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Canadian CloudSat/ CALIPSO Validation Project (C3vp) Field Campaign
Center for Atmospheric Research Experiments (CARE)
Precipitation Observation Site

Parsivel disdrometer (NASA/GSFC)
2d video disdrometer (CSU)
Snow video imager (NASA/WFF)

Heated tipping bucket gauge (HS)
Fd12p visibility sensor (EC)
Hotplate (EC)

Particle Occurrence System Sensor (EC) B&
Geonor weighting bucket gauge (CRN)

Multi-frequency radar (UMASS)
W-band radar (NASA/JPL))
X-band Doppler radar (McGill)
C-band polarimetric radar (EC)

Campbell Scientific Weather Station (EC) IOPI: October 31 - November 9, 2006
IOP2: November 30 - December 11, 2006

IOP3: January 17 - January 28, 2007

More Information: c3vp.org IOP4: February 18 - March 1, 2007
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Parsivel (Laser Optical) Disdrometer
PI: Ali Tokay (JCET/UMBC, NASA/GSFC)

Measures size and fall velocity of hydrometeors = s
Present weather sensor o]
Sampling area: ~50 cm?, varies with drop diameter

Number of size and velocity bins: 32 x 32 matrix

Drop size range: 0.06-24.5 mm

Velocity range: 0.05-20.8 m/sec

Operation period at Wallops Island, VA: Spring 2002 - present
Manufacturer: OTT in Germany www.ott-hydrometry.de

Shortcomings
* Measures maximum diameter of the 1-D projection of the particle.

* Spurious drops - rain drops falling at velocities that differ +50% from terminal fall speed are
rejected.

* Spurious drops - two particle in the light sheet at the same time (raindrops larger than 8 mm
are rejected).

eSpurious snowflakes - flakes having larger than 4 m sec™! fall velocity are rejected.
» Underestimates the drop concentration at diameters < 1 mm.

* Quantization error due to binning the observed diameter and velocity.

More Information: Loffler-Mang and Joss (2000), Loffler-Mang and Blachak (2001), Yuter et al. (2006)



2-Dimensional Video Disdrometer
PI: V. N. Bringi (Colorado State University)

Measures size and fall velocity, and shape of hydrometeors
Sampling area: ~100 cm?

Time stamp, diameter, fall velocity, axis ratio of each particle
Horizontal resolution < 0.19 mm

Vertical resolution < 0.19 mm (vertical velocity < 10 m sec™!)
Vertical velocity accuracy < 4% (vertical velocity < 10 m sec™!)
Manufacturer: Joanneum Research in Austria www.distrometer.at

Shortcomings
» Requires frequent attention - dropouts due to misalignment.

* Spurious drops - rain drops falling at velocities that differ £50% from terminal
fall speed are rejected.

* Spurious drops - raindrops larger than 8 mm are rejected.
 Spurious snowflakes - flakes larger than 4 m sec™! fall speed are rejected.

* Mismatched particles.

More Information: Kruger and Krajewski (2002), Brandes et al. (2007)
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Case Study #1a: December 6, 2006

Particle Size Distribution
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Case Study #1b: December 6-7, 2006
Particle Size Distribution
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Case Study #1c: December 7, 2006
Particle Size Distribution
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Case Study #1d: December 7, 2006
Particle Size Distribution
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Case Study #2: January 20, 2007
Particle Size Distribution
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Case Study #3: January 22, 2007
Particle Size Distribution
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Concentration (m-3 mm1)
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Case Study #1a-b: December 6-7, 2006
Composite Spectra

December 6, 2006
14 -15 UTC

Precipitation rate = 34.8, 40.9 mm h’!
Mass mean diameter = 5.14, 5.19 mm

Parsivel 3

........ Parsivel 4

Density = 0.039, 0.034 g cm™

Snow water content =(0.386, 0.351 g m3

Melted precipitation rate = 1.3, 1.4 mm h™!
Rayleigh Reflectivity = 31.7, 30.9 dBZ
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December 7, 2006
12 - 13 UTC

Precipitation rate = 19.3,19.6 mm h"!
Mass mean diameter = 4.06, 3.92 mm

Maximum Width (mm)

Parsivel 3
-------- Parsivel 4 )
Density = 0.043, 0.044 g cm™
Snow water content = 0.196, 0.206 g m™> i
Melted precipitation rate =0.8, 0.8 mm h-!
Rayleigh Reflectivity = 25.7, 25.9 dBZ
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
0 5 10 15 20



Fall Velocity (m scc!)

