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POLCAST

Polarimetric Cloud Analysis and Seeding Test

Purpose: To determine If hygroscopic seeding effects
could be detected by directly observed or derived
fields using a polarimetric Doppler weather radar

Involvement: A cooperative project between NCAR,
North Dakota Atmospheric Resource Board
(NDARB), University of North Dakota (UND),
Weather Modification Inc. (WMI), and funded by
NDARB

Two randomized seeding periods have been
evaluated:
— POLCAST2: 9 June - 11 July 2008 (13 Cases)
— POLCASTS3: 21 June — 23 July 2010 (14 Cases)
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UND Polarimetric Doppler  neas

Weather Radar - Overview

The UND radar is a modified WSR-
74C (5.34 cm) radar manufactured
by Enterprise Electronics
Corporation

Upgraded to have polarimetric
capability with a Sigmet (Vaisala)
designed antenna mounted receiver
(AMR) in January 2004

Upgrade included a Sigmet dual-
digital processor and Intermediate
Frequency Digitizer (IFD)

An overview of the facility and
access to recent data products can
be found at the UND radar website:
http://radar.atmos.und.edu
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What are some Benefits of a Polarimetric N°AR
Radar compared to a Conventional Radar?

» \We can learn more information or better
Information about:
— Shape of the hydrometeors
— Phase (liquid, frozen, mixed)
— Better estimates of rainfall and snowfall rates
— Hydrometeor size distributions
— Type of particles: Hail, snow, graupal, raindrops, etc.

— ldentification of ground clutter or non-meteorological
targets
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UND Radar Measured Fields

Radar Reflectivity (filtered), DZ
Mean Doppler Velocity, VR
Spectrum Width, SW

Differential Reflectivity, ZDR
Differential Phase, PHIDP
Specific Differential Phase, KDP
Correlation coefficient, rhoHV
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Differential Reflectivity, ZDR "®

» Differential Reflectivity - The differential
reflectivity is a ratio of the reflected horizontal and
vertical power returns

» |tIs agood indicator of drop shape. In turn, the
shape Is a good estimate of average drop size

» /DR can be used for detection of hail

ZDR 10log, 2t
ZV
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Drop Size and ZDR Observations -
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Image from: Wakimoto, R., and V.N. Bringi, 1988: Dual Polarization Observations of Microbursts Associated with Intense
Convection: The 20 July Storm During the MIST Project. Mon. Wea. Rev., 116, 1521-1539.
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Methodology

» The seeding aircraft was directed to an area of new
growth as indicated by radar

» A 2-4 min sector scan would be implemented by the
radar operator centered on the region of interest

» The pilot would observe the clouds and determine if
any were seedable, criteria:
— Flat and solid rain-free cloud base
— Visual indications of cloud growth
— Cloud width of at least 1 km

— Updraft of at least 2 m s (indicated by the Vertical Speed
Indicator) 10
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Methodology

» Once a suitable target was identified, the pilot would
radio to the radar operator requesting a randomized
targeting decision

» The radar operator would “pull an envelope” and
radio the decision back to the pilot

» [f the decision was “seed”, the aircraft would 1nitiate
the seeding process of using 4 flares at a time for 3
sequences (~12 min of seeding)

11
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Methodology

» [f the decision was “no seed”, the aircraft would
fly at least one flight pattern under the cell to
sample the aerosols and provide an adequate flight
track for identifying the cell

» Cells were tracked until they dissipated or moved
out of the 100 km radar range

— In most cases, the entire lifecycle of storms were
observed
» The targeting would be repeated for other suitable

clouds...
12
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PID Retrieval Methodology

Extract a subset of radar data for a window
centered on each case location
Radar data was quality controlled and

corrected for any biases in fields
A Output to universal format (UF)

Radar files we prepared for the particle 1D
(PID) algorithm
A Addition of some missing fields (DM and LDR)
A Convert to NCAR sweep files

Obtain nearest (in time) sounding from
Bismarck, put in PID configuration file
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PID Retrieval Methodology i

Run the NCAR PID algorithm
(Vivekanandan et al. 1999) and convert to
netCDF output files

Use netCDF output and analysis window
tables in Matlab to create plots, with various
filters (e.g., physical ranges of ZDR,
minimum correlation coefficient, etc.)
Compute PID statistics

Integrate and compare seed/no seed cases

14
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PID Retrieval Algorlthm HERR

Fuzzy logic retrieval algorithm

In a fuzzy logic—based approach, [ et
there 1s a smooth transition in e —
polarimetric observable boundaries " . .. le==., aw

Hail E - Max{Q;} L I’arn(',clp

among precipitation types |
For each variable, all of the particles = '/
receive a value between 0 and 1
from the respective membership
function (fuzzification)

These values (P) are then multiplied by the appropriate weight
(W) and summed for each particle

The maximum of the weighted sums is then found to determine

the particle type
Vivekanandan, J., D. S. Zrnic, S. M. Ellis, R. Oye, A. V. Ryzhkov, and J. Straka, 1999: Cloud
Microphysics Retrieval Using S-Band Dual-Polarization Radar Measurements. Bull.
Amer. Meteor. Soc., 80, 381-388.

