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, . Others ™., 1 . 750m TABLE 1. Initial k-Z, and ZR parameters (k = aZf, R = aZ/, Z, = a'R").
0 C i { Cy—+
El 4750m Position shown in Fig. 4
— {D}— Parameter A B C D (0°C water) 20°C water
E Stratiform a 0.000 086 1 0.000 108 4 0.000 414 2 0.000 282 2 0.000 2851
k! B 0.792 30 0.792 30 0.792 30 0.792 30 0.792 30
a 0.01398 0.012 63 0.004 521 0.020 10 0.022 82
b 0.7729 0.7644 0.7288 0.6917 0.6727
{E; L 'E) a’ 250.8 304.6 1649.3 2839 275.7
(101'73 ’ adra T b" 1.294 1.308 1.372 1.446 1.487
Convective a 0.000 127 3 0.000 4109 0.000 4109 0.000 4109 0.000 417 2
(a) (b) B 0.7713 0.7713 0.7713 0.7713 0.7713
a 0.020 27 0.034 84 0.034 84 0.034 84 0.040 24
FIG. 4. Schematic presentation of the profiles of « and a. The initial z,, 172'1556 1 53'2619 1 58'2619 1 58'2619 1 43'2434
values of a, b, and « are given at five points, A, B, C, D, and E. b 1323 1:511 1'511 1'511 1'554
When a bright band is detected (a), C is chosen at the brightband ' ’ ' ’
(BB) center, B is two range bins above C, D is two range bins below Others a 0.000 127 3 0.000 159 8 0.000 4109 0.000 4109 0.000 417 2
C, A is the top of the echo, and E is the lowest valid range bin. If B 0.7713 0.7713 0.7713 0.7713 0.7713
. . . . . a 0.020 27 001871 0.034 84 0.034 84 0.040 24
there is no bright band (b), C is chosen at the estimated freezing
. . b 0.7556 0.7458 0.6619 0.6619 0.6434
height, and B and D are 750 m above and below C, respectively. J' 1741 207 4 159 5 159 5 1475
Here A and E are the same as before. Coefficients between these b 1:323 1:3 41 1:511 1:511 1:55 4

points are calculated by interpolation. Note that the profile for strat-
iform rain without a bright band is similar to that for convective rain,
but their actual values are different.
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The particle details matter...
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b. Huntsville pvs. D,
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Results from the surface DSD WG are

encouraging (Williams et al, submitted
to JAMC)

Do these results extend up the column
into the melting layer, mixed phase,

and snow? GPM Wine Cellar
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Building the GV column

Actions: GPM-GV Column sub-WG

- Goal: derive unbiased assumptions for
parameters such as hydrometeor habit, density,
PSD properties, cloud liquid water with
uncertainties to constrain algorithm assumptions
and scattering and absorption models for GPM
algorithms (passive and active frequencies)

- Needs

- Careful side-by-side analysis of column and surface
data that has been and will be collected

- Understanding of scattering properties of ice, melting
particles, selection of appropriate models

- Retrieval algorithms for ice and mixed phase
hydrometeors

- Vetted cloud-resolving model hydrometeor profiles

- Relationships between these quantities and
“environment” or “regime”

- Propagation of uncertainties among these quantities

Photo: Chris Kidd -



Building the GV column

Applicable M easured and/or Diagnosed Parameters L
z 2 pPD PO pp o T O Qu oy TWe OW IW oy Ts
C-band Dual-Pol 4N W;)ZDR’ Por, | N | B ®
hv
D3R Ka/Ku Dual-Pol | 2> VP DFR, W, ZDR, | o R E =@
Ground Dyp, prv, LDR
Radar and | X-band profiling Z,Vr,W X X
Profiler  "\/RR2 profiling Z, VL, W = N ® ® | ®
W-band profiling Spectra (Z, Vi) | X x| B x| 3]
Dual freq. LIDAR o 3]
2DVD/Parsivel/POSS | DSD, shape, fall spd | [XI X X X
Pluvio2 SWE Gauges SWE Rate X
TPS 3100 Hot Plate SWE Rate, Wind, T X Xl
Gaugeand ADMIRARI Ts 19,37
Radiometer _Radiometer, MRR Z 24 GHz - L =
EC TP3000 Radiometer TB 23-59 GHz X X X
EC Ground-Staring
e TB 10-89 GHz X
EC Surface Met. Inst. P,T,RH, wind X X
Z,Vr,DFR, W,
APR2 (Ka/Ku Radar) ZDR, ®pp, s | X = B X 53]
LDR
CoSMIR (Radi ) Ts 37,823,‘,165.5,183 = =
CPI/2D-C/CIP, HVPS Precip. Image | X X = =
Aircraft  cpp Cloud Water/Spectra X X
Nevzorov Total water Xl
King Probe Cloud water bulk X
Rosemount Icing Probe Supercooled water X
Aircraft T/RH/Gust Air T, RH, wind X

Courtesy Walt Petersen




1

Building the GV column

Matched aircraft in situ — aircraft radar/radiometer — ground radar products

=>» Easy to use hypothesis-testing tools for algorithm developers and cloud resolving modelers
in collaboration with CSU/B. Dolan (radar QC & HID), NCAR/A. Heymsfield, A. Bansemer (microphysics)

MGRAD - Merged Ground-based
Radar-Aircraft Data

Space-time matching of ground-based polarimetric
scanning radars with aircraft microphysics (C3VP, LPVEX,
MC3E, GCPEX,...)

