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» Motivation
» The Optical Disdrometer 470
» Measurement Activities
» Data Analysis
» High-Latitude Atlantic Ocean (Rain, Mix, Snow)
e Liquid and Frozen PSD
 Tropical Atlantic Ocean (Light Precip vs Convection)
 DSD
» Conclusion / Outlook
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» Precipitation is a key driver for Earth‘s climate
» Satellite and re-analysis data substantially differ
» Water cycle to large extent driven over oceans with transport over land
» Oceans mostly void of in-situ data
» Lack of suitable in-situ instruments for shipboard usage (strong wind / sea state / snow)
» IPWG recommendation “...urges more attention to the provision of high quality surface
validation data in oceanic areas using innovative ship based instruments”
» No such data available for GPM-GV
» This project aims at providing a comprehensive data base using 6 shipborne
ODMA470 optical disdrometers with focus on oceanic climate hotspot regions
» for satellite data set / re-analysis validation (rate) and retrieval constraints (DSD / PSD)
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Automatic Measurement System: Optical Disdrometer ODM 470
Publications since 2001: Grol3klaus, Ulbrich, Bumke, Clemens, Lempio, Eigenbrodt, Klepp

» cylindrical measurement volume

» pivoting by aid of wind vane

» adjusts perpendicular to relative wind
» photoelectric barrier -
> sensitive volume 120 mm x 22 mm -
> a size dependant light extinction
» cross-sectional area, shadow area
» residence time

» 128 size bins in log-scale, used range: 0.43 mm to 22 mm

> Reference voltage attenuates with occurrence of hydrometeors [|©
> Measurement interval 1 minute :

RAIN:
Terminal fall velocity and mass of hydrometeor
—> Atlas and Ulbrich, 1974
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SNOW: (liquid water equivalent)

Terminal fall velocity and mass of hydrometeor

- Hogan, 1994 with one common parameterization for lump
graupel (Lempio, 2007)



Oceanic Precipitation Validation

IPWGS6, 15-19 October 2012, Braazil Max-Planck-Institut fiir Meteorologie %

KlimacCam pus Christian Klep p Max Planck Institute for Meteorology

/

Developed by Eigenbrodt, Geomar, MPI-M, KlimaCampus

n(bin) = particle size distribution density (Clemens, 2002)
by particle counting N(bin)

N(bin)

) L-D-T- /2 + (Veo(bin))2

after Grof3klaus (1996)

RAIN:

Viall(bin)=9.65-10.3*EXP(-1.2*(dp(bin)*12./2.)

Mitr(bin)=PI*(4./3.)1000.*(dp(bin)/200.)**3.
SNOW:

Vfall(bin)=7.33*(dp(bin))**0.78

Mtr(bin)=0.0000107*(dp(bin))**3.1

128 —

R=3600- Y m(bin)- Ve (bin)- My (bin). ‘ 77

bin=0 Maintenance free system
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Tested and calibrated during field campaigns
Bumke, 2002; Lempio, 2007; Klepp, 2010

Calibration

Spherical particles from 0.5 to 22 mm
Disdrometer-constant for precip volume scaling
ANS410 gauge vs ODM470 disdrometer
Windspeed < 1 m/s to avoid gauge undercatch &=

Cyclone Rainfall, 31 May 2012, Hamburg Cyclone Rainfall, 31 May 2012, Hamburg
| | Caliblration test, |rainfall tim(la series | | Cialibratioln test, holur]y precl:ipita\tionI sums anld accum;.l]ated ra}nfall rat‘las
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The project, ships and data ...

Project duration: 2009 to 2016
4.5 a of data, > 3 Mio Minutes of Measurements with > 300.000 spectra ... steadily growing
1 R/V Celtic Explorer 2005, K/V Senja, 2008, Prototype, discarded 2011, Nordic Seas

2 R/V Polarstern since Jun 2010, Atlantic Ocean
3 R/V Akademik loffe since Sep 2010 Atlantic Ocean
4 R/V Aranda, Sep/Oct 2010, R/V Maria S. Merian since Dec 2011 Atlantic Ocean
5 R/V Sonne from Sep 2012 Pacific Ocean
6 NCAR, Boulder, Snowfall // SeaOrbiter Boulder / Med Sea
7 Argentinean Southern Ocean cruises and R/V Investigator Southern Oceans

R/V Celtic Explorer K/V Senja R/V Aranda
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The project, ships and data ...