A Fuzzy Logic Classifier for Rain
and Hail

"~ LDR



PID Retrieval Algorlthm

Key considerations in the PID

retrievals:
- High quality polarimetric fields

. Minimum noise in ZDR, PhiDP

. High correlation values in precipitation (>
0.95 in rain — usually around 0.99)

. No bias in ZDR (we had to remove a+1dB
bias)

. No bias in reflectivity

— Quality controlled data to remove
spurious echo

— Attenuation correction for radar
wavelengths < 10 cm

— A good actual or model sounding of the
atmosphere (accurate estimates of the
freezing level is the most important)

Zpr

"~ LDR
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NCAR

P: Membership value

Q: Aggregation

__>

Q5= % Pl‘jwj

J=

W, = weight

value

Max{Q)

L»Ia! cle

type

A Fuzzy Logic Classifier for Rain
and Hail

Vivekanandan, J., D. S. Zrnic, S. M. Ellis, R. Oye, A. V. Ryzhkov, and J. Straka, 1999: Cloud
Microphysics Retrieval Using S-Band Dual-Polarization Radar Measurements. Bull.

Amer. Meteor. Soc., 80, 381-388.



ZDR, dB

P I D R et r i eval CLD Cloud Particle
AlgOrlth m DRZ Drizzle

. LRN Light Rain
i
Example Membership Functions. MRN Moderate Rain
HRN Heavy Rain
HAI Hail
RHM Hail/Rain Mix
GSH Graupal/Small Hail
GRN Graupal/Rain Mix
DSN Dry Snow
WSN Wet Snow
el v = ICR Orientated Ice Crystals
il [ = 1C Irregular Ice Crystals
faf, — ! ' ! | 1 ' . SLD Supercooled Liquid Drops
-10 0 10 20 30 40 50 60 70
Reflectivity, dBZ BGS Insects
S - e 2TR 2" Trip
B G i e v CLD Ground Clutter
moderate rain graupel/rain B supercooled liquid droplets NEH N Bdhe

I heavy rain dry snow nsects
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Example Case NGt
» Targeted occurred during 2013-2025 UTC on 09 July
2008

» Seed Case

» Targeting occurred on western flank of storm

» Targeted the non-precipitating feeder cells

» The storm developed into a MCS lasting several hours

2019 2033 2039 2042 2046
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» Evaluation of the
polarimetric observables:
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» Evaluation of the
polarimetric observables:

0-10 0102030405060
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around 1-2 dB
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» Evaluation of the " e
polarimetric observables: .

Reflectivity (dBZ) ZDR (dB)
600

- 400 ..................................
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correlation

— KDP values are >=0
deg/km
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» Evaluation of the
polarimetric observables:
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PID Retrieval
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PID Retrieval
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PID Trend

PID trend In terms of %
of total amount of
hydrometeors

For this case, light rain
(LRN) decreased with
time

Drizzle and Graupal-Rain
Increased slightly

The distribution of
hydrometeors was nearly
constant

% Contribution

MRN | :
_,-_1_|:| - HRN ............................................ ....................
HAl | § :
——RHM | : :
3|:| L o GSH , ..................... ...................... .................... ]
20t :
T S S :::.::: ....... ....................
o Ls iy : ; .;
2025 2030 2035 2040 2045
TEnd Seed

Time (UTC)
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POLCAST?Z2 Cases

NCAR

Case # Date .Srf";:; ﬁ?:e Decision Cell Echo Comment
1 13 Jun 2008 1848 1900 Seed No Yes Good Case
2 13 Jun 2008 1913 1925 No Seed No Yes Good Case
3 13 Jun 2008 1929 1941 No Seed No Yes Good Case
4 13 Jun 2008 2004 2022 Seed No No No Echo
5 13 Jun 2008 2052 2103 Seed No Yes Good Case
6 14 Jun 2008 2102 2114 No Seed No Yes Good Case
7 14 Jun 2008 2123 2133 No Seed No No No Echo
8 19 Jun 2008 2152 2205 Seed No No No Echo
9 21 Jun 2008 2149 2202 Seed Yes Yes Good Case
10 26 Jun 2008 2236 2248 No Seed Yes Yes Good Case
11 26 Jun 2008 2302 2314 No Seed No No No Echo
12 07 Jul 2008 2356 0007 Seed No Yes No Clear Case
13 09 Jul 2008 2013 2025 Seed Yes Yes Good Case