MGRAD in action — LPVEX 9/21 Spiral

010 0 (below) Matched radar and aircraft
9/21/10 - LPVEX . L
King Air spiral from show aggregation, Igt. rain/drizzle
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SatSimRAD - Satellite
Simulator Radar-Aircraft Data

Make the
“Dream
Scenario” a

reality
xbanda Match ER-2

\ HIWRAP, DC-8

APR-2, AMPR,
COSMIR with:
* ground based
radar volumes
* aircraft in situ
measurements

915 RWP
-

LPVEX MGRAD 1.0 available for Sept 21,
Oct 20
MC3E MGRAD 1.0 is processing en masse

MC3E SatSimRAD beta (today’s
discussion)




Building the GV column

UND Probes in MC3E
and GCPEX

Characteristics

Cloud Droplet 0.9 to 50 um
Probe

Cloud Imaging 25 pym to 1.55 mm
Probe

Cloud Particle 2.3 ym to 100 ym
Imager

2-D Cloud 50 um to 1.6 mm ~
Probe @ RIGHT WINGTIP | | LEFT WINGTIP

1. GUST PROBE 9.cPl ((lovd Particle Imager)
+ Measures the motion of the air (usts) relative to the airplane theee Laser system to sample cloud particles from 2.3 microns in
WNMW(AMMM’ s about 100 mikrons (micrometers) wide)

HVPS 1 50 “m to 1 .92 Cm % E:‘:frzmmn the cabin instrumentation (see #5) is routed back 10. CIP(CIoudlnuqlr:'g“P'"robo)MM e “w“‘m’

* Measures the size and shape of particles from 25 microns to 1
3. NEVZONOV HOT WIRE LWC/TWC PROBE
m«ummmm:m(m)m 11. LWC (Liquid Water Content) PROBE

/ .
s Research Instrumentation
v Project: NASA MC3E

muwmv content (TWC) of the air in concentrations from 0.003 to 3 gim* * Uses a Hot-Wire sensor element to measure the liquid water content of the air
LWC Probe Bulk LWC s o wame o o oo o)
for side-looking remote sensing instruments * Measures cloud droplet sizes from 3 microns to 50 mirons
5. INTAKE 13. 2-D CLOUD PROBE
* Brings outside air into a tube that runs through the cabin + Measures the size, shape, and concentration of cloud particles
. in the cabin the of this air * Samples particles from 50 microns 1o 1.6 me in diameter
Nevzorov Total Bulk TWC i
u.uuns(unnmgh itivity Aerosol
6. ICE DETECTOR m-mmmumkmmm atmosphere
* Uses 3 vibrating sensing element to detect icing conditions -
Water * Accurmulation of ice increases the sensing element’s mass, changing the resonant
frequency of vibration 15. PITO"MATICTIE e % X
7k TANTouIN WM)MOIE instruments el b

Nevzorov Ice  Bulk IWC B A

17. HVPS-3 (High Volume Preci Spectromet.
* Designed by NASA and AirDat to be instalied on commercial airkners, vastly M”mm(mlg‘f:" g:: mm wu:-’:‘m hes

Water increasing the amount of resh time weather data available  Whsarmres the e e tlon of precpiuati
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MC3E 20110427
Citation flight track _and Nevzorov TWC [g/m?3]
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Building the GV column

1 0.2 mm

27 Jan 2012 CPI Images

27 Jan 2012 HVPS3 Images

21 Showing Vertical channel from 02:52:28.000.882.926 to 02:52:28.124.903.658 9 [=] B3
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,I,> ‘ : ’ . - te . ' . ) ! ’ * i I'

52 Speed n Secs)
ey RTINS b
Height/L2(um) = 540
Area(sq.um) = 126200

F1=0
PC1= 58

1.5 km |[[@:<™

L5= 59

PC3{xy)= 0.000. 0.000
PC4 (xy)= 0.500. 29.000
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A2 (alexei) = 1479
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18 Feb ‘12 GCPEX - EC King City/NASA D3R comparisons
King City C-Band Z

D3R Ku Band Z
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(Data - D. Hudak & Chandra)
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Building the GV column

GCPEX - EC King City/NASA D3R comparisons (Data - D. Hudak & Chandra)

D3R Ku Band Differential Phase

D3R Ka Band

=

2’___-»—5‘ =5

79.6 8->

-80 -10

J‘K?n; Interestmg DWR S|gnatures near convection

Differ UND Citation

Mixed precipitation and high LWC observed by

ing City C-Band ZDR

e

| || N | I' ‘ i) 56

IW |”| i >4

Despite low
| power
. transmitter;

useful D3R
Ku data!
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GCPEX - JPL APR-2/NASA D3R comparisons (Data — S. Tanelli & Chandra)

27-Jan-2012 02:27:29 - 27-Jan-2012 02:32:49

Height (km)

D3R-20120127-022308

D3R-20120127-022308




GCPEX 27 Jan 2012 Spiral UND-NCAR Time series and DSDs from CIP+HVPS
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Building the GV column

We have variety — and lots of it!