» QC checks (continuity, location, outliers, ...)

» ODMA470 time series calculated with both rain and snowfall algorithm

» Mix/solid precip shows up already as completely unrealistic rain data

» 3-hourly WW Obse data and Tair used to identify phase

» Merging rainfall, snowfall and mix-phase precip, quality checks with minute res-PSD
» Merging of data with GPS and meteo data from ships

» Data base contains 15 parameters plus PSD for every minute

» to date 300.000 minutes of precipitation in data base (growing with 4 ships)

Count DDMMYYYY HHMM Minday LAT LON Tair Tdew RH Pair relff reloo FF DD ciorad VIS CIHEi #emax Pgauge P ODM  relFF_oDM FLAG
0040039 02052011 1410 0850 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 3 1.0131 34.0 5668 1800 5.2 0.0570 39.65 5.720
0040040 02052011 1411 0851 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 1.0131 34.0 5668 1800 5.2 0.0570 24.81 4.800
0040041 02052011 1412 0852 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 1.0131 34.0 5668 1800 5.2 0.0570 30.78 4.090
0040042 02052011 1413 0853 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 1.0131 34.0 5668 1800 5.2 0.0570 9.29 3.350
0040043 02052011 1414 0854 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 1.0131 34.0 5668 1800 5.2 0.0570 5.95 3.140
0040044 02052011 1415 0855 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 1.0131 34.0 5668 1800 5.2 0.0570 9.87 2910
0040045 02052011 1416 0856 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 1.0131 34.0 5668 1800 5.2 0.0570 16.47 3410
0040046 02052011 1417 0857 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 1.0131 34.0 5668 1800 5.2 0.0570 9.86 4,140
0040047 02052011 1418 0858 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 1.0131 34.0 5668 1800 5.2 0.0570 6.87 4,040
0040048 02052011 1419 0859 3.6314 -14.6423 25.5 24.4 94 1013.1 4.4 1.0131 34.0 5668 1800 5.2 0.0570 2.47 3.810
0040049 02052011 1420 0860 3.6533 -14.6606 25.6 24.6 95 1012.8 4.3 1.0158 40.0 4935 1500 5.2 0.0760 4.63 4,580
0040050 02052011 1421 0861 3.6533 -14.6606 25.6 24.6 95 1012.8 4.3 1.0158 40.0 4935 1500 5.2 0.0760 5.61 4330
0040051 02052011 1422 0862 3.6533 -14.6606 25.6 24.6 95 1012.8 4.3 1.0158 40.0 4935 1500 5.2 0.0760 0.97 4,280
0040052 02052011 1423 0863 3.6533 -14.6606 25.6 24.6 95 1012.8 4.3 1.0158 40.0 4935 1500 5.2 0.0760 0.59 4220

O OO0 0O W WWWwWWwwwww
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4 years precipitation tracks of R/V Polarstern and R/V Akademik loffe

R/V Polarstern and R/V Akademic loffe 2010 to 2012 Precip Tracks

June 2010 to June 2012
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R/V Akademic Ioffe ODM470 Precipitation

ptember 2010 to 29 June 2012; 130.280 minutes of precipitation; zero values excluded
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R/V Polarstern ODM470 Precipitation
10 June 2010 to 15 May 2012; 91683 minutes of precipitation; zero values excluded
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43095 minutes of rainfall (black)
31460 minutes of snowfall (blue)

17128 minutes of mix-phase (green)

91683 minutes of precipitation in 2 years

Red: Air temperature
Grey: Relative wind speed
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How often occurs rainfall, snowfall and mix-phase precipitation
during 2 years of Atlantic Ocean transects? Task: Regionalize

