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Vertically pointing Doppler radar

* Give profile information

* High spatiotemporal
resolution

* But: Indirect measurement & :
high uncertainties! il
Motivation: We have to increase -
the number of observables!
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What does a Doppler radar measure?

* Reflectivity Ze is
sensitive to false
radar calibration
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* Mean Doppler
Velocity W is
sensitive to vertical

I alr motion
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Higher order moments

 |n additionto Ze and W, use
also:

— Spectrum Width o
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Higher order moments

[dPp] Ananoayjoy [enoads

 |n additionto Ze and W, use
also:

ants

r- — Snartriim \\/jdth o
What additional information

can be provided by higher

moments? LSlope Sy,
T - Suongry mnuenced by
kinematic broadening o,

(turbulence, horizontal
wind)

CIRES

Fall velocity [m/s]
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Degrees of freedom for signal

* Estimate the number of independent
information pieces

e Use Bayesian retrieval (Optimal Estimation)

1. Develop forward operator -> PAMTRA

2. Geta prioridata set -> ISDAC +
Parameterizations

3. Apply Retrieval
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Ingredients to simulate a Doppler spectrum
with PAMTRA

Required variables:

"+ Normalized Gamma
distribution N(D): 3
parameters

- * Mass-size relation m(D): 2 p.

* Cross section area A(D): 2 p.

« Vertical wind w: 1 p.

* Turbulent broadening o,: 1 p.

State vector

Backscattering [dB]
bh L b
O OO O ©O O O

647024 ¢

> 9(!) state variables Velocity [m/s]
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A priori data set

 |ndirect and Semi-Direct Aerosol
Campaign (ISDAC)

* [owto medium turbulence
Stratocumulusice clouds

* April 2008 in Alaska

e Convair580 with in situ
instruments

McFarquhar
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Degrees of freedom for 1300 profiles

* For K,-band observations,
higher moments can
double the information 7
content.

e Using all moments
provides more information
for one frequency than
lower moments for two
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Degrees of freedom for 1300 profiles

* For K,-band observations,

. 8 , . , ' 100
higher moments can ; | ; |
double the information - TE----: ....................... ......................... ........................ ..... 4 95 g
content. Sl i L T g 2
. o : : : 2
e Using all moments & . ; : a
provides more information “2 ; , i o
for one frequency than S 4_... . ..................... ....d80 °C>"
V) ; 4
[« ' 1 o
lower mc?ments for two = 3_|E B] 47 %
frequencies. o | ; ; 5 v
e Results for real MMCR < "lower moments |’° €
. (i7] : ' : :
Observatlons from Barrow © 1~ ............ e a“moments_65 §
: i - higher moments
agree well. ok TR o L -
real synthetic
K;-band K;-band K; & W-band Ky Kz & W-band
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Relative posterior uncertainty [%]
Particle size distribution log,,(N,)

12 N(D): logw N,

LM HM .
10 Prior Single-frequency lower
i knowledge moments retrieval cannot

8

6 retrieve N, well

4r * Single-frequency all moments

2 retrieval reduces N, uncertainty

° 1300 profiles * Dual/triple-frequencyall
momentsretrieval reduces

R: real measurements uncertainty by 50%

1: single frequency « Using only higher moments

2: dual frequency gives less enhancement

3: triple frequency
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2:dual frequency
3:triplefrequency
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ISDAC April, 8 2008
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m(D): a [-]

A(D): d [-]

N(D): Dy [m]

N(D): u* [-]

A(D): ¢ [m2-9]

kin: o [m s1]

kin: w [m s1]



Summary

* Higher momentsof theradar Doppler spectrum can be included into
retrievals of polararcticice clouds

* Retrievalsusingalso higher moments can enhance retrievals of
numerous microphysical and kinematic quantities
— \Vertical air motion
— Kinematic broadening (->turbulence)
— Particle distribution
— Particle cross section Area

— Mass-size relation when using more than one frequency

* More arcticin situ data sets required (ACME-V!)

Thankyou for your attention!