Just from GCPEX:

- January 19 January 27 NELIETAL January 30-31

Precip Snow Freezing Rain Snow Snow

Type

# of 4 2 7 1

Citation

Spirals

Ground CARE(4) CARE(2) CARE(4) CARE(1)

it Steam Show(4) Steam Show (2) Steam Show(4) Steam Show(1)

slizs SkyDive(4) SkyDive(2) SkyDive(4)

w/in spirals Huronia(3)
February 12 February 14 February 16 February 18 February 24
Lake Effect Snow Snow Snow Snow/Mixed
Snow Phase
1 3 0 12 7
Steam Show(1) CARE(2) CARE(12) CARE(4)
SkyDive(1) Steam Show(1) Steam Show(12)  Steam Show(4)

SkyDive(1) SkyDive(12) SkyDive(4)

Huronia(1) Huronia(3)



Building the GV column

GFS U-wind (m/s) GFS — ECMWF U-wind (m/s) Maximum differences U GFS-ECMWF IOP dates
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Maximum difference T GFS-ECMWF IOP dates

GFS Temperature CC) GFS - ECMWF Temperature (C)
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Building the GV column

Propagation of uncertainties
10% | Necessary to quantify phase space for
Gamma SD parameters
‘T'g 10 -and-
(@] . . .
5 determine how the three-dimensional
= 10"/ — Observed volume in NQ-A-u phase space depends on
z gleymsfield etal f cloud or environmental parameters
—— Standard gamma fit
10| — Normalized gamma fit 0.14
—IGF to M1,2,6
| — Discrete gamma fit | | 0.12
0.02 0.03 0.05 0.1 o
D [cm] '
E:; 0.08
[10)
=
9t 0.5 g 0.06
8t . o045 - '
7 :fﬁ 0.4 0.04
6r : 0.35
5/ i 03 go2
=4 e 0.25
:‘i*‘gf
Z’ i 2?5 032 0325 033 0335 034 0345 035 0355
i s : 1
1 Mg*f‘ﬁgté* 0.1 N Vglms']
0], ¢+ | | N [ V(D)m(D)N(D)dD
10° 10° 10° 10° 2 V = Do
N, L em™ q Do
f m(D)N(D)dD

McFarquhar et al. (2013), in prep. 5

min



Weather Research
and Forecasting
Model (v3.4) runs

(1 km inner nest)
were conducted using
Goddard, WSMG6, and
WDM®6 microphysics
for 21 Sept and 20
Oct cases

Exponential DSD
properties compared
with aircraft in situ,
2DVD, and C-Band
dual pol observations.
=>Here 2DVD
observations are
compared

Gleicher et al. (2013),
in prep.

September 21

Building the GV column

N, [mm'm=]
4 September 21 4 October 20
10 10
¢ ¢ N, values much
7 o ‘el [Ower than the
g " WRF default

7:35 830 9:30 10:30 11:30

7:05 830 9:30 10:30 11:30

—— 2DVD Emasalo —2DVD Jarvenpaa ——2DVD Harmaja — WRF Slope
A mm] parameter in
] Jarvenpaa . Emasalo .
10 10 WRF higher —
10NN e ¢ YT narrower DSD
" . el t:n 2D\D at
mZW 15 all sites in both
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ cases
7:35 830 9:330 10:30 11:30 7:35 830 9:30 10:30 11:30
Harmaja
101 101 101
100—% 100__&“——"—~ 100
161 161 161
10

October 20

-2
10

-3
10

-2
10

-3
10

7:05 830 9:30 10:30 11:30 7
— 2DVD — WR
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F Goddard — WRF WSM6 — WRF WDM6



Building the GV column

Weather Research
and Forecasting
Model (v3.4) runs

(1 km inner nest)
were conducted using
Goddard, WSMG6, and
WDM®6 microphysics
for 21 Sept and 20
Oct cases

Exponential DSD
properties compared
with aircraft in situ,
2DVD, and C-Band
dual pol observations.
=>Here 2DVD
observations are
compared

Gleicher et al. (2013),
in prep.
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Building the GV column

Conclusions

- Lots of work to do; need to leverage DSD working group
(radar+DSD+algorithm scientists) to maximize analysis to

iImprove algorithms and models

- Team members: participate in the DSD working group!

- Future field campaign observational strategies will include
column profiling and use lessons learned (GPM + others)
come to Hydrology session and see Dan Cecil’s poster
about a new South American field campaign)
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Comments?

- Contact:
Steve Nesbitt

snesbitt@illinois.edu
+1 217 244 3740