Case Study #1a-b: December 6-7, 2006
Particle Fall Velocity

- Normalized intercept parameter (Nt*) = 402, 493 m> mm-
| Normalized intercept parameter (Np) = 1163, 1162 m™3 mm-

December 6, 2006
14 -15 UTC

temperature = -0.3 C
wind = 3.6 m/sec
humidity = 100%

o Parsivel 3 (29,672 snowflakes)
* Parsivel 4 (48,542 snowflakes)
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TFall Velocity (m sec™!)

December 7, 2006
12- 13 UTC

temperature = -0.0 C
wind = 1.9 m/sec
humidity = 99%

o Parsivel 3 (15,018 snowflakes)
% Parsivel 4 (19,345 snowflakes)

Normalized intercept parameter (Nt*) =236, 309 m™> mm’!

Normalized intercept parameter (Np) = 1271,1502 m™3 mm"!
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Concentration (m-3 mm™)

Case Study #1c-d: December 7, 2006
Composite Spectra
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Tall Velocity (m sec )

Case Study #1c-d: December 7, 2006
Particle Fall Velocity

December 7, 2006
12- 13 UTC

temperature = -8.4 C

wind = 2.7 m/sec
humidity = 95%

o Parsivel 3 (30,581 snowflakes)
* Parsivel 4 (37,142 snowflakes)
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Normalized intercept parameter (Np) = 972, 1155 m™3 mm-
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" Normalized intercept parameter (Nt*) = 2940, 3035 m™> mm-
:Normalized intercept parameter (Np) = 29878, 28741 m™> mm"

December 7, 2006
22 -00UTC

temperature = -11.4 C
wind = 2.4 m/sec
humidity = 91%

o Parsivel 3 (182,288 snowflakes)
* Parsivel 4 (196,503 snowflakes)
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Concentration (m-3 mm™")

Case Study #2: January 20, 2007
Composite Spectra
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Fall Velocity (m sec™!)

Case Study #2: January 20, 2007
Particle Fall Velocity
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10*

10°

102

10!

10°

107!

102

104

Case Study #3: January 22, 2007
Composite Spectra

January 22, 2007
02 -03 UTC

Density =0.081, 0.045 g cm™

3L Snow water content = 0.435, 0.310 g m™3

Melted precipitation rate = 1.2, 1.0 mm h!
Rayleigh Reflectivity = 37.1, 33.5 dBZ

\ Precipitation rate = 15.3, 22.4 mm h'!
\ Mass mean diameter = 6.14, 6.33 mm
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Precipitation rate = 16.7, 23.3 mm h’!
Mass mean diameter = 3.70, 3.95 mm
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Density = 0.113, 0.093 g cm™
- Snow water content = 0.735, 0.709 g m? 7
Melted precipitation rate = 1.9, 2.1 mm h™!
Rayleigh Reflectivity = 34.1, 34.5 dBZ
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Fall Velocity (m scc!)

Case Study #3: January 22, 2007
Particle Fall Velocity

January 22, 2007
02-03 UTC

temperature = -8.8 C
wind = 4.3 m/sec
humidity = 89%

o Parsivel 3 (259,300 snowflakes)
¥ Parsivel 4 (281,059 snowflakes)
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January 22, 2007
06-07 UTC

temperature = -9.1 C
wind = 4.5 m/sec
humidity = 92%

o Parsivel 3 (259,300 snowflakes)
¥ Parsivel 4 (281,059 snowflakes)
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Snowfall Ratc (mm hr'])

Case Study #1a: December 6, 2006
Z-S and Z-SR relationship
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Snowfall Rate (mm hr'h
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Case Study #4: January 22, 2007
Z-S and Z-SR relationship
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