2016 ARM/ASR Pl Meeting Cooperative Institute for Research in Environmental Sciences

Maximilian Maahn UNIVERSITY OF COLORADO BOULDER and NOAA -
CIRES V2o © .






Apply PAMTRA to ISDAC data

Aircraft data PAMTRA Radar obs.

forward operator
e Simulates full Doppler
o

spectrum
Kinematic
broadening o,

T-Matrix for
backscattering
& o
Particle size
distribution N(D)
Particle cross
section area A(D)

Equivalent radar
reflectivity factor Z,

Mean Doppler
velocity W

Doppler spectrum
width o

Assumptions Skewness Sk

Particle mass Elliptical
m(D) particle shape

? with aspect Slopes S/ and Sr
ratioof 0.6

Kurtosis Ku
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Z, — W relation for m(D)

Measured by
MMCR!

Temperature T [°C]

Doppler Velocity W [m s ']

1 1

-40 -30 -20 -10 0 10 20
Reflectivity Z, [dB]
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Z, — W relation for m(D)

2.0 T T T . . 0
ng optt W=e(Z) .
Using optimal — e
estimation _ _— ~10
15} . '. .. i
choose m(D) - : ' T 1-15
such that £ o0
MMCR S o
observations 3 - 5
[}
are matched < {-30 &
a -
8 -35
Forward 40
modelled S 45
ISDAC data oo L , , 1
—40 -30 -20 -10 0 10 20

Reflectivity Z_ [dB]
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Exploit temperature dependence

—b

= 0.15} a) =
£ 0.10} % 1

2005 = .

a
(@)
o
(@)

m(D)=a Dy 53[0 -
(D)=a 2.2 .
— 2.0}
0 18 - [ Assemblages of plates
1 6 | ¥¢ Densely rimed dendrites ]
1 4 V Stellar crystals with broad arms
1' 2 - O Aggregates of plates side planes buIIets and columns ]
|

40 —35 —30 —25 —20 —15 -10 -5 0
Temperature [°C]
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Validate simulation

PAMTRA Radar obs.
forward operator

Aircraft data

Equivalent radar
reflectivity factor Z,

Temperature T

* Simulates full Doppler

* T-Matrix for
backscattering

4> £

Retrieval Assumptions

Particle mass
m(D)

Z.— W
relation

Mean Doppler

Kinematic velocity W

broadening o,

Doppler spectrum
width o

Vertical wind w

Particle size Skewness Sk

distribution N(D)

MMCR Reference

Elliptical
particle shape
with aspect

ratioof 0.6

Kurtosis Ku
Particle cross
section area A(D)

Slopes Sl and Sr
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Compare ISDAC and MMCR

High agreement, because retrieved m(D) is used

v

a) Measured N(D) and A(D); F-ISDAC: 1687 obs., MMCR: 56020 obs. MMCR — F-ISDAC
—35 25 15 5 5 15 03 06 09 12
Reflectivity Z, [dBz] Doppler Vel. W[m s™!] Spectral Wldth o [m s ]
Z, W o

Also agreement of higher moments is high,
problems with right slope: rare, large
particles
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Validate simulation

Aircraft data PAMTRA Radar obs.

forward operator

Temperature T Equivalent radar

* Simulates full Doppler reflectivity factor Z,
Pressure p

broadening o,
Doppler spectrum

Vertical wind w ‘ f width o

Particle size Retrieval Assumptions Skewness Sk

deroaon M0 [ particlemass || [ eniptical
m(D)

spectrum SER—
. T . ean Doppler
Kinematic T-Matrix for. velocity W
backscattering

7 Q
MMCR Reference

Particle cross particle shape

section area A(D) - with aspect Slopes S/and Sr
(S

. ratio of 0.6
relation
Replace
measurements with

parameterlzatlons N/ASR Pl Meeting Cooperative Institute for Research in Environmental Sciences
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Compare ISDAC and MMCR

a) Measured N(D) and A(D); F-ISDAC: 1687 obs., MMCR: 56020 obs. MMCR — F-ISDAC

-1.9 0.088 -0.01 0.056 0.00187 0.093 ;‘.\_\ j 0.086 - 0.084 /—_/L\OESS

b) Parameterized N(D) and A(D); F-ISDAC: 1305 obs., MMCR 46257 obs.