959.517 minutes no precip
91.683 minutes of precip

Intensity

< 0.5 mm/h
0.5to 5 mm/h
> 5 mm/h

< 0.5 mm/h
0.5to 5 mm/h
> 5 mm/h

< 0.5 mm/h
0.5to 5 mm/h
> 5 mm/h

a total volume of 927.16 mm

with 88.2% rain, 8.4% snow, 3.4% mix-phase

Type Rel%
43095 minutes of rainfall
28493 66
13000 30
1602 4

31460 minutes of snowfall

28976 92
2476 38
38 0.02

17128 minutes of mix-phase
16288 95
795 5
45 0.3

Precipitation occurred in 9.6 % of the time
with 4.5% rain, 3.3% snow, 1.8% mix-phase

Abs% Volume (mm) Vol%

4.5
3.0
1.4
0.1

3.3
3.0
0.3
0.001

1.8
1w/
0.09
0.01

ST,

61.41
329.61
426.27

TAATA
35.52
41.41

0.84

32.10
9.91
16.68
5.51

100
7.5
40.3
D2.2

100
45.7
53.3

1.0

100
30.8
52.0
17.2
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Extreme precipitation events in 2 years: Polarstern Jun 2010 to Mai 2012 Precipitation Track
147 minutes > 30 mm/h (green)

64 minutes > 60 mm/h (blue)

35 minutes > 90 mm/h (red)
> Intense cyclones in stormtrack : g ;

peaks up to 187 mm/h 0 .
> ITCZ up to 113 mm/h 20 f§F— “-_\“"‘ —

Southern Ocean Cyclone__"_ e G g T -

PFL,30.JAN 2012 | Y.~ g i €

‘93 mm/h, 23 m/s i S8 G £

> 129 mins b
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2 Years of ODM470 Polarstern Precipitation

98110 spectra: 10JUN2010 to 15 MAY2012
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Huch much drizzle, stratiform and convective precip falls in the ITCZ?

Akademik loHe Precip Track Polarstern Precip Track
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Tropical Precipitation Statistics (3 transects, now already 9)

Precipitation  Precipitation Precipitation Total Relative Accumulated Mean Accumulated Accumulated
type occurrence duration OCCUITENCE  OCCUITENCE OCCurrence rainfall rainfall rainfall
(cases) (hours) (%) (%) (%) (mm/h) (mm) (%)
Transect R/ Polarstern, 10 - 14 November 2010, 5622 minutes (3.9 days)
No precipitation 5406 901 96.16 2 . - - -
Precipitation 216 36 3.84 100.00 = 7.12 25 64 100.00
Drizzle 131 2.2 2.33 60.65 60.65 013 0.27 1.07
Stratiform 44 07 078 20.37 81.02 1.67 1.23 479
Convective 41 07 073 18.98 100.00 35.32 24.10 94.14
Transect R/ Polarstern, 28 April - 2 May 2011, 6026 minutes (4.0 days)
No precipitation 0434 90.6 90.18 - - - - .
Precipitatian 592 99 0982 100.00 - 2.34 17.37 100.00
Dnzz_le 370 6.2 6.14 62.50 62.50 012 0.72 416
Stranform 162 2.7 2.69 27.36 89.86 1.99 4.31 2479
Convective 60 1.0 0.99 10.14 100.00 18.02 12.34 71.05
Transect RV Akademik loffe, 19 - 25 October 2010, 8696 minutes (6.0 days)
No precipitation 7924 132.1 91.12 - - - - -
Precipitafion 772 12.9 8.88 100.00 - 2.90 37.35 100.00
Dnzz_le 341 a7 3.92 44 17 44 17 0.13 0.76 2.04
Stranform 355 29 408 4598 90.15 1.75 10.37 2776
Convective 76 1.3 0.88 085 100.00 20.70 26.22 70.20
All three transects) 20344 minutes (14.1 days)
No precipitation 18764 312.7 9223 |- Dry or wet transects . ; -
Prem itation 1580 26.3 777 100.00 - 3.28 _86.04 100.00
Dnzz_le 842 140 414 53.29 53.29 0.13 1.76 2.04
Stratiform 561 94 276 35.51 86.88 1.70 15.90 18.48
Convective 177 3.0 0.87 11.20 100.00 23.18 68.38 79.48
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ITCZ extreme values

