparation)

ICON (default

2mom-micr.) Observation ls%ﬁj (new ice

10*

10°

relative frequency [%]
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%& Too fast particles removed by new ice setup

Now slightly to slow (too weak riming?)
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Summary

* Evaluated and improved the simulation of aggregation with:
- statistics of multi-frequency Doppler radar observations
- simple 1D model setup

* reduced biases in particle velocity & size in ICONs 2mom scheme

Outlook

* investigate connection of ice and rain particle sizes
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Snowshaft" simulations

a) Setup idealized simulations b) Sensitivity analysis

= default

Statistics from ICON: =
—— median
-== deciles

Height [m]

1D-snowshaft simulations:| T

-_»,;‘-‘ i B T B
|

=~
|
|

—
T

0 5 10 15
DWRy, k; [dB]

Snowshaft* simulations can
reproduce characteristics of
ICON simulations
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- new (old stick. eff.)
- new (broader PSD)

new (slower cl. ice)

' new (D-kernel)

median (obs.)
deciles (obs.)

DWRx k, [dB]

PSD width and A- vs. D-kernel
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T [degC]

T [degC]

DWRXxk-T (top: full statistics, bottom: RR>1mm)

(e) Simulated (default)

—-- median
mean
quartiles
deciles

=3 10
DWR X-Ka [dB]

15

(e) Simulated (default)
’ —-- median
— mean

=== quartiles
deciles

=5 15
DWR X-Ka [dB]
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(f) Simulated (colMix2_Akernel)

X 0 s 10
DWR X-Ka [dB]

(f) Simulated (colMix2_Akernel)

15
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15
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{g) Measured
]
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Precipitation statistics at JOYCE

1
10 1 I default
new ice setup
1 obs. (pluvio)
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