-1.1 0.094 -0.019 0.084 0 012 0.16 -0.094 . -0.048 \— /T\ //‘_\

-35 25 15 5 5 15 03 06 09 12 1 2 3 4 5 6 7 30 60 90 120 —120 90 60 30
Reflectivity Z, [dBz] Doppler Vel. W[m s!] Spectrum Wldth o [m s 1] Skewness Sk [-] Kurtosis Ku [-] Left Slope S, [dB s m™'] Right Slope S, [dBs m™]
Z, W o sk Ku S, S,

Using the correct parameterizations, agreement is still high
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Set up idealized retrieval

Aircraft data PAMTRA Radar obs.

forward operator
e Simulates full Doppler
o

spectrum
Kinematic 1 T-Matrix for
/ I| broadening o, !

backscattering
I N
: : ~
I Verticalwindw 7 ‘

i Particle size 3
\ I distribution N(D)

Equivalent radar
reflectivity factor Z,

b

Mean Doppler
velocity W

Doppler spectrum
width o

&

Retrieval Assumptions Skewness Sk

Particle mass ) Elliptical veesrs K
Particle cross m(D) particle shape
sectiBnﬂr@ A(D) 1 7 W with aspect Slopes S/ and Sr
(S

ratio of 0.6

ralatinn

Optlmal Estimation 7 observables

2016 ARM/ASR Pl Meeting Cooperative Institute for'/Research in Environmental Sciences
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How to simulate a Doppler spectrum (1)

Required
variables:

N(D) (3p)

0.001 0.003
Diameter [m]

AN
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How to simulate a Doppler spectrum (2)

N

‘R

T 1 equired
S, ol .
= 2 variables:
- —> 5 2|
5 ol L N(D) (3p)
£ l | 9 _ | |
2 %5001 0.003 @ 5 0.001 0.003 m(D) (2p)
Diameter [m] Diameter [m] AR (1 p)
N(D)— n(D) T
Single Sacttering properties, e.g. T-
Matrix, depend on temperature T,
particle mass m(D) and aspect ratio AR
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How to simulate a Doppler spectrum (3)

N

‘R

ol equired
e variables:
£ 2}
i R N Bp)
S 5L . 850l . 1 m(D) (2p)
0.?2)0i;meter0[.r?1?3 ° \jelc?cig/ [r2n/:i ° AR (1 p)
T (1p)
nD) —=n)
~ A(D) (2p)
p (1p)
Fall velocity relation v(D), depends on
cross section area A(D), m(D),

pressure pand T
- 4
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How to simulate a Doppler spectrum (4)

L — & ~20 Required

o ol “ o ol ﬁ variables:
8 35| —>C 35/ -

3 40| * 3 40| | N(D) (3p)
2 45} | 2 45| -

g0l L. .. §-sol—— L1 m(D) (2p)

6-4-20 2 4 6

Velocity [m/s] apply vertical air Velocity [m/s] AR (1 p)

motion and T (1 p)
kinematic broadening AD) (2p)

4> p (1p)

u  (1p)
Kin  (2p)
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How to simulate a Doppler spectrum (5)

....... Required

ﬁ 2 30/ | variables:
/\ | MJ\ N(D) (3p)

xxxxxxx ' m(D) (2p)

-6-4-20 2 4 6
apply radar Velocity [m/s] AR (1 p)

noise I‘(D) E;p;
P

A b (1p)

U (1p)

Kin (2p)

lllllll

ing [dB]
& M Ny
o O O

Backscattering [dB]
bALddbb
O OO 01 ©O OO

Backscat
o1
oA B
O O O

6420246
Velocity [m/s]
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Required data

Required
variables:

N(D) (3p)
m(D) (2p)
In total 13 required quantities! 4 |AR  (1p)
. T (1p)
Not all of them equally important A(D) (2p)
p (1p)
U (1p)
Kin (2p)
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