Convective
extremes

Total number
of occurrence

Transect R/ Polarstern, 10 - 14 November 2010, 5622 minutes (3.9 days)

= 30 mm/h
= 60 mm/h
=90 mm/h

Transect R/ Polarstern, 28 April - 2 May 2011, 6026 minutes (4.0 days)

= 30 mm/h
= 60 mm/h
= 90 mm/h

MNumber Event Maximum Accumulated Min/max
of events  duration precipitation rate min/max wind speed
(cases) (minutes) (mm/h) Precipitation (mm) (m/s)

6 171235 286 0.5510 8.55 311094

2 41111 721 1.08 10 6.00 431094

1 2 1137 3.52 43

4 2314 56.4 06410 2.78 10t09.8

1 1 745 1.24 2.9

0 0 - - )

Transect RV Akademik loffe, 19 - 25 October 2010, 8696 minutes (6.0 days)

= 30 mm/h
= 60 mm/h
= 90 mm/h

2 33,143 22.0 06610 3.64 afto122
2 1,2 76.7 1.0510 2.31 2.7 t06.5
0 0 - . _

All three transects, |20344 minutes (14 .1 dayil

= 30 mm/h
= 60 mm/h
= 90 mm/h

15 1107 28.6 05510 8.55 10t0122
8 1104 76.7 1.05to0 6.00 431094
1 2 113.7 3.92 4.3
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Shipboard ODM470 ITCZ Rainfall

is Drop Size Distribution of 1659 Rainfall Spectra from 3 ITCZ Transects
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Micro Rain Radar 24 GHz
on R/V Polarstern since 11 October 2012

Cooperation Chris Kidd, NASA GSFC, GPM-GV

» Doppler spectra of hydrometeors between 50 and 6000
meters height.

» Vertical profiles

» Highly detailed resolution in both time (10 sec) and
height (30 m)

» Bright band of the melting zone

» Present weather sensor

» Precipitation rates and LWC

» Rarely used onboard ships (R/V Alkor, R/V Aranda)
» Interference with other shipboard radars likely
» Pitch / Roll corrections difficult
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Conclusions
» to date the only non-gauge-based systematic oceanic precipitation validation effort
» > 250.000 minutes of in-situ shipboard precipitation data available
» Frequency, intensity, rates, accumulated amounts, phase (rain, snow, mix)
» Atlantic Ocean from Arctic to Antarctica, ITCZ, Trade zones, Pacific Ocean
» Data collection ongoing until 2016 with currently 6 instruments
» Instrument updated from Windows to Linux, from PC to Processor Box, End-to End

» Precipitation over the Atlantic Ocean present in 9.6 % of the time within 2 years
» 4.5% as rain, 3.3% as snow, 1.8% as mix-phase

» 0.1% convective rain accounts for 52% of the rain volume

» Extremes in ITCZ but also post-frontally in mid-latitude cyclones

» ITCZ data: 53% drizzle accounts for 2% volume, 11% convective for 80% volume
» PSD data shows the differences between rain, snow and mix-phase precip

» Satellite data of different pixel size shows similar behavior as averaging ship data

Outlook
Usage of data:
» Validation for satellite based // re-analysis data sets ...
» Retrieval constraints...
» GV for GPM-GV, Mehgatropique, Cloudsat, SSMIS ...
» From PSD number concentrations to reflectivity...
» Point to area statistics...
» Validation of Virga-Precipitation

Additional (long-term) ship opportunities very welcome (merchant / research ships)
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R/V Polarstern mast in"'45 m height on 2 October 2012 in the Arctic