28
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POLCAST?Z2 Cases

Case 1 Case 2 Case 3 Case 5
1848 UTC 13 June 2008 1913 UTC 13 June 2008 1929 UTC 13 June 2008 2052 UTC 13 June 2008

Case 6 Case 9 Case 10 Case 13
2236 UTC 26 June 2008 2013 UTC 09 July 2008
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POLCASTS3 Cases

Case # Date .Sl_fzrinr; 'II'Eirr]r?e Decision Cell Echo Comment
1 24 Jun 2010 1933 1945 No Seed No Yes Good Case
2 26 Jun 2010 2257 2309 No Seed” Yes Yes  Noisy Pol Data
3 26 Jun 2010 2345 2357 No Seed No No No Echo
4 27 Jun 2010 0011 0023 No Seed Yes Yes Noisy Pol Data
5 27 Jun 2010 2233 2235 Seed Yes Yes Noisy Pol Data
6 27 Jun 2010 2252 2304 No Seed Yes Yes Noisy Pol Data
7 08 Jul 2010 2202 2214 No Seed No Yes Noisy Pol Data
8 13 Jul 2010 2121 2133 Seed Yes Yes Good Case
9 13 Jul 2010 2208 2220 Seed Yes Yes Good Case
10 19 Jul 2010 2231 2246 No Seed No Yes Noisy Pol Data*
11 19 Jul 2010 2254 2306 Seed No Yes Noisy Pol Data*
12 20 Jul 2010 1948 2000 No Seed No Yes Good Case
13 20 Jul 2010 2226 2238 Seed Yes Yes Good Case
14 20 Jul 2010 2306 2318 No Seed No No No Echo

*Will possibly include after further investigation
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POLCAST3 Cases

I Case 1 — 1933 24 June 2010

Case 8 — 2121 13 July 2010
Case 12 -1948 20 Ju *2010
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Results

» Hypothesis:

— The hypothesis is that hygroscopic seeding is
accelerating the precipitation initiation by stimulating
the condensation-coalescence process by modifying the
Initial cloud droplet spectrum at cloud base.

— We would expect to see the rate of increase of drizzle,
light rain, moderate rain, etc. sooner in the seeded cases
than non-seeded cases

* The next set of results show the rate of
Increase (or decrease) of precipitation types
In relation to decision time.

32
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Results

Rate of change of the percentage of precipitation type (e.g.,
what is the rate of change of cloud or drizzle particles ?)

The results show the mean and +/- 1 STD for the cases

The results indicate there 1s the onset of drizzle sooner In
the seeded cases, but not statistically significant
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Results

» Same as previous figure except for light rain and moderate
rain

» There is a increase in light rain for both seeded and
unseeded cases after 10 min from decision time

 There 1s a small increase in moderate rain after about 15
min from decision time

LRMN

MRN
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Conclusions HEAR

» The implementation of the PID algorithm has been
successful for the POLCAST cases

» A total of 13 out of 27 randomized cases have been
analyzed

— The remaining cases had no echo or had data quality Issues

» The limited number of cases show:

— The onset of drizzle was 3-4 min sooner for seeded cases
compared to unseeded cases

— The onset in the increase In light rain occurred about the
same time (~10 min) for both seeded and unseeded cases

— The onset of the Increase in moderate rain occurred about the
same time (~15 min) for the seeded and unseeded cases

— Other precipitation types were examined, but showed no
differences

— The results are not statistically significant with onlysfew
cases and large uncertainty values
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Future Work HEAB

» Reprocess cases with attenuation correction applied

36
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Attenuation Correction ExampIeNCAR
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Attenuation Correction ExampIeNCAR
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Future Work HEAR

Test the sensitivity of the PID retrieval to different
sounding profiles (using Bismarck vs. International
Falls, space and/or time averages, forecast sounding
profiles)

Apply a polygon tracking (TITAN tool) to follow the
evolution of hydrometeor distributions

Categorize the PID retrievals as function of aerosol
observations (e.g., utilize the aircraft measurements)

Collection of another set of cases In 20127
Explore other analysis methods
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